
BRIDGE HETEROCYCLES AS HIV INTEGRASE INHIBITORS.
CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims the benefit of U.S. non-provisional
application serial number 12/406,268 filed March 18,
2009 and U.S. provisional application serial number
61/037,729 filed March 19, 2008. BACKGROUND OF THE
INVENTION The disclosure generally relates to the
novel compounds of formula I, including their salts,
which inhibit HIV integrase and prevent viral
integration into human DNA. This action makes the
compounds useful for treating HIV infection and AIDS.
The invention also encompasses pharmaceutical
compositions and methods for treating those infected
with HIV. Human immunodeficiency virus (HIV) has been
identified as the etiological agent responsible for
acquired immune deficiency syndrome (AIDS), a fatal
disease characterized by destruction of the immune
system and the inability to fight off life threatening
opportunistic infections. Recent statistics (UNAIDS:
Report on the Global HIV/AIDS Epidemic, December
1998), indicate that as many as 33 million people
worldwide are infected with the virus. In addition to
the large number of individuals already infected, the
virus continues to spread. Estimates from 1998 point
to close to 6 million new infections in that year
alone. In the same year there were approximately 2.5
million deaths associated with HIV and AIDS. There are
currently a number of antiviral drugs available to
combat the infection. These drugs can be divided into
four classes based on the viral protein they target
and their mode of action. In particular, saquinavir,
indinavir, ritonavir, nelfinavir atazanavir darunavir,
amprenavir, fosamprenavir, lopinavir and tipranavir
are competitive inhibitors of the aspartyl protease
expressed by HIV. Zidovudine, didanosine, stavudine,
lamivudine, zalcitabine, emtricitibine, tenofovir and
abacavir are nucleoside reverse transcriptase
inhibitors that behave as substrate mimics to halt
viral cDNA synthesis. The non-nucleoside reverse
transcriptase inhibitors,nevirapine, delavirdine,
efavirenz and etravirine inhibit the synthesis of
viral cDNA via a non-competitive (or uncompetitive)
mechanism. Enfuvirtide and maraviroc inhibit the entry
of the virus into the host cell. Used alone these
drugs are effective in reducing viral replication. The
effect is only temporary as the virus readily develops
resistance to all known agents. However, combination
therapy has proven very effective at both reducing
virus and suppressing the emergence of resistance in a
number of patients. In the US, where combination
therapy is widely available, the number of HIV-related
deaths has declined (Palella, F. J.; Delany, K. M.;
Moorman, A. C ; Loveless, M. 0.; Furher, J.; Satten,
G. A.; Aschman, D. J.; Holmberg, S. D. N. Engl. J.
Med. 1998, 338, 853-860). Unfortunately, not all
patients are responsive and a large number fail this
therapy. In fact, approximately 30-50% of patients
ultimately fail combination therapy. Treatment failure
in most cases is caused by the emergence of viral
resistance. Viral resistance in turn is caused by the
rapid turnover of HIV- 1 during the course of
infection combined with a high viral mutation rate.
Under these circumstances incomplete viral suppression
caused by insufficient drug potency, poor compliance
to the complicated drug regiment as well as intrinsic
pharmacological barriers to exposure provides fertile
ground for resistance to emerge. More disturbing are
recent findings which suggest that low-level
replication continues even when viral plasma levels
have dropped below detectable levels (< 50 copies/ml)
(Carpenter, C. C ; Cooper, D. A.; Fischl, M. A.;
Gatell, J. M.; Gazzard, B. G.; Hammer, S. M.; Hirsch,
M. S.; Jacobsen, D. M.; Katzenstein, D. A.; Montaner,
J . S.; Richman, D. D.; Saag, M. S.; Schechter, M.;
Schooley, R. T.; Thompson, M. A.; Vella, S.; Yeni, P.
G.; Volberding, P.A. JAMA 2000, 283, 381-390).
Clearly, there is a need for new antiviral agents,
preferably targeting other viral enzymes to reduce the
rate of resistance and suppress viral replication even
further. HTV expresses three enzymes, reverse
transcriptase, an aspartyl protease, and integrase.
All three are targets for treating AIDS and HIV
infection. HIV integrase is a component of the
pre-integration complex of the virus that is assembled
in the cell shortly after infection (Chiu, T.K.;
Davies, D.R. Cuxr. Top. Med. Chem. 2004, 4, 965-977).
This enzyme catalyzes the integration of proviral DNA
into the host genome and is absolutely required for
viral infectivity. Early experiments showed that
mutating the active site of integrase within a
proviral clone produces virus unable to replicate due
to its inability to insert into the host chromosome
(Englund, G.; Theodore, T.S.; Freed, E.O.; Engleman,
A.; Martin, M.A. J. Virol 1995, 69, 3216- 3219).
Selective HIV integrase inhibitors have been shown to
possess effective anti- HIV activity in cell culture
(Hazuda, D.I ; Felock, P.; Witmer, M.; Wolfe, A;
Stillmock, K.; Grobler, J.A.; Espeseth, A.;
Gabryelski, L.; Schleif, W.; Blau, C ; Miller, M.D.
Science, 2000, 287, 646-650), and it is clear that
this class of inhibitors is very effective as part of
a combination regimen containing HIV inhibitors of
different classes. An HIV integrase inhibitor,
raltegravir (ISENTRESS ), has been approved for use in
treatment experienced patients based upon 48 week
trial results (Cooper, D.A.; Gatell, J.; Rockstroh, J
; Katlama, C ; Yeni, P.; Lazzarin, A.;, Xu, X.;,
Isaacs, R.; Teppler, H.; Nguyen, B.Y. 15th Conference
on Retroviruses and Opportunistic Infections, Boston,
MA., Feb 3-6, 2008 Abst. 105LB: Evering, T.H.;
Markowitz, M. Drugs Today, 2007, 43, 865-877). In
addition, a second integrase inhibitor, elvitegravir
(GS-9137), completed a successful Phase II trial in
combination with ritonavir boosting in naive and
treatment experienced patients (Zolopa, A. 14th
Conference on Retroviruses and Opportunistic
Infections, Los Angeles, CA. Feb 25-28, 2007 Abst.
143LB). Thus, HIV-I integrase is a promising target
for novel anti-HIV-1 therapeutics. The invention
provides technical advantages, for example, the
compounds are novel and inhibit HIV integrase.
Additionally, the compounds provide advantages for
pharmaceutical uses, for example, with regard to one
or more of their mechanism of action, binding,
inhibition efficacy, target selectivity, solubility,
safety profiles, or bioavailability. HIV integrase
inhibitors have been disclosed in U.S. patents
7,176,196 and 7,173,022 and PCT publications WO
2004/58756 and WO 2004/58757.DESCRIPTION OF THE
INVENTION The invention encompasses compounds of
Formula I, including pharmaceutically acceptable
salts, their pharmaceutical compositions, and their
use in 



inhibiting HIV integrase and treating those infected
with HIV or AIDS. One aspect of the invention are
compounds of Formula I I wherein: R1 is (Ar^alkyl,
alkyl, (cycloalkyl)alkyl, diphenylalkyl, phenoxyalkyl,
(PhNH)alkyl, (methylpyrrolidinyl)alkyl,
(imidazolyl)alkyl (valerolactamyl)alkyl,
(tetrahydrofuranyl)alkyl,
((fluoro)(methyl)pyridinyl)methyl, phenylcyclopropyl,
or benzylpyrrolidinyl; R is hydrogen, alkyl, hydroxy
or alkoxy; R is hydrogen, halo, hydroxy, alkoxy,
cyano, alkyl, cycloalkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl, alkoxy, haloalkoxy, N(R8)(R9), N(R6)COR7,
N(R6)SO2R7, N(R6)CO2R7, N(R6)SO2N(R8)(R9), CO2R6,
CON(R8)(R9), SOR7, SO2R7, SO2N(R8XR9), PO(OR6)2, R12,
or Ar2; R4 is hydrogen, halo, hydroxy, cyano, alkyl,
alkoxy, haloalkyl, haloalkoxy, or N(R6XR6); R5 is
hydrogen, halo, hydroxy, cyano, alkyl, alkoxy,
haloalkyl, haloalkoxy, or N(R6XR6);R6 is hydrogen,
alkyl, haloalkyl, or cycloalkyl; R7 is alkyl,
haloalkyl, or cycloalkyl; R8 is hydrogen, alkyl,
haloalkyl, hydroxyalkyl, alkoxyalkyl or
dialkylaminoalkyl; R9 is hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl or dialkylaminoalkyl; or
N(R8)(R9) taken together is azetidinyl, pyrrolidinyl,
(R10)-piperidinyl, N-(Ru )-piperazinyl, morpholinyl,
thiomof holinyl, or dioxothiazinyl; R10 is hydrogen,
alkyl, hydroxy, or hydroxyalkyl; R11 is hydrogen,
alkyl, cyclolkyl, hydroxyalkyl, alkoxyalkyl,
hydroxyalkoxyalkyl, phenyl, pyridinyl,
(methylimidazolyl)methyl, COR6, CO2R6,
(hydroxyalkyl)CO, (alkoxyalkyl)CO,
(tetrahydrofuranyl)CO, (methylisoxazolyl)CO,
(thienyl)CO, (furanyl)CO, (pyridinyl)CO, CON(R8)(R9),
SO2R7, SO2N(R8)(R9), (dimethylisoxazolyl)SO2,
((carboethoxy)thienyl)SO2, (methylimidazolyl)Sq 2, R12
is azetidinonyl, pyrrolidinonyl, valerolactamyl,
caprolactamyl, maleimido, oxazolidinonyl,
imidazolidinonyl, triazolonyl,
N-(R6)-dioxothiazolidinyl or dioxothiazinyl, and is
substituted with 0-2 substituents selected from the
group consisting of alkyl, hydroxyalkyl, haloalkyl,
alkoxyalkyl, and aminoalkyl; R13 is hydrogen, alkyl,
alkylcarbonyl, alkoxycarbonyl, benzyloxycarbonyl, or
alkylsulfonyl; R14 is N(R15)(R15),
N(R15)(benzyloxycarbonyl), N(R15)(alkyloxycarbonyl),
N(R15)((hydroxyalkyl)oxycarbonyl),
N(R15)((alkyloxy)alkyloxycarbonyl),N(R15)CO(R16), N(R
15)((CO(N(R 15)2)alkyl), N(R
15)((CO2CO(N(R15)2)alkyl), N(R15)CO((N(R15)2)alkyl),
N(R15)CO((CON(R 15)(R15)alkyl), N(R15)COCO2(R15),
N(R15)CO((CO2(R15)alkyl), N(R15)COCON(R15)(R15),
N(R15)COCO((N(R 15)(R15))alkyl), N(R15)CO(N(R15)2),
N(R15)SO2R16, N(R15)SO2(N(R15)2), or N(R15)COAr3; orR
, 14 is hydroxy, alkoxy, (hydroxy)alkoxy,
(alkoxy)alkoxy, (R16/CO2) alkoxy, or (PhCO2)alkoxy; or
R14 is N(R15)COCON(R15)(alkoxyalkyl), N(R1^COCON(R
15)(hydroxyalkyl),
N(R15)COCON(R15)((tetrahydroruranyl)methyl), N(R
15)COCON(R15)((N,Ndimethylpyrazolyl) methyl), or
N(R15)CO((Ar4)alkyl); or R14 is alkylR15 is hydrogen,
alkyl, hydroxyalkyl, alkoxyalkyl, haloalkyl, or
cycloalkyl; or N(R15)(R15) taken together is
azetidinyl, pyrrolidinyl, (R10)-piperidinyl, N-(Ru
)-piperazinyl, mof holinyl, or thiomof holinyl, and is
substituted with 0-2 substituents selected from halo,
hydroxy, alkoxy, alkyl, hydroxyalkyl, alkoxyalkyl,
hydroxyalkyloxyalkyl, acetamido, CO2R6, and
CON(R8)(R9); R16 is alkyl, haloalkyl, cycloalkyl,
(cycloalkyl)alkyl, hydroxyalkyl, alkoxyalkyl,
tetrahydropyranyl, or Ar3; R17 is hydrogen, alkyl,
alkylCO, cycloalkylCO, alkyloxyCO, CON(R15)(R15),
COCON(R15)(R15), COAr3, alkylSO2, cycloalkylSO2,
furanylSO2, triazolylSO2, or NmethylpyrrolylSO 2;Ar2
is tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
pyrazolyl, imidazolyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl, furanyl, thienyl, pyrrolyl,
pyrimidinyl, pyrazinyl, pyridinyl, or
hydroxypyridinyl, and is substituted with 0-3
substituents selected from the group consisting of
oxo, halo, cyano, benzyl, alkyl, alkoxy, N(R8)(R9),
CO2R6, and CON(R8)(R9); Ar is tetrazolyl, triazolyl,
oxadiazolyl, thiadiazolyl, pyrazolyl, imidazolyl,
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
furanyl, thienyl, pyrrolyl, pyridinyl, pyrimidinyl,
pyrazinyl, imidazopyridinyl, quinolinyl,
isoquinolinyl, or phenyl, and is substituted with 0-3
substituents selected from the group consisting of
oxo, halo, alkoxy, haloalkoxy, cyano, benzyl, alkyl,
haloalkyl, N(R8)(R9), and N(R15)CO(R16) ; Ar4 is
pyrazolyl or triazolyl, and is substituted with 0-1
substituents selected from CO2R6 and CON(R8)(R9);
X-Y-Z isor a pharmaceutically acceptable salt thereof.
Another aspect of the invention is a compound of
formula I wherein: R1is (ArVkyl; R is hydrogen, alkyl,
hydroxy or alkoxy; RJ is hydrogen, halo, hydroxy,
cyano, alkyl, haloalkyl, alkoxy, haloalkoxy,
N(R8)(R9), N(R6)COR7, N(R6)SO2R7, N(R6)CO2R7,
N(R6)SO2N(R8)(R9), CO2R6, CON(R8)(R9), SOR7, SO2R7,
SO2N(R8)(R9), PO(OR6)2, R12 , or Ar2; R4 is hydrogen,
halo, hydroxy, cyano, alkyl, alkoxy, haloalkyl,
haloalkoxy, or N(R6XR6); R5 is hydrogen, halo,
hydroxy, cyano, alkyl, alkoxy, haloalkyl, haloalkoxy,
or N(R6XR6); R6 is hydrogen, alkyl, haloalkyl, or
cycloalkyl; R7 is alkyl, haloalkyl, or cycloalkyl;R 8
is hydrogen, alkyl, haloalkyl, hydroxyalkyl,
alkoxyalkyl or dialkylaminoalkyl; R9 is hydrogen,
alkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl or
dialkylaminoalkyl; or N(R 8)(R 9) taken together is
azetidinyl, pyrrolidinyl, (R 10)-piperidinyl, N-(R u
)-piperazinyl, morpholinyl, thiomorpholinyl, or
dioxothiazinyl; R 10 is hydrogen, alkyl, hydroxy, or
hydroxyalkyl; R 11 is hydrogen, alkyl, cyclolkyl, COR
6, o r C O2R6; R 12 is azetidinonyl, pyrrolidinonyl,
valerolactamyl, caprolactamyl, maleimido, 



oxazolidinonyl, imidazolidinonyl, triazolonyl, N-(R
6)-dioxothiazolidinyl or dioxothiazinyl, and is
substituted with 0-2 substituents selected from the
group consisting o f alkyl, hydroxyalkyl, haloalkyl,
alkoxyalkyl, and aminoalkyl; R 13 is hydrogen, alkyl,
alkylcarbonyl, alkoxycarbonyl, benzyloxycarbonyl, or
alkylsulfonyl; R 14 i s N(R 1 )(alkyloxycarbonyl), N(R
15)CO(R 16) , N(R 15)CO(alkyl(N(R 15) 2)), N(R 15)COCO
2(R 15) , NN((RR1155))CCOOCCOONN((RR15)(R 15), N(R
1^CO(N(R 15)2) , N(R 15)SO 2R 16, N(R 1 SO 2(N(R 15)2)
, orN(R 15)COAr 3; or R 14 is hydroxy, alkoxy,
(hydroxy)alkoxy, (alkoxy)alkoxy, (R 16Cq 2)alkoxy, or
(PhCO 2)alkoxy; R 15 is hydrogen, alkyl, haloalkyl, or
cycloalkyl;or N(R, 15X )(zR I ) taken together is
azetidinyl, pyrrolidinyl, (RICk)-piperidinyl,
N-(R"11)-piperazinyl, mof holinyl, or thiomorpholinyl;
R, 16 is alkyl, haloalkyl, or cycloalkyl; Ar is
tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
pyrazolyl, imidazolyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl, furanyl, thienyl, pyrrolyl,
pyrimidinyl, pyrazinyl, pyridinyl, or
hydroxypyridinyl, and is substituted with 0-3
substituents selected from the group consisting of
oxo, halo, cyano, benzyl, alkyl, alkoxy, N(R8)(R9),
CO2R6, and CON(R8XR9); Ar3 is tetrazolyl, triazolyl,
oxadiazolyl, thiadiazolyl, pyrazolyl, imidazolyl,
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
furanyl, thienyl, pyrrolyl, or pyridinyl, and is
substituted with 0-3 substituents selected from the
group consisting of oxo, halo, alkoxy, cyano, benzyl,
and alkyl; and X-Y-Z isor a pharmaceutically
acceptable salt thereof. Another aspect of the
invention is a compound of formula I where R1 is
(Ar^alkyl, alkyl, (cycloalkyl)alkyl, diphenylalkyl,
phenoxyalkyl, (PhNH)alkyl, (methylpyrrolidinyl)alkyl,
(imidazolyl)alkyl (valerolactamyl)alkyl,
(tetrahydrofuranyl)alkyl,
((fluoro)(methyl)pyridinyl)methyl, phenylcyclopropyl,
or benzylpyrrolidinyl; R2 is hydrogen; R3J is
hydrogen, halo, hydroxy, alkoxy, cyano, alkyl,
cycloalkyl, haloalkyl, hydroxyalkyl, alkoxyalkyl,
alkoxy, haloalkoxy, N(R8)(R9), N(R6)COR7, N(R6)SO2R7,
N(R6)CO2R7, N(R6)SO2N(R8)(R9), CO2R6, CON(R8)(R9),
SO2R7, SO2N(R8)(R9), or Ar2; R4 is hydrogen, halo, or
alkyl; R is hydrogen, halo, or alkyl; R is hydrogen,
alkyl, haloalkyl, or cycloalkyl; R is alkyl,
haloalkyl, or cycloalkyl; R8 is hydrogen, alkyl,
haloalkyl, hydroxyalkyl, alkoxyalkyl or
dialkylaminoalkyl;R9 is hydrogen, alkyl, haloalkyl,
hydroxyalkyl, alkoxyalkyl or dialkylaminoalkyl; or
N(R8)(R9) taken together is azetidinyl, pyrrolidinyl,
(R10)-piperidinyl, N-(Ru )-piperazinyl, morpholinyl,
thiomorpholinyl, or dioxothiazinyl; R10 is hydrogen,
alkyl, hydroxy, or hydroxyalkyl; R11 is hydrogen,
alkyl, cyclolkyl, hydroxyalkyl, alkoxyalkyl,
hydroxyalkoxyalkyl, phenyl, pyridinyl,
(methylimidazolyl)methyl, COR6, CO2R6,
(hydroxyalkyl)CO, (alkoxyalkyl)CO,
(tetrahydrofuranyl)CO, (methylisoxazolyl)CO,
(thienyl)CO, (furanyl)CO, (pyridinyl)CO, CON(R8)(R9),
SO2R7, SO2N(R8)(R9), (dimethylisoxazolyl)SO2,
((carboethoxy)thienyl)SO2, (methylimidazolyl)Sq 2 R13
is hydrogen, alkyl, alkylcarbonyl, alkoxycarbonyl,
benzyloxycarbonyl, or alkylsulfonyl; R14 is
N(R15)(R15), N(R15)(benzyloxycarbonyl),
N(R15)(alkyloxycarbonyl),
N(R15)((hydroxyalkyl)oxycarbonyl),
N(R15)((alkyloxy)alkyloxycarbonyl), N(R15)CO(R16),
N(R15)((CO(N(R15)2)alkyl),
N(R15)((CO2CO(N(R15)2)alkyl),
N(R15)CO((N(R15)2)alkyl),
N(R15)CO((CON(R15)(R15)alkyl), N(R15)COCO2(R15),
N(R15)CO((CO2(R15)alkyl), N(R15)COCON(R15)(R15),
N(R15)COCO((N(R15)(R15))alkyl), N(R15)CO(N(R15)2),
N(R15)SO2R16, N(R15)SO2(N(R15)2), or N(R15)COAr3; or
R14 is hydroxy, alkoxy, (hydroxy)alkoxy,
(alkoxy)alkoxy, (R16CO2)alkoxy, or (PhCO2)alkoxy;or
R14 is N(R15)COCON(R15)(alkoxyalkyl), N(R1^COCON(R
15)(hydroxyalkyl),
N(R15)COCON(R15)((tetrahydrofuranyl)methyl),
N(R15)COCON(R15)((N,Ndimethylpyrazolyl) methyl), or
N(R15)CO((Ar4)alkyl);R"15 is hydrogen, alkyl,
hydroxyalkyl, alkoxyalkyl, haloalkyl, or cycloalkyl;
or N(R15)(R15) taken together is azetidinyl,
pyrrolidinyl, (R10)-piperidinyl, N-(Ru )-piperazinyl,
morpholinyl, or thiomorpholinyl, and is substituted
with 0-2 substituents selected from halo, hydroxy,
alkoxy, alkyl, hydroxyalkyl, alkoxyalkyl,
hydroxyalkyloxyalkyl, acetamido, CO2R6, and
CON(R8)(R9); R16 is alkyl, haloalkyl, cycloalkyl,
(cycloalkyl)alkyl, hydroxyalkyl, alkoxyalkyl,
tetrahydropyranyl, or Ar3; R17 is hydrogen, alkyl,
alkylCO, cycloalkylCO, alkyloxyCO, CON(R15)(R15),
COCON(R15XR15), COAr3, alkylSO2, cycloalkylSO2,
furanylSO2, triazolylSO2, or NmethylpyrrolylSO2; Ar2
is tetrazolyl, triazolyl, oxadiazolyl, thiadiazolyl,
pyrazolyl, imidazolyl, oxazolyl, thiazolyl,
isoxazolyl, isothiazolyl, furanyl, thienyl, pyrrolyl,
pyrimidinyl, pyrazinyl, pyridinyl, or
hydroxypyridinyl, and is substituted with 0-3
substituents selected from the group consisting of
oxo, halo, cyano, benzyl, alkyl, alkoxy, N(R8)(R9), CO
R6, and CON(R8)(R9); Ar is tetrazolyl, triazolyl,
oxadiazolyl, thiadiazolyl, pyrazolyl, imidazolyl,
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl,
furanyl, thienyl, pyrrolyl, pyridinyl, pyrimidinyl,
pyrazinyl, imidazopyridinyl, quinolinyl,
isoquinolinyl, or phenyl, and is substitutedwith 0-3
substituents selected from the group consisting of
oxo, halo, alkoxy, haloalkoxy, cyano, benzyl, alkyl,
haloalkyl, N(R8)(R9), and N(R15)CO(R16) ; Ar4 is
pyrazolyl or triazolyl, and is substituted with 0-1
substituents selected from CO2R6 and CON(R8)(R9); and
X-Y-Z is or a pharmaceutically acceptable salt
thereof. Another aspect of the invention is a compound
of Formula I where R is (Ar )alkyl. Another aspect of
the invention is a compound of Formula I where R1 is
(Ar^alkyl and R is hydrogen. Another aspect of the
invention is a compound of Formula I where R1
isAnother aspect of the invention is a compound of
Formula I where R1 is 



R is other than hydrogen or halo. Another aspect of
the invention is a compound of Formula I where R is
hydrogen. Another aspect of the invention is a
compound of Formula I where R3 is R12. Another aspect
of the invention is a compound of Formula I where R is
Ar. Another aspect of the invention is a compound of
Formula I where R3 is CON(R8)(R9), SO2N(R8XR9),
azetidinonyl, pyrrolidinonyl, valerolactamyl,
caprolactamyl, oxazolidinonyl, imidazolidinonyl,
dioxothiazinyl, N-(R6)- dioxothiazolidinyl, or
triazolyl where triazolyl is substituted with 0-2
alkyl or oxo substituents. Another aspect of the
invention is a compound of Formula I where R3 is halo,
CON(R )(R ), oxazolidinonyl, or triazolyl where
triazolyl is substituted with 0-2 alkyl or oxo
substituents. Another aspect of the invention is a
compound of Formula I where R14 is N(R15XR15),
N(R15)(benzyloxycarbonyl), N(R15)(alkyloxycarbonyl),
N(R15)((hydroxyalkyl)oxycarbonyl),
N(R15)((alkyloxy)alkyloxycarbonyl), N(R15)CO(R16),
N(R15)((CO(N(R15)2)alkyl),
N(R15)((CO2CO(N(R15)2)alkyl),
N(R15)CO((N(R15)2)alkyl),
N(R15)CO((CON(R15)(R15)alkyl), N(R15)COCO2(R15),
N(R15)CO((CO2(R15)alkyl), N(R15)COCON(R15)(R15),
N(R15)COCO((N(R15)(R15))alkyl), N(R15)CO(N(R15)2),
N(R15)SO2R16, N(R15)SO2(N(R15)2), or N(R15)COAr3.
Another aspect of the invention is a compound of
Formula I where R14 is N(R15)COCON(R15)(R15).Another
aspect of the invention is a compound of Formula I
where Ar2 is tetrazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, pyrazolyl, imidazolyl, oxazolyl,
thiazolyl, isoxazolyl, isothiazolyl, furanyl, thienyl,
or pyrrolyl, and is substituted with 0-2 substituents
selected from the group consisting of halo and alkyl.
Another aspect of the invention is a compound of
Formula I where Ar3 is oxadiazolyl, pyrazolyl, or
isoxazolyl. Another aspect of the invention is a
compound of Formula I where X-Y-Z is For a compound of
Formula I, the scope of any instrance of a variable
substituent, including R1, R2, R3, R4, R5, R6, R7, R8,
R9, R10, R11, R12, R13, R14 , R15, R16, R17, Ar1, Ar2,
Ar3, Ar4, and X-Y-Z, can be used independently with
the scope of any other instance of a variable
substituent. As such, the invention includes
combinations of the different aspects. Unless
specified otherwise, these terms have the following
meanings. "Alkyl" means a straight or branched alkyl
group composed of 1 to 6 carbons. "Alkenyl" means a
straight or branched alkyl group composed of 2 to 6
carbons with at least one double bond. "Alkynyl" means
a straight or branched alkyl group composed of 2 to 6
carbons with at least one triple bond. "Cycloalkyl"
means a monocyclic ring system composed of 3 to 7
carbons. "Haloalkyl" and "haloalkoxy" include all
halogenated isomers from monohalo to perhalo. Terms
with a hydrocarbon moiety (e.g. alkoxy) include
straight and branched isomers for the hydrocarbon
portion. Parenthetic and multiparenthetic terms are
intended to clarify bonding relationships to those
skilled in the art. For example, a term such as
((R)alkyl) means an alkyl substituent further
substituted with the substituent R."Dioxolanyphenyl"
means 'Dioxothiazolidinyl" means ;'Dioxothiazinyl"
means The invention includes all pharmaceutically
acceptable salt forms of the compounds.
Pharmaceutically acceptable salts are those in which
the counter ions do not contribute significantly to
the physiological activity or toxicity of the
compounds and as such function as pharmacological
equivalents. These salts can be made according to
common organic techniques employing commercially
available reagents. Some anionic salt forms include
acetate, acistrate, besylate, bromide, chloride,
citrate, fumarate, glucouronate, hydrobromide,
hydrochloride, hydroiodide, iodide, lactate, maleate,
mesylate, nitrate, pamoate, phosphate, succinate,
sulfate, tartrate, tosylate, and xinofoate. Some
cationic salt forms include ammonium, aluminum,
benzathine, bismuth, calcium, choline, diethylamine,
diethanolamine, lithium, magnesium, meglumine,
4-phenylcyclohexylamine, piperazine, potassium,
sodium, tromethamine, and zinc. Some of the compounds
of the invention exist in stereoisomeric forms. The
invention includes all stereoisomeric forms of the
compounds including enantiomers and diastereromers.
Methods of making and separating stereoisomers are
known in the art. One example of a stereoisomeric form
is shown below.The invention includes all tautomeric
forms of the compounds. An example of a tautomeric
pair is shown below. Synthetic Methods The compounds
may be made by methods known in the art including
those described below and including variations within
the skill of the art. Some reagents and intermediates
are known in the art. Other reagents and intermediates
can be made by methods known in the art using readily
available materials. The following methods are for
illustrative purposes and are not intended to limit
the scope of the invention. It will be appreciated by
those skilled in the art that there are a number of
methods available for the synthesis of an
appropriately substituted pyrimidinone heterocycles
useful for making the compounds of the current
invention and that their synthesis is not limited to
the methods provided in the following examples. For
example, one such method is shown in Scheme I and is
similar to that reported in Journal of Heterocyclic
Chemistry (1979), 16(7), 1423-4. In this scheme an
alkyl- or arylnitrile 1-1 is combined with
hydroxylamine to form intermediate 1-2 which in turn
is reacted with dialkyl-butynoate 1-3 to form
intermediate 1-4. At high temperatures, such as that
of refluxing xylenes, intermediate 1-4 undergoes a
rearrangement reaction to yield the
5-hydroxy-6-oxo-l,6-dihydropyrimidine-4- carboxylate
heterocycle 1-5 which can serve as an advanced
intermediate for synthesizing some of the compounds of
this invention. The variables (e.g. numbered"'R"
substituents) used to describe the synthesis of the
compounds are intended only to illustrate how to make
the compounds and are not to be confused with
variables used in the claims or in other sections of
the specification. Abbreviations used in the schemes
generally follow conventions used in the art. Chemical
abbreviations used in the specification and examples
are defined as follows: "NaHMDS" for sodium
bis(trimethylsilyl)amide; "DMF"
forN,Ndimethylformamide; 



"MeOH" for methanol; "NBS" forN-bromosuccinimide; "Ar"
for aryl; "TFA" for trifluoroacetic acid; "LAH' ' for
lithium aluminum hydride; -'BOC", "DMSO" for
dimethylsulfoxide; "h" for hours; "rt" for room
temperature or retention time (context will dictate);
"min" for minutes; "EtOAc" for ethyl acetate; "THF"
for tetrahydrofuran; "EDTA" for
ethylenediaminetetraacetic acid; "Et O" for diethyl
ether; "DMAP" for 4-dimethylaminopyridine; "DCE" for
1,2-dichloroethane; "ACN" for acetonitrile; "DME" for
1,2-dimethoxyethane; "HOBt" for 1-
hydroxybenzotriazole hydrate; "DIEA" for
diisopropylethylamine, "Nf for CF3(CFz)3SO2- ; and
"TMOF" for trimethylorthoformate. Scheme I 1-5 Scheme
II demonstrates an alternative method for providing
the 5-hydroxy-6-
oxo-l,6-dihydropyrimidine-4-carboxylate heterocyclic
system which is adapted from the procedure in
Inorganic Chemistry (2001), 40(26), 6746-6756. In this
scheme, a substituted derivative of glycolic acid, 2-1
is reacted with a diester of oxalic acid under Claisen
condensation conditions (Org. React. 1, 266-322
(1942); Modern Synthetic Reactions (W. A. Benjamin,
Menlo Park, California, 2nd ed., 1972) pp 734-746, J.
Chem. Educ. 56, 721 (1979); J . Am. Chem. Soc. 103,
1338 (1981); Comp. Org. Syn. 2, 795-805 (1991)) to
provide intermediate 2-2. This intermediatecan be
combined with an amidine, 2-3, under heating to yield
the 5-hydroxy-6-oxol,
6-dihydropyrimidine-4-carboxylate heterocycle, 2-4.
Scheme II 2-3 In Scheme III, peracylated glycoside 3-1
can be converted to intermediate 3-2 using synthetic
procedures known to those skilled in the art, for
example the method described in Carbohydrate Research
(1982), 108(2), 229-35. Following this, a method
similar to that described in Journal of Organic
Chemistry (1988), 53(16), 3723-3 1 can be used to
eliminate the acetoxy group at C-4 yielding a mixture
of compounds, 3-3 and 3-4, which upon hydrogenation
produce intermediate 3-5. The acetyl group of 3-5 can
be removed using common conditions familiar to those
skilled in the art. The synthesis of the
5-hydroxy-6-oxo-l,6-dihydropyrimidine-4- carboxylate
ring of 3-7 can be assembled as described in Scheme I
. Intermediate 3-7 is then treated with > 3
equivalents of methanesulfonyl chloride and
diisopropylethylamine to yield 3-8 which when treated
with a base such as K2CO3 produces the bridged
tricyclic-fused, 5-hydroxy-6-oxo-
1,6-dihydropyrimidine-4-carboxylate template, 3-8.
This intermediate can be converted to the
corresponding amide, 3-10, using standard amide bond
forming procedures familiar to those skilled in the
art. For example, in one method intermediate 3-9 can
be combined with the amine, 3-1 1 and a base such as
triethylamine and the mixture heated to effect
aminolysis of the ester bond. In another method the
hydroxyl group of 3-9 is modified with a protecting
group such as benzyl, or a group such as those
mentioned in Greene's Protective Groups in Organic
Synthesis, 4th Edition, Peter G. M. Wuts, Theodora W.
Greene, John Wiley & Sons, Inc. 2007, Hoboken New
Jersey. Following this the ester is hydrolyzed to the
corresponding carboxylic acid and this is coupled with
the amine 3-11 using an amide bond forming reagent
such as N N'-dicyclohexylcarbodiimide, 0 -
benzotriazol-l-yl-N,N,N',N'-bis(pentamethylene)uronium
hexafluorophosphate, l-[3-
(dimethylamino)propyl]-3-ethylcarbodiimide methiodide,
bromotripyrrolidinophosphonium hexafluorophosphate or
other amide bond forming reagents familiar to those
skilled in the art. Following this the protecting is
removed to produce 3-10. Scheme III 3-1 0In Scheme IV,
intermediate 4-1 (Tetrahedron Letters (1994), 35(26),
4515-18 and references cited therein) is reacted with
benzyl bromide, in the presence of a base such as
K2CO3, to form theN-benzyl derivative 4-2 (Synth.
Commun. 1997, 27 (1), 69-7 1). It will be appreciated
by those skilled in the art that the benzyl group
attached to 4-2 serves as a protecting group and that
other nitrogen protecting groups could be used in its
place. The diester, 4-2 can be treated with lithium
aluminum hydride to form the bis-alcohol 4-3. Upon
treatment of this intermediate with 1 molar equivalent
of tert-butyldiphenylsilyl chloride and sodium hydride
the protected intermediate 4-3 is formed. Treatment of
this intermediate using Swern reaction conditions
(Tetrahedron 34, 1651 (1978)), affords intermediate
4-5. It will be appreciated by those skilled in the
art that a number of procedures are available for the
conversion of an alcohol to an aldehyde, such as those
described in Comprehensive Organic Transformations: A
Guide to Functional Group Preparations, Second
Edition, Richard C. Larock, John Wiley and Sons, 1999,
New York, NY. The aldehyde 4-5 can be is condensed
with hydroxylamide to form intermediate 4-6, which is
then transformed to the nitrile 4-7. One skilled in
the art will appreciate that there are a number of
methods available for transforming intermediates such
as 4-6 into 4-7. For example Comprehensive Organic
Functional Group Transformations II, Alan R.
Katritzky, Otho Meth-Cohn, and Charles W. Rees,
Elsevier, 1995. Upon treatment of this intermediate
with hydroxylamine followed by dialkyl-butynoate,
intermediate 4-9 is produced. Formation of the 5-
hydroxy-6-oxo-l,6-dihydropyrimidine-4-carboxylate
heterocycle and cyclization to form the bridged
tricyclic fused ring system can be carried out as
described in the previous schemes to afford
intermediate 4-11. The ethylene-dicarboxylate group
attached to the nitrogen atom of 4- 11 can be removed
under acidic conditions. The nitrogen is next
protected as the corresponding benzylcarbamate (Cbz)
using benzylchloroformate and diisopropyldiethylamine
to yield 4-13. Amidation to form 4-14 can be
accomplished as described previously and following
this, removal of the Cbz-protecting group produces
4-15.Scheme IV In Scheme V, diol 5-1 (Tetrahedron
Letters (1971), (39), 3587-9; Journal of Organic
Chemistry (1975), 40(17), 2488-95) is treated with
tert-butyl dimethylsilylchloride in the presence of
sodium hydride to deliver intermediate 5-2. Oxidation
of this compound under Swern conditions, similar to
that described above, yields aldehyde 5-3.
Intermediate 5-4 can be synthesized by reacting 5-3
withmethylamine and potassium cyanide in methanol.
Following protection of the nitrogen group as the
corresponding Cbz-derivative, the tert-butylsilyl
protecting group can be removed to provide
intermediate 5-6. Formation of the 5-hydroxy-6-
oxo-l,6-dihydropyrimidine-4-carboxylate heterocycle
and cyclization to form the 



bridged tricyclic fused ring system, as described in
the previous schemes, affords intermediate 5-9. Scheme
V 5-11Scheme VI describes yet another method for the
synthesis of compounds of this invention. In this
method, intermediate 6-1 is converted to the
corresponding diester, 6-3, via the anhydride 6-2.
Reduction of the ester groups to provide intermediate
6-4, can be accomplished using procedures familiar to
those skilled in the art. The subsequent synthetic
steps from intermediate 6-4 to the final compound 6-10
can be accomplished using methods similar to those
described in the schemes above. Scheme VI In Scheme
VII, intermediate 5-3 is reacted with hydroxylamine to
form, 7-1 and converted into the corresponding nitrile
7-2, as described above in Scheme IV for the synthesis
of intermediate 4-7. The synthesis of compound 7-8 can
be accomplished using methods similar to hose
described in the schemes above.Scheme VII 5-3 7-1 7-2
7-6 7-7 7-8 Treatment of intermediate 8-1, in Scheme
VIII, under Strecker reaction conditions (Greenstein,
M. Winitz, Chemistry of the Amino Acids vol. 3 (New
York, 1961) pp 698-700, G. C. Barrett, Chemistry and
Biochemistry of the Amino Acids (Chapman and Hall, New
York, 1985) pp 251, 261) provides the amino nitrile
8-2. After protection of the amino-group as the
corresponding Cbz-derivative, the 5-
hydroxy-6-oxo-l,6-dihydropyrimidine-4-carboxylate
heterocycle is formed by sequentially treating the
nitrile with, hydroxylamine and diethyl
but-2-ynedioate, then heating in xylenes. The cyclic
ketal protecting group can be hydrolyzed under acidic
conditions to furnish the ketone 8-5 which is then
reduced with NaBH4 to provide intermediate 8-6.
Cyclization to form intermediate 8-7, can be achieved
by first treating this intermediate with methane
sulfonyl chloride/triethylamine, to effect mesylation
of the hydroxyl group followed by treatment with
cesium carbonate. The Cbz-group is hydrolytically
removed under standard conditions resulting in
intermediate 8-8. Formation of the corresponding
4-fluorobenzylamide can be accomplished using the
methods described above. Intermediate 8-9 is then
treatedwith an activated carboxylic acid, for example
and acid chloride, or a carboxylic acid in the
presence of an amide bond forming reagent to yield
compound 8-10. Scheme VIII 8-10Scheme IX illustrates a
method for the synthesis of intermediate 9-10. In the
first step of the sequence compound 9-1 is treated
with ethane 1,2-diol and toluene sulfonic acid which
yields intermediate 9-2. The carboxylic ester group of
9-2 is reduced using lithium aluminum hydride
affording 9-3. Treatment of this intermediate with
SOCl produces the chloride derivative 9-4. It will be
appreciated by those skilled in the art that numerous
methods exist for the substitution of an alcohol group
with chloride some of which can be found in
Comprehensive Organic Transformations: A Guide to
Functional Group Preparations, Second Edition, Richard
C. Larock, John Wiley and Sons, 1999, New York, NY.
Hydrolysis of the cyclic ketal group of intermediate
9-4 provides a ketone, 9-5, which can be taken on as
described in the previous schemes, to the
5-hydroxy-6-oxo-l,6-dihydropyrimidine- 4-carboxylate
derivative 9-9. Under basic conditions the tricyclic
ring system is formed via nucleophilic displacement of
the chloride group. Compound 9-10 can serve as an
advanced intermediate in the synthesis of compounds of
this invention.Scheme IX 9-9 Another method for the
synthesis of intermediate 9-10 is shown in Scheme X.
In Scheme X, compound 10-1 can be prepared according
to general procedure described in Journal of Organic
Chemistry 1997, 62, 5284-5292 from commercially
available ethyl 4-oxocyclohexanecarboxylate. A
Strecker reaction, like that described in the schemes
above produces the amino-nitrile intermediate 10-2
which is carried on to the N-protected intermediate
10-3. Treatment of this compound withhydroxylamine,
followed by diethyl but-2-ynedioate and heating in
xylenes affords 10-4. The final cyclization reaction
can be carried out as before, via activation of the
alcohol with methane sulfonyl chloride followed by
ring closing nucleophilic attack by the pyrimidinone
nitrogen-group. Scheme X In Scheme XI intermediate
9-10 is treated with a substituted benzylic amine in
the presence of triethylamine, with heating, to form
the corresponding benzylamide 11-1. The Cbz protecting
of 11-1 can be removed using standard hydrogenation
conditions (e.g. H2 and Pd/C) or other methods
commonly known to one skilled in the art. In the final
step amide, urea, carbamate, sulfonamide and related
analogues can be synthesized directly form 11-3 under
appropriate conditions. For example amides can be
synthesized by treating 11-3 with a carboxylic acid
chloride or by reacting it with a carboxylic acid in
the presence of an amide bond forming reagent such as
HATU. Other analogues are available by treating 11-3
with isocyantes, chlorosulfonates or chloroformates,
to name a few. The analogues are treated with MeNH2 in
the event that the C3-hydroxyl group of the
pyrimidinone ring has been modified.Scheme XI 11-4
Compounds of this invention can also be synthesized
according to the method illustrated in Scheme XII. In
this Scheme 11-2 can be synthesized as before. This
intermediate is then reacted with
2-chloro-2-oxoacetate in the presence of triethylamine
to deliver 12-1. Following this 12-1 is heated with an
amine to affect the formation of 12-2. In certain
cases intermediate 12-1 need not be isolated but can
be carried on to the 12-2 forming step immediately
after work-up.Scheme XII 12-2 In Scheme XIII,
intermediate 13-1 can be coupled with intermediate
13-2 under standard amide-bond forming conditions, for
example using the HATU as the coupling reagent in the
presence of diisopropyl ethylamine and DMAP.
Intermediate 13-3 is then treated with a benzylamine,
with heating, as described in the above schemes to
produce 13-4. Scheme XIIIIn the method shown in Scheme
XIV, intermediate 9-10 is benzoylated by treating it
with benzoic acid anhydride and pyridine to form
intermediate 14-1. The 



Cbz protecting group can then be removed by
hydrogenolysis to yield intermediate 14-2.
Intermediate 14-2 can be coupled with acid 14-3 and
the resulting product, 14- 4 reacted with a
substituted benzyl or substituted phenylpropylamine to
provide 14- 5. Scheme XIV 14-5 14-4 Scheme XV
illustrates another method for the synthesis of
compounds of this invention. Intermediate 15-1,
prepared using methods similar to those described
previously, is heated with a substituted piperazine to
provide 15-2.Scheme XV 15-2 As shown in Scheme XVI,
when 15-1 is reacted with piperazine as described in
the previous scheme, intermediate 16-1 is produced.
The unsubstituted nitrogen of the piperazine ring can
be modified by the addition of R to form 16-2. R can
be a substituted alkyl group, an acyl group, a
sulfonyl group, a urea or related functionality.
Scheme XVI 16-2As shown in Scheme XVII, the bridgehead
nitrogen of intermediate 17-1 can be transformed into
the corresponding dimethylated analogue, 17-2 via
reductive amination, using for example formaldehyde
and sodium triacetoxy borohydride. In a similar
fashion intermediate 17-3 can be synthesized by
sequential introduction of the benzyl group via
reductive amination (benzaldehyde, NaCNBH ) followed
by introducing of the methyl group in the same way.
The benzyl group is then cleaved under reductive
conditions, H2 and Pd/C, to provide 17-4. The nitrogen
atom 17-4 can be modified using methods similar to
those described above. Scheme XVII 17-3 17-5Additional
methods for the synthesis of compounds of this
invention are illustrated in Schemes XVIII and XIX.
Scheme XVIII 18-5Scheme XIX 19-1 19-2 The method
described in Scheme XX for the synthesis of
intermediate 20-2 is similar to that described for
intermediate 18-1 in Scheme XVIII except acetaldehyde
is used in place of formaldehyde. The subsequent
transformations rely on methods described above.Scheme
XX 20-3 Schemes XXI through XXV illustrate additional
methods for synthesizing compounds of this
invention.Scheme XXI Scheme XXIIScheme XXIIIScheme
XXIVScheme XXV Scheme XXVI illustrates another method
for the synthesis of compounds of this invention. In
this method 3-oxocyclopentane carboxylic acid (26-1)
is converted into the ketal-ester derived intermediate
26-2 (Tetrahedron (1977), 33, 1113) by stirring in
methanol and acetyl chloride. Following this the ester
group can be reduced, using LAH, to the corresponding
alcohol, 26-3. The ketal group of intermediate 36-3 is
removed under acidic conditions (p-toluene sulfonic
acid) andthe S-hydroxy--oxo-l
-dihydropyrimidine^-carboxylate derivative 26-9
synthesized using the same reaction sequence used in
the previous schemes. Formation of the final ring can
be carried out by first treating 26-9 with methane
sulfonyl chloride and triethylamine followed by a
second step involving treatment with potassium
carbonate. The product of this sequence, 26-10 can be
esterified to form 26-1 1using benzoic acid anhydride.
Further transformation of this intermediate using the
methods described previously provides, 26-12, 26-13
and 26-14.Scheme XXVI 26-14A method for the synthesis
of advanced intermediate 27-1 1 is shown in Scheme
XXVII. Cyclopentenone, 27-1 can be converted to 27-2
(Tetrahedron Lett. 2005, 46, 6875-6878) by the
nucleophilic addition of dimethylmalonate using
2,3,4,6,7,8-hexahydro-lH-pyrimido[l,2-a]pyrimidine as
abase. Those skilled in the art will recognize this
synthetic transformation as a Michael reaction which
can be carried out under a number of different
conditions in addition to those shown here as
illustrated in; E. D. Bergmann et al., Org. React. 10,
179-555 (1959); H. O. House, Modern Synthetic
Reactions (W. A. Benjamin, Menlo Park, California, 2nd
ed., 1972) pp 595-623; M. E. Jung, Comp. Org. Syn. 4,
1-67 (1991). In the next step, a methylcarboxylate
group of 27-2 is removed at elevated temperature in
the presence of dimethyl 2-(3-oxocyclopentyl)malonate
to yield intermediate 27-3. This intermediate is then
converted to the corresponding dimethyl ketal and the
methylcarboxylate group reduced to the corresponding
alcohol using LiBH4 to provide 27-5 (J. Org. Chem.,
1986, 5 1 (21), 4000-4005). The ketal group is then
hydrolyzed, yielding 27-6, then the pyrimidinone
derivative, 27-10, synthesized in the same manner as
that described in the above schemes wherein after
formation of the amino nitrile, under Strecker
reaction conditions, the amino group is protected with
Cbz and the nitrile treated with hydroxylamine then
diethyl but-2-ynedioate. The bridged bicyclic portion
of 27-1 1 can be formed by treating intermediate 27-10
with methane sulfonyl chloride/triethylamine followed
by treatment with a base such as K CO . Compound 27-1
1 can serve as an advanced intermediate for the
synthesis of compounds of this invention as
illustrated in Scheme XVIII.Scheme XXVII 27-11 27-10
Compounds of this invention can also be synthesized
according to Scheme XVIII through XXXIV.Scheme
XXVIIIScheme XXIXScheme XXXScheme XXXIScheme
XXXIIScheme XXXIII PhOScheme XXXIV Biological Methods
HIV-Integrase Inhibition Activity. To evaluate
in-vitro activity against HIVintegrase, 5 pmole of
biotin labeled substrate DNA was bound to 100 mg of
Streptavidin coated PVT SPA beads (Amersham Pharmacia
Biotech). Recombinant integrase (0.26 ng) was
incubated with the beads for 90 min at 37 0C. Unbound
enzyme was removed by washing the complex followed by
addition of inhibitors and 0.1 fmol of P33 labeled
target DNA. The reaction was stopped by adding EDTA to
afinal concentration of 10 mM. Samples were counted in
TopCountNXT (Packard) and the CPM was used as a
measure of integration. The reaction condition was as
described in A. Engelman and R. Craigie , J. Virol.
69, 5908-591 1 (1995). The 



sequences of substrate and target DNA were described
in Nucleic Acid Research 22,1 121-1 122 (1994).
Results are shown in the Table 1. Activity equal to A
refers to a compound having IC50 = < 10 nM while B and
C denote compounds having IC50 = < 10 nM and IC50 <
100 nM and IC50 >100nM respectively. Table 2 .SYSTEM
AND METHOD FOR ARRANGING HEATING ELEMENT IN CRYSTAL
GROWTH APPARATUS CROSS-REFERENCE TO RELATED
APPLICATION This application claims the benefit of
copending application U.S. Provisional Application
Serial No. 61/037,956 filed on March 19, 2008, the
disclosure of which is expressly incorporated herein
by reference in its entirety. FIELD OF INVENTION The
present invention relates to furnaces for crystal
growth and directional solidification, and more
particularly to a system and method for arranging at
least one heating element in a crystal growth
apparatus. BACKGROUND OF THE INVENTION Directional
solidification systems (DSS) are used for the
production of multicrystalline silicon ingots, for
example, for use in the photovoltaic industry. A DSS
furnace is used for crystal growth and directional
solidification of a starting material such as silicon.
In DSS processes, silicon feedstock can be melted and
directionally solidified in the same furnace.
Conventionally, a crucible containing a charge of
silicon is placed in a furnace with a heating element
arranged near the crucible. The heating element used
in a DSS furnace can be resistive or inductive. In the
case of resistance heating, current flows through a
resistor and heats up the heating element, and the
heating element can be designed with a particular
material, resistivity, shape, thickness, and current
path to meet operating temperature and power
requirements. In induction-type heating, typically a
water-cooled heating coil surrounds the silicon
charge, and the current flowing through the coil is
coupled by the charge to achieve appropriate heating
of the charge. DSS furnaces are particularly useful
for crystal growth and directional solidification of
silicon ingots used in photovoltaic (PV) applications.
Such furnaces also can be used to grow silicon ingots
for semiconductor applications. For either type of
application, it is desirable to produce large silicon
ingots to lower average production costs. However, as
larger ingots are produced, it becomes increasingly
difficult to control heat flow through the DSS furnace
in order to achieve a substantially controlled
heating- ? - and heat extraction during production of
the ingot. If heat flow is not substantially
controlled throughout, quality of the product may
suffer. In silicon ingot production by directional
solidification, resistance-type heating elements
typically are used. The heating element may be
cylindrical in shape, so as to surround a crucible
containing a silicon charge, where heat is provided to
melt the charge. For PV applications, a
rectangular/square cross-section ingot is desirable,
and the heating element can be cylindrical or
rectangular/square. After the charge is melted, heat
is extracted from the charge in a controlled manner to
promote directional solidification. In practice, as
the cross-sectional area of ingots becomes larger,
furnaces are designed with multiple heating elements
in an effort to control heat flow. For example, in
certain applications, multiple heating elements have
been used to control the temperature gradient in
different zones. However, the use of multiple heating
elements adds to the complexity of the system, and
makes it difficult to control heat flow precisely,
especially in a production environment. It would be
desirable to provide an arrangement in which a heating
element is configured in a furnace so as to precisely
control heat flow through the furnace. It would also
be desirable to arrange the heating element in a
manner to simplify control of the heating element. The
crystal growth and directional solidification system
and related methods should overcome the deficiencies
of the presently available methods and systems.
SUMMARY OF THE INVENTION Systems and methods for
arranging a heating element in a crystal growth
apparatus are provided, where the crystal growth
apparatus can be a furnace that promotes crystal
growth and directional solidification of a charge, for
example, a silicon charge used to form an ingot. A
heating element is arranged in the apparatus, where
the heating element preferably includes at least first
and second heating components that are electrically
and thermally coupled, and can be connected via the
same circuit. At least one connecting element can be
provided to connect at least one of the first and
second heating components to the crystal growth
apparatus, and the at least one connecting element
also is used to interconnect the first and/or second
heating components. Further, additional connecting
elements may be provided to connect sections of the
first and second heating components.The connecting
elements can be heating clips used to form mechanical
interconnections. The heating clips can be sized
appropriately so that the first and/or second heating
components of the heating element are spaced at a
predetermined distance from a crucible containing the
charge in the crystal growth apparatus. By providing a
plurality of heating components, it is possible to
vary the power ratio between the components by
designing each component with a desired resistance. A
crystal growth apparatus according to the subject
invention can include: a feedstock material received
in a crucible, the crucible arranged in the apparatus;
and a heating element arranged in the apparatus, the
heating element including at least a first heating
component operably connected to a second heating
component, the first and second heating components
configured to heat and melt the feedstock material.
Other aspects and embodiments of the invention are
discussed below. BRIEF DESCRIPTION OF THE DRAWINGS For
a fuller understanding of the nature and desired
objects of the present invention, reference is made to
the following detailed description taken in
conjunction with the accompanying drawing figures
wherein like reference character denote corresponding
parts throughout the several views and wherein: FIG. 1
is a cross-sectional front view of a crystal growth
apparatus incorporating a heating element according to
the subject invention; FIG. 2 is a perspective view of
the heating element shown in FIG. 1; FIG. 3 is an
enlarged perspective view of the heating element of
FIG. 2 showing a plurality of heater clips for
interconnecting components of the heating element, and
attaching the heating element to the crystal growth
apparatus; 



FIG. 4 is a top plan view of the heating element of
FIG. 3; FIG. 5 depicts various views of a heater clip
according to a first preferred embodiment suitable for
use with the heating element of FIG. 3; and FIG. 6
depicts various views of a heater clip according to a
second preferred embodiment suitable for use with the
heating element of FIG. 3.- A - DEFINGGIONS The
instant invention is most clearly understood with
reference to the following definitions: As used in the
specification and claims, the singular form "a", "an"
and "the" include plural references unless the context
clearly dictates otherwise. A "furnace" or "crystal
growth apparatus" as described herein refer to any
device or apparatus used to promote crystal growth
and/or directional solidification, including but not
limited to crystal growth furnaces and directional
solidification (DSS) furnaces, where such furnaces may
be particularly useful for growing silicon ingots for
photovoltaic (PV) and/or semiconductor applications.
DETAILED DESCRIPTION OF THE INVENTION A system for
arranging a heating element in a crystal growth
apparatus, for example, a furnace used to promote
crystal growth and/or directional solidification,
preferably includes a crucible arranged on a
directional solidification block in the furnace, the
crucible configured to receive a feedstock material
such as silicon. A heating element is arranged in the
apparatus, where the heating element includes at least
one component, preferably at least a first heating
component and a second heating component that are
electrically and thermally coupled, and can be
connected via the same circuit. By providing a
plurality of heating components, it is possible to
vary the power ratio between the components by
designing each component with a desired resistance. At
least one connecting element can be provided to
connect the at least first and second heating
components, where the at least one connecting element
can be provided to connect the first and/or second
heating components to the crystal growth apparatus,
and to interconnect the first and second heating
components. Further, the connecting elements can be
heating clips that are mechanically connected, for
example, by fasteners to each other and/or the crystal
growth apparatus. The heating clips can be sized
appropriately so that the first and/or second heating
components of the heating element are spaced at a
predetermined distance from the crucible. The system
and related methods of arranging the heating element
in the crystal growth apparatus are encompassed by the
invention.A crystal growth apparatus 2 is depicted in
FIG. 1, where the crystal growth apparatus 2 can be a
furnace for growing ingots from a feedstock material
such as silicon. Preferably, the apparatus 2 is a
directional solidification (DSS) furnace which
utilizes a directional solidification process to
promote crystal growth and directional solidification.
A directional solidification block 8 is supported
inside the apparatus 2, and configured to receive a
crucible 9 containing a charge, for example, a silicon
charge. A heating element 10 preferably is arranged in
the crystal growth apparatus 2, where the heating
element 10 can be supported by a plurality of support
elements 4 attached to electrodes 6 that are connected
to the heating element 10. The support elements 4
preferably incorporate electrical wiring for
electrically connecting the heating element 10 via a
circuit, in order to deliver power to the heating
element 10 and control operation of the heating
element 10. Referring to FIG. 2, the heating element
10 preferably includes a plurality of heating
components, where the components are operably
connected preferably in a single circuit. As shown in
FIG. 2, the heating element 10 preferably includes at
least a first heating component 12 and a second
heating component 14, where the heating components are
thermally and electrically connected, such that the
heating components function essentially as a single
heater. For example, the first heating component 12
can be a top heater, and the second heating component
14 can be a side heater, each of the top and side
heaters including a plurality of coils. It is
desirable, particularly in applications for growing
large ingots, to provide multiple heating elements
and/or components, in order to achieve substantially
even heating of the entire feedstock contained in the
crucible and adequately control heat flow through the
furnace. According to the subject invention, multiple
heating components can be connected together, in order
to provide integral control of the heating components.
Although the heating element is described with
reference to first and second heating components, it
is within the scope of the invention to provide only a
single heating component, or additional heating
components, for example, three or more heating
components in a heating element. In other words, the
heating element 10 preferably includes one or more
heating components, and these components preferably
are linked together such that the heating element 10
is driven via a single circuit.According to the
subject invention, one or more connecting elements can
be used to connect at least one of the first heating
component and the second heating component to the
crystal growth apparatus, the connecting elements also
being used to interconnect the first and second
heating components. The one or more connecting
elements described herein can be clips for
mechanically connecting the various heating components
and/or the crystal growth apparatus. Referring to
FIGS. 2-4, a plurality of clips 20, 22, and 24 are
provided for connecting at least the second heating
component 14 to the crystal growth apparatus 2. In
this case, three such clips are shown, although any
number of clips can be used. For example, a suitable
number of clips for a particular application may be
between about 2-15 clips, although a greater or
smaller number of clips is encompassed by the
invention. In practice, it may be suitable to use
about 3-6 clips. Each clip includes a plurality of
holes for receiving fasteners such as bolts, screws,
or the like. Referring to FIG. 2, the clips 20, 22,
and 24 each are configured to receive the electrode 6,
which can be attached to the support element 4 for
supporting and electrically connecting the heating
element 10 in the crystal growth apparatus 2. Although
three clips are depicted in FIG. 2, any number of
clips can be used, depending on how the heating
element 10 is configured to be supported in the
apparatus 2. In addition, one or more of the clips can
be electrically connected to a circuit for controlling
the heating element 10, while other clips may be
electrically inactive. As shown in FIG. 2, the clips
20, 22, and 24 are approximately equally spaced from
one another, thereby adequately supporting the heating
element 10. Although the clips as shown are connected
to the second heating component 14, in use, the clips
preferably are 



attached to both the first and second heating
components 12, 14. Alternatively, the clips may be
attached to only one of the heating components, and
the heating components may be interconnected by other
connecting elements. As a further alternative, some of
the clips could be used to interconnect both the first
and second heating components with the crystal growth
apparatus, while other clips may connect only one of
the first and second heating components with the
crystal growth apparatus. One or more additional
connecting elements preferably are provided for
interconnecting one or more sections of the first and
second heating components 12 and14, respectively.
Referring to FIGS. 3 and 4, a plurality of connecting
elements or clips 32, 34, 36, and 38 are provided for
connecting multiple sections of the second heating
component 14, where the clips 32, 34, 36, and 38 are
provided at corners linking different sections of the
second heating component 14 or side heater. Similar
connecting elements or clips can be provided to
interconnect sections of the first heating component.
For clarity, the heating clips 20, 22, and 24 are
shown unconnected with the crystal growth apparatus 2
and the first heating component 12 in FIGS. 2-4.
However, in practice, each of the clips is configured
to connect at least one of the first heating component
12 and the second heating component 14 with the
crystal growth apparatus 2, through interconnections
between the electrode 6, support element 4, and the
apparatus 2. Each of the clips further is configured
to interconnect the first and second heating
components 12, 14. For example, as shown in FIG. 3, an
underside of each clip is configured to be connected
with a section of the first heating component 12, such
that the first and second heating components 12, 14
are mechanically linked together, and preferably
thermally and electrically connected, during use.
FIGS. 5 and 6 depict alternate preferred embodiments
of heater clips useful in the subject invention. A
suitable heater clip can be selected based, for
example, on the desired distance at which the heating
element is to be arranged with respect to the crucible
in the crystal growth apparatus. For example, for a
given size of crystal growth apparatus, a longer
heater clip, such as shown in FIG. 6, would provide a
closer proximity of the heating element with respect
to the crucible containing the growth material, for
example, a silicon charge. By comparison, a shorter
heater clip, such as shown in FIG. 5, would provide a
longer distance between the heating element and the
crucible. In other words, a particular heater clip
configuration can be selected based on a predetermined
distance between the heating element, or one or more
heating components of the heating element, and the
crucible. As provided herein, different sizes and
configurations of heater clips can be used to control
heat flow during directional solidification. It is
also possible to select a particular heater clip based
on the number of heating components utilized. For
example, if only the second heating component (side
heater) is used, a shorter heater clip may be
utilized, in which case the heater clip of FIG. 5
would be preferred.Although preferred embodiments of
the invention have been described using specific
terms, such description is for illustrative purposes
only, and it is to be understood that changes and
variations may be made without departing from the
spirit or scope of the following claims. INCORPORATION
BY REFERENCE The entire contents of all patents,
published patent applications and other references
cited herein are hereby expressly incorporated herein
in their entireties by reference.What is claimed is:
1. A crystal growth apparatus, comprising: a feedstock
material received in a crucible, the crucible arranged
in the apparatus; and a heating element arranged in
the apparatus, the heating element including at least
a first heating component operably connected to a
second heating component, the first and second heating
components configured to heat and melt the feedstock
material. 2. The crystal growth apparatus of claim 1,
wherein the first and second heating components are
connected via the same circuit. 3. The crystal growth
apparatus of claim 1, wherein the first and second
heating components are electrically coupled to each
other. 4. The crystal growth apparatus of claim 1,
wherein the first and second heating components are
thermally coupled to each other. 5. The crystal growth
apparatus of claim 1, further comprising at least one
clip configured to connect at least one of the first
heating component and the second heating component to
the apparatus. 6. The crystal growth apparatus of
claim 5, wherein the at least one clip is configured
to interconnect the first and second heating
components. 7. The crystal growth apparatus of claim
5, wherein the at least one clip is sized such that at
least one of the first and second heating components
is arranged at a predetermined distance from the
crucible. 8. The crystal growth apparatus of claim 1,
further comprising a plurality of clips arranged on
the heating element for connecting the heating element
to the apparatus.9. The crystal growth apparatus of
claim 8, further comprising a plurality of fasteners
for being received in the clips. 10. The crystal
growth apparatus of claim 1, wherein the first and
second heating components are arranged along the top
and sides, respectively, of the crucible. 11. A
crystal growth apparatus, comprising: a feedstock
material received in a crucible, the crucible arranged
in the apparatus; and a heating element arranged in
the apparatus, the heating element including at least
a first heating component connected to a second
heating component by at least one clip, the first and
second heating components configured to heat and melt
the feedstock material. 12. The crystal growth
apparatus of claim 11, wherein the at least one clip
is sized such that the heating element is arranged at
a predetermined distance from the crucible. 13. The
crystal growth apparatus of claim 11, wherein the at
least one clip is configured to connect the heating
element to the apparatus. 14. The crystal growth
apparatus of claim 11, wherein the first and second
heating components are connected via the same circuit.
15. A method for arranging a heating element in a
crystal growth apparatus, comprising the steps of:
receiving a feedstock material in a crucible, the
crucible arranged in the apparatus; and positioning a
heating element relative to the crucible, the heating
element including at least a first heating component
operably connected to a second heating component, the
first and second heating components configured to heat
and melt the feedstock material. 


