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INTRODUCTION

Alzheimer’s disease (AD), the neurodegenerative syn-
drome first described by Alois Alzheimer in 1906, affects
more than 37 million people worldwide [1]. B-Amyloid
cleaving enzyme-1 (BACEI) is an aspartyl protease iso-
form which is the principle neuronal protease responsible
for the formation of AP fragments in the brain [2].
BACEI is an excellent target for antiamyloid AD therapy
and potent inhibitors of this enzyme have already been
reported [3]. However, first generation inhibitors based on
the peptidomimetic strategy showed problems related to
the nature of their structure, such as blood-brain barrier
crossing, poor oral bioavailability, and susceptibility to P-
glycoprotein transport [4,5]. To overcome these difficulties,
new nonpeptidomimetic B-secretase inhibitors were
designed. After the discovery of the first nonpeptidomi-
metic inhibitors by Takeda Chemicals in 2001 [6], inten-
sive efforts in research by both institutional and industrial
laboratories resulted in the synthesis of hundreds of new
generation inhibitors. We here review the synthesis of the
most significant inhibitors, with particular emphasis on
those developed by pharmaceutical companies.

ISOPHTHALAMIDE-BASED INHIBITORS

Elan Pharmaceuticals synthesized a variety of hydro-
xyethylene (HE) BACEI inhibitors bearing the optimal

isophthalamide N-terminus of the statin series and dif-
ferent C termini at the P1’ substituent. As an example,
compound 1 inhibited BACE1 at 50 nM concentration
[7]. Reaction of 3,5-difluorobenzaldehyde with vinyl-
magnesium bromide according to Orito [8] afforded 3-
(3,5-difluorophenyl)-1-propen-3-ol which was treated
with diethyl malonate in the presence of titanium tet-
racthoxide to give ethyl 4-(3,5-difluorophenyl)-3-bute-
noate 2. Ester 2 underwent alkaline hydrolysis to the
acid which was transformed into the corresponding acid
chloride 3 with thionyl chloride. Coupling reaction of 3
with (1R,2R)-(-)-pseudoephedrine in the presence of tri-
ethylamine (TEA) and subsequent treatment of 4 with
ethyl bromide in the presence of lithium diisopropyl-
amide (LDA) and LiCl afforded a compound, which on
treatment with N-bromosuccinimide (NBS) and AcOH
at reflux underwent intramolecular lactonization to give
5. The bromide was transformed to the corresponding
azide by nucleophilic attack with sodium azide and con-
comitant inversion of the alpha chiral center. The azide
was reduced with hydrogen in the presence of palladium
as a catalyst and protected with bis-(zert-butoxycarbony-
Danhydride to give a compound, which then was treated
with trifluoroacetic acid to afford 6. N-Ethyl-N'-(3-dime-
thylaminopropyl)carbodiimide (EDC)/1-hydroxy-benzo-
triazole (HOBt) amide coupling to the isophthalamide
furnished the lactone 7. Finally, 7 was ring-opened
using trimethylaluminum and the required amine to pro-
vide 1 (Scheme 1) [7,9].
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HE transition state-based inhibitor was replaced by an
hydroxyethyl secondary amine (HEA) isosteric group in
order to improve cell-to-enzyme potency. Compound 8
was a potent cellular inhibitor of Af production (more
potent than the statin and the HE BACE inhibitors with
comparable enzyme potency) [10]. The synthesis of 8
was accomplished starting from the erythro (R)-amino
epoxide 9, which was transformed into the Boc-pro-
tected amino alcohol 10. Removal of the protecting
group under TFA acidic conditions (11) and subsequent
coupling reaction provided 8 (Scheme 2) [10].

Merck Research Laboratories synthesized HEA iso-
steres among potential HE motifs because of its lower
molecular weight and one less amide bond. In addition,
introduction of a sulfonamide group in a series of iso-
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phthalamides led to potent and selective BACE1 inhibi-
tors [11-18].

Compound 12 displayed excellent activity in both en-
zymatic (ICso = 15 nM) and cell-based assays (IC5g =
29 nM), but showed moderate BACE1/BACE2 selectiv-
ity [12]. Isophthalamide 12 was prepared from 5-amino-
isophthalic ester which was mesylated and then N-alky-
lated with methyl iodide to give 13. Alkaline hydrolysis
of 13 furnished the mono-ester which was coupled with
(R)-a-methylbenzylamine in the presence of (benzotria-
zol-1-yloxy)tris(dimethylamino)phosphonium hexafluor-
ophosphate (BOP)/N,N-diisopropylethylamine (DIPEA)
to furnish 14. Subsequent hydrolysis of the remaining
ester, and amide coupling of 15 with 1-benzyl-3-cyclo-
propylamino-2-hydroxypropylamine gave 12 (Scheme 3)
[12].

Analogues of 12 with both lower polar surface area
and fewer H-bond donor/acceptor groups showed better
pharmacodynamic and/or pharmacokinetic properties.
Compound 16 was synthesized as S3-truncated analogue
of 12, and showed excellent binding activity [16]. An
optimized synthesis of 16 is depicted in Scheme 4.
Methyl 3-nitrobenzoate was treated with N-iodosuccini-
mide (NIS) in triflic acid (TfOH) to produce methyl 5-
iodo-3-nitrobenzoate which was reduced to amine 17
with stannous chloride dihydrate. The aniline 17 was
mesylated and then methylated with iodomethane in the
presence of sodium hydride to give 18. One-pot hydro-
indation/Suzuki coupling reaction furnished (Z)-methyl
3-(2-cyclopropylvinyl)-5-(N-methylmethylsulfonamido)-
benzoate exclusively in 93% yield according to Oshima
and coworkers [19]. The ester intermediate was then
transformed into acid 19 by alkaline hydrolysis.
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Reaction of 19 with the required amine in the presence
of BOP and DIPEA afforded 16 [16].

Either small alkyl groups or longer hydrophilic sub-
stituents at the P1’ region produced compounds endowed
with high BACEI inhibitory potencies, and selectivity
over BACE2 and human renin. Compound 20 was pre-
pared by reaction of iso-butylamine with N-Boc-L-ala-

Scheme 4
NH,
NS, TIOH ! HeRO:Cl
OMe 2. SnCI2 2H,0 OMe 2.NaH, Mel
17
\\ // Oy
Sy
1. D>—=1nCl,
DIRALH, Et;B
—_—
2. Pd(dba),-CHCl,, N OH
P(furyl)s
3.NaOH 0
19
OH SNPS
: Hd Sy~
HZN\/\,NV N
2
Ph
PR L
BOP, DIPEA A

Journal of Heterocyclic Chemistry

20

nine and subsequent deprotection with gaseous HCI to
afford N-iso-butylalaninamide (21). This compound was
treated with N-Boc-L-phenylalanylaldheyde in the pres-
ence of sodium cyanoborohydride, and then deprotected
with HCI to give 22. Subsequent amide coupling of 22
with the appropriate benzoic acid in the presence of
BOP and DIPEA afforded 20 (Scheme 5) [17].

X-ray crystallographic data of the 12/BACE1 complex
revealed the presence of space in proximity of the P1
and P3 groups. This observation prompted the design of
macrocycles that would link these groups in an iso-
phthalamide-based inhibitor. Macrocyclic 23, which also
incorporated a Y[CH,NH]-reduced amide bioisosteric
group, exhibited high inhibitory potency (ICsy = 32 nM,
assayed as 1:1 diastereomeric mixture); however, in the
cell-based assay 23 was significantly less potent (IC5q =
5.4 uM) [18]. Compound 23 was synthesized by reaction
of 3-(N-methyl-methansulfonamido)-5-benzyloxycarbo-
nylbenzoic acid with 3-tyrosine methyl ester in the pres-
ence of BOP and DIPEA to produce phenol 24 which
was alkylated to 25 with fers-butyl (2-iodoethyl)carba-
mate. Deprotection of the benzyl ester using Pearlman’s
catalyst, followed by removal of the amino Boc protect-
ing group afforded the corresponding seco-acid 26. This
acid underwent macrocyclization to 27 in the presence
of BOP reagent and DIPEA. Subsequent two-steps trans-
formation of 27 into the corresponding aldehyde and
final reductive amination with (§)-2-amino-N-iso-butyl-
butanamide afforded 23 (Scheme 6) [18].

Efforts to improve potency culminated in the synthe-
sis of macrocycle 28 as a single diastereomer. As
BACEI]1 inhibitor, 28 (ICsy = 4 nM) was 8-fold more
potent than 23, and showed significantly improved
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apparent permeability. An elegant synthesis of 28 is
depicted in Scheme 7. Allylation of the iodoarene 29
under Stille conditions and subsequent hydrolysis of the
methyl ester provided benzoic acid 30. This acid was
coupled with (S)-3-allyl phenylalanine to furnish the
precursor 31. Macrocyclization was accomplished
through metathesis reaction using second-generation
Grubbs catalyst. Hydrogenation of the E-olefin 32 and
subsequent reduction of the ester using LiBH, provided
alcohol 33. The latter compound underwent Parikh-
Doering oxidation, and finally reductive amination with
N-isobutyl-L-norleucinamide to afford 28 [18].

ISONICOTINAMIDES

In an effort to improve CNS penetration and pharma-
cokinetic stability of BACEI inhibitors, Merck discov-
ered a series of highly potent and selective isonicotina-
mides [20-22]. The improvement in potency was due to
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the incorporation of a trans-methyl-cyclopropane P3 that
could be responsible for enhanced van der Waals con-
tacts within the context of a 10s-loop down BACEI
conformation. Noncapped compound 34 displayed
potent activity in both BACEl (ICso, = 11 nM) and
sAPP_NF cellular (IC590 = 38 nM) assays. Compound
34 was synthesized by reaction of methyl 2,6-dichloroi-
sonicotinate with N-methyl methylsulfonamide in the
presence of tris(dibenzylideneacetone)di-palladium(0)
(Pdy(dba);) and 9,9-dimethyl-4,5-bis (diphenylphosphi-
no)xanthene (xantphos) to afford the intermediate aryl-
sulfonamide 35. Amide 35 underwent alkaline hydroly-
sis to afford the corresponding carboxylic acid 36. Cross
coupling reaction of 36 with trans-1-methyl-2-benzyla-
minomethylcyclopropane in the presence of palla-
dium(O)tributyl-phosphine  (Pd/P(tert-Bu);) gave 37.
Aminoacid 37 was coupled with the amino azide in the
presence of N-(3-dimethylaminopropyl)-N'-ethylcarbo-
diimide (EDC), and then hydrogenated with concomitant
deprotection to provide 34 (Scheme 8) [20].
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Scheme 8 GUANIDINES
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37 after deprotection with TFA afforded 44 (Scheme 10)

1. Ny [38].
HzN\é/\/\/ o\\s,io _ High-throughput screening (HTS) of Wyeth’s com-
(g]/ 7N pound library by means of a FRET assay identified acyl-
EDC NT | guanidines as a new class of BACE] inhibitors (i.e., 49:
2. H, PAOH), BACE1 IC5q = 3.7 uM) [28]. Wyeth synthesized ana-

HETEROCYCLIC DERIVATIVES

Bristol-Myers Squibb synthesized heterocyclic deriva-
tives, i.e., pyrrolidine, pyrrolidinone, and azepinone
compounds as f-secretase inhibitors [23-27]. Compound
38 inhibited BACEI at concentration <0.1 pM [26].
Compound 38 was obtained by treatment of the starting
pyrrolidine derivative with rhodium tris(triphenylphos-
phine) chloride (Wilkinson’s catalyst) to afford (2R,4R)-
tert-butyl  2-((1S5,25)-2-benzyloxycarbonyl)-1-(tert-butyl
dimethylsilyloxy)-3-phenylpropyl)-4-hydroxypyrrolidine
-1-carboxylate (39). This compound was transformed
into the corresponding mesylate by reaction with metha-
nesulfonic acid in the presence of triphenylphosphine
and diethyl azodicarboxylate, and then treated with so-
dium propanethiolate to give the 4-propylthiopyrrolidine
derivative 41. After oxidation of sulfur to sulfone with
oxone (42), the Cbz protecting group was removed by
catalytic reduction with hydrogen (Pd/C) to give 43.
Coupling the amino group of 43 with 3-dipropylamino-
carbonyl-5-oxazol-2-yl-benzoic acid in the presence of
O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU) and DIPEA gave a com-
pound which was deprotected with 4N HCI to provide
38 (Scheme 9) [26].

Journal of Heterocyclic Chemistry

logues 50-52 which were potent BACEI inhibitors.
With the exception of 49, these compounds were gen-
erally highly selective for BACEL over cathepsin and
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pepsin (ICsg > 50 pM). Compounds 49-53 were synthe-
sized from the 1,4-diones 54 which were coupled with
glycine methyl ester followed by alkaline hydrolysis to
give different 2-(2,5-disubstituted-1H-pyrrol-1- yl)-acetic
acids 55. Activation of the acid with 1,1’-carbonyldiimi-
dazole (CDI) and subsequent reaction with guanidine
hydrochloride gave 49-51 (Scheme 11). The substituted
acylguanidines 52 and 53 were prepared by reaction of
the corresponding pyrroleacetic acid 55 with 1H-pyraz-
ole-1-carboximidamide in the presence of CDI and sub-
sequent displacement of the pyrazole leaving group of
56 with 3-amino-1-propanol (Scheme 12) [28].

Janssen Pharmaceuticals applied for 2-amino-3,4-
dihydropyrido[3,4-d]pyrimidines which showed K; val-
ues in the submicromolar range of concentration [37].
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Johnson & Johnson Pharmaceuticals also focused SAR
development on 2-amino-3,4-dihydroquinazoline [35].
The S-enantiomer 57 inhibited BACEl with K; = 11
nM (as racemate K; = 30 nM). This compound exhibited
excellent potency in a cellular assay, and additionally,
lowered B-amyloid,_4, in plasma by 40-70% in rats
after per oral administration. Compound 57 was pre-
pared from (R)-cyclohexylglycine 58 (>97% e.e.) which
was treated with Meldrum’s acid in the presence of
EDC and 4-(dimethylamino)pyridine (DMAP) to afford
59. NaBH, reduction of the ketone functionality pro-
vided 60 which underwent thermolysis in boiling tolu-
ene to give a lactam which was transformed into acid
61 by alkaline hydrolysis. Compound 61 was coupled
with cyclohexylmethylamine in the presence of EDC,
TEA, and HOBt to give amide 62. After acidic cleavage
of 62, reaction of amine 63 with 2-phenoxy-5-nitropyri-
din-4-carboxaldehyde in the presence of sodium triace-
toxyborohydride gave the nitroaminoalkyl intermediate
64 which was reduced to amine with hydrogen in the
presence of palladium on carbon, and then cyclized to
57 with cyanogen bromide (Scheme 13) [35].

OTHER COMPOUNDS

Sunesis Pharmaceuticals considered the primary
amine group as a possible bioisostere of the hydroxyl
group present in HE-containing BACEI inhibitors [39].
Replacement of the HE motif with the aminoethylene
bioisostere afforded compounds endowed with slightly
reduced enzymatic inhibitory activity but distinctly
improved cell potency (the S-isomer was preferred for
activity). Incorporation of a benzyl P, substituent (i.e.,
65) resulted in a net increase in inhibitory potency rela-
tive to the isobutyl analogues. Compound 65 was syn-
thesized from N-Boc-L-phenylalanine methyl ester which
was treated with dimethyl methylphosphonate in the

DOI 10.1002/jhet
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presence of n-butyl lithium to provide the corresponding
phosphonate 66. Reaction of crude 66 with ethyl pyru-
vate and n-butyl lithium gave ethyl (55,2Z)-2-methyl-[5-
(tert-butoxycarbonyl)amino]-4-oxo-6-phenyl-hex-2-eno-
nate (67). Sodium borohydride reduction of 67 with
concomitant intramolecular cyclization gave 2,5-dihy-
drofuran-2-one 68. This compound was reduced to tetra-
hydrofuran-2-one with hydrogen in the presence of
palladium over carbon, and then with lithium aluminum
hydride to furnish (25,3R,5R)-2-tert-butoxycarbonyl-
amino- 1 -phenyl-5-methylhexan-3,6-diol (69). The diol
was subsequently treated with fers-butyl-dimethylsilyl
chloride (TBSCI) and imidazole (70), and then with
methanesulfonyl chloride and triethylamine to furnish
the corresponding methanesulfonate. Introduction of the
azido group by displacing the methanesulfonate with so-

Scheme 13
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dium azide, and cleavage of both protecting groups with
hydrochloric acid resulted in aminoalcohol 71 which
was coupled with N,N-dipropyl isophthalamic acid in
the presence of ECD, HOBt and DIPEA to form 72. Ox-
idation of 72 to acid 73 with Jones’ reagent (chromium
trioxide and sulfuric acid) and further elaboration as
above reported provided 65 (Scheme 14) [39].

CONCLUSION

Three-dimensional structural information for BACEI1
in complex with a variety of inhibitors has led to great
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strides in the development of new effective agents for the
treatment of AD. Both academia and pharmaceutical com-
panies focused their efforts to develop new synthetic strat-
egies for the synthesis of potent BACEI inhibitors, such
as isophthalamides, isonicotinamides, heterocycles and
other derivatives, which showed improved drug properties
when compared with first generation peptidic inhibitors.
These synthetic routes may serve as useful tools for me-
dicinal chemists in discovering new AD therapeutics.

REFERENCES AND NOTES

[1] Melnikova, I. Nat Rev Drug Disc 2007, 6, 341.

[2] Cai, H.; Wang, Y.; McCarthy, D.; Wen, H.; Borchelt, D.
R.; Price, D. L.; Donald, L.; Wong, P.C. Nat Neurosci 2001, 4, 233.

[3] Ghosh, A. K.; Bilcer, G.; Harwood, C.; Kawahama, R.;
Shin, D.; Hussain, K. A.; Hong, L.; Loy, J. A.; Nguyen, C.; Koelsch,
G.; Ermolieff, J.; Tang, J. ] Med Chem 2001, 44, 2865.

[4] Evin, G.; Kenche, V. B. Recent Pat CNS Drug Discov
2007, 2, 188.

[5] Gao, J.; Winslow, S. L.; VanderVelde, D.; Aube, J.; Borch-
ardt, R. T. J Pept Res 2001, 57, 361.

[6] (a) Miyamoto, M.; Matsui, J.; Fukumoto, H.; Tarui, N. PCT
Int. Appl. WO2001087293, 2001; (b) Miyamoto, M.; Matsui, J.; Fuku-
moto, H.; Tarui, N. Jap. Pat. Appl. JP2002037731, 2002.

[7]1 Hom, R. K.; Gailunas, A. F.; Mamo, S.; Fang, L. Y.; Tung,
J. S.; Walker, D. E.; Davis, D.; Thorsett, E. D.; Jewett, N. E.; Moon,
N. E.; John, V. J Med Chem 2004, 47, 158.

[8] Kaga, H.; Goto, K.; Takahashi, T.; Hino, M.; Tokuhashi,
T.; Orito, K. A. Tetrahedron 1996, 52, 8451.

[9] Dragovich, P. S.; Prins, T. J.; Zhou, R.; Fuhrman, S. A.;
Patick, A. K.; Matthews, D. A.; Ford, C. E.; Meador, J. W., III; Ferre,
R. A.; Worland, S. T. J Med Chem 1999, 42, 1203.

[10] Maillard, M. C.; Hom, R. K.; Benson, T. E.; Moon, J. B;
Mamo, S.; Bienkowski, M.; Tomasselli, A. G.; Woods, D. D.; Prince,
D. B.; Paddock, D. J.; Emmons, T. L.; Tucker, J. A.; Dappen, M. S;
Brogley, L.; Thorsett, E. D.; Jewett, N.; Sinha, S.; Varghese, J. J] Med
Chem 2007, 50, 776.

[11] Coburn, C. A.; Stachel, S. J.; Li, Y.-M.; Rush, D. M,;
Steele, T. G.; Chen-Dodson, E.; Holloway, M. K.; Xu, M.; Huang, Q.;
Lai, M. T.; Di Muzio, J.; Crouthamel, M.-C.; Shi, X.-P.; Sardana, V.;
Chen, Z.; Munshi, S.; Kuo, L.; Makara, G. M.; Annis, D. A.; Tadi-
kinda, P. K.; Nash, H. M.; Vacca, J. P.; Wang, T. J] Med Chem 2004,
47, 6117.

[12] Stachel, S. J.; Coburn, C. A.; Steele, T. G.; Jones, K. G.;
Loutzenhiser, E. F.; Gregro, A. R.; Rajapakse, H. A.; Lai, M.-T.; Crou-
thamel, M.-C.; Xu, M.; Tugusheva, K.; Lineberger, J. E.; Pietrak, B. L.;
Espeseth, A. S.; Shi, X.-P.; Chen-Dodson, E.; Holloway, M.-K.; Munshi,
S.; Simon, A. J.; Kuo, L.; Vacca, J. P. J Med Chem 2004, 47, 6447.

[13] Coburn, C. A.; Stachel, S. J.; Vacca, J. P. PCT Int. Appl.
W02004043916, 2004.

[14] Coburn, C. A.; Stachel, S. J.; Vacca, J. P. PCT Int. Appl.
W02005004802, 2005.

[15] Coburn, C. A.; Steele, T. G.; Vacca, J. P.; Annis, D. A.,
Jr; Makara, G. M.; Nash, H. M.; Tadikonda, P. K.; Praveen, K.
Wang, T. PCT Int. Appl. WO2005113484, 2005.

[16] Stachel, S. J.; Coburn, C. A.; Steele, T. G.; Crouthamel,
M.-C.; Pietrak, B. L.; Lai, M.-T.; Holloway, M. K.; Munshi, S. K
Graham, S. L.; Vacca, J. P. Bioorg Med Chem Lett 2006, 16, 641.

[17] Coburn, C. A.; Stachel, S. J.; Jones, K. J.; Steele, T. J.;
Rush, D. M.; Di Muzio, J.; Pietrak, B. L.; Lai, M.-T.; Huang, Q.;
Lineberger, J.; Jin, L.; Munshi, S.; Holloway, M. K.; Espeseth, A.;

Journal of Heterocyclic Chemistry

Synthetic Strategies of Nonpeptidic B-Secretase (BACE1) Inhibitors 17

Simon, A.; Hazuda, D.; Graham, S. L.; Vacca, J. P. Bioorg Med Chem
Lett 2006, 16, 3635.

[18] Stachel, S. J.; Coburn, C. A.; Sankaranarayanan, S.; Price, E.
A.; Pietrak, B. L.; Huang, Q.; Lineberger, J.; Espeseth, A. S.; Jin, L.;
Ellis, J.; Holloway, M. K.; Munshi, S.; Allison, T.; Hazuda, D.; Simon,
A. J.; Graham, S. L.; Vacca, J. P. ] Med Chem 2006, 49, 6147.

[19] Takami, K.; Yorimitsu, H.; Shinokubo, H.; Matsubara, S.;
Oshima, K. Org Lett 2001, 3, 1997.

[20] Holloway, M. K.; McGaughey, G. B.; Coburn, C. A.; Stachel,
S. J.; Jones, K. G.; Stanton, E. L.; Gregro, A. R.; Lai, M.-T.; Crouthamel,
M.-C.; Pietrak, B. L.; Munshi, S. K. Bioorg Med Chem Lett 2007, 17, 823.

[21] Stauffer, S. R.; Stanton, M. G.; Gregro, A. G.; Steinbeiser, M.
A.; Shaffer, J. R.; Nantermet, P. G.; Barrow, J. C.; Rittle, K. E.; Collusi,
D.; Espeseth, A. S.; Lai, B. M.-T.; Pietrak, L.; Holloway, M. K.
McGaughey, G. B.; Munshi, S. K.; Hochman, J. H.; Simon, A. J.; Selnick,
H. G.; Graham, S. L.; Vacca, J. P. Bioorg Med Chem Lett 2007, 17, 1788.

[22] Stanton, M. G.; Stauffer, S. R.; Gregro, A. R.; Steinbeiser,
M.; Nantermet, P.; Sankaranarayanan, S.; Price, E. A.; Wu, G.; Crou-
thamel, M.-C.; Ellis, J.; Lai, M.-T.; Espeseth, A. S.; Shi, X.-P.; Jin, L.;
Colussi, D.; Pietrak, B.; Huang, Q.; Xu, M.; Simon, A. J.; Graham, S.
L.; Vacca, J. P.; Selnick, H. J Med Chem 2007, 50, 3431.

[23] Decicco, C. P.; Tebben, A. J.; Thompson, L. A.; Combs, A.
P. PCT Int. Appl. WO2004013098, 2004.

[24] Olson, R. E.; Maduskuie, T. P.; Thompson, L. A. U.S. Pat.
Appl. Publ. US6794381, 2004.

[25] Olson, R. E. US. Pat. Appl. Publ. US7053084, 2006.

[26] Thompson, L. A.; Boy, K. M.; Shi, J.; Macor, J. E. PCT
Int. Appl. WO2006099352, 2006.

[27] Malamas, M. S.; Erdei, J. J.; Gunawan, 1. S.; Barnes, K. D.;
Johnson, M. R.; Hui, Y. U.S. Pat. Appl. Publ. US20050282826, 2005.

[28] Cole, D. C.; Manas, E. S.; Stock, J. R.; Condon, J. S.; Jen-
nings, L. D.; Aulabaugh, A.; Chopra, R.; Cowling, R.; Ellingboe, J.
W.; Fan, K. Y.; Harrison, B. L.; Hu, Y.; Jacobsen, S.; Jin, G.; Lin, L.;
Lovering, F. E.; Malamas, M. S.; Stahl, M. L.; Strand, J.; Sukhdeo, M.
N.; Svenson, K.; Turner, M. J.; Wagner, E.; Wu, J.; Zhou, P.; Bard, J.
J Med Chem 2006, 49, 6158.

[29] Malamas, M. S.; Erdei, J. J.; Gunawan, 1. S.; Zhou, P
Yan, Y.; Quagliato, D. A. PCT Int. Appl. W0O2006009653, 2006.

[30] Malamas, M. S.; Erdei, J. J.; Nawan, 1. S.; Npwak, P.; Har-
rison, B. L. PCT Int. Appl. WO2006076284, 2006.

[31] Malamas, M. S.; Fobare, W. F.; Solvibile, W. R.; Lovering, F.
E.; Condon, J. S.; Robichaud, A. J. PCT Int. Appl. WO2006083760, 2006.

[32] Fobare, W. F.; Solvibile, W. R. PCT Int. Appl
W02006088694, 2006.

[33] Baihua, H. U. PCT Int. Appl. WO2006088705, 2006.

[34] Cole, D. C.; Manas, E. S.; Jennigs, L. D.; Lovering, F. E;
Stock, J. R.; Moore, W. J.; Ellingboe, J. W.; Condon, J. S.; Sukhdeo, M.
N.; Zhou, P.; Wu, J.; Morris, K. M. PCT Int. Appl. WO2006088711, 2006.

[35] Baxter, E. W.; Conway, K. A.; Kennis, L.; Bischoff, F;
Mercken, M. H.; De Winter, H. L.; Reynolds, C. H.; Tounge, B. A
Luo, C.; Scott, M. K.; Huang, Y.; Bracken, M.; Pieters, S. M. A.; Ber-
thelot, D. J. C.; Masure, S.; Bruinzeel, W. D.; Jordan, A. D.; Parker,
M. H.; Boyd, R. E.; Qu, J.; Alexander, R. S.; Brenneman, D. E.; Reitz,
B. J Med Chem 2007, 50, 4261.

[36] Gerritz, S.; Zhai, W.; Shi, S.; Zhu, S.; Good, A. C.; Thomp-
son, L. A., III. PCT Int. Appl. WO2007002214, 2007.

[37] Reitz, A. B.; Luo, C.; Huang, Y.; Ross, T. M.; Baxter, E.
E.; Tounge, B. A.; Parker, M. H.; Strobel, E. D.; Reynolds, C. H. PCT
Int. Appl. WO2007050612, 2007.

[38] Thompson, L. A.; Shi, J.; Zusi, F. C.; Dee, M. F.; Macor, J.
E. US. Pat. Appl. Publ. US20070049589, 2007.

[39] Yang, W.; Lu, W.; Lu, Y.; Zhong, M.; Sun, J.; Thomas, A.
E.; Wilkinson, J. M.; Fucini, R. V.; Lam, M.; Randal, M.; Shi, X.-P.;
Jacobs, J. W.; McDowell, R. S.; Gordon, E. M.; Ballinger, M. D. J
Med Chem 2006, 49, 839.

DOI 10.1002/jhet



