WD 2006/ 009869 PCT/ US2005/ 021524 Conpounds and Met hods for Inhibiting the
Interaction of BCL Proteins with Binding Partners Rel ated Applications
Thi s applwoabicmgsbai ns the benefit of priority to UnitedrSSatss21524

Provi sional Patent Applications serial nunbers 60/580,616, filed June 17
2004 and 60/659301, filed March 7, 2005, both applications are
incorporated in their entirety. Field of the Invention The invention is in
the field of cancer therapeutics. Specifically, the present invention is
in the field of cancer therapeutics that pronote apoptosis in tunor cells
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Background of the Invention /

Apoptosis, or programmed cell death, is important for normal embryological/

0  ananatomical development, host defense and suppression of oncogenesis. Faulty regulation
of apoptosis has been implicated in cancer and many other human diseases which result
from an imbalance between the process of cell division and cell death. Bcl-2 was originally
identified at the chromosomal breakpoint of t(14;18)-bearing B-cell lymphomas and
belongs to a growing family of proteins which regulate apoptosis. (Gross, A; McDonnell,

5 IM; Korsmeyer, S. J. BCL-2 family members and the mitochondria in apoptosis. Genes &
Development 1999, 13, 1899-1911,Cory, S.; Huang, D.C.S.; Adams, JM. The Bcl-2
family: roles in cell survival and oncogenesis. Oncogene, 2003 22, 8590-8607. Danial,
N.N.; Korsmeyer, S. J. Cell death: Critical control points. Cell 2004, 116, 205-218. Chao,

D. T.; Korsmeyer, S. J. Bcl-2 family: regulators of cell death. Annu. Rev. Immunol. 1998,

0 16, 395-419).. Apoptosis, Christopher Potten, James Wilson, Cambridge University Press,
2004). The Bcl-2 family of proteins include both anti-apoptotic molecules, such as Bcl-2

and Bcl-XL, and pro-apoptotic molecules, such as Bax, Bak, Bid and Bad. Bcl-2
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expr essi

Bcl-2, Bel-xL, Mcl-1). Selective and competitive dimerization between pro-and anti-
apoptotic members of the family determines the fate of a cell given pro-apoptotic stimulus.
20  Although the precise roles of Bel-2 and Bel-xL in cancer are not completely understood,
there are several lines of evidence that suggest that Bel-2 and Bel-xL not only contribute to
cancer progression by preventing normal cell turnover, but also play a role in the resistance
of cancer cells to current cancer treatments. Experimental over-expression of Bcel-2 (Bcl-
xL) renders cancer cells resistant to a wide spectrum of chemotherapeutic agents and
25  radiation (Bcl-2 family proteins: Regulators of cell-death involved in the pathogenesis of
cancer and resistance to therapy. J. Cell. Biochem. 1996, 60, 23-32; Reed, J. C). Bcl-2
and/or Bel-xL are over-expressed in more than 50% of all tumors as shown below (from
Wang, S.; Yang, D.; Lippman, M.E. Targeting Bcl-2 and Bel-xL with nonpeptidic small-
molecule antagonists. Seminars in Oncology, 2003, 5, 133-142).
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Biological approaches to modulating Bcl-2 function using anti-sense
oligonucleotides or single-chain antibodies have been shown to enhance tumor cell
chemosensitivity (Ziegler, A.; Luedke, G. H.; Fabbro, D.; Altmann, K. H.; Stahel, R. A,;

5  Zangemeister-Wittke, U. Induction of apoptosis in small-cell lung cancer cells by an
antisense oligodeoxynucleotide targeting the Bcl-2 coding sequence. J. Natl. Cancer. Inst.
1997, 89, 1027-1036; Webb, A.; Cunningham, D.; Cotter, F.; Clarke, P. A.; Di Stefano, F.;
Ross, P.; Corpo, M.; Dziewanowska, Z. Bel-2 antisense therapy in patients with non-
hodgkin lymphoma. Lancet 1997, 349, 1137-1141; Cotter, F. E. Phase I clinical and

10  pharmacokinetic study of Bcl-2 antisense oligonucleotide therapy in patients with non-
hodgkin's lymphoma. J. Clin. Oncol. 2000, 18, 1812-1823; Piche, A.; Grim, J.; Rancourt,
C.; Gomez-Navarro, J.; Reed, J. C.; Curiel, D. T. Modulation of Bcl-2 protein levels by an
intracellular anti-Bcl-2 single-chain antibody increases drug-induced cytotoxicity in the

breast cancer cell line MCF-7. Cancer Res. 1998, 58, 2134-2140).



human breast cancer cells having Bel -2 over-expression (Chen, H X,
Marchall, J. L., Trocky, N, Baidas, S., Rizvi, N, Ling, Y., Bhagava, P.,
Li ppman, WO 2B)6/00%®pg, D., and Hayes, D. F. A Phase | staayusedosBeis2L

anti sense G3139 (CGenta) and weekly dodetaxel in 10 patients with advanced
breast cancer and other solid tunors. Proceedings of American Society of
Cinical Oncol ogy, 2000). Inportantly, synergistic effects and conplete

tunor regression were obseryed in vivo.in the.. [ [ ts. ofr, 3139
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20 Various small molecules have been shown to inhibit the function of Bcl-2. For
example, acyl sulfonamides were shown to inhibit the function of Bcl-2 and Bel-xL in
biochemical and in vitro assays. Nature (2005) 435, 677-681. Nevertheless, the need exists
for additional small organic molecules that bind to Bcl-2 and block its anti-apoptotic

function in cancer and promote cell death in tumors. The present invention fulfills this need

25  and has other related advantages.

Summary of the Invention

One aspect of the present invention relates to isoxazolidine compounds. In certain
instances, the nitrogen atom of the isoxazolidine ring is bonded to a substituted aralkyl
30 group. In certain instances, the substituted aralkyl group is a substituted benzyl group. In

certain instances, the isoxazolidine ring is substituted with a hydroxy methyl or hydroxy



agents to treat cancer. Specifically, the invention provides a therapeutic
nmet hod conprising treating a condition characterized by the pathol ogi cal
prol i f er avoanoeaiosseamal i an cells, 10 such as tunors cel PET/USR003/0215R4 east
cancer and nyel oid | eukem a), by adm #istering to a mamual or a hunan
afflicted with such a condition an effective anmount of a conpound of the
present invention. In certain instances, the conpound of the present

i nvention_ i adm ni st er.ed. wi a.:hh 10 h@&hcamvi®xy 15
Bri ef Desép}yztgr%‘ﬂ"oﬁ“tcﬁ aﬁ%ﬁaﬁ%& gﬁgﬁ?g&%ﬁg%%ﬁﬁésyst %gﬁﬁg{;ﬁ?t s of Zn 4

ef fi cacy nsdidianaf 1Sarmewid1 2ekipi Mn @artdeh ifstamoes, thedesrageladine g & supgfitaied oy NOD
mce. Detailed Description of the Inventiaqgn 20 Tﬁpe p%'rdesent iéalxrea@{iiléjgalts
gener al | ywithetmemislet 55045 o kB BISSEt eV BH L PR PRAEPAceP Ay iR

cancer.
The i soxazey %40@8-&%%}3{?&@85;(&%11&1%@ cbiMY6MdsO Mot abbcPBLthe prédefittinBaition

pr ot ei ns and” H1°0CK Bel - ant | -apoptotic function in cancer cells and tﬁjrmr

ti ssug t halhteeXyor plssmatduticie borppaditions. campresang annisexagobdine ngognpopad 1 ofi the
conpounds of the invention selectively inhihit the i the Bl Vi ty
of only dﬂ‘éﬁnﬁ@%(ﬁm&er@ﬁ?%eﬁh? gﬁsﬁflg VF’&‘floé’freg%?Si tOfsl%g%lS%tac’g?‘? itélgglrl%? el ns.
The i soxazald.ghde of ARQLAES@ly thBvé BMRMHERBE CAshd6r 1S esnbinatireatithaother
pati-ent- su~fper|--n{:|- roma-di seaSe related to Bel,-ln-certain instances, the
| soxazol iagens to treatpenneds Spécifidadlyi the énention proides @ dhqrepautie fethp REsRe

suffering fromcancer. The  isoxazol,i di o t laRMeahogklisan be
adni ni st g}‘e@gng@ %onggtqnemar?%eqzlgé yob‘r% %%QE%SQ gﬁaé&rgrggeé%hnca Iriélc.)rr_pos'i tion. The
phar ngceul bk ak 1GRBROSI L (dlg.COrREl sasenind ayxehid ldutients)30y conpoisisdngfio tthe

i nvention and one or nore pharmaceutically. acceg&qabl e exci p'%ent S. |l{1d of
certain imsnmatesa humen pilietadrath sughp cOBHHER PRCTRCLEANTWES! 3 §ompod

i soxazol idine co un f 6/ 109315 2eseht tvention is
i nventi ont?‘eé)rﬁﬁgﬁ& ﬁgg%%eu i%&%gleﬁrg?ﬁg%g t@%bg?g%g{?g@gha%gemceuti cally
accept abl gimigxeirgi with 8 phirmaceuticallp aceeptahlecmsriert he chenot her apetic agent is
Docet axel , Paclitaxel, cisplatin, 5-FU, Doxrubincin, epipodophyll otoxin,
canptot hecin, 17-AAG or cycl ophospham de. 5 Synthesis ofl soxazolidi ne
Conmpounds The isoxazol i di ne conpounds of the invention can be prepared
using,a [3+2] cycl oadditi oan,@ﬁpwdp@ﬁbﬁbymm,azmhgg one and an al kene. The
nitrone substrate and al kene nrmy contain functional groups suitable for
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Detailed Description of the Invention

20 The present invention generally relates to isoxazolidine compounds useful for
treating cancer. The isoxazolidine compounds of the invention bind to one or more Bcl
proteins and block Bcl anti-apoptotic function in cancer cells and tumor tissue that express
the Bcl protein. In certain embodiments, certain compounds of the invention selectively
inhibit the anti-apoptotic activity of only one member of the Bcl-2 subfamily of anti-

25  apoptotic proteins. The isoxazolidine compounds of the invention can be used to treat a
patient suffering from a disease related to Bel. In certain instances, the isoxazolidine
compounds of the invention are used to treat a patient suffering from cancer. The
isoxazolidine compounds of the invention can be administered to a patient in the form of a
pharmaceutical composition. The pharmaceutical composition comprises an isoxazolidine

30  compound of the invention and one or more pharmaceutically acceptable excipients. In

certain instances, the pharmaceutical composition comprises an isoxazolidine compound of
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xylene, toluene, hexane, pentane and the like; esters and ketones, such as ethyl acetate,

20  acetone, and 2-butanone; polar aprotic solvents, such as acetonitrile, dimethylsulfoxide,
dimethylformamide, pyridine, and the like; or combinations of two or more solvents. The
reactions can be conducted at a variety of temperatures. Generally, reactions conducted at
lower temperatures will take a longer to reach completion. In certain instances, the
cycloaddition reaction is conducted in the range of about 15 °C to about 60 °C. In certain

25  instances, the cycloaddition reaction is conducted in the range of about 15 °C to about 30
°C. In certain instances, the cycloaddition reaction is conducted at about room
temperature. In certain instances, the cycloaddition reaction is conducted in the range of
about 80 °C to about 150 °C. In certain instances, the cycloaddition reaction is conducted
in the range of about 90 °C to about 120 °C. In certain instances, the cycloaddition reaction

30 is conducted in the range of about 95 °C to about 105 °C. In certain instances, the
cycloaddition reaction is conducted using a substrate attached to a solid support. Following

synthesis of the isoxazolidine core, the isoxazolidine compound may be derivatized using a



Bel -2 function in a cell. to Bcl-2 Binding Assay Bel -2 and Bcl - xL bi ndi ng
can be determ ned using a variety of known nethods. One such assay is a
sensi ti veweandosmuassbi t ati ve in vitro bindi ng assay usi ngPClrasc@soersee

pol ari zati on (FP) described by Wang, J. -L.; Zhang, Z -J.; Choksi, S.;
Sam S.; Lit, Z; 1s Coce, C M; Anenri, E. S.; Kongold, R ; Huang, Z.
Cell perneable Bcl-2 binding peptides: a chem cal approach to apoptosis

i nduction in tunor cells.. Cancer s. 200 : 1tdRA2 | inbmaed
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are exposed to the isoxazolidine conpounds of the present invention in

conbi hation with canptothecin, the 25 inhibitors show a synergistic

dose- depengdent. . celikidbh®g i n the propidiumiodide exclusion cell
survi val W
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of cancer cell |jnes. si-ngl i is : tbige1Reghdtighiblir east
cancer (BS“‘Q@O%‘)%%PE@@%%}’ ogﬁgfnsgﬁg%%tfﬁ@rﬂg%%ﬁi@%ﬁtlgﬁgo \9\%(102/ 097053 and WO
02/ 13833)gc1hyiphimas a(cdat ure (2005) 435, 677- 30 681), small cell lung
cancer (Nature (2005) 435, 677-681), head and neck cancer (published PCT
appl it6éati on WO 02/ 097053), and | eukem as (published PCT application WO

02/ 13833) \9?1'2@91916//&? 869 PCTI US2005/ 021524 8 Bel -2 inhibitors have been
shown t o JF& 204 agai nst a nunber of cancer cell lines |n conbination
with other antBgda@naeet Bahehttinding camdi atetesminedresingp igrictyuef keawn mehody ¢ o,
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Cell based assays

The ability of isoxazolidine compounds of the present invention to inhibit cell-
20  viability in cancer cells with Bcl-2 protein over-expression was demonstrated. When RL-
cells are exposed to isoxazolidine compounds of the present invention, the inhibitors show a
dose-dependent cell-killing in the Alamar blue cytoxicity assay with ICsq values of from
about 100 uM to about 1 uM (See Examples). When Pancl cells are exposed to the
isoxazolidine compounds of the present invention in combination with camptothecin, the
25  inhibitors show a synergistic dose-dependent cell killing in the propidium iodide exclusion
cell survival assay with ICso values of from about 100 uM to about 1 pM (See Examples).
Bcl-2 inhibitors have been shown to be active against a number of cancer cell lines
as single agent, including, but not limited to, breast cancer (US 2003/0119894, published
PCT applications WO 02/097053 and WO 02/ 13833), lymphomas (Nature (2005) 435, 677-
30 681), small cell lung cancer (Nature (2005) 435, 67 7-681), head and neck cancer (published
PCT application WO 02/097053), and leukemias (published PCT application WO
02/13833).



synergy with other anticancer agents, including, but not limted to

et oposi de, doxorubicin, <cisplatin, paclitaxel, and radiation (Nature
(2005) 4380 2606/006%2) . 10 Met hods of Therapy and Tr eat men®PCThS2@spsER4

i nvention further provides nmethods foB treating and reducing the severity
of cancer as well as other Bel nediated disorders or conditions. Cancers or
neopl asti ¢ di seases and rel ated di sorders that can be treated by 15
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combination phg;pp‘;h@rapeutics, small molecule inhibitors of Bcl-2 proteins display
synergy with other antica;lcer aéerﬁs, 1nclud1ng, 1t“)ut not limited to étobésidé, doxorubicin,
cisplatin, paclitaxel, and radiation (Nature (2005) 435, 677-681).

10
Methods of Therapy and Treatment

The present invention further provides methods for treating and reducing the
severity of cancer as well as other Bcl mediated disorders or conditions.
Cancers or neoplastic diseases and related disorders that can be treated by
15  administration of compounds and compositions of the present invention, include, but are
not limited to those listed in Table 1 (for a review of such disorders, see Fishman et al.,
1985, Medicine, 2d Ed., J. B. Lippincoit Co., Philadelphia):
TABLE 1
CANCERS AND NEOPLASTIC DISORDERS

20 Leukemia
acute leukemia
acute lymphocytic leukemia
acute myelocytic leukemia
myeloblastic
25 promyelocytic
myelomonocytic
monocytic
erythroleukemia
chronic leukemia
30 chronic myelocytic (granulocytic) leukemia
chronic lymphocytic leukemia
Polycythemia vera

Lymphoma



Solid tunmors sarconas and carcinonmas fibrosarcoma nyxosarcona 10

| i posarconma chondrosarcoma osteogenic sarcoma chordonma angi osarcoma 15
| ynphangiweaneaweses| ynmphangi oendot hel i osarcoma  synovi omraT/use@sibesé oma
Ewi ng's tumor 20 | eiomyosarcoma rhabdonyosarcoma col on carci noma
pancreatic cancer breast cancer 25 ovarian cancer prostate cancer
squanous cell carcinoma basal cell carcinonma adenocarcinom 30 sweat

gl and carcino baceous gl and carcinoma papillary carcinoma papillar
adenocarcinong§3V%&§5U§fﬁ§@869 PCT/ US2005/ 021524 10 cyst adenocar ci noma y

medul | ary carchwwmbdgﬁ@mgﬁgg@nic car ci nona
Multiple myeloma
Waldenstrom's macroglobulinemia
5  Heavy chain disease
Solid tumors
- sarcomas and carpipomas
fibrosarcoma
myxosarcoma
10 liposarcoma
chondrosarcoma
osteogenic sarcoma
chordoma
angiosarcoma
15 lymphangiosarcoma
lymphangioendotheliosarcoma
synovioma
mesothelioma
Ewing's tumor
20 leiomyosarcoma
' rhabdomyosarcoma
colon carcinoma
pancreatic cancer
breast cancer
25 ovarian cancer
prostate cancer
squamous cell carcinoma
basal cell carcinoma
adenocarcinoma
30 sweat gland carcinoma
sebaceous gland carcinoma
papillary carcinoma

papillary adenocarcinomas



renal cell carcinoma 5 hepatoma bile duct carcinoma choriocarcinom

sem noma enbryonal carcinoma 10 Wl ns' tunor cervical cancer uterine
cancer twetneulogseot unor | ung carcinoma 15 snall cel | PomgiSc@soRsona

bl adder carcinoma epithelial carcinoma gliom astrocytoma 20
medul | obl astoma crani opharyngi oma ependynona pi neal ona hemangi obl ast oma
25 acoustic neuroma ol igodendroglioma neningioma nelanoma neurobl astona

30 retinoblastoma In a preferre odi nent, the conpounds of the present
i nvention are used td*?g@%%“”%%%%@?g including, but not limted to

| ynphomas ( pr ef er abl ymb@llarg tdréinomgnphona, di ffuse WO 2006/ 009869
PCTI US2005/ 021524 11 large B-cell |ynphoma, nmantle cell |ynphoma, or

chroni c | ynphocytic | ROREHZENC CcHO Mt e cancer (nore preferably hornone
insensitive), breast canceyn LRSS ably estrogen receptor

5 hepatoma
bile duct carcinoma
choriocarcinoma
seminoma
embryonal carcinoma
10 Wilms' tumor
cervical cancer
uterine cancer
testicular tumor
lung carcinoma
15 small cell lung carcinoma
bladder carcinoma
epithelial carcinoma
glioma
astrocytoma
20 medulloblastoma
craniopharyngioma
ependymoma
pinealoma
hemangioblastoma
25 acoustic neuroma
oligodendroglioma
meningioma
melanoma
neuroblastoma

30 retinoblastoma

In a preferred embodiment, the compounds of the present invention are used to treat

cancers including, but not limited to lymphomas (preferably follicular lymphoma, diffuse



positive), neuroblastoma, colorectal, endonetrial, ovarian, |ung
(preferably small cell), hepatocellular carcinoma, nultiple nyel oma, head
and neck wo 20@apssal ar cancer (preferably 5 germ cell) PCTrisatospats26of
Cancer in Conbination w th Chenotherapy or Radiotherapy In certain

enbodi nents, one or nore corrpounds of the present invention are used to
treat or prevent cancer neopl asti c di sease in conbination wth one or

nore anti-ca chem)t t d
to, nethdtge ?eél ly{ngg E C&?lgeu b%rrelgqyff‘%%o&:ljg%%b&ﬁ P%iie)rlrg?)té glrdsffhtfee
cytar abi ngpcef Xﬁﬂo%ﬁ&%&ﬁlﬁ?t@ﬁnoﬁé D éivEy, broast caseu (p@ferably |estp¢gn|rncept01

carboplatin, mtonycin, dacarbazine, procarbizine, etopos
pr edni solpesitive), dwxeabbaste o loregtela aipmeTiehnpEt B 1 8’6?%&%% shyall cell),

doxor ubi ubi ci.n RUaLd's ferabl

ni t oxant &Sﬂgoceg@% rgcllrhdér"saé%#nﬁ%%@ ? | néhg%g%l ncr ?;?els;\lglll lbflf@dr%?e bi ne, g

pacl i tsaxelermasm). docet axel. In a preferred enbodi nent, one or nore conpound
of the present invention is used to treat or prevent cancer or neoplastic
di sease in conbination vvlth one or nore chenotherapeutic or other

anti - cancgr, a4 IWyle . i gpyvesented in Table
2. - TABLE 2z ) PEUT TT - CANCER- AGENTS - Radi atlon
y-radi ation Al kyéaﬁatmgnbxgmmbstswemrmwgéﬂmmmdérocﬁﬁle RrgRenb P ERLTAT Yeed

| fosfam de trof osfam de 30 5
Ni t r osourtedigat QLArA{FF Py @@ﬁ?ﬁ@ ?&ﬁ@%@%@dﬁ%é@ﬂ -eanceh
PCTI U200 R tirEtbeufl? a@én'fsyllnﬁlﬁhﬂllgpﬁlﬁtﬂ hﬁﬁlﬁd ltd,anethdtremsa, kdxat) mercaptopurine,

thioguanine, hydroxyurea, cytarabine, cyclophosphamide, ifosfamide, nitrosoureas,

cisplatin, carboplatin, mitomycin, dacarbazine, procarbizine, etoposides, prednisolone,
dexamethasone, cytarbine, campathecins, bleomycin, doxorubicin, idarubicin,
daunorubicin, dactinomycin, plicamycin, mitoxantrone, asparaginase, vinblastine,
15  vincristine, vinorelbine, paclitaxel, and docetaxel. In a preferred embodiment, one or more
compound of the present invention is used to treat or prevent cancer or neoplastic disease in
combination with one or more chemotherapeutic or other anti-cancer agents including, but
not limited to those presented in Table 2.
TABLE 2
20 CHEMOTHERAPEUTICS AND OTHER
ANTI-CANCER AGENTS

Radiation: y-radiation
Alkylating agents
25
Nitrogen mustards: cyclophosphamide
Ifosfamide
trofosfamide
Chlorambucil
30 Estramustine
melphalan
Nitrosoureas: carmustine (BCNU)

Lomustine (CCNU)



Triazenes: Dacarbazine Platinum containing conpounds: Cisplatin 5
carboplatin oxaplatin Plant Al kal oids Vinca al kaloids: vincristine 10

Vi nbl ast iwe 2004/c00888i ne Vi nor el bi ne Taxoi ds: paclitaxel pCDasetodaoois24 15 DNA
Topoi sonmer ase | nhi bitors Epi podophyl | ins: etoposide Teni poside Topotecan
20 9-am nocanpt ot hecin canpto irinotecan crisnatol nytomycins 25
nmytonycin C Mytonycin C Anti-netabolites Anti-folates: DHFR inhibitors:
met hotrexate 30 Trinetrexate | MP dehydrogenase |nhibitors: nycophenolic
acid Ti a”za]%V]GP]iPﬁonﬁiﬁsbavi rin WO 200%‘/1%%%%69 PCTI US2005/ 021524 13 El CAR

Ri bonucl oti de reductase | nhibitorsTrdoyafaxyurea deferoxam ne Pyrimdine
anal ogs:

Triazenes: Dacarbazine
Platinum containing compounds: Cisplatin
5 carboplatin
oxaplatin
Plant Alkaloids ]
Vinca alkaloids: vincristine
10 Vinblastine
Vindesine
Vinorelbine
Taxoids: paclitaxel
Docetaxol

15 DNA Topoisomerase Inhibitors

Epipodophyllins: etoposide
Teniposide
Topotecan
20 9-aminocamptothecin

campto irinotecan

crisnatol
mytomycins
25  mytomycin C Mytomycin C
Anti-metabolites
Anti-folates:
DHFR inhibitors: methotrexate
30 Trimetrexate
IMP dehydrogenase Inhibitors: mycophenolic acid
Tiazofurin

Ribavirin



5 Uracil
capeci t abi ne
f | udar abiwe 2Rwiopss9 anal ogs:
t her api es:
megestro

flutam de 25 bi cal utam de
CB 1093 30 KH 1060 Photodyam c t

Pht hal ocyani ne photosensiti zer

anal ogs 5- Fl uor our aci

LHRH agoni st s:

Fl oxuri di ne
Cytosi ne anal ogs cytarabine (ara Q)
mer capt opuri ne
Recept or ant agoni sts:
goscrclin

Deret hox \ziByRR iRk kbdhcse (mdEtoss: DMifrox firé0ki nes:

10

15

20

25

30

Pyrimidine analogs:

Uracil analogs

Cytosine analogs

Purine analogs:

Hormonal therapies:

Receptor antagonists:

Anti-estrogens

LHRH agonists:

Anti-androgens:

Retinoids/Deltoids

Vitamin D3 analogs:

_ Photodyamic therapies:

deferoxamine

5-Fluorouracil

Floxuridine

Doxifluridine
Ratitrexed
capecitabine
cytarabine (ara C)
Cytosine arabinoside
fludarabine
mercaptopurine

Thioguanine

Tamoxifen
Raloxifene
megestrol
goscrclin
Leuprolide acetate
flutamide

bicalutamide

EB 1089

CB 1093

KH 1060

vertoporfin (BPD-MA)
Phthalocyanine

photosensitizer Pc4

Doxitluridine Ratitrexed 10

Cyt osi ne ar abi nosi de

15 Thi oguanipoe/USkimsioorsad

Ant i 1¥strogens Tanoxifen

Leuprolide acetate

Reti noi ds/Del toids Vitam n D3 anal ogs:

Eﬁi/@i es: vertoporfin (BPD MA)
2006/ 009869 PCTI US2005/ 021524 14

20 Ral oxi fene
Ant i - andr ogens:
EB 1089

Interferon a Interferon vy



5 Tunor necrosis factor Qhers: Isoprenylation inhibitors: Lovastatin
Dopam ner gi ¢ neurot oxi ns: 1-nethyl-4-phenylpyridiniumion 10 Cell cycle

i nhi bi t orwo0 286609883 por i ne Acti nonmyci ns: Actinomycin D Pattiseaspeisnd

Bl eonyci ns: bl eonycin A2 Bl eomyci n B214 15 Pepl onycin Ant hracycl i nes:
daunor ubi cin Doxorubicin (adriarnycin) ldarubicin Epirubicin 20
Pirarubicin Zorubicin Mtoxantrone NMDR inhibitors: verapam!| Caz+ATPase
i nhi bitors: thapsigargin 25 Antiboﬁes AV i rbitux Rituxan Qhers
Prednisilone Imatinib 30 Thalido eﬁgtq?éﬁg’l&bgcorﬁ%lﬁéte}i Bortezom b

Cenci t abi ne WO 2006/ 009869 PCTI US201HA 02DBAHA) 15 Erlotinib CGefitinib
Sorafeni b

Cytokines: Interferon o
Interferon vy
5 Tumor necrosis factor
Others:
Isoprenylation inhibitors: Lovastatin
Dopaminergic neurotoxins: 1-methyl-4-phenylpyridinium ion
10  Cell cycle inhibitors: staurosporine
Actinomycins: Actinomycin D
Dactinomycin
Bleomycins: bleomycin A2
Bleomycin B2
15 Peplomycin
Anthracyclines: daunorubicin

Doxorubicin (adriamycin)
Idarubicin
Epirubicin
20 Pirarubicin
Zorubicin
Mitoxantrone
MDR inhibitors: verapamil
Ca®** ATPase inhibitors: thapsigargin
25  Antibodies Avastin
Erbitux
Rituxan
Others Prednisilone
Imatinib
30 Thalidomide
Lenalidomide
Bortezomib

Gemcitabine



Sutinib 5 The chenot herapeutic agent and/or radiation therapy can be
adm ni stered according to therapeutic protocols well known in the art. It
will be appan@mited t hose skilled in the art that the admuse@snatseon of

t he chenot herapeuti ¢ agent and/or radisation therapy can be varied

dependi ng on the disease being treated and the known effects of the

chenot herapeutic agent 10 and/or radiation therapy on that disease. Al so,
in accordance with the know edge ﬁ%k%hﬁb skilled clinician, the therapeutic
protocols (e.g., dosage anbunts a Hes of adm ni stration) can be varied
in view of the observed effects ofGgdfii@iadm ni stered therapeutic agents
(i.e., antineoplastic agent or radiation) on the patient, and in view of
the observed responses of the di S®#fEnPo the adm ni stered therapeutic
agents. 15 Also, in general, conp § of the present invention and the
chenot herapeutic agent do not have 10 be administered in the sane
pharmgceutical conposition, and may, because of different physical and

chemical characteristics, have to be adninistered by different rou'&es. For
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present invention, chem_)t her apeutic agent and/or radiation 30 nmay be
adni ni st esbeerved respousen of the désease, to shenadministesrhsihorap@CaAgeNal |y si nul t aneousl y

or within the,same treat.nent proioc Jal Ly, i t he
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different routes. For example, compounds of the present invention may be administered

a

intravenously to generate and maintain good blood levels, while the chemotherapeutic agent
20 may be administered orally. The determination of the mode of administration and the

advisability of administration, where possible, in the same pharmaceutical composition, is

well within the knowledge of the skilled clinician. The initial administration can be made

according to established protocols known in the art, and then, based upon the observed

effects, the dosage, modes of administration and times of administration can be modified by
25  the skilled clinician.

The particular choice of chemotherapeutic agent or radiation will depend upon the
diagnosis of the attending physicians and their judgment of the condition of the patient and
the appropriate treatment protocol.

A compound of the present invention, and chemotherapeutic agent and/or radiation

30 may be administered concurrently (e.g., simultaneously, essentially simultaneously or
within the same treatment protocol) or sequentially, depending upon the nature of the

proliferative disease, the condition of the patient, and the actual choice of chemotherapeutic



| f a conmpound of the present invention, and the chenotherapeutic agent
and/or radiation are not adm nistered sinultaneously or essentially
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adm ni stration of a conmponent (therapeutic agent, i.e., ‘ cogﬁound f the
atgp

present ilowerpdated, dutegrot Isingp dtsrtneend garatocel  Fag)i detsre) &g EdE neht
according to the.individual patient's.nee : e, 25
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exanpl es, @il a ARRLNHE HretbadlTss aek withih abé gdowdge oThise tleitlad physician after
"co-adm nistration” and "co-adm nistering" refer to both copcurren

adni ni st rqtaﬂ@ﬁogﬁ ﬁhtmigpqtsgtl?emg ‘@@atfq,@ncbphe : 1t{oﬁé}f?{cbgl9ﬁ1g1ta K e, ﬂﬁ%
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nor e iC agtelnt at a rent fromthat of the adm nistration
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het er oat ons are boropn, ni trogen, oxygen, phosphorus, sul fur

complete.

20 Thus, in accordance with experience and knowledge, the practicing physician can
modify each protocol for the administration of a component (therapeutic agent, i.e.,
compound of the present invention, chemotherapeutic agent or radiation) of the treatment

according to the individual patient's needs, as the treatment proceeds.

25  Definitions

For convenience, certain terms employed in the specification, examples, and

appended claims are collected here.

The terms “co-administration” and ‘“co-administering” refer to both concurrent
administration (administration of two or more therapeutic agents at the same time) and time

30  varied administration (administration of one or more therapeutic agents at a time different
from that of the administration of an additional therapeutic agent or agents), as long as the

therapeutic agents are present in the patient to some extent at the same time.



and sel enium The term"alkyl"” refers to the radical of saturated aliphatic
groups, including 5 straight-chain alkyl groups, branched-chain al kyl
groups, coyoloaldoyseo(al i cyclic) groups, alkyl substitutedTapesosakisgd

groups, and cycloal kyl substituted alkyl groups. In preferred enbodinments,
a straight chain or branched chain alkyl has 30 or fewer carbon atoms in
its backbone (e.g., Cl1-C30 for straight chain, C3-C30 for branched chain),

and nore preferabl 0 wer. Ljkew se, npr I f
3-10 carbon at@?ﬁs QF\H/ %ff?r%tl%(flr ap |“ﬁ%d E?rl’aﬁlc{nealps %E{?Bﬁg;g}{% pe?lkeéfﬁggai/&ﬁg@e r5f)m
6 or 7 carhonsoriHydkdpRn! PRersdd hisiérdatOms R BsiBn tikoguurbeygeaf ploaphans, silur

ot herwi se specified, "l ower alkyl" as used herein neans an al kyl group, as
defi ned abdwelenbm. havi ng fromone to ten carbons, nore preferabl y from
one to six carbon atonms in its backbone structure. Likew se, "l|owe

al kenyl " and "TM\Mrml"klymylfefetravte e niatisal of sevrated liphatipEi Ry wh%ﬁiﬂlk%ll

group . f
desi grs15a'ii ggmf“é’}‘é" ?’}na%l éﬁﬂupf sbr ‘%}%\ﬂg: alfgﬁ%&”?%ﬁﬁg %%c’rl%aqk)ﬁ (Iq *‘ﬂfdf%&ougs used
herein, raiersivkuRl @ki&ﬁikyg?ﬂiaﬁ@ s Y @ycwmwemﬁsuwtmlkm grouab.| hwdﬁ‘éfmg’ens

i de

have been replaced with a ha A "perhal oal kyl " is where al |
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o ot b og} ?ﬁ"’&tl i ﬁ?%mﬂ%e Ber i aﬁ‘“rh)éh ctfebh )gra@gpnfoeeg.,

an aromat‘? ‘?nan ¢ gro "a enyl ™ and *al kynyl

reter 1o HiRaliya goqaq@t,%fhﬁ§ i ASTANS RIS hilve HORALN0AABIRARSHDI

substltut escrr ed above, but that contain at |east one

doubl e or thefrirjigestrhotact, anadspmm preéirgbly hee 1, éran’" cgrlyans ipHlegBEFUNENES - n i ncl udes

5-, 6- and 7-nenbered single-ring aromatic 25 groups that may include from

zero to four hehrkoaieoiBubdr @f oaﬂﬁ)nphsaothbﬂnxaammfwdt Noweeakkyl" En"al}ﬁﬁ@lhﬁteé‘he

pyrene, pyrrole, furan, thioph zol e th| azol n% ole,
1

d
pyr azol e, Msgrg ap rdkyl p%TPELEal At de§9?4 &b‘g’%g"gﬁﬁ‘k'Wr TRy R o

Those ary refrMip Sfrm? N B&t 92[1‘9@1{ QfBind th ﬁt@%a&kﬁtﬁlesitfdéﬁirblf ELllKB%saJ Sl@wiee
referred £6 as ter ocycles”™ or "heteroaromatics.” The aromatic ring

can . be su Elkgmgelu toadl "]a?veo akyoyl" ieve Slmlhg chaisilengthss Rieferred el SFP‘%’E BER loPgEnt s
as descri
R A

am do, WD 2006/ 009869 PCT/ US2005/ 021524 hos ate haspl
carbonyl , car baky fermsibalpalkyly, 38 psedfoRsHL 1ig 663 Eﬁﬁ SWB rgnaa%g%%om

k ?;Lg ne, 06\"'1 q@ ?ﬁ%?dg%ﬁ&?srhavg P&t RDYALY bwitha Rﬂﬂt:.l % eperhabalk g mtiecalnel tat i es,
1 1hydro gens have been replaced with a halide.

The term "aralkyl", as used herein, refers to an alkyl group substituted with an aryl

20  group (e.g., an aromatic or heteroaromatic group).

The terms "alkenyl" and "alkynyl" refer to unsaturated aliphatic groups analogous in
length and possible substitution to the alkyls described above, but that contain at least one

double or triple bond respectively.

The term "aryl" as used herein includes 5-, 6- and 7-membered single-ring aromatic

25  groups that may include from zero to four heteroatoms, for example, benzene, anthracene,
naphthalene, pyrene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole, triazole,
pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. Those aryl groups
having heteroatoms in the ring structure may also be referred to as "aryl heterocycles" or
"heteroaromatics." The aromatic ring can be substituted at one or more ring positions with

30 such substituents as described above, for example, halogen, azide, alkyl, aralkyl, alkenyl,

alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino, nitro, sulthydryl, imino, amido,



the like. The term"aryl" also includes polycyclic ring systens having two
or nore cyclic rings in which two or nore carbons are common to two

adj oi ni ngwoi2ogofseshe ri ngs are "fused 5 rings") wherei nrat/useas2zee of the
rings is aromatic, e.g., the other cytdic rings can be cycloal kyls,
cycl oal kenyl s, cycl oal kynyls, aryls and/or heterocyclyls. The terns
ortho,-neta-and para apply to 1,2-, 1,3- and-1, 4-di substituted benzenes,

respectively., For exanple, the names 1,2-di I 1 id

ortho-didﬁFﬁ?@H@%&Bﬁ%ggW@m’g%ﬁ%ﬁ@ §§Vyﬁéﬂ¥g§&@§3@§mﬁﬁgsgro &é?y?gm%#O’
" het er ocyigdibife, ATRHRTe, LOEL MetePoddclyl Cardiatie Gb@eetbardmaic sbicties, HCES, -GSy er
preferably 3- to 7-nenbered rings, whose ring structures include one to

f our het efheaikemThe teaheragydlesincadeapaliycystic poigysysteme havidgttep st yedrg cygibups
i nclude, for , exanpl e, thiophene, thianthrene, furan, .pyr .] SO ran,
chr onene, H&rH RERE! W R _é’?%op?l ,areﬁ;‘?mnet,o vaﬁ]aggggp% ng%sy&gez% %S , e %Qédl
| sot hiaz ol %é%ﬁf"a?lqa?t)/diﬁéjbﬁﬁle RYE2B1 B6matl Y Y othee cyqieriiniazéanche
i ndol i'zi né,” 1soi ndol e, 1 ndole, indazole, purine, quinaolizine,
i soqui nol éyvinallqls, eptlbalsenybs chicbalkymds, andpprHor hegraeicldei noxal i ne,
qui nazol i ne, cinnoline, pteridine, carbazole, carboline, phenanthridine,
acri di ne, - pyr i Thelien@s opttenanthandl pane applyhedslzi h3; aphéfadisebstifsed benzenes,
phenot hi azi ne,, furazan, phenoxazine, .pyrrolidine, oxal ane,. { ,
oxazol e, YEPEHivelyndor H%’é?qﬁ 'ﬁé‘?mﬁ%?’ﬁﬁﬁ eﬁ’édbeflﬁ%]teoaﬁ &7 ﬁlf)édé gr}TISib%uc %e%e 20
azetidinogﬁlngggugyrrolidinones, sul tams, sultones, and the like. The
het erocyclic Ting can be substituted at one or nore positions with such
substjtuents a in ’ & e refertP3eR 1@nteberedl BhKY!
al ken%ff, al kyn?’flé,j?%@& gg‘%&"??%ﬁy‘ﬁ??ﬁ%ﬁ?cygm %faa,%nir?rp, sul fhydryl, i rrié(no,
ani do, phasphesgteorephabpbiynat t 7oambpngd ringsamiwkg ringsiugiureseinplade one to
al kyl thio, sulfonyl, ketone, aldehyde, ester,.a erocygl yl : iC
or heter og’r‘lér]i’ﬁfem?){o’?% fe_é??’f;ﬁl’-s éﬁ%,agf) éﬁ,pogycy’f}?g- ﬁfﬁ“é?cﬁ%@_ % ce“:rlpr%(zl Hofibe) Bt
"pol ycycl ?!)lamﬁé, RS YEEC! than@hQIeD” ﬁfrﬁ{,ef)yﬂaﬁ, tM6beatofiRme Eliro@snd, € x@nthene,

S!

cycl oal kyl's, "cycl oa kenyls,'cycloalkygx , aryls and/or heterocyclyls) in
whi ch t woplmnomathéin, parrblonsmadazolsormsarzoles isolbidzalcoiiprxagole; Mysiding, Pyraziige

rings _are "fused rings". Rings.t.hat .ar | Ol tk = adj -al ons
are t &t neBY"UBt “6ege8yg$alzﬂbes. m%%ﬂn%f l%ﬁlgdorl %’né@ﬁg?’ E&L&éﬂ%g Bg# i}lgyc‘ﬁfeiﬁdg%}l&}’oe
subst i t ut fdqinbiing lbf”dﬂncﬂhhé,s hindRping, aspliegidindeqhindaliee, qsinfalinexampolige,

hal ogen, al kyl, aral kyl, al kenyl, alkynyl, cyclaal kyl,. hydroxyl, "mlno,
nitro, subfenyiney|carbazpiencarkghingo Phspaiyidinat é?mgﬂ%s QW%%B?’ é’ﬁ?%ﬁ’;’;? 1ne,

car boxyl, pﬁeirllta%lne, ﬁ}%@%ﬁﬁ%yéﬂéﬂo%ﬁ%}%ﬁ 2805/40 %ﬁofﬁ{eyﬁgﬁﬁﬁ{c@r?e}5gﬁolaﬂe?

sul f onyl , YKetone, ster, eterocyclyl, an aromatic or
het er oar offblasie, Mix&tole, -piperidine, piperazine, morpholine, lactones, lactams such as

20  azetidinones and pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring can
be substituted at one or more positions with such substituents as described above, as for
example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,
sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic

25  moiety, -CF3, -CN, or the like.

The terms "polycyclyl" or "polycyclic group" refer to two or more rings (e.g.,
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which two or more
carbons are common to two adjoining rings, e.g., the rings are "fused rings". Rings that are
joined through non-adjacent atoms are termed "bridged" rings. Each of the rings of the

30  polycycle can be substituted with such substituents as described above, as for example,
halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulthydryl,
imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio,



CF3, -CN, or the like. As used herein, the term"nitro" nmeans -NO2; the
term "hal ogen" designates -F, -C, -Br or -I; the term"sulfhydryl" neans
-SH, t he wenmeé/doystpoxyl " neans -OH, and the term 5 "sulpComgkiosmesas - SO2- .
The terns "am ne"” and "am no" are arti¥ecogni zed and refer to both
unsubstituted and substituted am nes, e.g., a noiety that may be
represented by the general fornulas: R50 /R50 Ni -R53 R51 R52 wherein

Al Keny! | g0yl Grp5, SURITE. BHerRBALHTTRE, o) ARBACE G0 A My A Pl et om

to which & ycﬁrgr@itgtlg{ghed conpl ete a heterocycle having from4 to 8 atons
inthe ring’structure; R61 represents an aryl, a cycloallcyl, a

E%C't e rkgﬁé'e o S SeSEHh eBp BB YEHE Sar B i YRR Pty PLse
e a car , . 0., RS
i a1 iinsh Bl R Ralis O e GAPERAORT %ﬁé‘?ﬁ??%%%d“g%?@ﬁﬁ“

mdepgndetg{ljfynyleﬁlreg@seisoza hydrogen, an alkyl, an alkenyl, or -(CH2)m R61.
Thus, the term "al kyl am ne" includes an am ne group, as defi ned above,

having a subs Eg}efu eﬁ?{a Q%gﬁ{és URg h&}‘l{(?%rg %ﬁtﬂeco@#h AREhed réi@? Edaﬁ&h dns@ostmﬁéd

| east -one of is-an a e term "acyl-anm no"

ar t - r ecogqlidzedstanid hefiRssse. £ Q a andidtly eiay nayate ramy.sdnmd B0the gm@démr@dafby t he
general fornmula: O -NR54 | R50 wherein R50 is as defined above, and R54
represents a hydrogen, an al kyl, an_al kenyl ®&50- (CH2) m R61, where m and
R61 are as defined above. WO 2006/ 5869 PCTI U_§2005/ 021524 20 The term
"am do" is art recognized as_an I no- suhst i fut echar bonyl and includes a
noi ety that may be represented by\t he general| formula: O

R51 R52

wherein R50, R51 and R52 each independently represent a hydrogen, an alkyl, an alkenyl, -
10 (CHy)w-R61, or R50 and R51, taken together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the ring structure; R61 represents an
aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a polycycle; and m is zero or an integer
in the range of 1 to 8. In certain embodiments, only one of R50 or R51 may be a carbonyl,
e.g., R50, R51 and the nitrogen together do not form an imide. In other embodiments, R50
15 and R51 (and optionally R52) each independently represent a hydrogen, an alkyl, an
alkenyl, or -(CHz)n-R61. Thus, the term “alkylamine” includes an amine group, as defined
above, having a substituted or unsubstituted alkyl attached thereto, i.e., at least one of R50

and R51 is an alkyl group.

The term “acylamino” is art-recognized and refers to a moiety that may be

20  represented by the general formula:

S -~

R50

wherein R50 is as defined above, and R54 represents a hydrogen, an alkyl, an alkenyl or -

(CH,)-R61, where m and R61 are as defined above.



/R51 AN I R50 wherein R50 and R51 are as defined above. Certain

enbodi nents of the amde in the 5 present invention will not include imdes
whi ch maywbeowmebsbl e. The term "al kylthio" refers to amcalusgéosgeap, as
defined above, having a sulfur radicsl attached thereto. In certain

enbodi nents, the "alkylthio" nmoiety is represented by one of -S-alkyl,
-S-al kenyl, -S-alkynyl, and -S-(CH2) m R61, wherein mand R61 are defined

above. Representative, alkyl.thio grou i ncl ude : i | hQ,, and
the |ike. 10 ThE® EEPADMGL 3R SR12B] ps %%%“r%‘%é@%@%ﬁ”@@ es IE%IQE“OS ¢

noi eti es @siiPthabPRay bERipRaece By e ddneragtitiudd: fonnulas: O Q /I1_I1\  R55
X50 X50 R66 wherein X50°is a bond or represents an oxygen or a sul fur, and

R55 and R56 represents a hydrogen, ap al kyl, an al kenyl, -(Cl2)m R6lor a
pharmaceutically acceptable salt, R56|| 15 represents a hydrogen, an al kyl,
an al kenyl or -(CH2) m R61, where m ang R61 &5& defined above. Were X50 is
an oxygen and R55 or R56 is not hy g Ahe forml a represents an
"ester". Wiere X50 is an oxygen, and R55% s as defined above, the noiety is
referred to herein as a carboxyl group, |and particularly when R55 is a
hydrogen, the formula represents a "carl®ylic acid". Were X50 is an
oxygen, -and R56 is-hydrogen, the fornmula represents 20-a “formate™. -In
general , whekm R5e MYYREN ast aniefinetboatiovEerfanr embeadinentsepl theeainidy isuhé ur ,
the fornmula represents_a "thiolcarhony]" grouyp. Wiere X50 is a sul fur and
R55 orS R5Brepat inigntion wilbpeiinclngrinides jpigh %@ﬂi@é’é‘ﬁﬁag ®a "thiolester." Were
X50 is a sulfur and R55 is hydrogen, the fornula represents a.

"t hi ol car boxy!| The 4 “alkyiie’e Tolen Psamalkyl gipupaps deerd akovey BPdRe A, SUHE

fornul a represent "t hiolfar ; q d [EredReri&d By VWO

1 906] 000sEl Priistsh tadrdhs thHbgh © é’ﬁéq,?néé%t%ﬁys}ﬁﬁ%tmﬁy rcfggﬁ,%ethe above

L 0 (r]I mula r Sﬂd;] @ﬁ@;&lﬁyla}slkl%?ﬂ,es-@kﬁwﬂ),- an\mhs;(é:Hx?mRﬁ 1,§N1aereiomm andRd1 REeSiefiged

ydrogen, the above formula represents an " s " qgroup., T termns

"al koxy| " akaver Reprspontatie %@é@l%éﬁogpwnﬁbﬁs%e%ﬁﬂ&%% eﬁﬁf&&mgﬁ%{}&bﬁ X% defined
10 The term “carboxyl” is art recognized and includes such moieties as may be

represented by the general formulas:

0O

0]
/H\ /R55 ™~ /“\
X50 X50 R56

wherein X50 is a bond or represents an oxygen or a sulfur, and R55 and R56 represents a
hydrogen, an alkyl, an alkenyl, -(CH)m-R61or a pharmaceutically acceptable salt, R56
15  represents a hydrogen, an alkyl, an alkenyl or -(CH)-R61, where m and R61 are defined
above. Where X50 is an oxygen and R55 or R56 is not hydrogen, the formula represents an
“ester”. Where X50 is an oxygen, and R55 is as defined above, the moiety is referred to
herein as a carboxyl group, and particularly when R55 is a hydrogen, the formula represents
a “carboxylic acid”. Where X50 is an oxygen, and R56 is hydrogen, the formula represents
20 a“formate”. In general, where the oxygen atom of the above formula is replaced by sulfur,
the formula represents a “thiolcarbonyl” group. Where X50 is a sulfur and R55 or R56 is
not hydrogen, the formula represents a “thiolester.” Where X50 is a sulfur and R55 is
hydrogen, the formula represents a “thiolcarboxylic acid.” Where X50 is a sulfur and R56

is hydrogen, the formula represents a “thiolformate.” On the other hand, where X50 is a



above, having an oxygen radical attached thereto. Representative al koxyl
groups include 5 nethoxy, ethoxy, propyloxy, tert-butoxy and the |ike. An
"et her" iwotzemw/doysspocar bons coval ently |inked by an oxygemus2asoeweagl y,
the substituent of an alkyl that rendzZrs that -al kylan ether is or

resenbl es an al koxyl, such as can be represented by one of -0-alkyl, -O
all cenyl, -0- aI kynyl -0-(CH2) m R8, where mand R8 are described above. The

term "sul ona ni an L
Fepr esent B 1 By i1t BeieBar el ornfyé RS Mol ahies BBl TRRROC
an el ectrpn mu,randhyw@g@arogaﬁ,kué abdy¥ Gballk ydpreserits an {hldefje” gerups triflyl,
tosyl, mesyl, and nonaflyl are art-recognized and refer to

trifluoromet ha@ﬁé e MYlkox 1" b MRHES s ieety hereiBriefianesat leplygroupnud defined
nonaf | uor obut anesul f onyl groups, respectivel ég The terns_triflate,
g

tosyl ate, amoysy haiting aamztyg@ngﬁdll@l attaghed sheretoe Repressiaivenalkeaf groyns include
fl
triflupr Om@ﬁgggg@é}%}g pparggﬂg)%}%et%ﬁ- SJO%%{‘%%%E Naleneifrh 6L ’tw? ha/drocarboPs

met hamesul™ onaf anesu "fonate ester ct1 ona

groups angbvaleak19ainkes bl faatox@géﬁ aAﬂccSrain@lyg tigeugubstituestpefcani alkeylythatTerdedre that
“carbamoyl " refers to -Q(C=ONRR , where R and R are de enPI
al i phat i calyanesherds.of reg?féh]ﬁfs%ﬁlkﬁéYleW"{SQra?Fafg\’%{?Q?semﬁ Y8 G '%P‘%@h:bno

refers to A (b | IHOHRnd RR&irt 88 ibe Adey! am no" refers
to -NRR 1\11\%@% %ﬁﬂ Ecg'a) ﬁéy ye 5?%u g The term " hydr oxyal kyI "
refers to-R—O—l where Ris an allphatl The ter "amQ e/y
refers to -R Nithe teppeisalfonate 15 Art é?qoﬁﬂlé?ﬁ?ﬁn‘g ges 3 Bofely that FoR erepr Gented

"al kyl am .to -RNHR, where both R and R are al i phatic
ar oups V\%Q%%}l g%&% CT/ US2005/ 021524 22 The term "di al kyl am noal kyl "
refers to -R-N(R)-R', where R R, ang R' are aliphatic groups. The term

"aryl am noal kyl" refers to -R—NH-R wilere Ris an aliphatic and R is an

aryl group. 5 The term "oxo" refers mﬁa'Q%Jlbonyl oxygen (=0).

in which R41 is an electron pair, hydrogen, alkyl, cycloalkyl, or aryl.

The terms triflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to
trifluoromethanesulfonyl, p-toluenesulfonyl, methanesulfonyl, and

15  nonafluorobutanesulfonyl groups, respectively. The terms triflate, tosylate, mesylate, and
nonaflate are art-recognized and refer to trifluoromethanesulfonate ester, p-toluenesulfonate
ester, methanesulfonate ester, and nonafluorobutanesulfonate ester functional groups and

molecules that contain said groups, respectively.

The term "carbamoyl" refers to -O(C=0)NRR', where R and R' are independently H,
20  aliphatic groups, aryl groups or heteroaryl groups.

The term "alkylamino" refers to -NHR, where R is an alkyl group.

The term "dialkylamino" refers to -NRR', where both R and R' are alkyl groups.
The term "hydroxyalkyl" refers to -R-OH, where R is an aliphatic group.

The term "aminoalkyl" refers to -R-NH,, where R is an aliphatic group.

25 The term "alkylaminoalkyl" refers to -R-NH-R', where both R and R' are aliphatic
groups.



The term"diradical” or "bivalent" as used herein are used interechangeably
and refer to any of a series of divalent groups fromal kyl, allcenyl,

al kynyl , wbkydcapsso, al koxyl, cycl oal kyl, het erocycl oalPlcesis2o0anyis24

aral kyl, heterocyclyl, heteroaryl, an2 heteroaral kyl groups. For exanple,
is a bivalent alkyl or alkyl diradical; is also a 10 bival ent al kyl or

al kyl diradical; is a bivalent aryl or aryl diradical; 1is a bivalent

aral l cyl or ara| kyl diradical. wi Sca. Dbi t oal ter kyl.. or
(al kyl ) het er oaﬂé‘? Ko df“raﬂiﬁa&% offbpl.' ety et‘\’ng@i%“}%@ rfﬁhﬁ %?Ha%f ,alst,
Ms represgighaif®Lfbs. et hyl, phenyl, trifluoronethanesul fonyl,

nonaf | uor obut anesul fonyl, p-tol uenesul fonyl and 15 nethanesul fonyl,
respectively. Afy,ong flsmsIvierdd &t -RONHRE vﬂﬁwmbaﬁiaﬁﬁﬁaﬁutdnuimeﬂamy
organi c chem sts of ordinary skill in the art appears in the first issue of
each vol uamyl gfouphe Journal of Organic Chemstry; this list is typically
presented in a table entitled Standard List of Abbreviations. The

abbr evs at i ons Thateamrieso'l refesaicda tarbdnyl anyReal(FOabbr evi ations utilized by
organi c chem sts of ordinary skill in the art are hereby incorporated by
20 reference. The téral ndirflidal'abe “bivaleat’t asr @eddrrdiedransed nttrackesgeabipiand y
t hat- -can- be-represented--by the general fornmula—-0Q--11 -G i--OR41.-O-in
whi ch Ra1rdafer taanyef piseiaesahcialen Bropps fiogh alkyls ali%ﬁy?%kﬁliﬂoacﬁ(ﬂé%% alkoxyl,

. : . t . I
B e e
"sul fanmoyl " is art-recogni/zwd i ncludes a noiety that camn be

represented by the general {ormuil a:
groups. For example, % is a bivalent alkyl or alkyl diradical; %, is also a

10  bivalent alkyl or alkyl diradical; % C % is a bivalent aryl or aryl diradical;

% /: is a bivalent aralkyl or aralkyl diradical; and / is a

bivalent (alkyl)heteroaralkyl or (alkylheteroaralkyl diradical.

The abbreviations Me, Et, Ph, Tf Nf, Ts, Ms represent methyl, ethyl, phenyl,
trifluoromethanesulfonyl, nonafluorobutanesulfonyl, p-toluenesulfonyl and

15  methanesulfonyl, respectively. A more comprehensive list of the abbreviations utilized by
organic chemists of ordinary skill in the art appears in the first issue of each volume of the
Journal of Organic Chemistry; this list is typically presented in a table entitled Standard

List of Abbreviations. The abbreviations contained in said list, and all abbreviations

utilized by organic chemists of ordinary skill in the art are hereby incorporated by
20  reference.
The term "sulfate" is art recognized and includes a moiety that can be represented

by the general formula:

I
—O0—S—O0R,;,
in which R4 is as defined above.
25 The term "sulfonylamino" is art recognized and includes a moiety that can be

represented by the general formula:



O Il /f/a _SSNORS5 The terns "sulfonyl", as used herein, refers to a

noi ety that can be represented by the general formula: O Il 1I-R44 Oin
whi ch R4awooedlogsshed from the group consisting of hydr egens2eisioylis24

al kenyl, al kynyl, cycloal kyl, hetero2yclyl, aryl, or heteroaryl. 10 The
term "sul foxi do" as used herein, refers to a noiety that can be represented
by the general fornmula: 0 11 -S-R44 in which R44 is selected fromthe
group consisting of hydrogen, alkyl, alkegnyl, alkynyl, cycloalkyl,
heterocyclyl, aralkyl, or aryl. 15 A "sellenoal kyl" refers to an al kyl group
having a substituted sel eno group a dR t hereto. Exenplary

"sel enoet hers" which may be substituted the al kyl are selected from one
of -Se-al kyl, -Se-alkenyl, -Se-alkynyk, and -Se-(CH2) m R7, m and R7 being.
defined above. Anal ogous substitutions can-be nade to al kenyl and al kynyl

groups to pr Odfh%eieﬁor'iulég}@'aq?!ﬁt-r&%ﬂﬂéﬂ k@AY lreludesi naabiewnytha, can be

am doal kenyl s,” am doal kyny i m noal kenyls, imnoal kynyls, thioalkenyls,
t hi oal ky nypresencartyahy persndlfoimula:ed al kenyl s or al kynyls. WD 2006/ 009869
PCTI US2005/ 021524 24 As used herein, the definition of each expression,
e.g., alkyl, m n, etc., when it occufs pBre than once in any structure,
is-intended to be independent- of its—d@fNpition -elsewhere in the-sanme
structure. It will be understood that Nsubstitution" or "substituted with"
includes the inplicit 5 proviso that QuchRsubstitution is in accordance

with %er mtt edl“ﬁ{ea’[legnq Q‘%ul%nytl’r,]eas Suléel?(f }u!:rteHlt, ?&‘ers to a moiety that can be represented by

the general formula:

in which Ryy is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aryl, or heteroaryl.
10 The term "sulfoxido" as used herein, refers to a moiety that can be represented by

the general formula:
)
{l
—S"R,,

in which Ryg is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,

cycloalkyl, heterocyclyl, aralkyl, or aryl.

15 A "selenoalkyl" refers to an alkyl group having a substituted seleno group attached
thereto. Exemplary "selenoethers" which may be substituted on the alkyl are selected from
one of -Se-alkyl, -Se-alkenyl, -Se-alkynyl, and -Se-(CH2)m-R7, m and Ry being defined

above.

Analogous substitutions can be made to alkenyl and alkynyl groups to produce, for
20 example, aminoalkenyls, aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalkenyls,

iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted alkenyls or alkynyls.



atom and the substituent, and that the substitution results in a stable
conpound, e.g., which does not spontaneousl| yundergotransformati on such as
by rearr angemwnseeycl i zati on, elimnation, etc. As usedThse@sn21sehe term
"substituted" is contenplated to incl2de all perm ssible 10 substituents
of organi c conpounds. In a broad aspect, the perm ssible substituents

i nclude acyclic and cyclic, branched and unbranched, carbocyclic and

het erocyclic, aromatfjc an onhar.omat.i ¢ .substituents or iG.C ds.
Il lustrative sﬁf)élfs‘_?‘{ h%rﬁ{ns(%l?%g?tﬁ}ﬂ'@?n PEFaC}b?&?’fﬁsfséqn’ eh%s%{{ é%lg’%?beg%i’ ﬁg@fe?llﬁr}
above. The. BT fHbasS ih &rea tdnk UgRicair6, 2 iBRnOSE tdbe MRdendsid dfHies defimitiar
different for appropriate organic conmpounds. For purposes of this 15

i nvent i oncglsawierdimttbe spostaiciireh as ni trogen may have hydrogen substituents
and/or any permnissible substituents of organic conpounds described herein
whi ch satisfy Ithelival @enleesoodothat Yeabstaterdagroisebstifiipd withy épelpdas the imphcit

intended to be |[imted jn. any nmanner the.. perm.ssible su i f
organit cRIRpSH ﬁg%t. Su?hé“{’}w_rt'&é%l 1sp1f“oal°§€15¥"ﬁ°§ 6}%an%auvéieélcﬁggzﬁ%%ﬁn%%@e@

t empor ar y,sHbsidi the stk ahd (120 tHer Pb&ahtich RO 2dtdble cOBBEUNIE efel) eititional
group fromundesired chem cal transformations. Exanples of such Br of ecting

gr oups - i nddes deotespoatascaislyc andwgy tiapsfaenation sughy ps by Hepgaggemegt, coiraiongng
acetal s and ketal s, of al dehydes and ketones, respectively. The field of
prot ect i ngBP8UP:EHfeni stry has been reviewed (Greene, T.W: Wits, P.G M

Protective Goups in Ogapni¢c Sypthesis,,2id ed... WIey: o] . ) .
Protected for Sd‘lse‘i ﬁgrenggﬂ? ﬁ?}’@%ﬁ“\g%m&%ﬂp&ﬁﬁﬁe P@yérdn@ 1&8@@%36 tén nl%sﬁ)zé
scope; pf sy 9rbiRRic (Rfifcahlls. CRMPBRAEsYct, the pRifssslt siliviarthisonchmy
exist In particular geonetric or stereoisoneric ?or nms. The_ present

i nvent i onacyoh¢ enpleatles badrchediend vobrsacheds cabaeicligiang hetgracycligpromatic and
trans-isoners - and..S-epanti oners, . di re . i

(L)-i sone’f’%tfar‘?rﬁglc P‘E@é‘ﬁ}%&m"it‘)ﬁ Y tcﬁlgl éﬁéﬁ' aﬁgﬁ%lt%ﬁgé Igernb%gtﬁ]fljér%srs Sh%%‘é(%eéoffo,r as

fal ling wetdnigle,theseSeRpebaal hdrbia aBBvé. nTaapemissibiddiubititnaits asy berene ioc meae bon
atons may be present in a substituent such as an al g/l rou€. Al | J‘rs]uﬂg:h
i soners, al kg same o difigred fonSPROPIIAE, QrEERICFRIERPUIPES be P nBYHEXS Ph ™ hi s

 nvent on, I 20061 903508, PCTIHSZORR021520 148 I rodelsubORLAING Rngr any

parti cul ar ‘enanti oner of a presert imvention is desired,
it may bepghepatleduhyitaawofatrpinic symphesls desovibedperer Whinhisatisiithavalendes r al

B 11 ar yoGHsUpFiersR B ed 6 BrBHPASs TG Tersidast Biehaper st bf o' "®
Al ternat i ¥glyssitib eittihfifits B lofgitl Ecompounds.

The phrase "protecting group” as used herein means temporary substituents which
20 protect a potentially reactive functional group from undesired chemical transformations.
Examples of such protecting groups include esters of carboxylic acids, silyl ethers of
alcohols, and acetals and ketals of aldehydes and ketones, respectively. The field of
protecting group chemistry has been reviewed (Greene, T.W.; Wuts, P.G.M. Protective
Groups in Organic Synthesis, 2" ed.; Wiley: New York, 1991). Protected forms of the

25  inventive compounds are included within the scope of this invention.

Certain compounds of the present invention may exist in particular geometric or
stereoisomeric forms. The present invention contemplates all such compounds, including
cis- and trans-isomers, R- and S-enantiomers, diastereomers, (D)-isomers, (L)-isomers, the
racemic mixtures thereof, and other mixtures thereof, as falling within the scope of the

30  invention. Additional asymmetric carbon atoms may be present in a substituent such as an
alkyl group. All such isomers, as well as mixtures thereof, are intended to be included in

this invention.



5 contains a basic functional group, such as am no, or an acidic functional
group, such as carboxyl, diastereoneric salts are formed with an

appropri ave 20dogsb| y- acti ve acid or base, followed bypcedasbasioors2of the
di astereonmes thus formed by fractiona?s crystallization or chromatographic
means well known in the art, and subsequent recovery of the pure
enantioners. 10 Contenpl ated equi val ents of the conpounds descri bed above

i nclude conpounds .which otherw se correspaend the eh ayg il he
sane gener al pﬂo%’érlw%‘?etﬁé’?éﬁmar(e& %OFlefL?ggtcloo |O%§&§gt%gﬁe§éeﬂstiqlgvs : \(vﬁer ein
one or Nog&irsd,MR! Gayasd ?iapglra:a 13 aﬁﬁhﬁ&ir{cueﬁitﬁesw, er bpderivitiochwith aaothiral
adversely affect the efficacy of the conpound in binding. to si)aga

r ecept or sauxiliargevberal the rasultiograientareameric ieuss, s separatedh Al (heo AU Y pgEouP
prepared by the 15 nethods i1 4shiat Gnlifmthe IGRETRCl SO MmS thasRse as,
for exarrpaéa}vegetsocﬂoglg% %% 89\}{6 ggsg{?g rm%glﬁ?‘lél?at %ons thg?éqf, using readily
avai | apl ecgtand bNasioBfuasticiab groupageht & anitos onuentidoninctiyahteneup, such as
procedures. In these reactions, it i§ al.so possible to ke,.use .of iants
whi ch  ar earboxylHEpeEryRerik sifrre Bﬂ“{near“élﬂhﬂ’t gl??éﬂl?f?%%ﬂ“ @?@ﬂ%?ﬂ%&% \é%gees of
this invepg, h G th€ldBRRM oineds ShilsdRMnb g dfrhdionsC e sanerio?r Wi t h
t he -Per-i og):l-lg : gb eF?S?ﬂ'?E}é%Eltgﬁents, ~CAS v—erss»i on;‘/ﬁbggdbook of»yglhdtaen‘i»st ry and
Physi cs, @fbmafographikoafaBy wdllh&holen dovide. arThand evbseqeanbjreeaversaof (jhe goure
herein, refers to an animal, typically a mammal or a human, that has been
t he obj ectN®flOPEWat ment, observation, and/or experiment. Wien the termis

used in conjunction with adm_nistration of c und.or dr t hen the
subj e¢ét has 25Cpelempiaied %y iElenty of tﬂf‘%&?lﬁﬁ?ﬂn?is dj(r)?g‘gﬁ\?aﬁb(?ﬁ? ! cﬁgqeo?ompoun >
admi ni str %10?1”012?&%&60 fhef¥to, HrldGwhicHl Havé %éﬁéiﬁé"gé@?ﬁlﬁrbﬁ@ﬁés)/thereof

effective anount™ as used herein, 'neans that anount of active conpound or
phar maceutd.gafunaterihg b atalgdsics), twher¢in obe oF oyire simple vaBations Rilsubsissaisie| n

a cell cultyre, .tissue syste imal, ar hu that is .bei . . a
r esear chePiade ydiigh a9t ,Veréir:??'rﬁaf%cgﬂ}e lcﬁ%gf @?eaﬁ?m%llﬁlg hl%i ﬁgfhﬁggg%gg {

al l evi at i aRegbrd en SYARLIOME: mpdi@dSrdhé pasent @oadion @ay berprdpaat dgrthbei ng
treated. In the present invention, such an anobunt will be sufficient to

bi nd 1 buieﬂ@dis illustreted|in shreoganatal piagtion sqhemes ap et exgmple, dlesgribed REloRt SF P¥
tivit 006/,009869. PCT| US2005/ ; i a
activity %‘Oﬁlﬁggﬁ?ﬁ {é]]e’éeﬂ?’ L{sgmgprea&ijgl %ﬁ&% jS?d%él% gl@lt@%]?% péagérﬁb Bnd SbGnAGhal

amount e rovi‘de ‘therapeutic effettiveness in a patient
or may Sekgyfthds® L&@B@du'frész €lnt theseCiehdtions) it isedlsapodsibié tchmake tireof eartantsawigieh

agent. The term™conpositiaon” is intended to enconpass a product conprising
the specpfeiadhqmsghenkeows, juh afeot 8)5aEMd¥ S nount s, as wel | as any product

that results, directly ) i . .
For purposes of this invention, the chemical elements are identified in accordance

20 with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and
Physics, 67th Ed., 1986-87, inside cover.

The term "subject” as used herein, refers to an animal, typically a mammal or a
human, that has been the object of treatment, observation, and/or experiment. When the
term is used in conjunction with administration of a compound or drug, then the subject has

25  been the object of treatment, observation, and/or administration of the compound or drug.

The term "therapeutically effective amount" as used herein, means that amount of
active compound or pharmaceutical agent that elicits the biological or medicinal response in
a cell culture, tissue system, animal, or human that is being sought by a researcher,
veterinarian, clinician, or physician, which includes alleviation of the symptoms of the

30 disease, condition, or disorder being treated. In the present invention, such an amount will

be sufficient to bind to bel-2 in a cell and inhibit at least part of the anti-apoptotic activity of



5 or indirectly, fromconbinations of the specified ingredients in the
speci fied anobunts. The term "pharnmaceutically acceptable carrier” refers to
a nmedi umwbabodmosesed to prepare a desired dosage formpofi/ts2esmpand. A
pharmaceutically acceptable carrier ca include one or nore solvents,

di luents, or other liquid vehicles; dispersion or suspension aids; surface
active agents; isotonic agents; thickening or enulsifying agents;

preservatives; ol.id binders; Il.ubri ants n

Phar maceutieddpte gbl EH%Q@H aﬁ}WLB"rW e ‘%‘é ¢Fn I% 9\%% Qﬁghﬁéﬁﬁc(%%%fe%ﬁ shi ng
Co., East gﬁlenP 8t may Serbg tordedsitia theeek t@freatllﬁhﬂtrmﬂatﬁthe:rahn&memgnts Third
Edi ti on, H. Ki bbe ed (Anmeri can Pharnmaceutical Assoc. Oo%%gndl S(C:Fhose

various carri e?fbe Used jcambesian’ats nigtepredt e cagPmpats &oRkodust: £ S d & nown
techni queg, doled e ALARANINS Olkc J{kgra?%wslés e d%%gaﬁéddc%{a’t neditgtdebetl

di sor der " &5’ § ‘expressi proteins" refer
t o pat hol egindibctB o Geatsgations dfthe@;pémﬁeﬂ migradienss iBehe gpecifeidnmpiuaiss a

le, Such rol be directl lated to th | | dit]
Can"be i ndi rociThy e ReBBE e ESAILF GATITREFSds i e COR IR, Lo ehe
cl ass of g%%;eté 805relt %og-cfg%t ot Sf acéd}nﬁb%ndaﬁ%ﬂaﬁh%eﬁqcém AdBhtbIe cagtidk ean

activity unct1on-o -assoct aton-w-th Bel proteins.-20-As used -
herei n, t heltderore drBabte sickniBaliluprtet @i otheraliguid vekinkbeddispersine emsaspsngiae or

more of the Bcl -2 subfam |y .of anti rot

Bol XL, A wfare e dgenheyenigazettaneRanine R fomsivel Seeds etk e
I nve ntlb ON s (ME bARRAS tucahfie aﬁﬂ etﬁ@ Nikel 'Réﬁﬁﬁ%t@ﬁ' s 'Fehah&sutical SdarpgURitteenth
represented by fornula 1: OINYXITRB R RT 25 RB R4 11 R5 REm 1

or phar ma&diitonc &. | W abetn e(MaéksBlllhh§hlngoC0atFé@wlbrP%yd?éft)e%nq Heandbeok \ab
2006/ 0098 PCT/ 021 Y ,
% }cg 9%(:}31?) S 4Tlgn d 61%%0%{ eAnH ?I d )é?jnenh gf@amlaceglé)l

ionally su phenyl group, or a
b on d X' AIs@cW. 2900Y, Jidciie panidentiryiefsoiseddn fomndaing phanfceicHl Gympasitiods

and known techniques for the preparation thereof.

15 The phrases “Bcl-mediated disorder” and “disorder mediated by cells expressing
Bel proteins” refer to pathological and disease conditions in which a Bel protein plays a
role. Such roles can be directly related to the pathological condition or can be indirectly
related to the condition. The feature common to this class of conditions is that they can be
ameliorated by inhibiting the activity of, function of, or association with Bel proteins.

20 As used herein, the terms “Bcl” and “Bcl protein” are intended to encompass one or
more of the Bcl-2 subfamily of anti-apoptotic proteins Bcl-2, Bel-w, Mcl-1, Bel-XL, Al,
B{l1, Bcl-B, BOO/DIVA, and their homologues.

Compounds of the Invention

One aspect of the present invention relates to a compound represented by formula 1:

25

or pharmaceutically acceptable salts, solvates, or hydrates thereof,



5mis 0, 1, 2, 3, 4, 5 or 6; n represents independently for each
occurrence 0, 1; 2;3, 4; 5, or 6; R is alkyl, aralkyl, heteroaral kyl, has
t he for mwe 200620094623 Ar1-WZ R14 TRURL2 n R15 |a 10 wogruseevsRik24
represents independently for each occttrence H, alkyl, aryl, heteroaryl,

or aral kyl; wherein any two instances of Rl12 nmay be connected by a coval ent
bond; Ar' is a nonocyclic or bicyclic aryl with 6-14 ring atons; or a
nonocyclic. or._bicyclic heteroaryl with 5-14 ring atons, of which one, two
or three MM 15 atonms are independently S, 0 or NN Wis a bond: or

bi val ent al kyl ,_ al |, or. al yl chain, . Zis a bond, -(C(R12)2),-, or

- X' (C(R12) 2) 1- Wﬁr&%a’ ﬁ%«@aré@ghd’ép@‘t’i\ﬁﬁﬂ‘y H, al kyl, aryl, cycloal kyl,
het er ocycl oal kyl, _aral kyl, heteroaryl, teroaral kyl , or -A -A2-A3; or R13
and R 4 taken é%@eNlﬁ%rl)‘F6‘??@tl%’@ﬁ}éS‘%ﬁ%‘iﬁcﬁﬁ@“&”%l%@&@ﬁt ring; or R13 and
R 4 taken together with R15 forma cycloal kenyl ring, aromatic ring, or

het er oar omat i ¢ X irepyeseRissndependanils dor ¢apld pesayrencaDkdiHo), 088y | aryl oxy,

acyl oxy, -N(Rio)2, acylamno, aralkyl, nitro, acylthio, carboxam de,
carboxyl, nitrinh&0,1C8R,9,5-&c@R 0, - N(RI 0) CO2Rl o, -OC(O N(Rl o) 2,
-N(RI0)S02RI 4, -N(RIo)C(X )N(R, 9)2, 25 N(Rl0)(C(R9)2)"-A -A2-A3,

- (G R9)-2) " hal eUepreséits mEEfRaIAaIEiop636hl ocburré@ice B 5 2,8k415, 0062006/ 009869 -
PCT/ US2005/ 021524 28 together with R13 and R14 form a cycl oal kenyl ring,

aromatic ring, ggrg Qﬁ&%fﬁﬁ{ﬂ,mérsaran?n%s%f%@a 1/R15 are each represented
i ndependently by formila I'b:  Arz-X-Arz-(XZ)q RI6R16n |Ib 5 R16

represents independently for each occurrence H, Rlkyl, cycloal kyl,

het er ocycl oal kyl, aryl, aralk hal i\de1_pydr R“{;\I koxyl , aryl oxy,

acyl oxy, am no, al kyl am no, , acylam ng, aral kyl am no, nitro,
acyl thi o, carboxani de, R12R2/n 15

1a

10 wherein

Ry, represents independently for each occurrence H, alkyl, aryl, heteroaryl,

or aralkyl; wherein any two instances of Ri, may be connected by a covalent bond,

Ar! is a monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic
or bicyclic heteroaryl with 5-14 ring atoms, of which one, two or three ring

15  atoms are independently S, O or N;
W is a bond; or bivalent alkyl, alkenyl, or alkynyl chain;
Zisa bOl’ld, -(C(Rlz)z)n-, or -X'(C(Rn)z)n-;

Ry3 and Ry4 are independently H, alkyl, aryl, cycloalkyl, heterocycloalkyl,
aralkyl, heteroaryl, heteroaralkyl, or ALAZAS ; or Ri3 and Ry4 taken together form
20 a monocyclic or polycyclic ring; or Ry; and Ry4 taken together with R;s form a

cycloalkenyl ring, aromatic ring, or heteroaromatic ring;

R;s is halide, hydroxyl, alkoxyl, aryl, aryloxy, acyloxy, -N(Rio)2, acylamino,
aralkyl, nitro, acylthio, carboxamide, carboxyl, nitrile, -CORjp, -CO:R1o, -
NRi0)COR1o, -OC(O)NRig)s,  -N(Ri9)SOR19,  -NR1))CXINR19)2, -

25 NR10)(C(Ro)2)s-A-A%-A’, -(C(Ro)z)n-halogen, or -CH,O-heterocyclyl; or R;s taken



carboxyl, nitrile, -CORLOi -CO2R10, -N(Rlo)CO2Rlo, -OC(O N(R 0)2,

-N(R1o) SO2Rlo, or -N(R1IO)C(X )N(RI 0)2; wherein any two instances of R16
may be comoeotsdssy a 10 coval ent bond to form a ring; PATASE@BNESRANL S

i ndependently for each occurrence a nthocyclic or bicyclic aryl with 6-14
ring atonms; or a nonocyclic or bicyclic heteroaryl with 5-14 ring atons,
of which one, two or three ring at ons are i ndependently S, O or N 15 X1

represents |ndep dent ]y for occur ce .a.bond
S(0O 3, anino, oL WitiRgiapd 1‘b 2R eng]r}%ﬁrcg?a%car}%gy?ﬁ% 3
al kenyl ~dir ad'rﬁl I Iﬁl &W%ghre%m Sibnted M ddPendeatl BN FormuldN(B 0) COZ

-OC(O N(R1o)-, o (RIo)C(X' )N(RLo)-; X2 represents independentl y for
each occurrence H, halide, gr Xyl @eakkoxyl ngryl oxy, acyl oxy, am no,
al kyl am no, aryl am no, acyl am’n ral kyl amino, nitro, acylthio,
car boxam de, carboxyl, nitrile, R @ -CO2Rlo, -N(R10)CX2Rlo, -
OC(O N(R10) 2, -N(Rlo) SO2R10, -N(R1lo)C(X )N(Rl0)2, or -CH2O heterocyclyl;
and gq represents independently for eachlbccurrence 1, 2, 3, 4, or 5, R2 and
R7 are independently H, hydroxyl, alkyl, alkoxyl, am no, alkylamno, or 25
acyl anmsno; or R2 ang,Rfepiksifs tlmga@taﬂit&hﬂpofom @chCﬁ(o@r@icel Ehkallgg, cycloalkyl,

- N(Rlo) ¢(O) N(R o) -- I-i nkage, or an optlonal |- lf i( ted <ovalent |i-nkage
conprising 1 t detrecaeioalkyhtasys 2epieylohalide, h 0’23’ e Y18y §BH0%3e ANUNPf ur

atonms to formg | N4 7 af %{ﬁarﬁ’i%d hitPo, 1thi®3 @e&goﬁ@nﬁ@Ch
represent inde é@ﬁ“@?%@%ﬂé@c %:agtnru?enge H, hydr oxyl E§yor al

2006/ 009869 PcEatuszgpﬁitﬁmmmozq:mlanw(m)mo,r-@@(@ﬂé&ﬁlo)n,nb&ﬁmh%@zﬁm,y
for each occurrence |nde endently H. or al kyl

unbranched al kyr -BfRa} R lﬁyé’ﬂe?éfflwpy tW@ﬂ’é%*HW%Pgé‘M By e a“&?]%}?efg?‘géh%yu

a bond . to Rj, h bstituted with an aral kyl group, or has
t he goforrmlacf%:l:gﬁtgo%égltggrﬁﬂn%erein pisO 1, 2, 3, 4, 5 or 6; and 10

R17 is aryl, cycl Oalﬁylrépreyenltsoﬁldgp%n ently %tr LAt X&JI}%JCHC@L Kﬁa%lcyclﬂe&eﬁigﬁrﬁél v

aryl with 6-14 ring atoms; or a monocyclic or bicyclic heteroaryl with 5-14

ring atoms, of which one, two or three ring atoms are independently S, O
or N;

15 X! represents independently for each occurrence a bond, O, S, S(0O), S(O)2,
S(0);, amino, alkylamino diradical, alkoxyl diradical, alkyl diradical, alkenyl
diradical, alkynyl diradical, amido, carbonyl, -N(R10)CO>-, -OC(O)N(Rp)-, or -
NR10)C(X)NR0)-;

X? represents independently for each occurrence H, halide, hydroxyl,

20 alkoxyl, aryloxy, acyloxy, amino, alkylamino, arylamino, acylamino, aralkylamino,
nitro, acylthio, carboxamide, carboxyl, nitrile, -COR1o, -CO2R 10, -N(R10)CO2R0, -
OC(O)N(R10)2, -N(R10)SO2R 10, -N(R10)C(X)N(R )2, or -CH;O-heterocyclyl; and

q represents independently for each occurrence 1, 2, 3, 4, or 5;

R, and Ry are independently H, hydroxyl, alkyl, alkoxyl, amino, alkylamino, or
25  acylamino; or R, and R; taken together form a -OC(O)O- linkage, -N(R10)C(O)N(R1o)-
linkage, or an optionally substituted covalent linkage comprising 1 to 6 carbon atoms and 0,
1, or 2 nitrogen, oxygen, or sulfur atoms to form a 5-8 membered ring; or Ry is a bond to
Rs;

R3 and Rg each represent independently for each occurrence H, hydroxyl, or alkyl;



OR18, -SR, 8, -N(R 8)2, -N(R o)C®2-al kyl, -CO2Rlo, -C(ONR o)aryl, or a
polycyclic ring containing 8-14 carbon atons; wherein R18 is independently
for each wocoawagssee H, al kyl, aryl, aral kyl, acyl, -A PA2ZAAR3N05021524
CR9=CRI9(C(R9) 2)" CR9=C(R9)2; or two R¥B taken together forni a ring; 15 RO
represents independently for each occurrence H or alkyl; R o and Rl1
represent independently for each occurrence H, al kyl, aryl, cycloal kyl,

aral kyl, hetergaryl, _or heteroaral Fenr n

each occurr encg{“l-y%dalﬁkﬁ?m ?Pgﬂsemc‘?@/pﬁgflwg' °5re§&ll<% é&%@%g@%ﬁ%ﬁ% 1y ﬁ%

het er oar alaﬁ{ or -Ai-A2-A3; 20 A' and A3 each represent mdependently for
each occurr nce al kyl, cycloal kyl, heterocycloal kyl, aryl, heteroaryl,

aral kyl', or heter denthmoiiryl, @skfocyeiotikygnce
0, N(Ri o) S, g{elgq_g glﬂl %%@%ﬁfﬁ%?ﬂdgﬁggwc%ﬂf ?,gur a%ll on atcgan y

st er eocenbiyclohikyl, cobpmiutodR 1, dyetessmyntogtkybyubstitited Rithgn aalkyl ﬁi@épu?feh%?f thehese
configurati on? 25 In certain enbodi nents, the present invention relates to
the af or ed¥EDHEd conmpound, wherein Yis -C(O-, Xis -N(Rt i)-, R2 and
R7 are hydroxyl, R5 is nethyl, ethyl,  or propyl, and R3, R4, and R5 are H.
WO 2006/ 009869 PCTI US2005/ 021524 230 (I%%‘aén enbodi nents, the present

i nvention relates to the aforenention d gpound -wherein {he conpound has

formula Ild: Rla O ONNR3a H HO | d wherein Rta has fornula | e:
R13 -WZ---\ R14 RI15 1e
wherein

pis0,1,2,3,4,5,or6; and
10 Ry; is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, alkoxyl, heteroaryl, -
ORjyg, -SRis, -N(Ris)2, -N(R10)COz-alkyl, -COzR, -C(O)N(Rp)aryl, or a polycyclic
ring containing 8-14 carbon atoms; wherein Rjs is independently for each
occurrence  H, alkyl, aryl, aralkyl, acyl, ALATAY or -
CRo=CRo(C(Ro)2):CRy=C(Ry)z; or two R;s taken together form a ring;

15 R’ represents independently for each occurrence H or alkyl;

Ryo and Ry; represent independently for each occurrence H, alkyl, aryl, cycloalkyl,

aralkyl, heteroaryl, or heteroaralkyl;

Ry represents independently for each occurrence H, alkyl, aryl, cycloalkyl, aralkyl,

heteroaryl, heteroaralkyl, or -AI-AZ-A3;
20 A! and A’ each represent independently for each occurrence alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, aralkyl, or heteroaralkyl,

A? represents independently for each occurrence O, N(Rio), S, or a bond; and

the stereochemical configuration at any stereocenter of a compound represented by

1is R, S, or a mixture of these configurations.

25 In certain embodiments, the present invention relates to the aforementioned
compound, wherein Y is -C(O)-, X is -N(Ry1)-, Rz and R7 are hydroxyl, Re is methyl, ethyl,
or propyl, and R, R4, and Rs are H.



|l e wherein 10 Wis a bond; or bivalent alkyl, alkenyl, or alkynyl chain;
Zis a bond, -(C(R 2)2).-, or -()(C(R12)2),-; R13 and Rl14 are

i ndependemolzgoddoosmbkyl , aryl, cycl oal kyl, heterocycl oalPkylus2@sabisgs ,

het eroaryl, heteroaral kyl, or -A -A2-38; or R13 and R14 taken together
forma nonocyclic or polycyclic ring; or R1I3 and R14 15 taken together with
R15 form a cycl oal kenyl ri ng aromatic ring, or heteroaromatic ring; R15
i s halide, hydrox 0X I ( cafiyhaam no,
aral kyl, nitrd® SO{AR h‘?‘ﬁb inenSs fhe ?‘gsgétarl vopfipel iefates. s tﬁéoafgﬁenf ZU002R10,
- N(R10) und Qi &)Iﬂpom&l@%lﬂ)h’ﬁﬁm 20 N(RI O C(O) N( R19) 2,
-N(RLO) (C(R9) 2) n Al-A2-A3, -(C(R9)2)n hal ogen, or - CH2O heterocyclyl; or
R15 taken together with R13 and R1&forma cycloal kenyl ring, aromatic
ring, or heteroaromatic ring; or hgs the fornula 1f: WO 2006/ 009869

PCT/ US2005/ 021524 31 Art- X1- Ar 2- g RI6 R s nif RL6 represents

i ndependently for each occurrence kyl, cycloalkyl, heterocycloal kyl,
aryl, aral kyl, halide, hydroxyl, alkoxyl, (|5 a%yl oxy, acyl oxy, am no,

al kyl am no, arylam no, acyl am no, NNO2 nitro, acylthio,

car boxam de, carboxyl, nitrite, COR 2RLO, N(RI O C2Rla,
-OC(O'N(RI0)2, -N(RIO S®2RIQ, or ) N(Ri 0) 2;- -wherein any two

i nstances of R16 may be connected by a cowal ent bond to forma ring; 10
Ar2 represents independently for each occurrence a nonocyclic or bicyclic
aryl with 6-14 ring atons; or a nonocycldc or bicyclic heteroaryl wth
5-14 ring atons, of which one, two or three ring atons are independently
S, 0 of N Xl jge@ipond, 0, S, S(OQ, S(O2, S$(0)3, anmino, alkylamno

di radi cal ,

R, has formula 1e:

3—w —Z—QR14
Ris
le
wherein
10 W is a bond; or bivalent alkyl, alkenyl, or alkynyl chain;

Z is a bond, -(C(Ri2)2)-, or -O(C(R12)2)n-;

R;; and Ry, are independently H, alkyl, aryl, cycloalkyl,

heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, or -Al-A%A% or Ry; and

Ri4 taken together form a monocyclic or polycyclic ring; or Rz and Rys

15 taken together with Rjs form a cycloalkenyl ring, aromatic ring, or

heteroaromatic ring;

R;s is halide, hydroxyl, alkoxyl, aryl, aryloxy, acyloxy, -N(Rjo)2,

acylamino, aralkyl, nitro, acylthio, carboxamide, carboxyl, nitrile, -CORyy, -

COzR 10, -N(R10)COzR10, -OC(O)NR10)2, -N(R0)SO2R9, -

20 N(R16)C(ONRio)s, -NRio)(C(Ro)o)-A'-A%-A’, «(C(Ro)z)n-halogen, or -
CH,O-heterocyclyl; or R;s taken together with Ris and Ry form a

cycloalkenyl ring, aromatic ring, or heteroaromatic ring; or has the formula

1f:



15 al koxyl diradical, alkyl diradical, alkenyl diradical, alkynyl
diradical, amdo, carbonyl, -NNRo)CRRI O -OC(ONRO?2, or

- N(RI O C(vopNo/ooyssy X2 represents independently for eackrcoasasosonses H.

hal i de, hydroxyl, al koxyl, aryloxy, 3kyloxy, am no, alkylam no, arylam no,
acyl am no, aral kylamno, nitro, acylthio, carboxam de, carboxyl, nitrile,
-CORIO, 20 CO2Rla, -N(RIOCRRI O -CC(ONRO2, -NROSXRRO -

N(RI O C(O N(R1o) 2, or-CH20O he erocyclyl agl(q g éf ,3,4,0or5;and Rga is H,
a branched or unbranched al ky TZ cy ﬁzo , heterocycl oal kyl,

bi cycloallcyl, a bond to R7, he lé{eqsqy IoaI kyl substi tut ed wwth an arall cyI
group, or has the 25 fornmula 1g: (C(R9)2yp R17 1g wherein WO 2006/ 009869
PCTI US2005/ 021524 32 pisO, 1, 2, 3, 4, {g, or 6; and R17 is aryl,

cycl oal kyl, cycl oal kenyl, heterocyclyl, al koxyl, heteroaryl, - OR18,

- SR1B, - N( R 8)2, -N(Rl0)Cgg-a C@E@ﬁg O ar, appol clic
ring containing 8-14 car bdﬂ ufﬁ{és‘entsvvner %deﬁ% ?fg)s\l(ﬁ%n iépé))r%%rfﬁ%?/ ngr ag(gléh 5
occurrence H, alkyl cyeloylkyl, ahatetoclycloalkyl, , aryBy1 -apdk A3, haide; 1@@@:@129(@((&%9) 2)"
CR9=C(R9) 2; or two Rlb t aken together&I m.a ring; .In certain e i nents,
the présent inventi GRIPEY,ACELOXYoIHY lﬁaél?fﬁﬂ’t?réf Oc A, 24 é’ &lﬂo’RIS

and R4 -are indepenggpd |Yacliihif! Kidrbox@fid, ylcarb@f( lRlﬁltﬁIéd Ridri,akerofget-her
forma 10 nonocyclic dr polycyclic ring; % and R14 taken toget her

with R15 forma cycIN{Bh@@ﬁ)leo, r1O@®N(&mherMRmﬁ&@z&wJ ion g N@1oHQ) N Ridde,
hyd | | k | | NGR10 | Kyl
ACRI0) Scerus. or ' - NHp APy RE R 8 g el SR fess 8 e AP B RS0

R14 forma cycl oal keayhrinkNg or heteroaromatic ring; or has the formJIa
1f: Art-X1-Ar2-(X2)q 15 RI6 RIG n if

10 Ar? represents independently for each occurrence a monocyclic or
bicyclic aryl with 6-14 ring atoms; or a monocyclic or bicyclic heteroaryl
with 5-14 ring atoms, of which one, two or three ring atoms are
independently S, O or N;

X! is a bond, O, S, S(0), S(0),, S(0)3, amino, alkylamino diradical,
15 alkoxyl diradical, alkyl diradical, alkenyl diradical, alkynyl diradical, amido,
carbonyl, -N(R10)CO2R 10, -OC(O)N(R10)2, or -N(R10)C(O)N(Ri0)2;

X2 represents independently for each occurrence H, halide, hydroxyl,
alkoxyl, aryloxy, acyloxy, amino, alkylamino, arylamino, acylamino,
aralkylamino, nitro, acylthio, carboxamide, carboxyl, nitrile, -CORy, -

20 COzR10, -N(Ri10)CO2R 1, -OC(O)NR10)2, -N(R10)SO2R o, -
N(R10)C(O)N(R )2, or -CH;0-heterocyclyl; and
qis1,2,3,4,orS5; and
Rsa is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocycloalkyl,
bicycloalkyl, a bond to Ry, heterocycloalkyl substituted with an aralkyl group, or has the

g _<C(R9)2>" Rz
p

1g

25  formula 1g:

wherein



wherein R16 is H Ark represents independently for each occurrence a
nmonocyclic aryl with 6- 20 14 ring atons; or a nonocyclic heteroaryl with
5-14 ri ngvetomnossh whi ch one, two or three ring atonsparascevdepsadent |y
S, Oor N X1 is a bond; X2 represent® i ndependently for each occurrence H,
hal i de, hydroxyl, or al koxyl; and 25 gislor2. In certain enbodi ments, the
present invention relates to the aforenenti oned conpound, wherein WO
2006/ 009869 PCTI US2005/.0 %4 0533 g%s is bicycloal kyl, heterocycl oal kyl
substituted with anPa‘Fé?rﬁ;ln’? gtous as the formula Ig: H(R +R 7 Ig 5
wherein pisO, 1,2,3,4, 5 aor 6 d Rl7.ig aryl, cycloal kyl. cyc|oal kenyl,
het erocycl yl , al koxy}7 hef¥y (9%(?19?1?3'1» ‘@Qﬁ,ﬁ(epm:‘er-w&&?’s r)z{g,ok%lr X’Q{eﬁ%ﬁr eyclic
ring containin - 1 § t X L@k -JRLR. 4. sCi R nbt ¥ pbREydtRch
occurrence H, g?%fﬁ ?ﬁgywig?aﬁglg)wg%;ﬁﬂ’o@AI@’Azq-(%}? %g&?n ce?tlgi}rll
enbodi nent s, t hingpresteming iy &ht dadory atemnss whereitheRiaf tsr éngependsaiy fog opgsdund,

wherein Wis an al kynyl ain and Z is.a bond. .In certainegbqdi nrents, the
presen%J i nvent i%RMF cgte to ?ﬁ(é(ﬂaf o?rghent?rgﬁ(g%i cbi Eoun', 'Kmffgr’ei ngf?ls and
R14 are H and RIR=CRECRPIORG=CIRY)E 6f tvdd R saniemctb gehdrSornt Aeingl esent

invention rel ates togt hegaf or errentl)oned 15 conpound, wherein R13 and Rl14

taken toget her ff,0pdnag GHHARRIMS, THNPraBs BhRrficn 48lafR! AP thd'ARmehfioned
certain enbodi nents, the present invention relates to the aforenentioned
conpound, colmpowind vRseeins a bicycl oal kyl. In certain enbodinents, the
present invention relates to the aforenentioned 20 conmpound, wherein R8a
has fornmula | Riaand Rly7are snddp&HdehPhH, bikyt er tailrorétibend Rentaksn together fesmat
' nvent,on ngc?rlo%gfgilsc ct>ropo }r/]c%/cﬂg (r)iglg;ngr 1' 3Oarr]18q{14 taken together with R;s form a cycloalkenyl

ring or heteroaromatic ring;

Ris is halide, hydroxyl, alkoxyl, aryl, aryloxy, acyloxy, -N(Rio)2, acylamino,
aralkyl, -N(R10)SO2R19, or -N(R10)C(O)N(R19)2; or R;s taken together with Ry; and Ry,

form a cycloalkenyl ring or heteroaromatic ring; or has the formula 1f:

é-(—T—)—ArZ—W—ArZ—(XZ)q
15 R16 R1e/11

1f
wherein
R16 is H;

Ar? represents independently for each occurrence a monocyclic aryl with 6-
20 14 ring atoms; or a monocyclic heteroaryl with 5-14 ring atoms, of which one, two

or three ring atoms are independently S, O or N;
X! is a bond,
X2 represents independently for each occurrence H, halide, hydroxyl, or
alkoxyl; and
25 qislor2.

In certain embodiments, the present invention relates to the aforementioned

compound, wherein



conmpound, wherein RRais: SS=CH5 HOOH Ph SCH 5 Ph, H O Ph NHp,
'r-'~N11, O 5-~-"NJPh --T"N~ Ph Nor H. 25 In certain enbodi nents, the
present iwoentdmoeseel ates to the aforenenti oned conpourdT/Ush@s@2rs2R3, i S:
WO 2006/ 009869 PCTI US2005/ 021524 34 33.?/~/ "N 1 ,or In certain enbodi nents,
the present invention relates to the aforenentioned | OH conpound,
wherein RBa is N, and R a is: HO OH NZ(ph "=-OH 5_ ~~N,-O 5 H O Ph NH

2, Ph, or 5 -~N I in n he e

PRI Sl R Smcaaﬁ*éﬂ« R R g e
I, or 10 I R &Qld@:n enbodi ments, the present invention relates to the

af orenent 1 oned 5~ S N Ph corrpound, wherein RBa is , and Ria is: NH2, H
0 5-=CH SicOH5 . S =Ph, Ph N,cor . IR certain enbodi nents, the
present invention relates to the afor Yo g OH1 conpound, wherein
Rla is Ph, and R8a is N 15 In certai n\enbodpnents, the present invention
relates to the aforenentioned 5 HO OH "~ \ conpound, wherein Rais , and
R8a is N In certain enbodi nents, the préggent invention relates to the
aforenmenti oned Ph NON |

5 Whereln

p1s0123450r6 and

Ry; is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, alkoxyl, heteroaryl, -
ORys, -SRyg, -N(R1g)s, or a polycyclic ring containing 8-14 carbon atoms; wherein

Rys is independently for each occurrence H, alkyl, aryl, aralkyl, acyl, or SALATAC

10 In certain embodiments, the present invention relates to the aforementioned

compound, wherein W is an alkynyl chain and Z is a bond.

In certain embodiments, the present invention relates to the aforementioned

compound, wherein R3 and Ry, are H and R;s is acylamino.

In certain embodiments, the present invention relates to the aforementioned

15 compound, wherein R;3 and R4 taken together form a cyclohexyl ring and Rys is an amino
group.

In certain embodiments, the present invention relates to the aforementioned

compound, wherein Rg, is a bicycloalkyl.

In certain embodiments, the present invention relates to the aforementioned

20  compound, wherein Rg, has formula 1g and Ry7 is N(CH3)Ph.

In certain embodiments, the present invention relates to the aforementioned

compound, wherein Ry, is:

Q OH ¢_—
= ( 55W P N" o=\ OH 5*—@
> H_‘(o ,S Ph, NHz,

D 2

H
y
\/\,N\FO S —= _,Ph [ S - S—= .
= > N
Ph N N 4 or H .

2 / 2 2

25 In certain embodiments, the present invention relates to the aforementioned

compound, wherein Rg, is:



conpound, wherein RRrais HO , and R8a is |I WD 2006/ 009869

PCTI US2005/ 021524 35 In certain enbodi nents, the present invention rel ates
to the afwoenepssned | OH yN N conmpound, wherein Ri aPC3/uiRoos/oRga4is | In
certain enbodi nents, the present inveion relates to the aforenentioned
conmpound, wherein Ria is NH2, and Rga is N5 In certain enbodi nents, the
present invention relates to the aforenentioned H S~ N, f~O N JO conpound,
wherein Rlra is Ph, and.Rsa is | In certain enbodi nents, the present
invention relates to t afore 0 Ph Lm qﬁémmls [
, and Rsa is | 4 el erf\tanenbé J@hep entlonr t he
af orenenti oned 10 corrpou’nd wherei n dis NH2, and Rjga is In certal n
enbodi nents, the present invgntijon relates to the aforenentioned S Ph
conpound, wher HO, Rsa is In certain enbodi nents, the
present i nventl on re&;j@ orenmenti oned OH conpound, wherein R a
is ~~Ph, and Rsa |s 15 In’ certal n enbodl nments, the present invention
relatestothe o] nd
Rsa is In certal n e Qérﬁ F‘H em?h gs_lg%t @%i\#g%% |r\§tr%%£se d;tt%slaafbé"ﬁhmnea

af orenenti oned s corrpound wher ei n Rt a |©l and Rsa is WO 2006/ 0098&_?

PCTl US2005/-021524 s - v;/\/\N ' G
compound, wherein Rga is , and Ry, is: Ph,
H
HO OH ¢—— |  pp __.Q 5 N_O
S—= N — \_OH 5 I ¥
5 , Hﬁo ) > Ph , NHz, Ph , or
S-—EﬁN_’Ph

/

In certain embodiments, the present invention relates to the aforementioned

5_E—\N-\(Ph . S_G\IQ’ (,?/\/\/©’

compound, wherein Ry, is H O , and Rg, is:
>N Raels
O , Or N\ .
10 In certain embodiments, the present invention relates to the aforementioned

’ RO
. . .2 N
compound, wherein Rg, 1is , and Ry, is: NHy, H O,
OH = S=— _
—_— —E—A<OH S—=—{ ) N
Ph,5 Ph , N / or H .

H

In certain embodiments, the present invention relates to the aforementioned

| .

compound, wherein Ry, is Ph, and Rg, is K

15 In certain embodiments, the present invention relates to the aforementioned

HO OH @
S‘_‘W >N
compound, wherein Ry, is , and Rg, is | .

In certain embodiments, the present invention relates to the aforementioned

S—E'—\N_«Ph /\/\N@

compound, wherein Ry, is H O ,and Rg,is K I



36 In certain enbodi ments, the present invention relates to the

af orenentioned 5 = N conpound, wherein RRais H, and Rga is In certain
enbodi mrenwe,20admegspesent i nvention relates to the af or eremttiseovsa21524 = Ph 5
i conpound, wherein RRrais HO , and Bga is N5 In certain enbodi nents, the
present invention relates to theaforenentioned 5-~N-<\Ph conmpound,
wherein Rlais HO , and Rga is In certain enbodi rrents t he present

i nventio | at to.th f ti d b5: d,. wh
0RO ana a5 [PRRIRnE B dtrrnieenit S ol hvinERERTORA, &

ntlon re
to the aforenentioned Ph I? NI 10 corrpound wh in R - ais HO , and Rga
I S Anot her aspect of the prgsenﬂ dwentl to a conpound sel ected

fromthe @rPdond&ietsah Ragisof: O Ph~ (Rg\a)s) ~0O N-ONN ,/-N.I pOHNO
a QCh ~CH OHOH 0--rOHNO OH~\O\NO ONHNO-~N (( )/ NNO O

"\~J v~ ~J~Hiy' gerfdih HRWNdikEhts, e present invention relates to the aforementioned

Q0

compound, wherein Ry, is NH2, and Rg, is
5 In certain embodiments, the present invention relates to the aforementioned
S~flgo Q
. g ¢ . "N
compound, wherein Ry, 18 Ph , and Rg, is I

In certain embodiments, the present invention relates to the aforementioned

S —= N—/Ph /\/\I’?l@

compound, wherein R, is / , and Rg, is

In certain embodiments, the present invention relates to the aforementioned

%Q S
: . ? .
10 compound, wherein Ry, is NH2, and Rg, is )

In certain embodiments, the present invention relates to the aforementioned

T W@
compound, wherein Ry, is H O ,andRg, is

In certain embodiments, the present invention relates to the aforementioned

OH
. . —E——( @
compound, wherein Ri, is 2 Ph, and Rg, is

15 In certain embodiments, the present invention relates to the aforementioned

compound, wherein Ry, is = Ph , and Rg, is t (

In certain embodiments, the present invention relates to the aforementioned

s—=—) \65(
compound, wherein Ry, is N-“ , and Rg, is



WD 2006/ 009869 PCT/ US2005/ 021524 37 00 O--ro HNHNO OO OP HN'"CNO O 0O
N41 OO N HOHO HOHO H-~N" NH2 O~~ Op HNHN NHOHO '"%-OH -~/

HO / ,, WHi@Q0@/00b869~ ~~ 00 N, O HN\~; Oo0 r O HO ON O 1- PRT@S20481031550H
OHOb OHON NI~ NNOOOHN HO3 ,-OH0 NO /

In certain embodiments, the present invention relates to the aforementioned

S
S—:——\N P
compound, wherein Ry, is H , and Rga is .

In certain embodiments, the present invention relates to the aforementioned

S—=—\
TN G
compound, wherein R, 18 H O ,and Rg,is _G,\l

5 In cértain embodiments, the present -invention relates to- the- aforementioned

S'__E_“N-\(Ph : /\/\/@

compound, wherein Ry, is H O ,and Rgis ?

In certain embodiments, the present invention relates to the aforementioned
TN RAGWE
H O ,and Rg,1s (0] .

In certain embodiments, the present invention relates to the aforementioned

10  compound, wherein Ry, is H O ,andRg,is \ .

Another aspect of the present invention relates to a compound selected from the

compound, wherein Ry, is

group consisting of:

H
N
FEE TR
HO CNj)' o



HO HO WO 2006/ 009869 PCT/ US2005/ 021524 38 O OO HNci HN OHNJ-J HV ON
OONGP ~trmrt HOHOH/ OOO OOp0O NOSNHO' Hop NH O HO HO ~
~-0OH O WohhdrBIsd9H O O ON\J HN HN ON p ON HO HO Orc@us2050218x O N~ O

\ NCHO\/ ONONH OH"HQ,.

OH &H WO 2006/ 009869 PCT/ US2005/ 021524

39 9f~0 OO HN HIM (~ J\/

~\' N k HN- J HN~~

NH,
il I
[
0 _o
) HN/\/\/© HN“'\g/
o/ O o\/—rj]“\\go
HO HO—"  “=OH
HO , )
~
O O

HO ,



N N HO ~10H OFHO 010 0=S=0 HN ((~3f NHOOHNR .NN.,~/~ ONS5OI N
OH HOIOHHOHO HOOHa N a NHN-1 OHN1-1 Np NOO HOHOIOH HO
WD 2006/ OWO62665/M®BHH US2005/ 021524 40 N1 O N HO _ OOH PCTOSD05/021534 O HN-N-

HN (NO ONO OHOHd OFHO O O 38

HO ,

Q Loy Y. 0
S\ o s . vy
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HN HN O NN OO HO HO SOH Ho and Anot her aspect of the present invention
relates to a conpound represented by 5 formula 2. R | OINY-XIiR8 RZ RY
R3 n R5 RE6 2me/@98sp phar naceutical ly acceptabl e salts, ®olrmst@s/ 0224
hydrates thereof, wherein 10 Yis -CR9)2-, -C(O-, -C(S)-, or -C(=NRi a) -;
Xis 0, S aryl, -N(RI I)-, or a bond; mis O, 1, 2, 3, 4, 5 or 6; n
represents i ndependently for each occurrence 0, 1, 2, 3, 4, 5, or 6; R

has the forrmula 2a: WD 2006/ 009869 PCT| US2005/ 021524 43 R13 Art-WZ ( Rl14
R12R12 n R15 2a wherein 5 R12 represe i ndependently for each
occurrence H or al kyl; wherein any Wo tances of R12 maybe connected by
a coval ent bond; Ari is a nonocycli¢ or bicyclic aryl with 6-14 ring atons;

or a nonocyclic or bicyclic éPVI wi th 5-14 ring atonms, of which one,
two or three ring atons are ependently S0 or N, 10 a bond; or
bi val ent al kyl, al kenyl ,5 orfaMynyl chai n;
N N
§
OH ./ ©
@ OH HO— '7—OH
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Zis a bond, -(C(R12)2),-, or -Q(C(R12)2), ; R13 and R14 are independently
H al kyl, aryl, cycloal kyl, aralkyl, heteroaryl, heteroaral kyl, or

- A' - A2- A3voanodRb3seand R14 taken toget her form a nonocyclpce/useoospeisgeyclic
ring; or R13 and R14 taken together w2h R15 forma cycl oal kenyl ring, or
15 heteroaromatic ring; R15 is halide, hydroxyl, alkoxyl, aryl, aryl oxy,
acyl oxy, -N(R10)2, acylamno, nitro, sulfhydryl, alkylthio, carboxam de,
carboxyl, thioalkyl, nitrile, -CORlo, - CO2RI -N(R1o) CQ2Ri o,
-OC(ON(R10)2, -N(Ri0)SO02Rt9, -N(R 0o)C(O NR
N(RI o) (C(R9) 2) n- Ai - A2- A3, -(C(R9)2)n hal ogen,

N—“CHZ(@ft erocyclyl; or R15
|

taken 20 together with R 3 and R14 form a cycl o@l keny ng or

het eroaromatic ring; or has the formula 2b: Arf-Xi-Art-(X2)qg RL6R16 n 2b

wherein 25 R 6 represents indepen ly /e eaccg;wrézﬁze H or al kyl; WO
N \reen d dently for each

occurrence a nonocyclie _bi ch a ith 6-14.ring atoms; or a
nmonocyclic or bicyclic he{eMoanyl/” wit hyd ri ng\atom®, of which one, two
or three ring atons are indepeQidentdy S, 0 orHd~5 %t is a bond or O X2
represents independently for ef@gh occurrence H, halHode, hydroxyl, al koxyl,
am no; al kyl am no; or aryhﬁnino; and g is 1 or-2; R2 and-R7 are -

i ndependently H, hydro | kyl, halide, alko , aryloxy, acyloxy, 10
silyl oxy, am no, alkyl aryl am no, OHar al kl yam no, nitro,

sul f hydryl, al kylthi o, acy\thio, car boxam de, clrboxyl, phosphate, silyl,

2006/ 009869 PCT/ U82005l:0215243 44

t hi oal kyl, al kyl sul fonyl, ryl sul fonyt, alkylsulfonylo aryl sul f onyl oxy,
nitrile, -COR, -C2R, or - O het cyclyl; o and t aken toget her
forma -0OC(0)0- |inkage or ptyyehal | y  subst dHﬁ yl 1linkage

containing 1 to 6 carbon atongN R7 is a bond to _ms; ;15 R3 and R6 each
represent. independently for h 8ccurrence H, halide, ohydroxyl,
HO HO OH

HO , and

Another aspect of the present invention relates to a compound represented by

5  formula 2:

or pharmaceutically acceptable salts, solvates, or hydrates thereof,
wherein
10 Y is -C(Ry),-, -C(O)-, -C(S)-, or -C(=NR,)-;
X is O, S, aryl, -N(R1;)-, or a bond;
mis0,1,2,3,4,5,or6;
n represents independently for each occurrence 0, 1, 2, 3, 4, 5, or 6;

R, has the formula 2a:



am no, alkyl, aryl, cycloal kyl, aral kyl, heteroaryl, heteroaral kyl,

al koxyl, aryl oxy, acyloxy, silyloxy, alkylam no, arylam no, acylam no, or
ar al | yamwo;200&00988d R5 each represent independently for peaais2asoarsee€nce H,
hal i de, al kyl, aryl, cycloal kyl, aradkyl, heteroaryl, heteroaralkyl,

al koxyl ; aryloxy, acyloxy, silyloxy, 20 alkylam no, arylam no, acyl am no,
or aral klyamno; R8 is H, a branched or unbranched al kyl or al kenyl,

cycl oal kyl, heterocycl oal kyl, bicycloal kyl, a bond to R7, heterocycl oal kyl
substituted with an arallcyl group, or has the formula 2c: "-1/C(R)2YRr
P 25 2c wherein pis 0, 1, 2, 3, 4, 5 or 6; andkMD 2006/ 009869

PCTI US2005/ 021524 45 R17 is arjs cyclo 11(0(/'—-—2% %enyl, het er ocycl yl ,
al koxyl, heteroaryl, - OR B, -SRl3, 13) 2, -N( %E -al kyl, -CO2R, o,
-C(ON(R o)aryl, or a polycyclic \R{Rg/gontai ning 14 carbon at ors;
wherein R 3 is independently for each occurrence H, alkyl, aryl, aralkyl,
acyl, -A'-A2-A3, or - 5 CR9=CRO(C(R9)2),CRI=C(R9)2; or two R, 8 taken
together forma ring; R9 represents independently for each occurrence H or
al kyl; Rio and Rl1 each represent independently for each occurrence H,

al kyl, aryl, ¥8%FBalkyl, aralkyl, heteroaryl, or heteroaral kyl;: RL9

represent s -independently for .each-occuryence H —al kytr - 1 wheiaeak Kyl
aral kyl , 10 heter g@ﬂﬁ&%?@#éf‘@?ﬁﬁ%f&y,f&()%%ﬁﬂ&u@ g%;h c,)E\'adﬁléjn’dwA3 eac
represent i ndependegyd mshides @8R, REFHE s@MeEe@bi dicovalyaitoatiky!

het er ocycl oal kyl, aryl, heteroaryl, aral kyl, or heteroaral kyl; A2

represents independgptiy £6f05860 PR EICAGEwRN & L AriRgadimGd atthenocyclic
stereochem cal configuration at any stereocenter of a, compound represented

by 15 2 is R S, oor wcyilicthetaomp] witbSel Lung pigtsapl WhHich qng, gy prpfhpee ring
enbodi nents, the present inyv nticfnﬂr S’l fesN.to t he aforenmentioned conpound,
wherei n RE°%8d R7 are hy'i‘de&‘%pen Héertal n’enbodi ment's, the present

invention relates to the afore tione .
10 W 1s a bond; or bqsa ent aﬂ(y(ij, alkenyl, or alkynyl chain;

Z is a bond, -(C(R12)2)a- or “-O(C(R12)2)n";

R,3 and Ry, are independently H, alkyl, aryl, cycloalkyl, aralkyl, heteroaryl,
heteroaralkyl, or —A1~A2-A3; or Ry; and Ry4 taken together form a monocyclic or
polycyclic ring; or Ry3 and Ry4 taken together with R;s form a cycloalkenyl ring, or

15 heteroaromatic ring;

Ry is halide, hydroxyl, alkoxyl, aryl, aryloxy, acyloxy, -N(R10)2, acylamino,
nitro, sulfhydryl, alkylthio, carboxamide, carboxyl, thioalkyl, nitrile, -CORyg, -
COR10, -N(R10)CO2R10, -OC(O)N(Ri10)2, -N(R10)SO2R19, N(R;10)C(O)NR19)2, -
N(R10)(C(Ro)2)n-Al-A%-A%, -(C(Ro)2)s-halogen, or -CH,O-heterocyclyl; or Ry taken

20 together with R;3 and R4 form a cycloalkenyl ring or heteroaromatic ring; or has the
formula 2b:
gWA@-x1—A#-(x2)q
RigR1g/1
2b |
wherein

25 Ry represents independently for each occurrence H or alkyl;



conmpound, wherein R2 and R7 are hydroxyl; and R4, R5, and R6 ar

certain embodinents, the present inven%/i on rel ates tb t he af o?ere}emi (nge::ln
conmpound, wofzeseiopseR2 and R7 are hydroxyl; R4, R5, and R@carusédsioarsds m and n
are 1. In certain enbodi ments, the présent invention relates to the

af orenenti oned conpound, wherein R2 and R7 are hydroxyl; R4, R5, R6 are H;
mand n are 1; and R3 is nethyl. 25 Another aspect of the preseht 1

invention rel ates toz2a ¢ ZﬁQﬁ
PCT/ US2005/ 021524 “6* ﬁfe%%cﬁﬁfﬂe\%%ﬁ%ﬁ %QCMCCHPQR%%E%E&%% ém@%g

phar naceutical |y a@@ﬁn{:ﬁbba%@ﬁg Stpmspbn/atrmpcs@ﬂlc W@F@Fb% h@‘l‘?é}a@df‘mth éxﬂér ein
5Yis -C(Rg)2-, -C(O- LS i
opt i onal Inngsubst i t ut ed rﬁmwofgﬂbﬁwn@&‘"%%ﬁ%%d rifig omsg‘ %ﬁendgﬂﬂy 5, O

6; n repre%jants i ndependently for each occurrence 0, 1, 2, 3, 4, ;
, 5, or 6,
Rl is al k%’ ;> aral kyl, heteroaral kyl, has the formul a 3a: RI13 T

~Arl-WZ(R14 10 1R12 3a V\/nerel n Rl2 re
presents i ndependently for
each dccurrence H 15Iala9p§%wﬁ)érei n any two instances of R12 ﬁay be Y

connect ed by a Covag(ﬁ r}%mg%(%fc lniugaperbc{entiC%r”@&ﬂcxgduh%n% IIP' ‘ﬁ)ﬂ%é Ch}afrU)lyIW th

6-14 ring atons; or*a ycl 1 c heteroar
yI W th 5- rin
atoms, of whi Cﬁk&@?’anﬁﬁ‘@ Dyladhi@eor driigmino; and - C e ?

qislor2;
R, and R, are independently H, hydroxyl, alkyl, halide, alkoxyl, aryloxy, acyloxy,
10  silyloxy, amino, alkylamino, arylamino, acylamino, aralklyamino, nitro, sulfhydryl,
alkylthio, acylthio, carboxamide, carboxyl, phosphate, silyl, thioalkyl, alkylsulfonyl,
arylsulfonyl, alkylsulfonyloxy, arylsulfonyloxy, nitrile, -COR, -CO:R, or -CH,0O-
heterocyclyl; or R, and Ry taken together form a -OC(0)O- linkage or an optionally
substituted alkyl linkage containing 1 to 6 carbon atoms; or Ry is a bond to Rs;

15 R; and Rg each represent. independently for each occurrence H, halide, hydroxyl,
amino, alkyl, aryl, cycloalkyl, aralkyl, heteroaryl, heteroaralkyl, alkoxyl, aryloxy, acyloxy,

silyloxy, alkylamino, arylamino, acylamino, or aralklyamino;

R, and Rs each represent independently for each occurrence H, halide, alkyl, aryl,
cycloalkyl, aralkyl, heteroaryl, heteroaralkyl, alkoxyl, aryloxy, acyloxy, silyloxy,

20  alkylamino, arylamino, acylamino, or aralklyamino;

Ry is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocycloalkyl,
bicycloalkyl, a bond to Ry, heterocycloalkyl substituted with an aralkyl group, or has the

3——(C<R9>2>-R17
_ p

25 2¢

formula 2e:

wherein

pis0,1,2,3,4,5, or 6; and



atons are independently S, 0 or NN, Wis a bond; or bivalent alkyl, alkenyl,
or alkynyl chain; Zis a bond, -(C(R12)2)n-, or -QC(RI2)2), ; 20 R13 and
R14 are iwoep@mdessdl y H, al kyl, aryl, cycl oal kyl, het er ecyaisoaisioyis24

aral kyl, heteroaryl, heteroaral kyl, h#ide, alkenyl, alkynyl, am noal kyl,
thiol, thioalkyl, silyl, nitro, nitrile, alkoxyl, acyl, acylamno, -CORlo,
-CO2R10, or -At-A2- A3; or R13 and Rl14 taken together form a nonocyclic or
pol ycyclic ring; or R13. and. WD 20Q6/ 009869 PCT/ US2005/ 021524 7 Rl14 taken
together with R15 fofth %}ybwaf%ﬂw Cxq?wgkena}v ?rP&Yﬁlﬁn Ikogyl, eteroaryl, %
het er oar omat| ¢ ORNG: S SN[RHALNGE,)ADLAIRNYIGORLK ORI IN @i ofhry], B YIpBKY yclic
acyl oxy, -N(R10)2, acylamno, ar af) kyl, nitro, acylthio, carboxam de,
carboxyl, nitritieg cog@Rigy S-CorRIbon -atempy MHBDOPREO s -iBhpendgtyof®, each
-N(RI0)S®2RI 9, -N(RLO C(OQN(RL.2, N R10) )2)n. Al- A2; A3z 43

- (C(R9) 2) " - hal ogén" Ilc)éHZg{het ea?%%“ycl fxﬁ(y? al éﬂ%@? cy%(fy@al ky‘f\,'g AL or -

al kenyls, al kynyl CRIFORHBR N NCR=CERYS; toh ikvve RoaRéefogethsd foyth a ridy; oal kyl

al kyl sul fonyl, aryl sul fonyl, alkylsul fonyloxy, or aryl sul fonyl oxy; or R15
taken toget herrWepfesértindBsbnddstlyf RF Bich SexGir@ReKEBYAIKYL Ng, aromatic ring,
or heteroaromatie 10 ring; or RL or RI5 are independently represented by
formula 3b: Ar 1- 4y p “ﬁé&ﬁ%@d A el 18 Ee e fe NS 1

i ndependent |y ?%i()( aergﬂ(':%('n(()é%%}grre nce H, aélgﬁﬁé,nﬂ ychéépﬁﬁc,@uﬁ%{ge BETHRYL, aryl
het er ocyclayaloeilyl, asalyyl, haterahiyy,lor hhtebdadadkylhydr oxyl , al koxyl, aryl oxy,

acyl oxy, amno, alkylam no, arylam no, acylamno, arallcylamno, nitro,
acyl thi o, car boxgnegtesentsciaddpengentlyot eadherccurédse @, aIGDRRIN cyeldRIRI) pEOAR| Oi
- OC(O) N(R10) 2, {\Iﬁ?ﬁRl 0) SCRRI O, 05, -N(R10) C(O N(Ri O 2; wherein any two

i nst anes Rsferearsl hgtprasealcdnieét 8By a coval ent bond to forma ring; 20
Are represents independently for each occurrence a nonocyclic or bicyclic
aryl wth 6-14 4| gad dyoeash ispreserioindenearemilyo forhpasiic pcairigece plah yeyolgalleyls- 14

ring at o b A1 MG, nbitiRaR, &OKGE o hAGoRLAGE, are | ndependently S, 0

or N

A? represents independently for each occurrence O or a bond; and

the stereochemical configuration at any stereocenter of a compound represented by

15  2is R, S, or amixture of these configurations.

In certain embodiments, the present invention relates to the aforementioned

compound, wherein R, and R; are hydroxyl.

In certain embodiments, the present invention relates to the aforementioned

compound, wherein R, and R; are hydroxyl; and R4, Rs, and Rg are H.

20 In certain embodiments, the present invention relates to the aforementioned

compound, wherein R, and R; are hydroxyl; R4, Rs, and Rg are H; and m and n are 1.

In certain embodiments, the present invention relates to the aforementioned
compound, wherein R, and Ry are hydroxyl; R4, Rs, Rg are H; m and n are 1; and Rj is

methyl.
25

Another aspect of the present invention relates to a compound represented by

formula 3:



XI represents independently for each occurrence a bond, 0, S, S(O, S(0)2,
25 S(0)3, am no, alkylam no diradical, alkoxyl diradical, allcyl diradical,
al kenyl wonraaiiwedes al kynyl diradical, am do, carbonyl, PCRURIGFCIARLO,
-OC(ON(R10)2, or - N(RI OC(O)N(R10)# X2 represents independently for
each occurrence H, halide, hydroxyl, alkoxyl, aryloxy, acyloxy, am no,

al kyl am no, arylam no, acyl am no, aral kyl am no, WO 2006/ 009869

PCT/ US2005/ 021524 48 nitro, acylthio, rboxam de, carboxyl, nitrile,
-CORlo, -Q02Rlo, -N(R 0)C2R 0, - OC(O N('Rl0)2, -N(Rlo)S02Rlo,

-N(RIo)C{O N(R 0)2, or -CH2O heterocycl yM; g-Represents i ndependent|y
for each occurrence 1, 2, 3, 4, or 5 ® d R are i ndependently H,

hydr oxyl, al kyl, halide, al koxyRy; cyloxg; 5 silyloxy, am no,

al kyl am no, aryl am no, acyl am no, iR, hitro, sulfhydryl,

al kyl thio, acylthio, carboxanide, \RsaRagxyl \Rphrgphate, silyl, thioalkyl,

al kyl sul fonyl, arylsul fonyl, alkylsulf®nyloxy, “ayl sul fonyl oxy, nitrile,
-COR, -CO2R, or -CH20- heterocyclyl; or R2 and R7 taken together form a
-OC(O) O linkage or an optionally subst ftut ed al kyl |inkage containing I
to 6 carbon atons; or R7 is bond to R8; 10 R3 and R6 each represent

i ndependerfriphafmegcestically geespiabdheadissolvaigsi erdiydpafer heiept, - ani no, al kyl, aryl,
cycl oal kyl, aral kyl, heteroaryl, heteroaral kyl, allcoxyl, aryloxy, acyloxy,
si | yl oxy, whéginam no, aryl am no, acylanmino, or aral klyanm no; R4 and R5 each
represent independently for each occurrence H, halide, alkyl, aryl,

cycl oalskyl , ar a¥ kyiG(Rhapt, eCEAF yHC(ShadreCoeXR Iyl , al koxyl, aryl oxy, acyl oxy,
silyloxy, 15 al kylam no, arylam no, acylam no, or aralklyamno; RSis a
branched or unbXanMN®&d;)alakptiofllgwabamhtky bhedyeprupcycd aldkyl substi t ut ed
wi th an aral kyl group, or has the fornmula 3e: -I C(R9)21-R17 /P 3e 20
wherein p is O,mis02,233, 45 860 6; and RL7 is aryl, cycloal kyl,

cycl oal kenyl, heterocyclyl, heteroaryl, -N(R18)2, - OR18, or -CO2R o;
wherein RI8 is | pirnendspichndoy SRENIDGEHERAAE 1Th, Alkylorgary!,  aralkyl,
-Al- A2- A3, or - CRO=CRI( ( )2)"&9 C(R9)2; or two RI8 taken together

R; is alkyl, aralkyl, heteroaralkyl, has the formula 3a:

5; Ri13
mAr1—w——z—<—R14
10 Ri2R12/n Ris

3a
wherein

R, represents independently for each occurrence H or alkyl; wherein any

two instances of R;, may be connected by a covalent bond,;

15 Ar'isa monocyclic or bicyclic aryl with 6-14 ring atoms; or a monocyclic
or bicyclic heteroaryl with 5-14 ring atoms, of which one, two or three ring

atoms are independently S, O or N;
W is a bond; or bivalent alkyl, alkenyl, or alkynyl chain;
Z is abond, -(C(Ri12)2)n-, or -O(C(R12)2)n-;

20 Ri3 and Ry4 are independently H, alkyl, aryl, cycloalkyl, heterocycloalkyl,
aralkyl, heteroaryl, heteroaralkyl, halide, alkenyl, alkynyl, aminoalkyl, thiol,
thioalkyl, silyl, nitro, nitrile, alkoxyl, acyl, acylamino, -COR;q, -CO,R1q, or -A!-AZ-

A®; or Ry and R4 taken together form a monocyclic or polycyclic ring; or Ry3 and



25 forma ring; RO represents independently for each occurrence H or alkyl;
R10 and R11 each represent independently for each occurrence H, alkyl,
aryl, cywbaaddkopbseoar al kyl , heteroaryl, or heteroaral kylPCTWS2060815009869
PCT/ US2005/ 021524 49 R 9 represents #hdependently for each occurrence H,
al kyl, aryl, cycloal kyl, aralkyl, heteroaryl, heteroaral kyl, or -Al-A2-A3;
A" and A3 each represent independently for each occurrence al kyl,
cycl oal kyl, heter cl pal kyl , yl, heteroaryl ral kyl , or heteroaral kyl ;
5yA2 represent Vnggﬁgnggﬁ e§'W§ﬁ é&%ﬂ%gﬁcﬁrF%ﬂ%@ﬁﬁngrXﬁgb8ﬁﬂP§5hd“¥%e°r
st ereochenm cal @Rbi@tiadt kiap, at any stereocenter of a conpound represented
by 3is R S or a mxture of these configurations. Another aspect of the
resent invention r t; n r J : o I'N
DR R RTINS P R T S PR R a1
sol vat es, or hyatalkyksnitteer agylthio, wearbetamide,i sarbG(R9) Ritrjle, CCOR1y, ~CORto, -Or

-C(=NR0)-; 1 | S, -N @ ryl, d; my , N3, 4, 5,
or 6; r? represg?{@&‘acg%igb‘éndéﬁ'ﬁ( N@lgé’ach'%éﬁﬁbgg@e OZN(%IBE,@}%\,I&A?)Z’S, or
6; R is al kylNrapatie)),-Retgrar al-fo(Ry), hamidder, f orm@hd@iocsclRL3  afkyl,
Arl-WZz-t-R14 R12 RIP n R15 20 4a _ _ _ .
e oo .. —cycloalkyl, alkenyl, alkynyl,. silyloxy,-thiol,. acylthio,-phosphate, silyl, thioalkyl, - .
alkylsulfonyl, arylsulfonyl, alkylsulfonyloxy, or arylsulfonyloxy; or R;s taken

together with R;3 and R4 form a cycloalkenyl ring, aromatic ring, or heteroaromatic

10 ring; or R; or R;s are independently represented by formula 3b:
QWA@—XLM—(%)Q
RisR1e/n
3b
wherein

Ri¢ represents independently for each occurrence H, alkyl, cycloalkyl,

15 heterocycloalkyl, aryl, aralkyl, halide, hydroxyl, alkoxyl, aryloxy, acyloxy, amino,
alkylamino, arylamino, acylamino, aralkylamino, nitro, acylthio, carboxamide,

carboxyl, nitrile, -COR;0, -CO;R 10, -N(R19)CO2R 0, -OC(O)N(R0)2, -N(R16)SO2R 10,

or -N(R10)C(O)N(R0)2; wherein any two instances of Rj¢ may be connected by a

covalent bond to form a ring;

20 Ar? represents independently for each occurrence a monocyclic or bicyclic
aryl with 6-14 ring atoms; or a monocyclic or bicyclic heteroaryl with 5-14
ring atoms, of which one, two or three ring atoms are independently S, O

or N;

X' represents independently for each occurrence a bond, O, S, S(0), S(0),,

25 S(0)s3, amino, alkylamino diradical, alkoxyl diradical, alkyl diradical, alkenyl
diradical, alkynyl diradical, amido, carbonyl, -N(R10)CO2R19, -OC(O)N(Ry(),, or -
N(R10)C(O)N(R10)2;

X? represents independently for each occurrence H, halide, hydroxyl,

alkoxyl, aryloxy, acyloxy, amino, alkylamino, arylamino, acylamino, aralkylamino,



wherein WO 2006/ 009869 PCT/ US2005/ 021524 50 R12 represents independently
for each occurrence H or al kyl; wherein any two instances of R12 maybe
connect edwbyoa/messal ent bond; Arl is a nonocyclic or bi egeitiseooanyis2am t h
6-14 ring atons; or a nonocyclic or #icyclic heteroaryl with 5-14 ring
atons, of which one, two or three ring 5 atons are independently S, 0 or
N, Wis a bond; or bivalent alkyl, alkenyl, or alkynyl chain; Z is a bond,

-(Q(R12)2), -, RentiR:HCaRky F,
(C(RL2) 2) {0 aﬁi&{. | Ocy@%@%ﬂcérb%gaBiltmeat@owwegae ANNR5) y

aryl, cycl oal het er oar het ero ra kyl,
hal i de, " al kenyc(oaNkpy) -N(m)ﬁemlle(RtobﬁE@)N(Rm phr%@cbﬁter%vw itro,
nitrile, alkoxyl, acyl, acylamno, -CORI O -CO02Rlo, or -Al-A2 A3; or R13

and R14 taken togerqn@%re_a‘;@tgmaeﬁmﬂmlyﬂbfmchrocpu‘re;wydlE,cS,|4i<Prg5,; or R13 and
R14 taken toget her h R15 forma cycl oal kenyl ring, aromatic ring, or

het e oar orat | g (4, i dcpohighiifa, iugtyilkylahiitey lkoayly brylaany Bety:

acyl oxy, -N( acyl am no

aral kyl, nitro, Xl t hi o car b %Qyij
car boxyl silylioky, Iamme CaRyBmMIngD 2RIaMIno, NGy Eey RIPKLY B0 N ugél
-N(R0) S aﬁgli iy %c%%%gg NCRESA 2y o:Fiﬁ %%ﬁ@)&ﬁ &ﬁoﬂﬁylABalkylsulfonyl

-(C(R9) 2) eracyc cycl oal kyl, al kenyl
al kynyl , éﬁbﬁzlf&ﬁyv alﬁyl@nfon?lexyt mrﬂsulﬁdmkp@at mifrilsj | {JORt hiCshRkypr ~CH2O-

aIkyIsquonyI aryl sul fon

|| f R15
Faken: 20 Hetoibil o B FaisRariak e o e o QG Sh, Fifh (3K Shtondtt, S0

or heteroa LBRkesE0tieBoRy td Ry; mul a 4b:
Are-x1- Ar%ﬁ%ﬂ%e&alkﬁékﬂ%@e%%@%%%%%ﬁg? RlSsreprelsegts i ndependently for

each occurren I rhalide ds 4
hal i 0@, hydr Oj% andaﬁk 5%@)1 ese 2 )?)if}?ﬁgendexfﬁéiﬁfr%)ﬂ? oedlrketke FMalide, ﬁﬂrdbw

acy am no, al kyl am no, | am no,
acyl am noaml% aéﬂsw rt@cloalktyr caram;zlyhetmoaryl dmt@omaﬂqya@koxyhra@dgw, o OKYi | e,
- COR10, al?l R1o) C2R 0, - OO N(R q)2, -NR10)SC2RI O WO
2006/ 009%]9’1@@' alllg@z.gmy @wlmpimo, acylamino, or ara [yhmino
R, and Rs each represent independently for each occurrence H, halide, alkyl, aryl,
cycloalkyl, aralkyl, heteroaryl, 'heteroaralkyl, alkoxyl, aryloxy, acyloxy, silyloxy,
15 alkylamino, arylamino, acylamino, or aralklyamino;

Rs is a branched or unbranched alkyl, bicycloalkyl, heterocycloalkyl substituted

with an aralkyl group, or has the formula 3c:

? _<C(R9)2>' Rq7
p

3c

20 wherein
pis0,1,2,3,4,5,or6; and
Ry; is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, heteroaryl, -N(Ris)2, -
OR;3, or -CO,R;o; wherein Rys is independently for each occurrence H, alkyl, aryl,
aralkyl, A-AZA’, or —CR9=CR9(C(R9)2)nCR9¥C(R9)2; or two Ryg taken together
25 form a ring;

R’ represents independently for each occurrence H or alkyl;

Ry, and Ry; each represent independently for each occurrence H, alkyl, aryl,

cycloalkyl, aralkyl, heteroaryl, or heteroaralkyl;



51 or -N(RI0)C(ON(R 0)2; wherein any two instances of R16 may be connected
by a covalent bond to forma ring; Are represents independently for each
occur r enceoaommessychc or bicyclic aryl with 6-14 ringprararsgosoeisas
nmonocyclic or bicyclic heteroaryl wit¥ 5-14 5 ring atons, of which one,
two or three ring atons are independently S, O or N, X1 represents

i ndependently for each occurrence a bond, 0 S, S(O, S$(0)2, S(O3, am no,

al kyl am no di radi cal cal i , . al kenyl

i 1 cal - al kyRyioRbieRin BatpendeaRcior BBrtrencont ksl Pationyl, arallyl
-OC( O N( RI Kdtetoar9l, heteturdky & A'ANAR 0) 2; X2 represents independently for

each occurrence H, halide, hydroxyl,”  al koxyl aryl oxy, acyl oxy, am no,

al kyl am no, aryha 3 I i

car boxam de, ca‘lr\xbgy(@?}1 %fé%irll%m ég&tc%?%oéﬁﬁ&?gza&oea@ %‘%ﬁ&e Zﬁ%ﬂgl cycloalkyl,
OC(O N(RI d)ezqroeyd(dalllqal SOPIRh@eroatyl,Riralk i, &) IN{tetodjakkyl,or - CH2O het erocycl yl; and
15 q represents independently for each occurrence 1, 2, 3, 4, or 5, R2 and
R7 aresi ndepend&%ﬁebsesémdfrﬂﬁyéndeﬁtlyafdﬁ@x&i occtidendsd) oﬁﬁlﬂoﬁ'@aﬁde H R6 is

met hyl, ethyl, or propyl; R8 is H a branched or unbranched al kyl or

al keny I, c ycl oahk }éﬂereobﬁérﬁﬂbﬁ’l%ki@ﬂﬁalﬁﬁh at a@st@ﬂe@b’éﬁ't&ﬁif Wéom@uﬁ@ Rebrbndd by

heterocycloal kyl substituted with an aralkyl -group,- -has the- formula 4c:
| C(R9)2 P isgs Swhies wiyturexd these configuratipns3, "4, 5, or 6 and Ru is aryl,
cycl oal kyl, cycl oal kenyl, heterocyclyl, alkoxyl, heteroaryl, - ORIB,

-SRi's, - N( R 8) 2, Anati¢l aspmf thielpyesent i@&@rﬂloa,rela@@@) sRpa)Eirgpresantedbypfryoiac] i ¢
ring contajning 8-14 carbon atons; wherein R38 is independently for each WD
21)1)611) 1)9869 PCT/US2 0115/1121 5 24 52 occurrence H, al kyl, aryl,

aral kyl, acyl, -Al-A2-A3, or

10

or pharmaceutically acceptable salts, solvates, or hydrates thereof,
wherein
Y is -C(Ro),~, -C(O)-, -C(S)-, or -C(=NR0)-;
15 Xis O, S, -N(R;1)-, aryl, or a bond,
mis0,1,2,3,4,5, or6;
n represents independently for each occurrence 0, 1, 2, 3, 4, 5, or 6;

R; is alkyl, aralkyl, heteroaralkyl, has the formula 4a:

20 4a

wherein



CR9=CRI(C(R9) 2)" CR9=C(R9)2i or two R18 taken together forma ring; RO
represents independently for each occurrence Hor alkyl; R o and RELl each
repr esentwonrdepeestent | y f or each occurrence H, al kyl, argirjus2&®soysboal kyl
aral kyl, heteroaryl, or heteroaral kyl 50 R19 represents i ndeioendently for ’
each occurrence H, alkyl, aryl, cycloal kyl, aral kyl, heteroaryl

het eroaral kyl, or -Al-A2-A3; Al and A3 each represent independenily for

each occurrence al gyl rF%%?&ks%gh%hdentﬁ%ﬁé&ﬁmhuﬁ@éﬂéyH oradllyyl; whettwramar yl |

aral kyl, or heteroara represents i ndependentl
occurrence 0 or a bandistaacs oflﬁezsmgbeomﬁieéé’vadgﬁﬁlﬁﬁwt yi L(r)]rateaggy
stereocenter of a conpound represented by 4 is R S, or a mxture of these
configurations. Angihgra aspesicliobr blvgclie eyemtthi @&émingcﬁﬁomﬁloétae@o’cl%cy&{ic
conmpound represented by  formula 5. . O11J %~W & ko oFRrERyri s in
&2 5 or phar maceur Bigyelie %@gﬁybml@@gé‘ﬂigg agodlils\?aifes,Chor hydr at es tﬂggeof
l)?_re:'-fﬂ-ﬁtgngs '1C( 59) 2'13fqu@p-enden%®,00m;-C(=N_RIO) 20 Xis O, S, or -N(R
; , 1, 2, 3, 4, 5, 7or 6; 'n represents independently for each

occurrence 0, 1, 2,3 : ' :
o S Qnd?xfrﬁ’fi/a 1R, iRerdll ot alkyakBtey;, het eroal kyl, or
has the fornul a 5a 0f %g. Arr-k?\? s-’WZ Ri 2Rl ?\I or Rt2Ri 2 25 5ay5b WO

2006/ 009869 PCT/ US Oigg/b%rzl&ﬁ%é(&g%n-,%\@%&i‘(ﬁﬁ)z)n-;” .
Ry3 and Ry4 are independently H, alkyl, aryl, cycloalkyl, heterocycloalkyl,
aralkyl, heteroaryl, heteroaralkyl, halide, alkenyl, alkynyl, aminoalkyl, thiol,
10 thioalkyl, silyl, nitro, nitrile, alkoxyl, acyl, acylamino, -CORo, -COzR g, OF SA-A%-
A’; or Rj3 and Ry taken together form a monocyclic or polycyclic ring; or Ris and
Ry, taken together with R;s form a cycloalkenyl ring, aromatic ring, or

heteroaromatic ring;

Rys is halide, hydroxyl, alkoxyl, aryl, aryloxy, acyloxy, -N(Rio)2, acylamino,

15 aralkyl, nitro, acylthio, carboxamide, carboxyl, nitrile, -CORyo, -COzR10, -
NR0)COR1,  -OC(ONRio)2,  -N(Ri0)SOzR1s, -NR10)C(ONR19)2, -
NRi0)(CRo))n-A'-A%-A%,  -(C(Ro)2)n-halogen, _CH,O-heterocyclyl, alkyl,

cycloalkyl, alkenyl, alkynyl, silyloxy, thiol, acylthio, phosphate, silyl, thioalkyl,
alkylsulfonyl, arylsulfonyl, alkylsulfonyloxy, or arylsulfonyloxy; or Ris taken

20 together with Ry3 and Ry4 form a cycloalkenyl ring, aromatic ring, or heteroaromatic

ring; or R, or R;s are represented by formula 4b:

QWAIZ-XLA#—(XZ)Q
RigR1s/0

4b

wherein

25 Ry represents independently for each occurrence H, alkyl, cycloalkyl,
heterocycloalkyl, aryl, aralkyl, halide, hydroxyl, alkoxyl, aryloxy, acyloxy, amino,
alkylamino, arylamino, acylamino, aralkylamino, nitro, acylthio, carboxamide,

carboxyl, nitrile, -COR1q, -CO2R 10, -N(R10)CO2R10, -OC(O)N(R10)2, -N(R10)SO2R10,



R12 represents independently for each occurrence H or al kyl; wherein any
two instances of R12 may be connected by a coval ent bond; Arl is a
nonocycl iwoanodniogseel i c aryl with 6-14 ring atons; or a momasSg@siozises 5
bicyclic heteroaryl with 5-14 ring at®ns, of which one, two or three ring
atons are independently S, 0 or N, or Arl is represented by formua 5c:
T(p) 5c wherein, 10 T independently for each occurrence is H, halide,
branched or unbranched al kyl, al kenyl, allyl, al koxy, aryl, aralkyl
hydroxyl , ani no? -N{RiAGEPIR 10z heEe1n cay sy dRstarses ©f &io Myl caperted biene,

bycycl oal kyl , | .c|.o0al kal kyl , heteroaromatic, heteroaralkyl,
het erocycl yl , %%%ﬁ%@@&%?%ﬂ ?Ylﬁg’l oal kyl, ester; carboxylic, bis aryl, bis

aryl ether, 15 hetergoycli i y r t orm
an aromatic or nona‘ggrrré%{”%egen?éljﬁgi%ﬁ%%% ?{,‘r elélbh %C C&I}l&ﬁg aorrggl%?ywcgglt gl%&%lilcd;
or bivalent alkyl, adaryl withestBf fiag ylomspor heficioogaliel ot bigycdid hetefodrgl withondy H;
-SSR, -S(0)2R, -NRSX2R; -S(OR -NR?2; -C(OR -CR2R - 20 .C(O N R%Z;

- C(S) NCR) ZIn& CH2C( O) het er&esisl §fi whiclrig, ¢yvreor Hperipgatomscgse dydeprydently S, O
-NRC(O) (C(BN:2) nN(R) 2i -NC(O CH(R) 2; -C(=NR)N(R)2; -C(=NR)R, hydroxyal kyl ;
or mono or bicyclic aryl, heteroaryl, or heterocyclyl; wherein: R

i ndependently for- eagh: : e | S Fanc QF ched o2t ;-
ol konyl . ol 191 ol oy SFaPE RGPl Eall 1 @OERE b ANA B8 5. IO
(C(R9)2).T, CHIO)ROud)o, BlRylaminot divadicdl platioxyb girtabiienl, fkyl diRadicaralikieaylor
nonaromatic ring; R2 and RY are independently H,_ hydroxyl, alkyl, alkoxyl,
amino, allcyl an«ﬁwé}caéaﬂ@m YdHF‘%E?&r pBiden cranyls NEg 044 Rme '@%@yN@ﬁs@)e}s@m

i ndepepdent |y fgR rence H, hydroxyl, or alkyl; R4 and R5 each

r epr esent indep@%d@%?&ﬁgﬁ&’each occurrence H or al kyl; and WD 2006/ 009869

PCTI US2005/ 021524 5,%2' %ﬂﬁ%ﬁ iRieBERIINT FoP eatt HoBEARE AN WhLY RIHKSHY!

cycl oal kyl , heterocyc
alkoxyl, aryloxy, acyloxy, amino, alkylamino, arylamino, acylamino, aralkylamino,

nitro, acylthio, carboxamide, carboxyl, nitrile, -COR;5, -CO;R g, -N(R19)CO2R 0, -
OC(O)N(R10)2, -N(R10)SOzR 19, -N(R19)C(O)N(R10),, or -CH,O-heterocyclyl; and

15 q represents independently for each occurrence 1, 2, 3, 4, or 5;
R; and R; are independently hydroxyl or alkoxyl,
R3, Ry, and Rs are H;
Re is methyl, ethyl, or propyl;

Rg is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocycloalkyl,
20  bicycloalkyl, a bond to R, heterocycloalkyl substituted with an aralkyl group, or has the

§_<C(R9)2>~R17
p

4c

formula 4e;

wherein

25 pis0,1,2,3,4,5, or 6; and
Ri7 is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, alkoxyl, heteroaryl, -
OR]g, -SR1 8, -N(R1 8)2, -N(Rm)COz-alkyl, —C02R10, -C(O)N(Rw)al'yl, ora polycyclic

ring containing 8-14 carbon atoms; wherein Rjs is independently for each



bi cycl oal kyl , a branched or unbranched am noal kyl, or heterocycl oal kyl
substituted with an aral kyl group; RO, R o, and Rl11l represents
i ndependewol2godompseeach occurrence H, al kyl, aryl, aral kplcr/usdoosypeiseal kyl ,
cycl oal kal kyl, heteroaryl, or heteroaraikyl; providing that Ar', Wand Z
may be further substituted with one or nore groups selected fromthe
follow ng: halide, am do, al koxy, ether, -NO2, hydroxyl, -NR2, or -CN;
that where appbt@atnes At'H, W a@gpd Z,argpy bealk ndedacgp eagp ,gztjger ; the
a

ortho, neta, qr pars osi tions: and the stereochénic conf’i guratl on at
any stereocent §R9U€Ra(cggﬁprRd=¢@p}zeelew0@mb%kenfoogeﬁleRforS;aang,a m xture of
these configurations. In certain enbodi nents, the present invention rel ates
to the af oremeRt irmmntsamdmommﬁly\fmeiaehncdﬁ?renseﬂ]d.ralldylcertal n enbodi ment s,
the present invention relates to the aforenentioned 15 conmpound, wherein
R6 i s nethyl ORxoeah@'IR@n@th?rep&sémdmd&péndeﬂtry ¢&f bhn ofdthRAESENt Slkyl hﬁyl
presen§ |nv n qn ft es to the af orepenti oned conpound, wherein Y i

-C(O) - fﬂ( 1()?(y siserard. pshateregralkylil kyl . I1n certain embodi nents, the
pr esent |nvent| on relates to the aforenentioned conpound, wherein Rl has
formul a 5a. 20RpaTeRSses Hlde%@@n%ﬁwach provupereseht alkply ey orloadtyhtaskyl the
aforerrenthagl%gr 1%@%9%}5'1 WpeAeAm has formula 5a, wherein R12 is H or

methyl. In certain e fent’s, e present invention relates to the

af orenenti oned und, wherein a_ba, wherein Ar' is

benzene ring. ﬁn%ggf‘fgal %dheﬁ??(g%feﬂte H{%épeqad%’éé)brfw ST PRSHEFRICS, rilnﬁé’l é‘li’@%ﬂlkﬂ t he
af or enment haeredycl@kylpaph) ivkroatlesaikyl, Bt hbefoatMkyIul @ 5a, wherein Wis a
bond, -CH2-, or a benzene ring. In certain enbadi nents, the present

i nventd on rel aAéﬁept&eﬁtbﬂl@f)éﬁc@Hﬁ FdrA88occh RN Ar . WBREGIA R1 has formula
5b, wherein Rig is H or nethyl n certain enbodi nents,’ t e present

i nvention rel ahest ein has r.mu

5b, wherein n is 46?&&%?@;%{? %Iﬁgir}r%ggn {&Qéiﬁ%eoﬁgse%unl S%Tﬁﬁng by

rel ates tdisthd, elf@)mexteretofdh@d conﬁ)gmammﬂ wherein Rl has fornula 5b and Z is
N(R) 2. WO 21) 1A1§o]t 986t9 /USZ 0115/1121 24 55 In certain

enbodi nent s, % wht' P %?F‘??ﬁnt HVERRD Fefatehdo % spBReimd sweesented by

formula 5

15

or pharmaceutically acceptable salts, solvates, or hydrates thereof,

wherein:
Y is ~-C(Ro),-, -C(0O)-, -C(S)-, or -C(=NR()-;
20 X1is O, S, or -N(Ry1)-;
mis0,1,2,3,4,5,or6;

n represents independently for each occurrence 0, 1, 2, 3, 4, 5 , 0r6;

>

R is alkyl, aralkyl, heteroalkyl, or has the formula 5a or 5b:

s

mAﬂ—w—z mw—z
Ri2R¢2/ n or ‘i2Rje/n

25 Sa 5h



conpound, wherein the conpound has fornula 5d or Sc: RORL 0O/ ONIL NO
N ~~N\ HI7HI HO'" " =OHHOHOH 5d 5e 5 wherein: Rl has formula
5f: ~011 w®2006/000868f wherein: 10 LisNorCR, and W Z, RL1BCTRIS4005R2524 and n
are as defined above. In certain enbo#i nents, the present invention relates
to the aforenenti oned conpound, wherein L is CH Wis a benzene ring, and
Zis -C(ONRZ2 In certain enbodi nents, the present invention relates to
the aforenentioned . 15 conpound, wherein L is CR, R is al koxy, Wis a
benzene ring, apergin; g -C(ON(R) 2. In certain enbodinents, the present

invention relates t i Mei S IS
I nventi ORE%pﬁfscé(Hg @%c‘gﬂéfﬁrﬁy f&‘oégéﬁ%gurr%\%@ B diiy1S WitV aty

a benzene ring, and Z7is - certaln enbodi ments, ‘the preserit

i nvention rel att®® mstandee ofiRoy marht camected bpapovaldpt bohdyein L is COEt, Wis

a benzene ring, and Zi.s -C(ONR) 2..20.1n certain enbodi nents, the present
Cvent | on rel ot ee t oA i5® HOBPRIURCE bisdate Baf U AT TRRTEME € 1 gonosyeR &
COCH2( aycl opr opyityolic\WetetodtyPRTIIE SORY Fihd StonBNEf @hich onel AIN6Rhdee ridgdlatéRiktadd N
enbodi ments, the present invention relates to the aforenentione conpound,

wherein L is CHndegendenslysi) endl; o1 Ay is eapeesented bformyadsr t ai n enbodi ment s,
the present invention relates to the afor ema:g;i oned 25 conpound, wherein L
is CH- Wis -CH2-, and Z is -N(-R)2.~biln-~ Cig enbodi nents, the present
invention relates to the aforenenti ed\lc npound, wherein L is CH Wis a
pi perazine ring, and Z is -C(S)NR) 2. V\D@SOG/ 009869 PCT/ US2005/ 021524

Sc
wherein,

10 T independently for each occurrence is H, halide, branched or
unbranched alkyl, alkenyl, allyl, alkoxy, aryl, aralkyl, hydroxyl, amino,
aminoalkyl, amido, carboxamide, cycloalkyl, cycloalkéne, bycycloalkyl,
bicycloalkene, cycloalkalkyl, heteroaromatic, heteroaralkyl, heterocyclyl,
heterocyclalkyl, haloalkyl, ester; carboxylic, bis aryl, bis aryl ether,

15 heterocyclic substituted aryl, or two T taken together form an aromatic or
nonaromatic ring; and

pis0,1,2,3,or4,
W is a bond; or bivalent alkyl, aryl, heteroaryl, or heterocyclyl group;
Z is a bond; H; -SR; -S(O);R; -NRSO;R; -S(O)R; -N(R),; -C(O)R; -CO,R; -

20 C(ONR)2; -C(SN[R)2; -CH,C(O)heterocyclyl; -NRC(O)R; -NRCO.R; -

OC(O)N(R)2; -NRC(O)(C(R9)2)aN(R)z; -NC(O)CH(R)z; -C(=NR)N(R); -C(=NR)R;
hydroxyalkyl; or mono or bicyclic aryl, heteroaryl, or heterocyclyl;
wherein:
R independently for each occurrence is H, branched or unbranched

25 alkyl, alkenyl, allyl, alkoxy, haloalkyl, acyl, mesylate, tosylate, ester, -
(CRo)DT,-CH{(C(R9)2)nT),, or two R taken together form an aromatic or
nonaromatic ring;

R; and Ry are independently H, hydroxyl, alkyl, alkoxyl, amino, alkylamino, ester,
or carboxamide;

30 Rj and R¢ each represent independently for each occurrence H, hydroxyl, or alkyl;

R4 and Rs each represent independently for each occurrence H or alkyl; and



56 In certain enbodi nents, the present invention relates to the

af orenenti oned conpound, wherein L is CH Wis a piperazine ring, and Z is
- C(O N( Rwo 2b0v/0mesebai n enbodi nents, the present inventi enTrsb@sesisto t he
aforenenti oned conpound, wherein L i CH, Wis a bond, and Zis N(R 2. 5
In certain enbodi nents, the present invention relates to the aforenentioned
conpound, wherein L is CH Wis a bond, and Z is -NRCOZR or -OC(ONR2. In
certain enbodi nts Wre ent jnventiqn relates to af orenent i ned

conpound, wher EhlSI_Hr & 08 vgbpaehed alkd o 3lkenylrye @F@t@ycm In
EH A e i
R is N~ M,ralkNgroilpi ONH ~I NN-.14 ~ NI V' U, N P11 LNTrNN- N
NNENS T }jig, 10, and %11 represen?s m'aepen]dent%y for each occurrence H, alkyl, aryl, aralkyl,
5 cycloalkyl, cycloalkalkyl, heteroaryl, or heteroaralkyl,
providing that Ar', W and Z may be further substituted with one or more groups
selected from the following: halide, amido, alkoxy, ether, -NO,, hydroxyl, -NR,, or -CN;
that where applicable Ar', W, and Z, may be bonded to each other at the ortho,
meta, or para positions; and
10 the stereochemical configuration at any stereocenter of a compound represented by
5is R, S, or a mixture of these configurations.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein R; is OH.
In certain embodiments, the present invention relates to the aforementioned
15 compound, wherein R is methyl or ethyl and R; is hydroxyl.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein Y is -C(O)-, X is -N(R)-, and Rg is bicycloalkyl.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein R; has formula 5a.
20 In certain embodiments, the present invention relates to the aforementioned
compound, wherein R; has formula 5a, wherein R;, is H or methyl.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein R has formula 5a, wherein Ar' is a benzene ring.
In certain embodiments, the present invention relates to the aforementioned

25 compound, wherein R; has formula 5a, wherein W is a bond, -CH,-, or a benzene ring.

In certain embodiments, the present invention relates to the aforementioned

compound, wherein R; has formula 5b, wherein Ry, is H or methyl.

In certain embodiments, the present invention relates to the aforementioned
compound, wherein R; has formula 5b, wherein n is 4.
30 In certain embodiments, the present invention relates to the aforementioned

compound, wherein R; has formula 5b and Z is N(R),.



NHI N~N- N~ONH 15 n1 , n | , HM W 2006/ 009869 PCT/US2005/021524 57
I O.N i | ONHONHiIi i ONN-Jt Ob ON Iru 'rul ONHONHI ~NN\
O N "el NvO=2006200059 NO, UV i | Po"'YONH I~ " s O NH i PCTIUshfosi232NH H
"N>>s ONHN, N nl - N Ol ,3H,1 oNH 2 OONHNs I i JN 5
SONyr~'" NHiI it ~~ H11l O

In certain embodiments, the present invention relates to the aforementioned

compound, wherein the compound has formula 5d or Se:
0
N N
O\ Z H R H |
3 HO

5 wherein:

R; has formula 5f:

wherein:
10 LisNorCR; and
W, Z, Ri3, Rys, Rys, and n are as defined above.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is CH, W is a benzene ring, and Z is -C(O)N(R)s,.
 In certain embodiments, the present invention relates to the aforementioned
15  compound, wherein L is CR, R is alkoxy, W is a benzene ring, and Z is -C(O)N(R),.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is COMe, W is a benzene ring, and Z is -C(O)N(R),.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is COEt, W is a benzene ring, and Z is -C(O)N(R),.
20 In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is COCH,(cyclopropyl), W is a benzene ring, and Z is -C(O)N(R)s.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is CH, W is a benzene ring, and Z is H.
In certain embodiments, the present invention relates to the aforementioned
25  compound, wherein L is CH, W is -CH,-~, and Z is -N(R),.
In certain embodiments, the present invention relates to the aforementioned

compound, wherein L is CH, W is a piperazine ring, and Z is -C(S)N(R),.
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N\
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In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is CH, W is a piperazine ring, and Z is -C(O)N(R),.
In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is CH, W is a bond, and Z is N(R)s.
5 In certain embodiments, the present invention relates to the aforementioned
compound, wherein L is CH, W is a bond, and Z is -NRCO,R or -OC(O)N(R)s.
~ In certain embodlments the present invention relates to the aforementioned
compound wherein L is CH, WlS abond and Z is NRC(O)(C(Rg)z)n (R)z
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5 Another aspect of the present invention relates to a compound selected from the

group consisting of:
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HO "~ /_ OH Another aspect of the present invention relates to a

phar maceuti cal conposition 5 conprising a conpound of fornula 1, 2, 3, 4,
or 5 as deeanideassabove and at | east one pharmaceuti calPCy/isecaspredd e

exci pient. Methods of the Invention Oie aspect of the present invention
relates to a nethod of treating a Bel-nediated 10 disorder, conprising the
step of: WO 2006/ 009869 PCTI US2005/ 021524 72 adm nistering to a patient in
need thereof a tqerapeutically effective amount of a conpound of fornula
1, 2, 3, 4, or 5,as described above. In certain enbodi nents, the present

i nvention rel at s\to t he aforenmentioned nethod, wherein said Bel-nediated
di sorder i3, ca r or neoplastic disease. 5 In certain enbodi nents, the
present inyenti oMfelates to the aforenmentioned nmethod, wherein said
cancer or neoa~.,~i§ di sease is selected fromthe group consisting of acute
| eukem a, ac | ynphocytic | eukem a; acute myel ocytic -|eukem a,

nmyel obl asti c; prPnyeIocytic, myel ononocytic, nonotytic, erythrol eukenia,

chronic | eukeri a,schronic nyelocytic (granulocyticy |eukem a, chronic
| ynphocytic Kem a, pol yeythem a Vera, 10 gkmn' s Jease, H
non- Hodgki n' ease; mul |sle nmyeoma, Wl denstrao \roglobuli e 'a,

heavy chai n di-seabe; Oflbr .. coma,; nyxosarcona,-
chondr osar conm, o egg f coma, chordoma,
endot hel i osar co Iprhanglosarcona | ynphangi od
synovi ona, fpsothel¥ema, Ewing's tunor, |eionmyd arcqqﬁ;¢rhabﬁeﬁyosarcona,
col on carcinoma, pargH eatic cancer, breast 15 cancer, ovari anogancer,
prostate cancer, squ us cell carcinoma, basal cel] carcinons,

'osarcorgaN ‘M\

adenocar ci noma, swe | and carci noma, sebaceous @ ld carcinoma, papillary
carci noma, papill denocar ci nomas, stadenocarsipdna, nedul | ary
carci noma, bronch genlc carci noma, renal cell carcinoma, hepatoma, bile

Nyormal~car ci noma, W ns'
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rci noma, @pithelim
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duct carci nonmm,
tunor, cervica
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Another aspect of the present invention relates to a pharmaceutical composition
5  comprising a compound of formula 1, 2, 3, 4, or 5 as described above and at least one

pharmaceutically acceptable excipient.

Methods of the Invention

One aspect of the present invention relates to a method of treating a Bcl-mediated

10  disorder, comprising the step of:



In certain enbodi nents, the present invention relates to the aforenentioned
met hod, 25 wherein said cancer is follicular |ynphoma, diffuse |arge
B-cel | | ywphoeenosssant | e cell | ynphoma, chronic | ynphocyCirawsk@adlers2a
prostrate cancer, breast cancer, neur@®l astoma, colorectal, endonetrial,
ovarian, lung cancer, hepatocellular carcinoma, nmultiple nyeoma, head and
neck or testicular cancer. In certain enbodinents, the present invention

relates to the afare ntlonednehod 0 |n51d cancer

over - expr esses STBBSRERE\ S APaeR! Sonte Foeh G FERTLICAL GUFBEeHEOHALA | on
rel ates t%o&xﬁiﬁuﬁﬁgfﬁiﬁmd P'Zeg m&@%gdech’ﬂB@d ghdvesai d cancer is dependent
upon a Bel protein for growth and survival. WO 2006/ 009869

PCT| US2005/ 021984 erd} b, Taea0ah TRRLSon 1iReb SR MordhiAEBLPMefiBLA" €3

to the aforenentioned neth el n sai protein is
certai n emboateimsaitdBclinhaligeddvotder mwemelronneo@ﬂatieslisbaxet he af orerrent i oned

t hod wherein said Bel protein is Bcl-xL. n cer enbodl t he
DT esen i mvent i Biroran somodRBN b Re Tt Al OB MOIIIPRS] etiodn cor

exhi bits ayhdrdift; saldBlarcbf 8FRSPMtictdigasd RCAUARN b &%Lé‘r@fth;p SRR BN chie T he
present invention relates to the aforenentioned netho wherein said

conpound ilsuleeaiuni astiter dpmpheetic edellieynia;| aceter mayeatoaytib odiulermias mytedobhastisent

i nvention relates to the aforenpentione 10. wherei n i d. co ound
Y et o SRy e oS o f S e RO e dflen P sl ieh Biriag SR

pul nonary, myélbcfﬂﬂ(:h@@ﬁiuﬂdbytlbpnmﬁéfhiay cﬁfonh@ﬂyrﬂﬁlﬁ)%?l\ﬁé Yeukehid; §5d1pdyhemia Vera
enbodi nents, the present invention relates to the aforenentioned net hod,

wher ei s dileiekinpodigases auwrHpdsian'ed Gseaseni pwitinle |mydempai Wadeseomint s,
the pr eseq{ladrg%lgl%ﬂn%ﬂnzg elh@%\ﬁ/s Ccthglt arlﬁseg%%oggﬁ)g%cgﬂgd rHﬂo@Qr%gmtalsl rp\ggg{:ghg

said patient ne es vent
rel ates t chbhdrosdrosmeaenisicopatc medrbmda, chbriogian magwbap@trrlae nendaheioparcomb.e.
[ odi.nents, the resent nvention relates to the aforenentioned

In certai en‘E
met hod, P AFIQSATCIN3a  yERRangiocndpihpkgsarcoma; $YRNEPHAr MespiBelioms, nEWHIeSs ent
i nvention ggbat Eﬁ)rﬁﬁsﬁc@iﬁﬁ hadp@émlarlohdd cldBetarcilBdh a%ﬁﬁr&'tl\% OJaﬂ@ér’ breast

conprising thé step of dmnistering to a patient in heed thereof
t her apéut icen¢dry oeﬁrfaeccwqu, arastate caicen, shiemoth eeld whictnoae rhasalmeﬂocmlmmana,on
wWth a adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, stadenocarcinoma, medullary. carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, uterine cancer, testicular
20 tumor, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma,
glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, melanoma,
neuroblastoma, retinoblastoma, and endometrial cancer.
In certain embodiments, the present invention relates to the aforementioned method,
25 wherein said cancer is follicular lymphoma, diffuse large B-cell lymphoma, mantle cell
lymphoma, chronic lymphocytic leukemia prostrate cancer, breast cancer, neuroblastoma,
colorectal, endometrial, ovarian, lung cancer, hepatocellular carcinoma, multiple myeloma,
head and neck or testicular cancer.
In certain embodiments, the present invention relates to the aforementioned method,
30  wherein said cancer over-expresses a Bcl protein.

In certain embodiments, the present invention relates to the aforementioned method,

wherein said cancer is dependent upon a Bcl protein for growth and survival.



t herapeutically effective amount of a conmpound of conpound of fornula 1, 2,
3, 4, or 5 as described above. 25 In certain enbodi nents, the present

i nvent i orwoebermssedo t he af orenenti oned nmet hod, wherei rCIAiSdooBobiseedi at ed
di sorder is cancer or neoplastic dise#dse. In certain enbodinents, the
present invention relates to the aforenentioned nmethod, wherein said
cancer or neoplastic disease is selected fromthe group consisting of acute
| eukem a, acute |ynphocytic | eukem a, acute nyelocytic |eukem a

myel obl astic, 30 SSHamesRbadjments, thyplessmb HyEpHoETeldimadhe rlorerasnjicRsdmsthedni a,

chroni c | eykeDiaqidChd1PRdEin i8Bel-ocytic (granul ocytic) |eukem a, chronic
| ynphocyt i cﬂ&?eukglm' a, %po yeytheria Vera, WO 21)1)611)1) 9869 PCT/ US2

0115/ 1121 5 24 InZArtkadgihiodisends, skapesenn anvehibagelatestodhs efasenentiohéd mlethod,
nyel oma, | denst r S __macr ulinem a, heavy chain disease,

fi brosarco ?relﬁfﬁ‘ggg‘}l@_fmﬁl}l 1§ ﬁgiigr coma, chondrosarcoma, osteogenic

sar conms, chor dopRertANHEnRRANRETR thEHEKND BlvieRESH FPISS to thy MRAMNGHIGAS! fefHRd,
| ynphangi oendot hel i osar coma, synovi oma, nesothelioma, Ewng' s 5 tunor,

| ei onyosarEsrein thhedngengrbduisashid; 1 & shmasame! wanstocapetncr eat i ¢ cancer,
breast cancer, ovarian cancer, prostate cancer, squanous cell carcinons,
basal---cell -car cinvertsip endebdmoess, chayoesent sweatiomtetates todhe afoommeentiondrbimethod,

gl and carcinonmm, papillary. carci.nona, illary adenocarci nomas,

st adenocar‘@%’%gﬁé?l%r?gmﬂo%%f EPWW%%&M%E‘%#&OWM c carcinona, renal cell
carci noma, hepatoma,, bile duct carcinonmg, choriocarci noma, 10 seni nonms,
enbryonal car ciaiﬂ&ﬁﬁ?m\mh?élm?f{%h% PIERIY vaNtiQnaistades to theplprancatinees method,

testi cll aryhdrbifOdaid lclldﬁgoﬁrﬁf & Q&Hﬁristt%_g@lihtrﬁﬁtllgcuiaﬁ gi&éQQﬁaggﬁsgg+&%‘éﬁsly,

carci nomn, epithelial ¢arcinoma, glioma, astrocytoma, ne ast ons,

cr ani opharoyalty, pomorepg nulyatberally gbpiealyooeintradesatisngi obl ast oma, acoustic

neur oma, ol i godendroglionma, neningioma, nelanoma, neurobl astong,

retinobl ast ona,maeﬂaiﬁmdmmmérﬁdﬁ thmpnef st inkentioh %ﬁtés&'ﬁ mléeeaifor\z]@idmﬁaﬁai rﬁémd,
present invention relates to the afaorenentigned method, erein the cancer
over - expr ddagEn gaigconprgRdispdmipisierdisyFtAng#Bdi nent s, the present invention
relates to the aforenmenti oned nethod, wherein said cancer is dependent
upon a Bel pr otlBicartpigrempodindits Hep prasent nyentiqnyetasgstiaithe afpsmtniensdmethpd,

prese I gL rel af orenenti oned net hod, 20 wherein said
Bel p?tcs)t ein |éslh%§:ﬁld-p%]flaftg§%er alFaﬁ' enbodi nents, the present invention relates

to the afor ene%'c(e)ft]a%g e?n%%gﬁﬁjénts, eeﬁrgéerﬁt fn%%r?tio%erlela%sq}) s orsemBe%l[ibﬁ(eLd' method,

wherein said patient is a primate.

In certain embodiments, the present invention relates to the aforementioned method,
wherein said patient is a human.

20 In another aspect, the present invention relates to a method of treating a Bcl-
mediated disorder, comprising the step of: administering to a patient in need thereof a
therapeutically effective amount of a chemothereutic agent in combination with a
therapeutically effective amount of a compound of compound of formula 1, 2, 3, 4, or 5 as
described above.

25 In certain embodiments, the present invention relates to the aforementioned method,
wherein said Bcl-mediated disorder is cancer or neoplastic disease.

In certain embodiments, the present invention relates to the aforementioned method,
wherein said cancer or neoplastic disease is selected from the group consisting of acute
leukemia, acute lymphocytic leukemia, acute myelocytic leukemia, myeloblastic,

30 promyelocytic, myelomonocytic, monocytic, erythroleukemia, chronic leukemia, chronic

myelocytic (granulocytic) leukemia, chronic lymphocytic leukemia, polycythemia Vera,



In certain enbodi nents, the present invention relates to the aforenentioned
nmet hod, wherein said cancer exhibits a t(14;18) chronosonal translocation.
25 I n cerwainosambssdi ment s, the present invention rel at e®Craskés/ 021524

af orenenti oned net hod, wherein the anount of conpound of formula 1, 2, 3,
4, or 5 is such that the cellular levels of Bel client proteins are
reduced, and the anount of said chenotherapeutic agent is such that said
Bel clienHodgkihBi ngisadse, efhbsHddelng | alelic! ednb¥ipfal thyelfipt h%?d%ﬁk%rﬁ's
agent. In certain enbodi ments, the present invenPi on relatés to the

af or enent FBREGlobyEnerRtan okeavy wekaiei dissased fwogseomen, i s1yadshrensd, e tiposarcoma,
parentera 6/ . PCTI US2005/ 021524 75 | n certain_ enbodi nents,
t he pr eseh%éﬁdﬁé\%lcﬁ?%h gge%?%t%glsc tc%rctoﬁlea’ af%ﬁrg?@ﬁt | BEOSCHRAH AOthHesAE MM 5 d
conpound iwngdngiokatansdlynyhaagiosaletislioYarciii,” RNRME, YmescdHBHARAHSE Y |
oral ly, pul non r.g/, intrathecal |y, topically or intranasally. In certain
embodi frenfiuory ﬂ% Y RBEIMa, FhhfomyRsiregmat.eeolen cafsinonta menemdlio neer, Sreast

met hods, WHRECIJasRl dasl | Smadmp ed syst.em cal | l,n certain
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wher ei n sadegogatinems, $weah ghanrhratcindnm, Gebdcadus gadbetireiBoing, pdpllerpcasapina,

i nvention refllrlat es .to the aforenentioned--nethods, wherein said patient is a

primate. AEHHY c SPIQCATCITAS neRfocRGmopae s Bledullafy e rarcipha| drerchpsenitie
af or enent ¢R¢iRemaTBEMAd8ell VEISEiSoMa,S HephtBRh! B Ufc@ cBMIRMa, |P Q@;ﬂg@&ﬁ%&n&?'

Conpositions In another aspect, the present invention prov
phar nit eutsEBITg, Aelrapral tseecinon®, MWihms stumiop nervibdl clancaymerise cancer, testicular

t her apeut = [ve u of one or re of the co unds descri bed
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drenches (aqueous or non-aqueodus SO I'ONs or ‘suspensions), tablets, e.qg.,
t hoselst ar get ednfesrtaipientzidjmentyy | thapiesdnt irardticy flaed © thdsRERhdBBneDRlhHES .

powder s, anul gs astes for a jcatign to the tongue; (2) parenterai
adni ni st r‘gfé‘?f’alﬂ,tﬁ? %?’%ere‘?(vﬁfﬁf‘%‘[e“ﬁggéigﬁm%%eous, i ntramuscul ar, intravenous

or epidural i npeefthidendsodith@lts, ApRLS invBnid fehalt@s' L%Qiléfjgiio%be?ﬁioﬁﬁl%g&%idon’
or sustained-rel ease formulation;” (3) topical application, tor ’
wherein said cancer is dependent upon a Bel protein for growth and survival.
In certain embodiments, the present invention relates to the aforementioned method,
20 wherein said Bcl protein is Bcl-2.
In certain embodiments, the present invention relates to the aforementioned method,
wherein said Bcl protein is Bel-xL.
In certain embodiments, the present invention relates to the aforementioned method,

wherein said cancer exhibits a t(14;18) chromosomal translocation.

25 In certain embodiments, the present invention relates to the aforementioned method,
wherein the amount of compound of formula 1, 2, 3, 4, or 5 is such that the cellular levels
of Bel client proteins are reduced, and the amount of said chemotherapeutic agent is such

that said Bel client proteins are effectively inhibited by said chemotherapeutic agent.

In certain embodiments, the present invention relates to the aforementioned

30 methods, wherein said compound is administered parenterally.



25 exanple, as a cream ointnent, or a controlled-rel ease patch or spray
applied to the skin; (4) intravaginally or intrarectally, for exanple, as
a pessar Wwoenwawessp f oam (5) sublingually; (6) ocul ar IPgT/USZ005/021524
transdermally; (8) nasally; (9) pulnofary; or (10) intrathecally. The
phrase "therapeutically-effective anount” as used herein neans that anount
of a conpound, material, or conposition conprising a conpound of the
present inventipn .2006/ 009869 PCT/ US2005/ 021524 .76 which is effective
Por - produci ng. sBmsequs: PEROYRER It | RORF! dETeRt afelfigndy GosBrRestIonsd on
of cells i meMRdANIWIRKeiAl s@id *BENOAR CisDeRRINiklerddS Knfr@hh @uBPB! | Gl érduslyany
medi cal treatnent. The phrase "pharmaceutically acceptabl e” is enployed
herei n to subretencayskyhewdydoipensdsintaeeliyalopicallpapindiantsely, and/ or dosage
forms which are, within the scope of 5 sound nedical judgnment, suitable
for use in contbctcemtiinhembeditiestsudhe gfresenhenvdmtiongslatesd to athie neffoserméntionert
excessiyve toxicit i.rri.tation | 1 ergi.c response,..or other problem or
conpl i csatilgﬁe,ﬁog%ﬁ‘%ﬁ?ﬁeéﬁf%{ 8°W?‘PPC§F3§’§§H§EYF§S HBCPEY-ri sk ratio. The phrase
"pharmaceutical ] y-acceptaple carrier” as used herein nmeans_a i

phar maceut i cal | < §8¢4pt %F@W&P@r the PTESSRhJBYRIFER ElateRep clhe, aloprapengioned

| i quid- or é@ﬂhbés,‘mréiﬁ-kﬂiﬁ?aﬁéﬂt kueRbmnexci pi-ent - manufacturing aid-(e.g.,

| ubricant, talc magnesiu calciumor zinc stearate, or steric acid), or
sol vent -encapsu at,| {; [ I i LY tyan ' e
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or port i onmethotld)eviesdly saiEpatient & 4 prémateLiSt be "acceptabl e” in the sense of
bei ng conpatible wth the other ingredients of the formulation and not
injurigus to the patdifnémb&iiRnttD tBX PFEHeRS iBFentibh efelAésS t¥vhihe haforsm&GEON&A] as
pharmaceutical | y-acceptabl e carriers include: (1) sugars, such as | actose,
gl ucose an@cbgds, gdwreiq said patignt HeshurB@eh as corn starch and potato starch;
(3) cellulose, and its derivatives, such as sodi um car boxynet hyl cell ul ose,
ethyl cellulose and cellul ose acetate; (4) powdered tragacanth; (5) nmalt;
(6) gelatin; (7) talc; (8) excipients, such as cocoa butter and

supposi t orBhammesuticabBfompbsstiomsuch as peanut oil, 20 cottonseed oil,
safflower oil, sesane oil, olive oil, corn oil and soybean oil; (10)

gl ycols, such Iasapsthgy hspeet, gﬂklyc;iizbsent Jilihyerpila)hy?ﬂosides L;ﬂﬁnmcegtiyzﬂ@r iaﬁcepthablle
sorbitol, mannitol and . pol yethyl ene glycol; (12) esters, such as ethy

ol eat e15ano<=°él%rm§1ﬂorlwr13’ffb coppygse agtg?r,apé(uilayl?y-ﬁfiﬁqﬁé@i%o%érﬁt@,e @ERre; ef the
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et hyl al coleoéptalfle 0dariérs ptadditiviesr @dd/epl ditvientss; A2 1despribede s edesail below, the
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administration in solid or liquid form, including those adapted for the following: (1) oral
20 administration, for example, drenches (aqueous or non-aqueous solutions or suspensions),
tablets, e.g., those targeted for buccal, sublingual, and systemic absorption, boluses,
powders, granules, pastes for application to the tongue; (2) parenteral administration, for
example, by subcutaneous, intramuscular, intravenous or epidural injection as, for example,
a sterile solution or suspension, or sustained-release formulation; (3) topical application, for
25  example, as a cream, ointment, or a controlled-release patch or spray applied to the skin; (4)
intravaginally or intrarectally, for example, as a pessary, cream or foam; (5) sublingually;

(6) ocularly; (7) transdermally; (8) nasally; (9) pulmonary; or (10) intrathecally.

The phrase "therapeutically-effective amount" as used herein means that amount of

a compound, material, or composition comprising a compound of the present invention



As set out above, certain enbodi nents of the present conpounds may contain
a basic functional group, such as am no or al kylam no, and are, thus,
capabl e oWofo0anopsy9 phar maceuti cal | y-accept abl e sal ts wWPCH/US2005/021524
pharmaceutical |l y-acceptabl e acids. Th& term 30 "pharnmaceutical | y-accept abl e
salts" in this respect, refers to the relatively non-toxic, inorganic and
organic acid addition salts of conpounds of the present invention. These

salts can bg. prepared i.n situ.in the admnistratio ehicle or the dosage
F or m manur SEERT HiEoREs SGRP DS ICIRTRS HoBnsss et Fy e et 8 sud-papulagon
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form with a suitable organic or inorganic acid, and isolating the salt
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| actate, phosphate, .tosylate,.citrate, .nal eate,. funarate, cci nat.e,
tartrate, RRbAHI! Belnedl bl Sihuisib peBrs with MR tonropbRgtafghes and
l'aur yl sul phoRat ewsiBbitS edResivdQotibig . irrifal6R, afllQGicc¥a&pBhe, JBeb@er Protém or
(1977) "Pharnmaceutical Salts", J. Pharnn. Sci. 66:1-19). The

phar maceutqozalicgtien cepmepsurats avithsa repsanabledgbfitdiskantipounds i ncl ude the
conventional nontoxic salts or quaternary anmoni um salts of the conmpounds,

e.g., from 10 Hun-ploasec "phyganceutmally-acregthlec cacia®. aFousedx heylire, msamsh a
conventi ongl nont? i i nclude those .derived, frominorganic. acid idsuch

| t
as hydr ocHIBFRHRIISAI SErRAL I Mg, PEPOSIUY ©F viehicle Ry Rsrd auid; % polid an

the life; mng, dihiRns dkdipichl, aRALBLHETTEM (IR NuBridmt, d8lc TR Sm, &d&hinCor zinc
propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric,
ascorbi c, RArap.t ot sterrpalagidy, ohyadlveny resicensylatipp emypleziebt inyolvgd uinagimying or

benzoi c, St?.li i fanili 15 acet oxybenzai C,. .f rig,

t ol uenesul orsﬁg %ﬁhérg}ehsglwggu nol%iéf1 %ré)frh%rheeor ?ng)élr pavice ,Ofg}?ath%l%é’ ) fo a}ngg][em)l{%g{l,c,
and the |id¢gortioh @tthebod@sBach ddnerGANP OY MelscepiableN én fHe@RRRH ofl HEMRNEIngIhtiBRY
contain one or nore .acidic functiagnal agr oups and, .thus, are capable of

forming ph%ithdae etheg dpgrgdigaiscpf Hisl ormalation agdt potpimarians dat the apatigntac Septeabl e

bases.;sTh eextﬁﬁlwgs of %@%?Wﬁfcﬁ akh ¥586 ﬁse@;a?l?llageu%i@élhﬁ—;ccie 2Bl c%ﬂ’?e?se ini(j‘gﬁ%iag@e S
refers to the'relatively non-toxic, Inorganic and organi c base additi
salts of sogapourtssdictodes ghrcosemid sutvew] (Drstardie’s suchadst o atardli kiehpstatobe

Tt act U b CEUS i el et uviode SPT PHEOPERGLRS cer Bboth | n
or DI car bogat 8 e B Ll &,
or 25 wi t lexaippms; reacle (s easbh ybuster epd stuppostogawazegr (Mrevils, sselt asdmayutooil,
terti 3y %%ictgr?s'eed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols,
such as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14)
buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid;
(16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20)
25 pH buffered solutions; (21) polyesters, polycarbonates and/or polyanhydrides; and (22)

other non-toxic compatible substances employed in pharmaceutical formulations.

As set out above, certain embodiments of the present compounds may contain a
basic functional group, such as amino or alkylamino, and are, thus, capable of forming
pharmaceutically-acceptable salts with pharmaceutically-acceptable acids. The term

30  "pharmaceutically-acceptable salts" in this respect, refers to the relatively non-toxic,
inorganic and organic acid addition salts of compounds of the present invention. These

salts can be prepared in situ in the administration vehicle or the dosage form manufacturing



Representative alkali or alkaline earth salts include the lithium sodium
potassium cal cium magnesium and alum numsalts and the |iKke.

Repr esentwbizo@/megpani ¢ am nes useful for the formti onpraofi/usa®s/oacsdi t i on
salts include ethylam ne, diethylam n& ethyl enedi am ne, ethanol am ne,

di et hanol am ne, piperazine and the like. (See, for exanple, 30 Berge et
al ., supra) Wetting agents, enulsifiers and |ubricants, such as sodi um
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| ecithin, propyl gallate, alpha-tocopherol, and the |ike; and (3) netal
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(EDTA), 0(?3!3 tf?} e)hatn‘?ﬂrlé %ér%e a%i, 319%0§H§}H{a‘f&éﬁﬁf ltsa'?)dPhEt Sk 168:1 @él

Formul-ati o resent - entiren 1nAc 0Ss€ swtalefor
nasal , topical Iudln ccC |n ) t
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in unit dosagentfamMmenmexiceyitder puspaaed adyhonfmiy sm&i bods N@hﬂouhd@%’]g; frotrhe
art of pharmacy, The anount of actlve i ngredi ent which can be conbi ned
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dependi ng 1

ad i st 7 afriage el 185 BoRSib Rl CHlios AERRR NG HRl B HoaBbromic, sufurer ¢
a carrier subthsic,photphopr odtre amd therltlegandiths asgkts fn(epmemﬁiolm gl@amlcalcidys sheh ahat
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o e hurtfite aRORE pICo eheAbt o I R A AT GG oo atni; °ro

about ni nehyeld Nay@Sk GaAkiOf H&Me}é%tlé ngg;lﬁgfnfmt beRid ersabbpelib! omakoet - per
cent to 20 about 70 per cen nmost preterably from "about” 10 percent to

about BO psetoanbenzpie, clymtasion tehwessiifenic.s methanssuHinig, i ethaist diswdfopice sexrlic,
i nvention €9 Ornt ses ﬁ’g ; exci pi ent selected fromthe group consisting of
cyclodextrF% Cert ‘b éé‘g | i posones, mcelle formng agents, e.g., bile

aci ds, and oI c carri esters. an anhydrides; and a
compound of "t holtotFnes e FomBithias ot dad PRisFr R aicRomiE Comt SreSor B

af or ement i QRBE functional groups and, thus, are capable of forming pharmaceutlcally-acceptable salts

with pharmaceutically-acceptable bases. The term "pharmaceutically-acceptable salts" in
20 these instances refers to the relatively non-toxic, inorganic and organic base addition salts
of compounds of the present invention. These salts can likewise be prepared in situ in the
administration vehicle or the dosage form manufacturing process, or by separately reacting
the purified compound in its free acid form with a suitable base, such as the hydroxide,
carbonate or bicarbonate of a pharmaceutically-acceptable metal cation, with ammonia, or
25 with a pharmaceutically-acceptable organic primary, secondary or tertiary amine.
Representative alkali or alkaline earth salts include the lithium, sodium, potassium,
calcium, magnesium, and aluminum salts and the like. Representative organic amines
useful for the formation of base addition salts include ethylamine, diethylamine,
ethylenediamine, ethanolamine, diethanolamine, piperazine and the like. (See, for example,

30 Berge et al., supra)

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and

magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,



25 formul ation renders orally bioavail able a conpound of the present

i nvention. Methods of preparing these formulations or conpositions include
t he st ep wb 20@wdopsypng i Nt o associ ati on a conpound of thecprss@s2isaventi on
with the carrier and, optionally, on® or nore accessory ingredients. In
general, the fornulations are prepared by wuniformly and intimtely
bringing into association a conpound of the present invention 30 with
liquid carriers, or fipely divided solid carriers, or both, and then, |f
necessary, 12085 7§d REFEIPRS ALRLS, PIRSCLEBEISORITsHBIOBIErNISSA (by00keL Brsdent 7 the
Fornulatiqg&ng%ﬁkgﬁ invention suitable for oral adm nistration may be in
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or anutes, b RiaRERER lpuRRiess SodTEDAK SuBitnl Rt BhoPRRC At ne
or nore phaemreeutically-acceptable carriers, such as sodiumcitrate or

di cal cium phosphate, and/or any of the following: (1) fillers or
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silicic acid; (2) binders, such as, for exanple, carboxynethylce ose,
al gi nat es, (inpdhdang bucqadlapdisoplingmab)r otdtad pmeging vndosepaaedéral adioagsitemtion.3) THeb

humect ants, such as gl ycerol; di si ptegrat.i agents, .such, as agar,-.agar,
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wetting a . e g e, cetyl .alcohol | yeer ol ost ear at e,
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(11) contrdidg G@ﬁrglgg%u@gfehéh%bﬁé% B cge@eﬁﬁlgvasggo;ag?wﬂﬁ rﬁfg@?ﬁonﬁz%&lﬂ PPfer | N

the case o caps tablets maceut I°C conpositions
may al so aenpto awubuinegriing percent of active ingredient, preferably from about 5 per cent to

20  about 70 per cent, most preferably from about 10 percent to about 30 percent.

In certain embodiments, a formulation of the present invention comprises an
excipient selected from the group consisting of cyclodextrins, celluloses, liposomes, micelle
forming agents, e.g., bile acids, and polymeric carriers, e.g., polyesters and polyanhydrides;
and a compound of the present invention. In certain embodiments, an aforementioned

25 formulation renders orally bioavailable a compound of the present invention.

Methods of preparing these formulations or compositions include the step of
bringing into association a compound of the present invention with the carrier and,
optionally, one or more accessory ingredients. In general, the formulations are prepared by
uniformly and intimately bringing into association a compound of the present invention

30  with liquid carriers, or finely divided solid carriers, or both, and then, if necessary, shaping

the product.



25 agents. Solid conpositions of a simlar type may also be enplo
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20 surfactants; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such as talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate,

zinc stearate, sodium stearate, stearic acid, and mixtures thereof; (10) coloring agents; and

(11) controlled release agents such as crospovidone or ethyl cellulose. In the case of

capsules, tablets and pills, the pharmaceutical compositions may also comprise buffering

25 agents. Solid compositions of a similar type may also be employed as fillers in soft and

hard-shelled gelatin capsules using such excipients as lactose or milk sugars, as well as high

molecular weight polyethylene glycols and the like.

A tablet may be made by compression or molding, optionally with one or more

accessory ingredients. Compressed tablets may be prepared using binder (for example,

30 gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative,
disintegrant (for example, sodium starch glycolate or cross-linked sodium carboxymethyl

cellulose), surface-active or dispersing agent. Molded tablets may be made by molding in a



carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene
glycol, 1,3-butylene 25 glycol, oils (in particular, cottonseed, groundnut,
corn, gerwp 2006/008869cast or and sesane oils), glycerol, trernsbydnofesyl

al cohol, polyethylene glycols and fat8y acid esters of sorbitan, and
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active ingredient can also be in micro-encapsulated form, if appropriate, with one or more

of the above-described excipients.

Liquid dosage forms for oral administration of the compounds of the invention

20  include pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions,
syrups and elixirs. In addition to the active ingredient, the liquid dosage forms may contain

inert diluents commonly used in the art, such as, for example, water or other solvents,
solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene

25 glycol, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor and sesame oils),
glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof,

Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

30  perfuming and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agents

as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan



exci pients such as lactose, talc, silicic acid, alum num hydroxide, calcium
silicates and polyam de powder, or m xtures of these substances. Sprays
can addi twornaddopossont ai n 25 cust omary propel | ants, suchPa3/US2005/021524
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The ointments, pastes, creams and gels may contain, in addition to an active
compound of this invention, excipients, such as animal and vegetable fats, oils, waxes,
20  paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,

bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to a compound of this invention,
excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide powder, or mixtures of these substances. Sprays can additionally contain

25  customary propellants, such as- chlorofluorohydrocarbons and volatile unsubstituted

hydrocarbons, such as butane and propane.

Transdermal patches have the added advantage of providing controlled delivery of a
compound of the present invention to the body. Such dosage forms can be made by
dissolving or dispersing the compound in the proper medium. Absorption enhancers can

30  also be used to increase the flux of the compound across the skin. The rate of such flux can



chloride, and the like into the conpositions. In addition, prolonged
absorption of the 25 injectable pharmaceutical form may be brought about by
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subcuticular, intraarticulare, subcapsul ar, subarachnoid,
surfactants.

These compositions may also contain adjuvants such as preservatives, wetting

20  agents, emulsifying agents and dispersing agents.  Prevention of the action of
microorganisms upon the subject compounds may be ensured by the inclusion of various
antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid,

and the like. It may also be desirable to include isotonic agents, such as sugars, sodium
chloride, and the like into the compositions. In addition, prolonged absorption of the

25  injectable pharmaceutical form may be brought about by the inclusion of agents which

delay absorption such as aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it is desirable to slow the
absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material having

30 poor water solubility. The rate of absorption of the drug then depends upon its rate of

dissolution which, in turn, may depend upon crystal size and crystalline form.



intraspinal and intrasternal injection and infusion. 25 The phrases
"system c adm nistration,"” "adm ni stered systemcally," "peripheral
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The phrases "parenteral administration” and "administered parenterally” as used

20  herein means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticulare, subcapsular, subarachnoid,

intraspinal and intrasternal injection and infusion.

25 The phrases "systemic administration," "administered systemically," "peripheral
administration” and "administered peripherally" as used herein mean the administration of a
compound, drug or other material other than directly into the central nervous system, such
that it enters the patient's system and, thus, is subject to metabolism and other like

processes, for example, subcutaneous administration.

30 These compounds may be administered to humans and other animals for therapy by

any suitable route of administration, including orally, nasally, as by, for example, a spray,



effect is achieved. 25 In general, a suitable daily dose of a conmpound of
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ef f ecti vewbDaogwoasege a t herapeutic effect. Such an effectrivseodoss2m | |
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A physician or veterinarian having ordinary skill in the art can readily determine

20  and prescribe the effective amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start doses of the compounds of the invention
employed in the pharmaceutical composition at levels lower than that required in order to

achieve the desired therapeutic effect and gradually increase the dosage until the desired

effect is achieved.

25 In general, a suitable daily dose of a compound of the invention will be that amount
of the compound which is the lowest dose effective to produce a therapeutic effect. Such
an effective dose will generally depend upon the factors described above. Generally, oral,
intravenous, intracerebroventricular and subcutaneous doses of the compounds of this
invention for a patient, when used for the indicated analgesic effects, will range from about

30 0.0001 to about 100 mg per kilogram of body weight per day.



25 The patient receiving this treatnment is any animal in need, including
primates, in particular humans, and other mammal s such as equines, cattle,
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these solutions or suspensions), tablets, boluses, powders, granules, pastes for application to the

tongue; (2) parenteral administration, for example, by subcutaneous, intramuscular or
20 intravenous injection as, for example, a sterile solution or suspension; (3) topical
application, for example, as a cream, ointment or spray applied to the skin, lungs, or
mucous membranes; or (4) intravaginally or intrarectally, for example, as a pessary, cream

or foam; (5) sublingually or buccally; (6) ocularly; (7) transdermally; or (8) nasally.
The term "treatment" is intended to encompass also prophylaxis, therapy and cure.
25 The patient receiving this treatment is any animal in need, including primates, in
particular humans, and other mammals such as equines, cattle, swine and sheep; and poultry
and pets in general.

The compound of the invention can be administered as such or in admixtures with
pharmaceutically acceptable carriers and can also be administered in conjunction with
30  antimicrobial agents such as penicillins, cephalosporins, aminoglycosides and

glycopeptides. Conjunctive therapy, thus includes sequential, simultaneous and separate



25 requirenments have HLB (hydrophilic to lipophilic bal ance) val ues of
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i nvention 1n1pF®JeU®§ba}i)@1|lab\ﬂllt§}y bpysroml lhgﬁﬂﬁhc PAl e ikoKdIH| bAGmaceutical agents.
pol yet hyl axazol i ne, . pol ydroxy ropyl 20 nethacryl am de,
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compounds in the hepatobiliary circulation.

20 While all suitable amphiphilic carriers are contemplated, the presently preferred
carriers are generally those that have Generally-Recognized-as-Safe (GRAS) status, and
that can both solubilize the compound of the present invention and microemulsify it at a
later stage when the solution comes into a contact with a complex water phase (such as one
found in human gastro-intestinal tract). Usually, amphiphilic ingredients that satisfy these
25 requirements have HLB (hydrophilic to lipophilic balance) values of 2-20, and their
structures contain straight chain aliphatic radicals in the range of C-6 to C-20. Examples are

polyethylene-glycolized fatty glycerides and polyethylene glycols.

Commercially available amphiphilic carriers are particularly contemplated,
including Gelucire-series, Labrafil, Labrasol, or Lauroglycol (all manufactured and

30  distributed by Gattefosse Corporation, Saint Priest, France), PEG-mono-oleate, PEG-di-



pol ypr opyl ene, pol yethyl enes, polystyrene, polyners of lactic acid and
glycolic acid, polyanhydrides, poly(ortho)esters, poly(butic acid),
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20 decreasing their solubility. Nunmerous CI)1/C| odextrins and net hods for
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(U.S. Rat .pdia, 4%;% AES t . 731)
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cycl odext rafrithe préset twention otilizespeidymes dfRareet eboitl three hloSomBlal suddOPEG
3,453, 257], ;insol uble. crasslinked 25 cycl adextrins (Solnms, U S. Pat. No.
3. 420, 788)PODARS E%F%‘SSQ? ﬁFﬁ%n\RP?fHefarﬁ?%ﬁ?’&‘m&F%bé?Q fadonsy parneter (111),
U S. Pat. No. 3,426,011].. Anong the cyclodextrin derivatives wth anionic
Other hydrophilic polymers which may be suitable for use in the present invention

include polyvinylpyrrolidone, polymethoxazoline, polyethyloxazoline, polyhydroxypropyl
20  methacrylamide, polymethacrylamide, polydimethylacrylamide, and derivatized celluloses

such as hydroxymethylcellulose or hydroxyethylcellulose.

In certain embodiments, a formulation of the present invention comprises a
biocompatible polymer selected from the group consisting of polyamides, polycarbonates,
polyalkylenes, polymers of acrylic and methacrylic esters, polyvinyl polymers,

25 polyglycolides, polysiloxanes, polyurethanes and co-polymers thereof, celluloses,
polypropylene, polyethylenes, polystyrene, polymers of lactic acid and glycolic acid,
polyanhydrides, poly(ortho)esters, poly(butic acid), poly(valeric acid), poly(lactide-co-
caprolactone), polysaccharides, proteins, polyhyaluronic acids, polycyanoacrylates, and

blends, mixtures, or copolymers thereof.

30  Cyclodextrins



properties, carboxylic acids, phosphorous acids, phosphinous acids,
phosphoni ¢ acids, phosphoric acids, thiophosphonic acids, thiosulphinic
aci ds, amdoxuddmpses aci ds have been appended to the paremtuseyosiooextrin
[see, Parneter (I11), supra]. Furthersfore, sulfoalkyl 30 ether cyclodextrin
derivatives have been described by Stella, et al. (U S. Pat. No.
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| i posones of the present invention ar
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di sper se insdulsleapi tiavetyl-betaeyeiodextrin) to 147% soluble (w/v) (G-Z-beta-cyclodextrin).
In addition, they are soluble in many organic solvents. The properties of the cyclodextrins

enable the control over solubility of various formulation components by increasing or

20  decreasing their solubility.

Numerous cyclodextrins and methods for their preparation have been described. For
example, Parmeter (I), et al. (U.S. Pat. No. 3,453,259) and Gramera, et al. (U.S. Pat. No.
3,459,731) described electroneutral cyclodextrins. Other derivatives include cyclodextrins
with cationic properties [Parmeter (II), U.S. Pat. No. 3,453,257], insoluble crosslinked

25  cyclodextrins (Solms, U.S. Pat. No. 3,420,788), and cyclodextrins with anionic properties
[Parmeter (I1I), U.S. Pat. No. 3,426,011]. Among the cyclodextrin derivatives with anionic
properties, carboxylic acids, phosphorous acids, phosphinous acids, phosphonic acids,
phosphoric acids, thiophosphonic acids, thiosulphinic acids, and sulfonic acids have been
appended to the parent cyclodextrin [see, Parmeter (III), supra]. Furthermore, sulfoalkyl

30 ether cyclodextrin derivatives have been described by Stella, et al. (U.S. Pat. No.

5,134,127).

Liposomes
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chains extend from the inner surface of the lipid bilayer into the interior space encapsulated
20 by the liposome, and extend from the exterior of the lipid bilayer into the surrounding

environment,

Active agents contained within liposomes of the present invention are in solubilized
form. Aggregates of surfactant and active agent (such as emulsions or micelles containing
the active agent of interest) may be entrapped within the interior space of liposomes

25  according to the present invention. A surfactant ac;ts to disperse and solubilize the active
agent, and may be selected from any suitable aliphatic, cycloaliphatic or aromatic
surfactant, including but not limited to biocompatible lysophosphatidylcholines (LPCs) of
varying chain lengths (for example, from about C.sub.14 to about C.sub.20). Polymer-
derivatized lipids such as PEG-lipids may also be utilized for micelle formation as they will

30  act to inhibit micelle/membrane fusion, and as the addition of a polymer to surfactant
molecules decreases the CMC of the surfactant and aids in micelle formation. Preferred are

surfactants with CMCs in the micromolar range; higher CMC surfactants may be utilized to
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Exompt 1 cat ] 0A oGPty cit [ PSS BB A ot ol T He e adt "t wi [T be

mor e 1 eadiyh % M0AET BéRGENEYus Eieéehencrldcrdt fige falgeoWnegefEctinpisidng wthad are

included nerely for purposes of illustratiagn, of. certain aspects, ai
enbodi mennsolués tedxerugings @nt aqUpPBHt FUSPEISIR] © rglenélﬂ’pf%eésnglggu@b 2?isf%%t@g he

| nventi Onpol};c%rb%%{gp Irneemlbrames having a selected uniform pore size; the pore size of the
membrane will correspond roughly with the largest sizes of liposomes produced by

20  extrusion through that membrane. See e.g., U.S. Pat. No. 4,737,323 (Apr. 12, 1988).

Release Modifiers

The release characteristics of a formulation of the present invention depend on the
encapsulating material, the concentration of encapsulated drug, and the presence of release
modifiers. For example, release can be manipulated to be pH dependent, for example, using

25  a pH sensitive coating that releases only at a low pH, as in the stomach, or a higher pH, as
in the intestine. An enteric coating can be used to prevent release from occurring until after
passage through the stomach. Multiple coatings or mixtures of cyanamide encapsulated in
different materials can be used to obtain an initial release in the stomach, followed by later
release in the intestine. Release can also be manipulated by inclusion of salts or pore

30  forming agents, which can increase water uptake or release of drug by diffusion from the

capsule. Excipients which modify the solubility of the drug can also be used to control the



Synt hesi s of Benzyl Hydroxyam nes 1. NH2OH HCI, MOH THFI H2O, rt \ CHO 2.
NaCNBH3, pH=2-3 NHOH To a sol ution of 4-iodobenzal dehyde (0.025 mml) in
McOH THF WoQomo09s91) was added aqueous sol ution of NHPOHHESR0SHO1524.) . The
pH was adjusted to 9 using of 6 WO 2006/ 009869 PCT/ US2005/ 021524 92 N KOH.
The reaction was stirred at it for 2 h and NaCNBH3 (1.5 g, 0.025 nmol) was
added foll ovved by a crystal of nethyl orange. The sol ution vvas acidified to

a pH 2 and ul ting.ruby red, col or. was maintai ne duratlon of
o 2 ot leis e et i e doaeadation B BB MaiR O el B Be (G G

NaCNBH3 ( 1a1® Be 1&0 a0 ey\e BIG@sbd tHNBe AArkg, )iathéd3 a%sseﬁ&’aferﬁﬁsé @lr 1£s h,

at which point, 2/3 of solvént was evaporated and the pH was rai sed
9-10 by acmlmqme&),f orpcad I ¢Coissrdusloinghe pbiytrico phashdepending an eha/\asnmdaht ed

th CH2C 100 re co ned,., wa
hat or ¢ ho e e Rt sholBehARRNS 00 R Bt b GV PhBR Tt oF
evapor at eCHellgfhd‘dﬁ@rU enliadcat fidlddel idobgahiPsalts 48R aéi@nﬁﬁ(fmwﬁlshﬁ’at%cﬁndcbmrﬂlgmum

Exanpl e 2 NHOH Y 2 gdroxyam ne 2 was synt hesi zed according to the
procedur e Géide; pregnicracisfuph as citriqagidhgpenzoip aeide pxhruerye acifninprassis hgses

4- |odobenzs@l}gggyggaﬂ{ If%g%ﬂ @o@&q{ﬁﬁ’ GhdnfL E{lﬁunﬁ? g(‘?r?alté eﬂxacp E&’rﬂ?ﬁe&% and

Exanpl e-3 am ne- 3-was -synt-hesi zed accor
procedur e s dryidbexddd, naﬁkaasrghmc hasesi sigh2as oprobmmnel dﬂfayejespdmnnieacﬂlo(hhe

4-i odobenzal de de af. rd| 85% vyield of the 20 desired product
Exanpl e 4 PR ﬂ&f{ irdethagpolagaipe @Rd [Sgupgtamy sPehadiVesA® andy) |

0 NHQ + PI'[H%‘IC@.Q’OI‘G forming agents which add microstructure to the matrices (i.e., water
soluble compounds such as inorganic salts and sugars) are added as particulates. The range

should be between one and thirty percent (w/w polymer).

Uptake can also be manipulated by altering residence time of the particles in the gut.

This can be achieved, for example, by coating the particle with, or selecting as the

15 encapsulating material, a mucosal adhesive polymer. Examples include most polymers with
free carboxyl groups, such as chitosan, celluloses, and especially polyacrylates (as used
herein, polyacrylates refers to polymers including acrylate groups and modified acrylate

groups such as cyanoacrylates and methacrylates).

20 Exemplification

The invention now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration
of certain aspects and embodiments of the present invention, and are not intended to limit

the invention.

25 Example 1

Synthesis of Benzyl Hydroxyamines

1. NHaOH.HCI, MeOH/THF/H,0, rt

/@/CHO 2. NaCNBHs, pH= 2 - 3 /@ANHOH
| : |

1

To a solution of 4-iodobenzaldehyde (0.025 mmol) in MeOH/THF (40 mL, 3:1)
was added aqueous solution of NHOH'HCI (10 mL).The pH was adjusted to 9 using of 6



/| OOOH 4 (Keirs, D.; Overton, K Heterocycles 1989, 28, 841-848) To a
suspensi on of N-(4- 25 iodobenzyl)hydroxylamne (10 g, 42.5 mml) in CHC 2
(200 nl) woadess/mbsspogen was added gl yoxylic aci d nonohpdratseoosA2id2g, 51.1
mol ). The reaction m xture was stirrgd for WD 2006/ 009869

PCT/ US2005/ 021524 93 24 h at rt. The reaction m xture was washed with
water (2 x 200 nL), brine, dried (MgS™), filtered and concentrated in

added to the yellqw s and_t uspensi on
oot EarS R Tk el Vst 8 K 2 D R s e Bioas SRRED ke
li quor  wagide® Rﬂ@%eﬁadyeﬂcﬂyﬁtal/@ﬁﬁé‘thyﬁ&%% &he @b]u@ioﬂ\/@v‘t‘as weited tWat;JH Etaﬁ@ tl@eﬂd
then filtered to afford %yield). Exanple 5 11'p o

Ni t rone acrieaulangma@ygydwwes ermaatt@mcbfqn ghe duretien ff the eehgtien be;éh@radldéwm qf 1

Exanpl e 4 S\ ( dobe | ace
N (01 odobSIGTyADEH: 5.5 iiabiee POfR P EAGRIM0 S e b R ag avgept. The
products. ExamRtavas stitre@@rl 01 h, M@wmdﬂ(})dm; RGNS sameﬁt Wayeapsiatddasl the gH was
according to the procedure descrlb in Exanple 4 15 using

N-(2-i odoﬁérfri@ FC) I drsaadiian g 4 %N&%H@qarowehﬁ%d@yé ﬁ’éW%‘y@ﬁ Pipriadvith
ffordi it
6l\llr t?(r)nen%a oxyI ?ge@tlﬁi t"E%t e alln% quegigfg%ﬁé%ﬁé%a%}j I t‘?%?]ﬂs&leﬁlﬁﬁgb' ONO)

1+ H 0 Thel c@g)mc lalyex waE d2ed Thig8Og Y lfiltercainanif evlhbélétddodohewmgd AffrdriosyT gm ne

(16 g, enzen (320 m.) was added the nethyl glyoxylate (6.8
P)neo i
g, 80 rrrml ° rs%h s heated to 120C for 3 h using a Dean Stark

trap. The soI ution was cooled to rt and the solvent was concentrated in
vacuo Yo give 7 (19.1 g, 93% as a yellow solid.

Example 2

Q/\NHOH

I
2

Hydroxyamine 2 was synthesized according to the procedure described in Example
1 using 3-iodobenzaldehyde in place of 4-iodobenzaldehyde affording a 90% yield of the
15 desired product.

Example 3

@i\NHOH
|

3

Hydroxyamine 3 was synthesized according to the procedure described in Example
1 using 2-iodobenzaldehyde in place of 4-iodobenzaldehyde affording a 85% yield of the
20  desired product.

Example 4
Synthesis of Nitrone Acids for use in [3+2] Cycloadditions

0 I
ey
|

0]

o]
|
S on

» ®Z-00

(Keirs, D.; Overton, K. Heterocycles 1989, 28, 841-848) To a suspension of N-(4-
25  iodobenzyl)hydroxylamine (10 g, 42.5 mmol) in CH,Cl, (200 mL) under nitrogen was
added glyoxylic acid monohydrate (4.7 g, 51.1 mmol). The reaction mixture was stirred for



Exanpl e 8 WO 2006/ 009869 PCT/ US2005/ 021524 94 N O B N trone nethyl ester
8 was synt hesized according to the procedure described in Exanple 7 using
N- ( 3- 1 odoweragd/gobsedr oxyl am ne i n place of N (4- iodobenzrgr)usgasoxysban ne
affording a 85%yield of the desired product. 5 Exanple 9 0 O 1 9 N trone
met hyl ester 9 was synthesized according to the procedure described in
Exanpl e 7 using N (2-iodobenzyl)hydroxylam ne in place of N (4-iodobenzyl)
hydr oxyl n ? k@d0 RAIOG bEhe, dlied B@h)e 10
SyntheS|2th?E?é% %%%p u@&é%¥s$%% &fWHH%mﬂ§§Part ]ngBSCI EM@

TUS 15 me@dsg{dﬁdneenmiecrmsebuc( 2850d50 mIz)szvamldsied o tlzﬂzeiiozm@li S@%?nad; oc

was added i m _dazol e ro I 3
nmol ) was S@R@G’éﬂortlw&ibmfétéd a%‘im&iLthﬁa Q aéfﬁ@n‘g?sﬁ "gm?oﬂ{\ﬁaqﬁ%@g” 1t1 C%d“o?t and
St' rred oL ?&aﬂh&te{f BEvd£BCidRe YR w%ﬁ&q@@d\n&yﬂ&@andmhntﬁlwmdib afforéd (500

The 'm xture was concentrated in vacuo and 20 the residue was extracted
vmth hexanes g( ®B% ykdd). nL) . The organic extracts were conbined and washed
with brine, dried (MgSO), filtered and concentrated in vacuo to afford an
oil which was purified by distillation (70 C/-10 mm Hg) afforded the
desired product (179 g, 74%. Part B OH 25 TBSCZ,,O n- BLI, acetal dehyde
TBSO Me - —~Example5 - - - -

L

Nitrone acid 5 was synthesized according to the procedure described in Example 4

[0}
|

@Z-00

o

10 using N-(3-iodobenzyl)hydroxylamine in place of N-(4-iodobenzyl)hydroxylamine
affording a 90% yield of the desired product.

Example 6

]
S 9
'CLI)Q)\OH

6

Nitrone acid 6 was synthesized according to the procedure described in Example 4
15 using N-(2-iodobenzyl)hydroxylamine in place of N-(4-iodobenzyl)hydroxylamine
affording a 90% yield of the desired product.

Example 7
Synthesis of Nitrone Carboxylic Methyl Esters for use in [3+2] Cycloadditions

0 w8 o
HOH
JO RN TS,
| 0o 7

20 To a solution of N-(4-iodobenzyl)hydroxylamine (16 g, 64 mmol) in benzene (320
mL) was added the methyl glyoxylate (6.8 g, 80 mmol). The mixture was heated to 120°C

for 3 h using a Dean Stark trap. The solution was cooled to rt and the solvent was

concentrated in vacuo to give 7 (19.1 g, 93%) as a yellow solid.

Example 8



WO 2006/ 009869 PCT/ US2005/ 021524 95 To a sol ution of

t ent - But yl di met hyl (2- propynyl oxy)silane (freshly distilled, 27 g, 0.16
nol ) in TWB20@0098R) at -78 C was added n-BuLi (119 nL eCTASBoosoers2heane,
0.19 nol). After 15 mn acetal dehyde9410 nL, 0.19 nol.) was added. The
reaction mxture was stirred for 30 mn and quenched with an aqueous

sol ution of 5% (nmv) NHACL (50 ni) and 5 water (100 mi). A half volune of
THE was evaporated in vacuo and the xtLge was poured into water (150
m.). This m xture was extracted w th hg » (3 x 200 ni) and Et20 (100
mL). The conbined extracts were dri'éd™( 509) and concentrated in vacuo.
The crude product was purified by di stlllatlon (115 c/ 1 m"an (bath terrp

sl e O o Yot w&% 25 a3 RErorl 9, ik PriRAVE SRR ga

Ant ar ct i caExampdi | zedugig RISb@ENWhydr inel 9Ny L-pKdd 7 lopt INK427)
(1 9) was added to a mxture og_pt he rg}g 6)'i""l,lgrlncohol (10pg 0.47 nol) and
vi nyl acetlaql@epm}hydmzcyla@unelaﬁfmﬂ)nglan qu%ef(ﬂilﬁéef(lmrﬂd})ﬂ The reaction

m xture was 15 stirred for 48 h, then filtered and the resin was rinsed
with ESQAc (50 nL). The fil trate and Exdwple 9nses were conbi ned and
concentrated- in vacuo.-The crude materi al--was purified by- colum -
chromat ogr aphy (hexane/ Et OAc, 95:5 0@26) to give 5.3 g of the al cohol
and 6.5 g of the acetate (93% ee). gQJQAc Me H2 / Lindlar cat, AcO 20
TBSO> TBSO--\-'-Me To a stirred solutiongof the propargyl acetate (60 g,
0.23 mmol) in EtOQAc (700 nL) was added quinoline (30 nL) and Lindlar cat.
(6 g) and pl aceXitune eetlyl atednE phersenibbsikéll acodtdieg 18 the ptdvedireaddstriied in

m xture was filtered and the filtrate was concentrated in vacuo, The crude

was puri f Fe@mpe cél st hiVdRdedbeapiihydrrsyiamane eioaplags: of s(4rdadeberzyd) t he
25 desi r ed,Br9Mnling 2ffordir a $0%Yic1dBf the Be @ Job&RE-H HO  TBSQUi - Me TBSOv- Me

10 Example 10

Synthesis of Dipolarophiles

HQ
TBSO—\ _ /e

10
Part A

PH TBSC, imidazole Q78BS

15

To a solution of TBSCI (215 g, 1.43 mol) in CH,Cl, (1.2 L) at 0°C was added
imidazole (97 g, 1.43 mol). Propargylic alcohol (83 mL, 1.43 mol) was added dropwise
and the suspension was allowed to warmed to rt and stirred for 60 min The reaction was
quenched by the addition of water (500 mL). The mixture was concentrated in vacuo and

20  the residue was extracted with hexanes (3 x 500 mL). The organic extracts were combined
and washed with brine, dried (MgSOs), filtered and concentrated in vacuo to afford an oil
which was purified by distillation (70 °C /~10 mm Hg) afforded the desired product (179 g,
74%).

Part B

OH

Z n-BuLl, acetaldehyde
95 TBSO. #Z DBl aceladelyde oo /\ Me



WD 2006/ 009869 PCTI US2005/ 021524 96 To a stirred solution of the allylic
acatate (50 g, 0.19 nol) in CH2CI 2 (400 nL) at - 78 C was added DI BAL-H
(426 nlL oWNoaode/dbsel uti on i n heptane, 0.43 nol). After PETMSR00SHORES24 eact i on
was diluted with Et20 (400 nL) and qugnhched with brine (150 nmiL). The
reaction m xture was warnmed to rt and stirred for an additional 2 h. The
reaction mxture 5 was dried (MgSO4), filtered and concentrated in vacua.

Th de mi xt purified by h t h ,
80-20) 1o al 1 orkh ¢ ALUPRAL EH TSNy o BERR ey X BN Lrepn. SPOlah S e
11 1) Frocq 16 RYDiiATEr HQ02h P F78redyddaddud Lasiig (T1PeR, 401 6B3%h hehdd 0,19

HO--v-Me To a stirred solution of the allylic alcohol (40 g, 0.19 nol) in
pyri di ne @d0. Afjer 1amoin@ealdghydeq00 nil), 0altd 1B0k) wessaddddie dhérasctia@ mi@@regyas The

reaction S rned to rt ti.,rred for an additional 3 13, enched
i h vt ePaed b mingd quendied B ! Slngflls SR N B Eio TR o

extracted witdrf(160 261 f 2 AXhA@Qolinle 8NUHFNRas epoRaEl 1D vexlor 8l theWRixeursasded
with Cuso4 (aﬂ water, brine, dried (MyS04), filtered and concentrated in

vacuo to @ovedrRiscwpieh (k0 wd).al kis mokiure was exirared wathdixancs(ds< 280 pilocrngn

to the ne it h i £ ' - t ced
in a pl st bR MO FREblE GRS el BuiGl 1%, SO T pofycbhndied AR ELACE
HF- pyri di me(drddePyrofuct Avaslpurified royddisigllatidh .(4150¢ / THam 2@ (baih.t8mpl ) 55THE) to
reaction mxture was kept at rt for 4 h and and treated with TVMSOwe for 60
nmn and p@fﬁoé‘ﬁthf?ﬂf%f%é@rg’égg%@- nL). The layers were separated and the
aqueous phase was extracted with Et20 (3 x 200 nL). The organic extracts
were d8l | &ettdd and washed with aqueous NaHCO3, brine, dried (MyS04),
filtered an d concentrated in vacuo to give the crude allylic alcohol. The
crude material was purifi&d byeseerdismmeshr onat ogf'aphy to affgrd 25 14.4 g
of the desired progsst . Arpl ectdeV® 20Q67J 02986Y 5%5&&2%@7“@21524 97

Lipase CA (Candida Antarctica immobilized on macropous acryl resin, Sigma L-
4777 Lot 11K127) (1 g) was added to a mixture of the propargyl alcohol (10 g, 0.47 mol)
and vinyl acetate (129 mL, 0.14 mol) in cyclohexane (380 mL). The reaction mixture was
15 stirred for 48 h, then filtered and the resin was rinsed with EtOAc (50 mL). The filtrate and
the rinses were combined and concentrated in vacuo. The crude material was purified by
column chromatography (hexane/EtOAc, 95:5 to 80:20) to give 5.3 g of the alcohol and 6.5

g of the acetate (93% ee).

Part D

OAc
2 AcQ

: Me Ho/Lindlar cat, -

B8O _F ———= TBSO—\ _ /~Me

20

To a stirred solution of the propargyl acetate (60 g, 0.23 mmol) in EtOAc (700 mL)
was added quinoline (30 mL) and Lindlar cat. (6 g) and placed under an atomsphere of H,.
After 9 hr the reaction mixture was filtered and the filtrate was concentrated in vacuo. The
crude was purified by column chromatography (hexane/ EtOAc 95:5) to afford of the

25  desired product (57.5 g, 97%).

Part B

AcO

TBso—\z/"\Me

DIBAL-H

HQ,
TBSO—\ __ ~Me



HO TBSOT J M 12 0 OTHP MO 4 Me Part A Move ester structure bel ow Part
A w A solution of bis (2,2,2-trifluoroethyl)phosphonoacetic acid nethyl
ester (28wvQ,20@/ah9860m0l ) and 18-crown-6 (132 g, 0.50 m nelCxr/useoosoEseL L) was
cooled to -78 C under 5 nitrogen. T#% the cool ed sol ution was added a 0.6
M sol ution of potassiumbis(trimethylsilyl)amde in toluene (20 g, 0.1

mmol ). (S)-2- (tetrahydropyranyl oxy) pr opanal (synt hesi s described in J.

Chem Soc., Perkin. Trans. 2791) (16 g, t he added
ond the resul £ 1T RREORRGEs OGP Al HEHaISEtErp- B moPGRE L Cohrel &

anmoni um ¢y n 9@%\‘? d O (3
x 500 nm.). 7 W‘#ﬁi et (]ajrtﬁg% ?[gg?gm\?‘\/e{;;ifeg1I 20 I ne ﬁlﬁﬁn@)&/g?ﬁ%@dl%%@g%%t e(
filtered ghdrestioewasadibded withvEisQo40Tmelc am;dqua:m:hed ivath base PO miled Thea

E)II :BIAEﬁ ?el Chr oma_t ?‘&b‘*{) hXN Lo EXL%oelﬁdan stlrreg for an Qc?dltlgna?g%(:t Thelao Iaeratctlan r?nx urlgp

4(S) - (Fet r\@m/(ﬂfe@ RygSu) %Zﬁli’éréﬁ(é(ﬂd &ﬁi&éﬂt?ﬁt&f‘ﬁz‘ ﬁcﬁ&'ﬂlé@ﬁdﬁ’hp&ﬁﬁe%as(ﬂkﬂlfﬁzd Ho. 7

mmol) was reduced with DI BAL-H accord roce ure described in J.
Chem Soc.colupar fliramatopraphy (hexpogitoAxy §9: 28))t0ya,fﬁ:1rd|( 1 g) of the desired product.

4(S) - (Tetrahydro- pyran-2-yl oxy)-pent-2-en-1-ol in 88%yield. Part C O THP
TBSCl , I mi-dazol e OTHP HOWe TBSO-\ /-Me- 20 To a solution of -

4(S) - (tetrahydro-pyran-2-yl oxy)-pent--2-en-l-ol (4.0 g, 22 rrm)l) in THE
(20 nL) was added im dazole (slowy) BExandple i 53.5 nmmol ) foll owed by TBSCI
(1.2 eq., 3.89 g, 25.8 mmol ). The reaction m xture was stirred at anbient
tenmperature for 4 h, quenched with waten (g0 nL) and extracted with Et20
(3 x 10 nmL). The conbined organic extr@&eis were washed with water (5 x 50
m.), brine (1 x 50 nL), dried (MgSO4), ffltered WD 2006/ 009869

PCT/ US2005/ 021524 98 and concentraigFechc||P)r(1rldlr\/eacuo The oil was purified by
col umm chromat ography (2:1 HQ 2) Buffered HF-Pyridine FmocQ

10 TBSO—\_/\Me > Ho—\___/"\Me

To a stirred solution of the allylic alcohol (40 g, 0.19 mol) in pyridine (400 mL)
and CH,Cl, (100 mL) at 0 °C was added Fmoc-Cl (62 g). The reaction was warmed to rt,
stirred for an additional 30 min, and quenched with water (500 mL). The layers were
separated and the water phase was extracted with Et,O (2 x 200 mL) and the combined

15  extracts were washed with CuSO; (aq) water, brine, dried (MgSO4), filtered and
concentrated in vacuo to give Fmoc-protected alcohol . The crude material was carried on

to the next step without purification. -

The crude product (35 g) was placed in a plastic bottle and THF (100 mL) was

added followed by a solution of HF-pyridine (HF-Py (7.7 mL)/ pyridine (15.4 mL)/THF

20 (76.9 mL) The reaction mixture was kept at rt for 4 h and and treated with TMSOMe for 60
min and poured into water (500 mL).The layers were separated and the aqueous phase was
extracted with Et;0 (3 x 200 mL). The organic extracts were collected and washed with
aqueous NaHCOs, brine, dried (MgSQy), filtered an d concentrated in vacuo to give the
crude allylic alcohol. The crude material was purified by column chromatography to afford

25  14.4 g of the desired product.

, Example 12



Hexane/ Et OAc) to give the desirded TBDVS ether (5.9 g, 92 %9 of a colorless
oil. Part D OTHP Et,AICI OH TBSOnrM TBSO-\ -Me 5 The THP protecting
group waswoenmveasebr om t - but yl - di met hyl - [ 4('S) - (t et r ahydPaT/US2005/021524

pyr an- 2-yl oxy) - pent - 2- enyl oxy] -sil ane97110 g, 33 mmol ) according to the
procedure described in Tetrahedron Letters 1984, 25, 663 to afford the
product in 83%yield. Exanple 13 FnocO HOB 7-Me 10 13 Part A CH FnocO
TBSO }-Me Fnocd TBSOrMe LJ To a solution of

5-(tert-butyl -di nmet hyl -si | anyl oxy) - pent +3-en-2(S)-ol (3.95 g, 18.3 mol)
in pyridine (20 nL) was added FnocQBsq(§,_I4mg, 23.7 mmol, 1.3 eq.). The
reaction 15 m xture was stirred overnight at rt. The reaction mxture was
slowy quenched with water (20 nmL) and extracted with Et20 (3 x 15 nlL). The
conbi ned organic extracts were washed with water (3 x 50 nL), 5% KH2P04 (3
x 50 mL), and brine (1 x 50 nL), dried over MSOH and filtered.
Concentration and col utm chromat ogr aphy, ghforded 6.98 g (87 % of a pale
yel low oi |. 20 Part B FrmocO HF- Pyrigioné PamcO TBSO-Me HO-\J-Me To a
solution of carbonic acid

4-(tert-butyl-di methyl -silanyl oxy)-1-nmethyl-butyl- 2(S)-enyl ester

9H-f | uor eps, R AY MRt sttsd@e belb¥PHBA 1. 60 mol ) -in Et-20 (5 nL) in-a

pl astic Wharton(r) tube was added slTowy in 6 portions HF/ pyridine (70% HF
in pyridine, 6 agikl héRaBétidacid kfethyVester , 0.1
reacti on was cézn%ﬂ%tiyg)%fhbggﬁ%’%’t@ 3§§h&&5§@§gﬂéﬁ%gg&% 0O Cwth a})g\\yé i cemg;:%h and

t hen quenaines) whd HSTMBOMS (132 gy10)50 Fimeol) fredEHE GhLiviweswroeledel® I8i T Fedndedr 30

g]C-T-/ \(stnélogg}\llt\%rgg]@gg ’I"cgg’&‘lgblcgo tedt SOIRES t Was 'ad-lc_lgg \3{\00.%0 %/ %8&1%(3\8 of potassium
bis(trimethylsilyl)amide in toluene (20 g, 0.1 mmol). (S)-2-(tetrahydropyranyloxy)
propanal (synthesis described in J. Chem. Soc., Perkin. Trans. 1, 1994, 2791) (16 g, 0.1

mmol) was then added and the resulting mixture was stirred for 30 min at -78 °C. Saturated

ammonium chloride was then added and the product was extracted with Et;O (3 x 500 mL).
10 The ether extracts were combined, dried over sodium sulfate, filtered and concentrated in

vacuo. The crude material was purified via silica gel chromatography to yield 13.5 g of the

product.
Part B
O OTHP DIBALH OTHP
ol e T T MO e
15 4(S)-(Tetrahydro-pyran-2-yloxy)-pent-2-enoic acid methyl ester (10 g, 46.7 mmol)

was reduced with DIBAL-H according to the procedure described in J. Chem. Soc., Perkin.
Trans. 11994, 2791 to yield 4(S)-(Tetrahydro-pyran-2-yloxy)-pent-2-en-1-ol in 88% yield.
Part C

OTHP  TBSC, Imidazole QTHP

HO—\_)\Me TBSO‘\_)\Me

20 To a solution of 4(S)-(tetrahydro-pyran-2-yloxy)-pent-2-en-1-ol (4.0 g, 22 mmol) in
THF (20 mL) was added imidazole (slowly) (3.66 g, 53.5 mmol) followed by TBSCI (1.2

eq., 3.89 g, 25.8 mmol). The reaction mixture was stirred at ambient temperature for 4 b,

quenched with water (20 mL) and extracted with Et;O (3 x 10 mL). The combined organic
extracts were washed with water (5 x 50 mL), brine (1 x 50 mL), dried (MgSO,), filtered



reaction mxture was poured into water (50 nL), the |layers were separated
and the aqueous |ayer was extracted with Et20 (3 x 15 nL). The conbi ned

or gani ¢ ewoOnaotmIseer e washed with water (3 x 30 nli), SPCKHRROS/0EG2x 30
m.), brine (1 x 30 nmL), dried (Na2SO4¥8 and filtered. Concentration and

col um chr omat ogr aphy gave 471 ng (91 % of a clear 5 colorless oil.
Exanpl e 14 General Procedures for [3+2] Cycloadditions Mthod 1/ 1 O\ O

1 N+ ~ 1) HATU P.DIPEA Q NMd~l p OH - OH Me
10 T; a E%t‘%BWn fe% SREEar b@%‘i/ﬁﬂc viisi %‘“%ge?’g.bﬁ) 5@“@35%@%?@9@%&?2
was addedHeRddeytOA QS 8RO kheldesirde OTBDMS dthemBl9) g, 9IAT) b 2cddordess 6ilmmol )  and

DVAP (0.56 g, 4.6 nmmol). The solution was cooled in an ice-bath and
stirred for:p O h. Diisopropylethyl amne (0.44 g, 0.6 nL, 4.6 nmol) was
added dropwi se over 15 min and the reaction was stirred at 0 C for 1 h.
The solution was diluted with 2- 5PaaHCB (30@+nL, 1:1) and the
aqueous 15 | ayer was extraft8\uth CH2CIZ t78° 125 M). The combi ned
organi c extracts were conbined and washed with water (200 m.), dried
(MyS™4y, filterad THR peseamat gratue dvdsnremoaed drono r-dhfydrditnethyl [6S)etetrahy -

resi due was suspended in THE (10 nlL), _diisopropyl ethylamne (0.12 0. 167
nL, 1 nmoPYefesylaudaReninenyloasyksilanei 61 vias E%e - aﬁ?g/rfi@ﬂlﬁ‘?( tﬁ"Sr p-rf-cg(?u,re ‘
cooled to -and- rat i C [ i : in THE 20
(8,  15rORE AR R el 1 4R R 6 oT WP TR Rl i SRR, LG at 70 C
for 2 h. Again the solution was cooled, filtered and concentrated in
vacuo. The crude nmaterial was purified by flash chronmatography to yield
the desired product in 59%yield I\/EtEod 21 |j|3o OO0O1Ti(A-Pr)4, Mcrowave
NNOQG + -0785 O 2 8 N HO OH HO SX4HPEZS

FmocQO
HO—\_)\Me

10 13

g
>

TBSO—\}ME FmocCl TBSO_F@\Me
To a solution of 5-(tert-butyl-dimethyl-silanyloxy)-pent-3-en-2(S)-ol (3.95 g, 18.3
mmol) in pyridine (20 mL) was added FmocCl (6.14 g, 23.7 mmol, 1.3 eq.). The reaction
15  mixture was stirred overnight at rt. The reaction mixture was slowly quenched with water
(20 mL) and extracted with Et,0 (3 x 15 mL). The combined organic extracts were washed
with water (3 x 50 mL), 5% KH,PO; (3 x 50 mL), and brine (1 x 50 mL), dried over
MgSOQy and filtered. Concentration and column chromatography afforded 6.98 g (87 %) of

a pale yellow oil.

20 PartB

TBSO‘F:ch\Me HR-Pyrdne meo .
To a solution of carbonic acid 4-(tert-butyl-dimethyl-silanyloxy)-1-methyl-butyl-
2(S)-enyl ester 9H-fluoren-9-yl methyl ester (700 mg, 1.60 mmol) in Et;0 (5 mL) in a
plastic Wharton® tube was added slowly in 6 portions HF/pyridine (70% HF in pyridine, 6
25 mL). The reaction was monitored by TLC. When the reaction was complete the mixture
was cooled to 0 °C with an ice bath and then quenched with TMSOMe (10 mL). The

reaction mixture was stirred for 30 min while warming to ambient temperature. The



25 To a solution of nitrone nmethyl ester 9 (8.1 g, 38 mvl) and secondary
al cohol 10 (12 g, 38 mmol) in toluene (40 nL) was added Ti (OCH(CH3)2)4 (16
g, 17 ni,wbeommbgey WO 2006/ 009869 PCTI US2005/ 021524 1@QT/Ise00S033eNSi on
was heated in mcrowave oven to 140 O%or 30 min, and allowed to cool to
rt. The solution was diluted wwth Et CAc (150 nL) and

3-(di net hyl am no) -1, 2-propanediol (7 g, 7 nmL, 58 mol) and stirred at rt

for 8 h. To the .spluti : ( hA & fuphase
wes separdidin pngrg s Bt B8 SRR i LHE Iy ety g

conbi ned 19jeanistexantedciith BROg3washed.)wi THe wanlened o@@niciexirags iwase weetednd ) |
dried (Na2SO™), filtered and concentrated.in.vacuo,.T r.u i al was
purifi ed ¥ Mg K3 X AN BFht 08 RdHh 4(@?‘2%) @?@érrﬁ“ea@xzé‘? H{lé’ g‘fl?(g&\&gs?? If’aidct one
(13.5 9, i i R0 todtapy (dade 541, 9mBh) of A dlelr (120
m.) was afgéeé%i '6%n%ﬂ%%tfg%?%?&u#%e&ggﬁﬂo%ﬁﬁ%%@sti rre :gtt rt))for 1.5 h,
di | ut ad wal®tes{ @b nL) and extracted to with EtOAc (3 x 80 nL), the organic
extracts were conbi ned and washed with saturated NaHCO3 (50 ni), brine (50
m.), dried (Na2SO4) and concentr at edxampeal4io. The crude material was
purified by chromatography on silica a gel (nmesh 230-400) (Et20-CH2Cl2, a
gradi ent- of 1:4 to 1:2) dichedhMEodedires Sor{3020CYclodditigns 64% overal | yield
for 2 steps) . 15 Rewite these two procedures get help from Porter and
Geor ges aqgﬂ{@ ins Exanple 15 Synthesis of Isoxazolidine Cores OH\ i N

OD CH 14 20 |soxazolidine 14 was synthesi zed according to general
nmethod 2 using nitrone nethyl ester 9 in place of nitron hyl ester 7
and allylic al cohtl)l 12 i@n place of allylic alcohol ¢04 [T d: 40-60%
Exanmple 16 o H N OEJ\ o _/T\_gy NHATUDMAPDIPEA [
@ OH DEmoc 2) Amberlyst-15, 70 C
OH
Me
10 To a solution of nitronecarboxylic acid 4 (1.4 g, 3.1 mmol) in CH,Cl, was added

allylic alcohol 11 (1.0 g, 3.1 mmol), HATU (2.0 g, 6 mmol) and DMAP (0.56 g, 4.6 mmol).
The solution was cooled in an ice-bath and stirred for 1.0 h. Diisopropylethyl amine (0.44
g, 0.6 mL, 4.6 mmol) was added dropwise over 15 min and the reaction was stirred at 0 °C
for 1 h. The solution was diluted with CH,C1,-5% NaHCO; (300 mL, 1:1) and the aqueous
15 layer was extracted with CH,Cl (2 x 125 mL). The combined organic extracts were
combined and washed with water (200 mL), dried (MgSO,), filtered and concentrated in
vacuo to afford an residue. The residue was suspended in THF (10 mlL),
diisopropylethylamine (0.12 g, 0.167 mL, 1 mmol) was added and the solution was heated
at reflux for 1 hr, cooled to rt and concentrated in vacuo. The residue was taken up in THF
20 (8 mL), 1.33 g of Amberlyst-15 was added and the mixture was heated at 70 °C for 2 h.
Again the solution was cooled, filtered and concentrated in vacuo. The crude material was

purified by flash chromatography to yield the desired product in 59% yield

Method 2
[
8 o . O
T I . _/':\_ 1) Ti(Oi-Pr)4, Microwave N~
@Vg*)\o/ BH OTBS yenral
' HO
25 To a solution of nitrone methyl ester 9 (8.1 g, 38 mmol) and secondary alcohol 10

(12 g, 38 mmol) in toluene (40 mL) was added Ti(OCH(CHa)z)s (16 g, 17 mL, 56 mmol).



CH3 H OH WD 2006/ 009869 PCTI US2005/ 021524 101 15 |Isoxazolidine 15 was
synt hesi zed according to general nmethod 2 using nitrone nethyl ester 8 in
pl ace of wotn@nmeseet hyl ester 7 and allylic al cohol 12 ipaTaiSa@s/oofs2al |ylic
al cohol 10. Yield: 40-60% 5 Exanple ¥ OHNo C OH 16 |Isoxazolidine 16
was synt hesi zed according to general nethod 2 using nitrone nethyl ester 7
and allylic alcohol 12 in place of allylic alcohol 10. Yield: 40-60% 10
Exampl e 1 o HOO | soxazol idine 17 was synthesize

d
accor di ngSTIi‘Je YEREEHn ‘i‘qusts}F%EF Jn %?é?rr‘?@’ g PYSNie 149é’f3_hf9’f 3@ migrang lgweg ieood o
ni trone meghyphe ﬁﬁﬁta{n Oﬁa@?igutlécll botthi Ex0Rl QRO ImL])Oand\@-@iilql're]thﬁginﬁgg?-l,é%rr@%@aﬁlo? 19

1 OHNoO 40 CH3 soxazol i di ne 18 ‘was synt heSi zed "acc Ing to
gener al mef/hod ®mLusB mymal) tand stirredret Hiybr 8&t &o tBe soluibrawes eddedi waten€ Ofehhy |

. . : Ao

ester 7 al Jir%ll {h€ o?éaﬁl?chBﬂas%%vas\gegérgted,d’ %eGa%l{%ouVsDWgson/gs/hgggv% QEE&HC l{? 2><09(? /chl 524
5  The combined organic extracts were washed with water (100 mL), brine (100 mL), dried
(NaxSOy), filtered and concentrated in vacuo. The crude material was purified by flash

chromatography (Et,O/CH,Cl,, 1:29) to afford the lactone (13.5 g, 71%).

To a solution of isoxazolidine (13.5 g, 26 mmol) in THF (120 mL) was added 6 N

HC1 (67 mL). The solution was stirred at rt for 1.5 h, diluted water (25 mL) and extracted

10 with EtOAc (3 x 80 mL), the organic extracts were combined and washed with saturated

NaHCOs3 (50 mL), brine (50 mL), dried (Na;SO4) and concentrated in vacuo. The crude

material was purified by chromatography on silica a gel (mesh 230-400) (Et,0-CH,Cl,, a
gradient of 1:4 to 1:2) to give desired product (9.5 g, 64% overall yield for 2 steps) .

15 Rewrite these two procedures get help from Porter and Georges and Hopkins

Example 15

Synthesis of Isoxazolidine Cores

14

20 Isoxazolidine 14 was synthesized according to general method 2 using nitrone
methyl ester 9 in place of nitrone methyl ester 7 and allylic alcohol 12 in place of allylic
alcohol 10. Yield: 40-60%.

Example 16




102 Exanple 20
according to general
al cohol WO 2vo6alonse940- 60%
20
nitrone acid

IDHN CH3 H-OH 19
met hod 2 using nitrone

Exanple 21 O Ii

| soxazol i di ne 20 was synt hesi zed 1atcordi ng to general
10 6 in place of nitrone acid 4 and allylic al cohol

| soxazol i di ne 19 was synt hesi zed

5 nethyl ester 7 and allylic
HI N O PCTHS2085/02152£H3 HO
met hod 1 using
11.

Yi el d: 50-60%

Exanple 22 OH1 O,

H"H CH3 HO 21

| soxazol i di ne 21

was synt hesi zed accordi ng to general

method 1 using nitrone acid 15 5 in

ol 11. Yield: 50-60%

Exanpl e 23

pl ace of nitrone acid 4 and allylic alc

Isoxazolidine 15 was synthesized according to general method 2 using nitrone

methyl ester 8 in place of nitrone methyl ester 7 and allylic alcohol 12 in place of allylic

alcohol 10. Yield: 40-60%.

Example 17

Isoxazolidine 16 was synthesized according to general method 2 using nitrone

methyl ester 7 and allylic alcohol 12 in place of allylic alcohol 10. Yield: 40-60%.

10 Example 18

Isoxazolidine 17 was synthesized according to general method 2 using nitrone

methyl ester 9 in place of nitrone methyl ester 7 and allylic alcohol 10. Yield: 40-60%.

15 Example 19

Isoxazolidine 18 was synthesized according to general method 2 using nitrone

methyl ester 8 in place of nitrone methyl ester 7 allylic alcohol 10. Yield: 40-60%.



oH ONo "HHN CH3 HO 22 WD 2006/ 009869 PCTI US2005/ 021524 103

| soxazol idine 22 was synt hesi zed according to general nethod 1 using
nitrone awodoososssd al | ylic al cohol 12. Yield: 50-60% Bxarise@s241520 | ~ H
N O10 "HHCH3 HO5 0 23 Isoxazoliogi ne 23 was synt hesi zed according to
general nethod 1 using nitrone acid 6 in place of nitrone acid 4 and
allylic alcohol 13 in place of allylic alcohol 11. Yield: 50- 60% Exanple

25 ON O.,H HCH3 10 HO 24 lsﬁ%‘%ﬂ%iﬂi ne 24 was synthesized according
to general nmethod 1 using nitrone a Tn place of nitrone acid 4 and

allylic alcohol 13 in place of aIIyIicriﬁighol 11. Yield: 50-

%

N\
d 0
H %

CH; “~OoH
19
Isoxazolidine 19 was synthesized according to general method 2 using nitrone
5 methyl ester 7 and allylic alcohol 10. Yield: 40-60%.

Example 21

20

Isoxazolidine 20 was synthesized according to general method 1 using nitrone acid

10 6 in place of nitrone acid 4 and allylic alcohol 11. Yield: 50-60%.

Example 22

21

Isoxazolidine 21 was synthesized according to general method 1 using nitrone acid

15 5 in place of nitrone acid 4 and allylic alcohol 11. Yield: 50-60%.

Example 23




60% 15 Exanple 26 O HN N O HH CH3 HO 25 Isoxazolidine 25 was

synt hesi zed according to general nethod 1 using nitrone acid 4 and allylic
al cohol M8oinoquioesse of al lylic al cohol 11. Yield: 50-60¥CTAG2M688A2132€ 27 WO
2006/ 009869 PCTI US2005/ 021524 104 Symishesis of the Allyl Silane Linker 26
The allyl silane 26 was synthesized according to the procedure described in
5 Tallarico et al., J. Chem Cornb. 2001, 3, 312-318. Exanple 28

Modi fication of M notapes.Lanterns with Silyl Linker Br Br.2, Tl (OAc L
DM 32 000" 1 antISPHEORERS 32 1 SSrBRFA shgardng, tordraSe pehodsh RS nsHPar S,

M not opes, 4 aiaiflie ¥ic8Ro M2 yedlias g%l al i a) were added to a 22 L reactor
flask containing a 5-neck detachable head and a Tefl on(r)-screw bottom
port. The head was connected to an aigggrjyen overhead stirrer bearing a
16 cmw de Teflon(r) paddle, an argo ,an addition funnel (250 nm),
a tenperature probe and an outlet for ani trap (1 L flask filled with
500 nL water). The reactor was flushed w argon for 15 min followed by
the addition of 15 anhydrous DCM ( 14. . After 10 mn, thallium acetate
(76 g, 0.20 nol, 0.090 eq) was adde )¢ reaction vessel was covered in
alumnumfoil and allowed to stir at anpient tenperature for 150 mn
Bromne--(\177 -g; -1.11 nol,; 0.50-eq) in- 100 nL)- was pl aced i n-the
addi ti on funnel and was added dropwi se over the course of 15 mn to the

r eact ors, . 23

Isoxazolidine 23 was synthesized according to general method 1 using nitrone acid
6 in place of nitrone acid 4 and allylic alcohol 13 in place of allylic alcohol 11. Yield: 50-
60%.

Example 25

10 HO

Isoxazolidine 24 was synthesized according to general method 1 using nitrone acid
5 in place of nitrone acid 4 and allylic alcohol 13 in place of allylic alcohol 11. Yield: 50-
60%.

15 Example 26

Isoxazolidine 25 was synthesized according to general method 1 using nitrone acid
4 and allylic alcohol 13 in place of allylic alcohol 11. Yield: 50-60%.

20 Example 27



whi ch warnmed the reaction tenperature from19.3 to 27.0 T. Foll ow ng

brom ne addition, 20 the reaction was stirred for an additional 60 mn The
react i on waotdmeseguenched with MOH (1.5 L) and was alPCowsdooso2esd r at
anbi ent tenperature overnight. The re@¢tion solution was drained to waste
and the |l anterns were washed according to the followng protocol: (12 L
each for 10-20 mn) DCM 3:1 THF:IPA, 3:1 THF:. water, water, and THE (2 Xx).
The |l anterns were stripped reduce ressure. Brom ne

el enental 25 analysis of fi \%Jﬁg%s;fsg%tgglﬁﬂl&ﬁ gg%‘aﬁgﬁ‘egver age bronine | oadi ng
| evel of 34.2 + 0.7 wunol/lantern V\/ner(e}eES 0 was the target (98% Br

i ncorporation). WD 2006/ 009869 PCTI US2 gi%z1524 105 1) 6-BBN, Ov NaCH
(aq), Pd(PPh3)4 OV 26 THF, reflux 2 22 reactor flask containi ng a
Teflon(r)-screw bottom port with a de habl e 5- neck head was connected to
a solvent or argon inlet, an air-driven (spark-proof) overhead stirrer
bearing a 16 cmwi de Tefl on paddle, a téfperature probe, and two

condensers. The 5 reactor flask was placed in a 3-1egged heating mantle
stand and securl®gally silage 3@ was synthesizgd lakcording twthe phodesdureaiescrifidl i 500 nl, 40

ppm H2O byt K idest) me?ld%%b‘tl\gqqlggi #zgf@erand t he solvent was stirred

vigorously to rinse the flas to-renbve water. The -sol vent

was drained out to waste through the_bott port undér a flow of argon. The
flask was flushed with argon for 10&1&2{2—% then was charged with

di -isopropyl (4 10 nmethoxyphenyl)allylsilane (353 g, 1.34 nol, 1.2 eq.,
Maybri dge # M001086Z Péxﬁﬁﬂﬁ%%mﬂwwnwaem Silyl)Linkeryon was bubbl ed
vigorously through the solution for 20 mn using 1/8"-wi de Teflon(r) hose.

Then, 9-BBN (167 g, 1.34 nol. .2 eg, hoMRs adde nd the sol ution was
stirred at anbi ent tenperatur n r 2 An in-process- check

(NMR, CDC13) reveal ed conpl consurrptD| on of e allylsilane. The
brom nated 15 |l anterns (32,000, 1.11 nol Br, 1.0 eq.), Pd(PPh3)4 (65 g,

0.056 rol, 0. 052,60D lanfirfise®22M8bERh rifigd GyR BRI Perfds NaRHLS WiRdothnes?- 69
I Ew%m%[e added under a stream of argon. The reactidn m xturé was

24 \
ﬁat etf t o™t tV &5irad .A@Hﬁb?)awr%_aé‘ﬂe%w @ nderreartorpfissk icurtafnlimyvaos-nagigon
With stiridinahRhedPhid a -'fgﬁ%llﬁ‘%?c%\ix %Btt%%o%?%kgg%dﬁ%&gggﬁg tgﬁwa]“:as r}? _-Kg’ﬂ th

the follow ng solvents in order

THF: | PA, ®ethe2d stiter beaxinlasCNG (canuidauSdfldn® fudare, uﬂta'llg_gonainllet,birﬁﬁdrdiﬁ&i AinneD
| ant er ns @ gjo[ge%lt water (2 f;),éwf: 1 THE: water, THF (2 x) and DCM The
| ant er ns WP &l f itpRGaYFe QPG and anAptist foiean /BB trap (1 L flask filled with 500 mL

water). The reactor was flushed with argon for 15 min followed by the addition of
15 anhydrous DCM (14.8 L). After 10 min, thallium acetate (76 g, 0.20 mol, 0.090 eq) was
added. The reaction vessel was covered in aluminum foil and allowed to stir at ambient
temperature for 150 min Bromine (177 g, 1.11 mol, 0.50 eq) in DCM (100 mL) was placed
in the addition funnel and was added dropwise over the course of 15 min to the reactor,
which warmed the reaction temperature from 19.3 to 27.0 °C. Following bromine addition,
20 the reaction was stirred for an additional 60 min The reaction was then quenched with
MeOH (1.5 L) and was allowed to stir at ambient temperature overnight. The reaction
solution was drained to waste and the lanterns were washed according to the following
protocol: (12 L each for 10-20 min) DCM, 3:1 THF :IPA, 3:1 THF:water, water, and THF
(2 x). The lanterns were stripped of solvent under reduced pressure. Bromine elemental
25  analysis of five lanterns indicated an average bromine loading level of 342 + 0.7

umol/lantern where 35.0 was the target (98% Br incorporation).



pressure. Silicon elemental analysis of five lan i ndi

silicon loading level of 22.2 +y2. 2 unol /| ant er;?r gfohng;cgagtjyginsaverage

i ndi cat edw6.260amedeb| ant ern of residual brom ne. 25 Exampiras2@®siesdi ng and

Modi fication of the |Isoxazolidine Corl® WD 2006/ 009869 PCTI US2005/ 021%24

106 NH2 (~J\ ~I v\ HNJ HO Hd 28 Part A5 1 T2,6 fO4 N

| soxazooxazolidine ine 1 15 OO //y Ow CFla H O sl 1‘I 217 5 1808 | anterns

ﬁgepglrgggdv\; ?han:‘{?ge %r/la:gg 2 L fibmsk. A stir bar was added and the flask
geny capp f rabber [ .

added to the flask am«?‘| ant er sﬂ?&@ﬁ@o\v@rst S iur_llztc%izs(éblzu{_i)o\rllvas

for 10 mn when the solve aMaS NeaEavVRiItPhaA 3% tri f NYCoaci d sol ution in

anhydrous CH2C12 (1.2 L, 2393 nmmol, B8%<h/v) was #dded and the |anterns

were stirred gently for 20 min The triflic acid solution was then 10

removed via camd . efdiaGlRk (chniting artefRnB-sbreti bivtieen pet with 2 dstaohalle Py wer e

added. The Il|anterns were sti d i i i
[ f_ox azgl h@kd&ad@va(sldong?qt%tﬁé&)?’el@é&r} grgﬁwﬁ%ljg%égpdf{"éﬁ r( gaaﬂé;p% %ﬁ%eﬁ(} e was
et e ns i B 0 S R D e B e (5 10 )
2 cording tothe Tollow ng protocol: (2 x 10 m
2Cl Btok ¥iasi Was (placBd ki) - FdggedRedtBigimantlesstand andHgecuigsh r the §Vailm °€;5 L)

(%e’a'
THF: 1 PA (3:1, 15 1. , X 1
under r egatkeid hnods égh!igfé\}g%%%@go gnii@bﬁm@%%??&gg{egﬁ r%yaxﬁ ;a?fi%)&]n%%lg Irﬂaaﬁltaer ns

e dei‘-ﬁgncfg%%%&eh{;\}{% %ﬁ{ygyxﬁgdéxwwwﬁ@d&eme @t wilieinsrdeFdo eamdvecvsermilher was

" i< sohwian oo Caisarisnobeborvans 1500 ot SLsShIEahd Che
was flushed with argon for "1dt hi s SOl UL AN Wa8r cidfgRddiit omabopkpytiar The
10  methoxyphenyl)allylsilane (353 g, 1.34 mol, 1.2 eq., Maybridge # MOO01086ZZ).
Anhydrous THF was added (11 L). Argon was bubbled vigorously through the solution for
20 min using 1/8”-wide Teflon® hose. Then, 9-BBN (167 g, 1.34 mol., 1.2 eq.) was added

and the solution was stirred at ambient temperature under argon for 2 h. An in-process-

check (NMR, CDCI13) revealed complete consumption of the allylsilane. The brominated
15 lanterns (32,000, 1.11 mol Br, 1.0 eq.), Pd(PPhs)s (65 g, 0.056 mol, 0.05 eq., Strem
Chemical # 40-2150) and 2 N NaOH (1.34 L, 2.69 mol, 2.4 eq.) were added under a stream
of argon. The reaction mixture was heated to an internal temperature of 65 °C under a
positive flow of argon with stirring for 40 h. The reaction was cooled, drained and washed
with the following solvents in this order (10 L, 10-20 min each): THF, 3:1 THF:IPA, 3:1
20 THF:1 N NaCN (aqueous) (1 h or until all black color on lanterns is gone), water (2 x), 3:1
THF:water, THF (2 x) and DCM. The lanterns were stripped of solvent under reduced
pressure. Silicon elemental analysis of five lanterns indicated an average silicon loading

level of 22.2 + 2.2 umol/lantern. Bromine analysis indicated 5.5 umol/lantern of residual

bromine.

25 Example 29

Loading and Modification of the Isoxazolidine Cores



20 reaction solution was then transferred to a tared gl ass round-bottoned
flask and concentrated in vacuo to afford isoxazolidine 15. The isol ated
mat eri al waosiogdsed and the average |oadi ng | evel wasPcalusadoawers2e o be 14
nmol /I antern. Part B WD 2006/ 009869 PAP6US2005/ 021524 107 NH2 | OHI1 OH
N t-Et hynyl -cycl ohexylam ne H, C b D PEA, PdCl2(PPh,)2 CV ~ CH3 H C_Si
DMF Ca HO YLi 376 lanterns |oaded with the isoxazolidine core were pl aced
in a 500 nL flask. The flask was flushed with nitrogen and capped.
Pd(PPh3)2CI 2 (7.92 g, 11.3 mmol) afd)Cul (3.22 g, 16.9 ml) were added to
the flask. The reaction vessel was d%hed~with nitrogen 5 agai n, capped,
and anhydrous DMF (300 nli) was addedl Diis opyl ethylamne (30.0 nmL, 172
nmol ) was added, followed by 1-et hy -cycl ohexyl am ne (110 nnnol) via
syringe. The reaction vessel was thep . shakén gently for 2 h. The sol ution
was then decanted and the |anterns werg shed according to the foll ow ng
protocol: (2 x 10 mn) DW (300 ni), <{5F 0300 mL), THF:IPA (3:1, 300 nm),
THF: Water (3:1, 300 nL), THF:IPA (861, 300 10 nL), THF (300 niL), CH2O 2
(300 nL). Reaction conversion determnatéon: 1 lantern was placed into a 5
mL pol ypropyl ene container and treated with THF (300 L) and HF- pyridine
(50 L). -The lantern was-allowed to sit i28-this solution for 6 h. At which
point TMSOWe (500 L)was added and the lantern was allowed to sit in this
sol ution fBartAn additional 15 nmin The reaction solution was then
transferred to a glass round-bottonmed 15 flask and in vacua to afford the

sonogashira product. Part C JINH2 ~~ NH2 1) Am ne 2- ydroxypyr| dine D H I
2) HprrldlneTl\/BC]VEHNONCOYLO..,OCHg)I H C HO 28
O A %C MesiRE TS |
OMe o—Si&/@
27
5 1808 lanterns were placed in a flame dried 2 L flask. A stir bar was added and the

flask was purged with nitrogen and capped with a rubber septa. CH,Cl, (1.2 L) was added
to the flask and the lanterns were allowed to sit in this solution for 10 min when the solvent
was removed. A 3% triflic acid solution in anhydrous CH,Cl; (1.2 L, 393 mmol, 3%, v/v)
was added and the lanterns were stirred gently for 20 min The triflic acid solution was then
10 removed via canula. CH,Cl, (1.2 L) and 2,6-lutidine (62 mL, 532 mmol) were added. The
lanterns were stirred in this solution for 10 min Dry isoxazolidine 15 (10 g, 38 mmol) was
then added. The resulting mixture was stirred for 18 h, at which point the solution was
decanted and the lanterns were washed according to the following protocol: (2 x 10 min)
CH,Cl, (1.5 L), THF (1.5 L), THF:IPA (3:1, 1.5 L), THF: water (3:1, 1.5 L)), THF:IPA (3:1,
15 1.5 L), and THF (1.5 L). The lanterns were then dried under reduced pressure overnight.
Loading level determination: 5 lanterns were each placed into 5 mL polypropylene
containers. To each container was added THF (300 pL) and HF-pyridine (50 pL). The
lanterns were allowed to sit in this solution for 6 h, at which point TMSOMe (500 pL)was
added and the lanterns were allowed to sit in this solution for an additional 15 min The
20 reaction solution was then transferred to a tared glass round-bottomed flask and
concentrated in vacuo to afford isoxazolidine 15. The isolated material was weighed and the

average loading level was calculated to be 14 umol/lantern.

Part B



374 lanterns were placed into a 500 nL round-bottoned flask foll owed by 2-
20 hydroxypyridine (300 nL of a 0.35 Msolution in THF, 105 mmol) was

fl ushed wohlodddogsed capped with a rubber septum PCT/US2005/021524

Nt - met hyl - N1- phenyl - propane- |, 3-di ammg (279 mmol) was WO 2006/ 009869

PCTI US2005/ 021524 108 added and the reaction was heated to 50 C for 16 h.
The sol vent was renoved and the |anterns were washed according to the
followi ng protocol: (2 x 10 min) THE (300 nL), THFIPA{3:1, 300 L), THF:
water (3:1, 300 nL), THF:IPA (3:1, 300 nL), THE (300 CH2C12 (300 m).
Reaction conversion determnation: 1 |antern was placed frmko a 5 5 nL

pol ypropyl ene container and treated with THE (160 L), pyridine (200 L) and
HF- pyridine (40 L) . Th antern was allowed to sit i\this solution for 1
h, at which point CJNB 500 L)wasadded and the A n was allowed to

sit in this soluti addi t-EoRaicorbpanie N The: \eactl on sol ution was
then transferred toxa—yl a\? I oupd- OUFEA BiFeiErhs)f | ask—¢ centé ated under
reduced pressure t &% af oduct .oMA0 | soxazof i ¢~ﬁl

characterized by LC-MS anal ysis. The general procedures and conditions
used for anal yBWédadntanalqaﬂéckwithehb ismazb]iéinanoteomamrpleoedrmlaeS@OamIe flpsle St ed

Vel or's 27885 RS SRR UBAF R, PR OB h ORtta ! Lo aEelh AR Ayt

condi ti ongs, 2@’% ?6 §91%ﬁ&!) NERE 8dddap HEAHARNTAD ARt @&Eél%va%mlﬁbied%vltﬂ nﬂﬁb?geh' ve
negative sw tch Mass Range 150 - 1000 Dal tons 20 2

Cone( \V} 35ga1&,x¢apacd @nd gM)ydzousHPMEe[R80 mL)S'wradéedF é)mep@puﬁém@mm(zso mL,
5)888} \68'[9|8882 i §§%8 gfcfg%{fgg@)wc%é@yzsl é‘t{1y11y1 -CyC 3 exy eltrrqlrrlle mmoli‘vza syringe.
The reaction vessel was then shaken gently for 2 h. The solution was then decanted and the

lanterns were washed according to the following protocol: (2 x 10 min) DMF (300 mL),

THF (300 mL), THF:IPA (3:1, 300 mL), THF: Water (3:1, 300 mL), THF:IPA (3:1, 300

10 mL), THF (300 mL), CH,Cl, (300 mL). Reaction conversion determination: 1 lantern was

placed into a 5 mL polypropylene container and treated with THF (300 pL) and HF-

pyridine (50 pL). The lantern was allowed to sit in this solution for 6 h. At which point

TMSOMe (500 pL)was added and the lantern was allowed to sit in this solution for an

additional 15 min The reaction solution was then transferred to a glass round-bottomed

15 flask and in vacuo to afford the sonogashira product.

Ha
N/
1) Amine, 2-hydroxypyridine
2) HF-pyridine; TMSOMe HN

o\_7 ‘&
O—Si\/\/® HO— ¢

HO
28

Part C

374 lanterns were placed into a 500 mL round-bottomed flask followed by 2-
20  hydroxypyridine (300 mL of a 0.35 M solution in THF, 105 mmol) was flushed with N, and
capped with a rubber septum. N'-methyl-N' -phenyl-propane-1,3-diamine (279 mmol) was



HPLC condi tions: Mobil e phases: A Water 95% Acetonitri 9 ' [
0.1% B: Water 5% Acetonitrile 95% Formic Acid O. 1%t5 ::FO\?V/(;Z?(ra:m (1: égl |
nmL/ m nut ewGabesmo9seat ers Symretry 4.6 mm by 50 mm 5 m cPom/uSi@s5/08524nm
Tenperature 50 C Gadient: AB Tine AHw 85 15 0.0 1.0 10 85 15 1.0 1.0 0
100 5.0 1.0 0 100 6.0 1.0 85 156.1 1.5 85157.0 1.5 158515 8.0 1.0
Injection volune: 5 L Diode Array conditions: Wavel ength array: 220 nml

400 m Resolution: 1.2 nm20 S I '

g/ i Uk m&h@pm@ogt&w_ate%% S BT B TR S Rt R e -2
pectro r: Cr QRS - . . 27 Ui : ; .
s £ PR L TIRR KT Wb TFouL 0 o mrcotrany
PCTI US20Q5{I08U5 2% 1, 100ni¥hs SHEpectardfet 600 mioniTEE: Rk (3dd300 allecTHS. &8P ay

pEthS act omipny FaCRAO0BAE D seé%%%cgan%rﬁﬁiré?%%é: bt s AR 08 3° 35
5 mL polypropylene container and treated with THF (160 pL), pyridine (200 uL) and HEF-
pyridine (40 pL) . The lantern was allowed to sit in this solution for 1 h, at which point
TMSOMe (500 pl)was_added and the lantern was allowed to sit in this solution for an
additional 15 min The reaction solution was then transferred to a glass round-‘bottomed

flask and concentrated under reduced pressure to afford the product.

10 Isoxazolidine 28 was characterized by LC-MS analysis. The general procedures and

conditions used for analytical analysis used in this and other examples are presented below.

Conditions for LC-MS Analysis

Mass Spectrometer: Waters ZQ
HPLC: Waters 2795 Alliance HT

15  Diode Array: Waters 2696

Mass spectrometer conditions:

Mass spectrometer ionization mode: electro-spray with positive negative switching.

Mass Range 150 — 1000 Daltons
20 Capillary (KV) 3.2

Cone (V) 35

Extractor (V) 3

RF Lens 0

Source Temperature 120 °C
25 Desolvation Temp. 350 °C
Cone Gas 25L/H

Desolvation Gas 550 L/H



Cone Gas 25 L/H 10 Desolvation Gas 450 L/H HPLC conditions: Mbile phases:
A. Water with Formc Acid 0.1% B: 65% Met hanol / 35% 2- Propanol with Formc
Acid 0. 1%oBh@mosssbe: 1.00 nL/miute 15 Col um: Vari an Palrarsees®2s24m by 50
mm 5 mcron Cl8 Columm Tenperature 509C Gradient: A B Tine Flow 90 10 0.0
1.0 90 10 0.5 1.0 20 10 90 3.2 1.0 10 90 3.4 1.0 O 100 3.5 1.0 0 100
4.0 1.0 25 Injector systemruns in tw colum regenerati on node so that col
unn equilibration occurs during the rime of the next sanple analyzed. WO
2006/ 009869 PCTI US2005/ 021524 111 Injection volunme: 5 L D ode Array

condi ti onﬁ &ﬁvel ength array: 220 run - 400 nm Resolution: 1.2 nm5 Sanple
concent r atdfsCcoidin rmally run at 2.0 ng/nL unl ess ot herw se stat ed.

Example 3 F OOH (~J\~ N HV NO- D HO 29 . .
i Mob(ile phases: A: Water 95% Acetol;ll(l:%rile 5% Formic Acid 0.1%

B: Water 5% Acetonitrile 95% Formic Acid 0.1%
5 Flow rate: 1.00 mL/minute
- Column: -+ Waters Symmetry 4.6 mm by 50 mm-5-micron C18

Column Temperature 50 °C

Gradient: A B Time Flow
85 15 0.0 1.0
10 85 15 1.0 1.0
0 100 5.0 1.0
0 100 6.0 1.0
85 15 6.1 1.5
85 15 7.0 1.5
15 85 15 8.0 1.0
Injection volume: 5uL

Diode Array conditions: Wavelength array: 220 nm — 400 nm
Resolution: 1.2 nm
20  Sample concentrations are normally run at 0.2 mg/mL unless otherwise stated.

Conditions for MS-TOF Analysis

Mass Spectrometer: Micromass LCT
HPLC: Waters 2795 Alliance HT
Diode Array: Waters 2696

25  Mass spectrometer conditions:



Compound 29 was synt hesi zed according to the procedure described in Exanple
29 10 using isoxazolidine 18 in place of isoxazolidine 15,

1- (4-f | uowo-2pévanydey - prop-2-yn-1-ol in place of 1-ethyrlpgiriusg@sobszy| am ne

and N1-nmethyl-N -phenyl - propane- 1, 3-dilami ne. M5 (ESI(+)) me 576.4 (MH)+.
Exanple 31 Niz O H N O OH OH 15 30 Conpound 30 was synt hesi zed accordi ng
to the procedure described in Exanple 29 using isoxazolidine 18 in place

of isoxazoli di 15 - (4-fluoro-phenyl )-prop-2-yn-t-ol in place of

1- et hynyl - cycl &ﬁé&ﬁeﬁﬁ?éﬁte’éw&”@ﬁ?&nso%i %%%%ﬁ%ﬁ%ﬁ%%#vﬁe in place of
N1- met hyl - N -phenyl - pr opane- -di,.amine. MS (ESI(+)) me 538.3 (MrH) +. WO
2006/ 009869 PCTa5 021524%5§1§0@£§ﬁﬁwg 32 HN Oit, ON HO HO 31
Compound 31 was sint hesi zed according to the procedure described in Exanple
29 5 using i serpiHeNI &Ye 15, 321, 1- di net hyl - prop- 2-ynyl ) - benzene in pl ace
of 1-ethynyl cycl ohexylam ne and N -nethyl -N -phenyl - propane-1, 3-di am ne.
M5 (ESI(+)) m €oBgV¥ (M+H) +35Exanple 33 0 HO- OH 10 32 Conpound 32 was

synt hesi zed according to the procedure described in Exanple 29
5 Extractor (V) 3

RF Lens - - 0 - : U
Source Temperature 120 °C

Desolvation Temp. 350 °C

Cone Gas 25 L/H
10 Desolvation Gas 450 L/H
HPLC conditions:
Mobile phases: A: Water with Formic Acid 0.1%

B: 65% Methanol/35% 2-Propanol with Formic Acid 0.1%
Flow rate: 1.00 mL/minute
15 Column: Varian Polaris 2.1 mm by 50 mm 5 micron C18

Column Temperature 50 °C

Gradient: A B Time Flow

90 10 0.0 1.0
90 10 0.5 1.0

20 10 90 3.2 1.0
10 90 3.4 1.0
0 100 3.5 1.0
0 100 4.0 - 1.0

25 Injector system runs in two column regeneration mode so that column equilibration

occurs during the rime of the next sample analyzed.



usi ng i soxazolidine 15, 2-ethynyl-pyridine in place of
1- et hynyl - cycl ohexyl am ne and (+)- i sopinocanpheyl arnine in place of
Nl - met hylwlboegumesseb - pr opane- 1, 3-di amine. M5 (ESI (+)) mPeTAB3004/0¢124H) +. 15
Exanple 34 c¢ci OCH~~ 00 N 0O HO ON1IO HO HO 33 WD 2006/ 009869
PCTI US2005/ 021524 113 Conpound 33 was synt hesi zed according to the
procedure described in Exanple 29 using isoxazolidine 18 in place of
i soxazol i dine 15, 1-(2-chloro-phenyl)-prop-2-yn-1-Adin place of
1- et hynyl - cycl ohexyl am ne andN - net hyl - N - phenyl - pr opane- 1, 3- di am ne.
Example 35 OO4d HOH r-\/ O4d5 OH 34 Conpound 34 was synthesi zed
according to tHE“ﬁWBé@HH?% desdi bed in Exanple 29 using i soxazolidine 15,
17 a-ethynylestradiol in place of 1-ethynyl-cyclohexylamie and
N - met hyl Diflephizaiy¢ongitinpane- | V&vgleagthrrsray M2 EsHA My e 722. 4 (MtH) +. to
Exanple 36 OO O N OIN HO OH

Resolution: 1.2nm

5  Sample concentrations are normally run at 2.0 mg/mL unless otherwise stated.

S © = Example30 -

Olo
I
.

Q.

N
Q 0

HO
HO

29

Compound 29 was synthesized according to the procedure described in Example 29

10  using isoxazolidine 18 in place of isoxazolidine 15, 1-(4-fluoro-phenyl)-prop-2-yn-1-ol in

place of 1-ethynyl-cyclohexylamine and N'-methyl-N'-phenyl-propane-1,3-diamine. MS
(ESI(+)) m/e 576.4 (M+H)".

Example 31

Z \H,

Q
N,
N 0
H
OH

OH

15 30

Compound 30 was synthesized according to the procedure described in Example 29
using isoxazolidine 18 in place of isoxazolidine 15, 1-(4-fluoro-phenyl)-prop-2-yn-1-ol in
place of 1-ethynyl-cyclohexylamine and (+)-isopinocampheylamine in place of N'-methyl-
N'-phenyl-propane-1,3-diamine. MS (ESI(+)) m/e 538.3 (M+H)".



OH 35 Conpound 35 was synthesized according to the procedure described in
Exanpl e 29 using isoxazolidine 15, 2-phenyl-but-3-yn-2-0l in place of

1- et hynylwoyodeaiogseyl am ne and 15 (+)-i sopi nocanpheyl am meTius2@sAacE20f

N - et hyl - N - phenyl - propane- |, 3-di ammne. Exanple 37 OH (~ J\~ I~ v\ N
HV ON O HO HO WD 2006/ 009869 PCTI US2005/ 021524 114 36 Conpound 36 was
synt hesi zed according to the procedure described in Exanple 29 using

i soxazolidine 18 in place of isoxazgljdi 15, 1-furan-3-yl-prop-2-yn-1-ol
in place of 1-ethynyl-cycl ohexyl a Behflps

N~- et hyl - Nl - phenyl - propane- 1, 3-diiamine. 5 Exanple 38 OH '0, 11 O H\P

01, ON O HO HO 37 Conpound 37 S| synt i zed according to the procedure
described in Exanple 29 using isoxaoli di 18 in place of isoxazolidine
15, 2-phenyl -but-3-yn-2-0l in place f 1 10 ét’hynyl - cycl ohexyl am ne and
cycl ohexyl -met hyl ami ne in pl ace of - phenyl - propane-1, 3-di am ne.
M5 (ESI(+)) nmfe 521.6 (MtH)+. Exanpl é HN

HO

31

Compound 31 was synthesized according to the procedure described in Example 29
5 using isoxazolidine 15, (1,1-dimethyl-prop-2-ynyl)-benzene in place of 1-ethynyl-
cyclohexylamine and N'-methyl-N'-phenyl-propane-1,3-diamine. MS (ESI(+)) m/e 570.4

(M+H)",
Example 3.?

o}
N
N O
H
OH

HOw»-

10 32

Compound 32 was synthesized according to the procedure described in Example 29
using isoxazolidine 15, 2-ethynyl-pyridine in place of 1-ethynyl-cyclohexylamine and (+)-
isopinocampheylamine in place of N'-methyl-N !_phenyl-propane-1,3-diamine. MS (ESI(+))
m/e 518.4 (M+H)".

15 Example 34



YNONOI O HO'V)-OH 38 15 Compound 38 was synt hesi zed according to the
procedure described in Exanple 29 wusing isoxazolidine 16 in place of

i soxazol iwoneocmsebenzyl - met hyl - prop- 2-ynyl -am ne in plPaTASedns/021524

1- et hynyl - cycl ohexyl am ne and 2-cycl dh&x-| -enyl -ethylam ne in place of N -
met hyl - N - phenyl - propane-1, 3-di am ne. Exanple 40 WO 2006/ 009869

PCT/ US2005/ 021524 115 JOHN HN O N p HO -,0OH 39 Conpound 39 was

synt hesi zed a d| n |3 (%Vétshse t%é)gee&j %ﬂ%’z&rtgg)s{:{)& g@@ggpllb@d ?IQEXﬁﬁpleg9

|soxazoI|d|ne §0%az ol ny - but - 3- in
pl ace of %mlgis&@aﬁbﬂﬁt}{he (%1 Qﬂl 9taeasyokamxam1mmd: 15, 1-(2-chloro-phenyl)-prop- -yn—l 01 in

N - et hyl - N"- phenyl - propane- 1, 3-di am ne. A

O HO 10mlapg of ﬂgyd@h%bar@%%%%-E@HW&%&M@’WW#\Q géedur e
described in Exanple 29 10 using isoxazolidine 18 in place of

i soxazol i di ne 15, 1-ethynyl-cycl opedixatale 35 pl ace of 1

et hynyl - cycl ohexyl am ne and cycl ohexyl -nmet hyl am ne i n place of

N -met hyl - N - phenyl - propane-1, 3-di@amn anpl e 42

HO™:

HNf\,N@
7%
5 KOH/‘OH
34

Compound 34 was synthesized according to the procedure described in Example 29
using isoxazolidine 15, 17 a-ethynylestradiol in place of 1-ethynyl-cyclohexylamine and
N'-methyl-N'-phenyl-propane-1,3-diamine. MS (ESI(+)) m/e 722.4 (M+H)".

10 Example 36

35

Compound 35 was synthesized according to the procedure described in Example 29
using isoxazolidine 15, 2-phenyl-but-3-yn-2-ol in place of 1-ethynyl-cyclohexylamine and
15  (+)-isopinocampheylamine in place of N -me’chyl—N1 -phenyl-propane-1,3-diamine.

Example 37

HO
HO



.O0H OON HO HGO, O4d W 2006/009869 PCTI US2005/021524 116 41 Conpound
41 was synt hesi zed according to the procedure described in Exanple 29
usi ng i sowxazoddmpsse 15, oct-1-yn-3-ol in place of 1-ethpaylusegosiootsexyl am ne
and 3-nethyl- butylam ne in place of M¢ -nethyl-N -phenyl-propane- 1
,3-diamne. 5 Exanple 43 DONn HHvVvNj ~1 / r O OH HO 42 Conpound 42 was
synt hesi zed according to the procedure described in Exanple 29 using
i soxazolidine 18 in place of isoxazolid% e 15
1- (4-im dazol - 1-yl - phenyl) - prop 2- yn 10 E in place of

1- et hynyl - cycl oghexyl am_pe and - n opane

(ESI(+)) me 62mPopig e wasgynf rémgl\tlgg’e KT ﬁ%[ 6{4% gldﬁ)%g%grrpound
43 was Syﬂglﬂg%éo%ggolmﬁjinrkﬂaée%ﬁg@(a%lﬂﬁﬁéjlﬁ & -fARSt8iypetbp- 2yl asiphelate of

usi ng i soxazol 1 dine 15, 2-phen but - 3-yn-2-0ol in place, of

1- et hynyl -lesjltr)hwhexglblmnymla@@h N'-methyl-N'-phenyl-propane-1,3-diamine.

5 Example 38

HO

37

Compound 37 was synthesized according to the procedure described in Example 29

using isoxazolidine 18 in place of isoxazolidine 15, 2-phenyl-but-3-yn-2-ol in place of 1-

10  ethynyl-cyclohexylamine and cyclohexyl-methylamine in place of N'-methyl-N'-phenyl-
propane-1,3-diamine. MS (ESI(+)) m/e 521.6 (M+H)".

?

N

HO— 7—0H

38

Example 39

15 Compound 38 was synthesized according to the procedure described in Example 29
using isoxazolidine 16 in place of isoxazolidine 15, benzyl-methyl-prop-2-ynyl-amine in
place of 1-ethynyl-cyclohexylamine and 2-cyclohex-1-enyl-ethylamine in place of N'-
methyl-N'-phenyl-propane-1,3-diamine.

Example 40



(+)-isopi nocanpheyl am ne in place of

N~- et hyl - Nd- phenyl - propane-1, 3-diamne. M5 (ESI(+)) me 561.3 (MtH) +. WO
2006/ 009860 2meT0$2005/ 021524 117 Exanple 45 a a N, HRefrAjS2008M210324 HO | OH
44  Conpound 44 was synt hesi zed accoridbng to the procedure described in
Exanple 29 5 using isoxazolidine 18 in place of isoxazolidine 15,
5-chloro-pent-1-yne in place of 1- ethynyl-cycl ohexyl am ne and

N1- et hyl - N - phenyl - propane- 1, 3-djam ne. Exanple 46 HO OIl ~ HN OO HO
HO 45 10 Conpound 45 was synt heskzgd according to the procedure descri bed
in Exanple 29 using isoxazolidinell1&yin place of isoxazolidine 15,

2- phenyl -but-3-yn-2-0l in place of X- eth | - cycl ohexyl am ne and
geranylam ne in place of Y—nethyl-NW¥phenK:ﬁpLopane-1,3- di am ne. M
(ESI(+)) me 561.7 (MH)+. Exanple 47 j "OH JOON, ~\H~N}~ OH

HO ~OH
Compound 39 was synthesized according to the procedure described in Example 29

using isoxazolidine 18 in place of isoxazolidine 15, 1-phenyl-but-3-yn-2-ol in place of 1-

5  ethynyl-cyclohexylamine and N !_methyl-N ! -phenyl-propane-1,3-diamine.

Example 41

HNE
N
Q o)
HO WOH

40

OH

I

Compound 40 was synthesized according to the procedure described in Example 29
10  using isoxazolidine 18 in place of isoxazolidine 15, 1-ethynyl-cyclopentanol in place of 1-
ethynyl-cyclohexylamine and cyclohexyl-methylamine in place of N'-methyl-N'-phenyl-

propane-1,3-diamine.

Example 42

HOw. OH



u OH 15 v WD 2006/ 009869 PCTI US2005/ 021524 118 46 Conpound 46 was

synt hesi zed according to the procedure described in Exanple 29 using

i soxazol iwonrneocmseact - 1- yn- 3-ol in place of 1-ethynyl-cyciraiseoogloarsehe and

N - methyl-N -phenyl-prop ane-1, 3-dilafine. 5 Exanple 48 NH2 O O OHN'" N
HO'/-0OH 47 Conpound 47 was synt hesized according to the procedure
described in Exanple 29 using isoxazolidine 15, 1-ethynyl-cyclohexyl aniine
and valine nmethyl ester in place of N -

met hyl - Nl - phenyl - propane- 1, 3-di al ni ne. anple 49 O,,0H (a J\f N O H\J
ONO HO)-0Od48 Co und 48 was e5|z accor di t. h ro re
described in E@Hﬂ(’é}n‘%?“@g Sﬁ%tl]‘l?@zqu%ﬁ%f Bl§ 8 ‘ePPECTHe a?sggg ‘%FIEE)PamPCIg%

i soxazol i pheny | | h flohexylamine and 3-methyl-

et hynyl - e%@%ﬁ%’%ﬁ oglr(ril ne ar?gmN%rr%ODﬁ)E} I{la&-dgﬂeﬁy?%grcgpane y1 3-di am ne. K/S
(ESI(+)) bﬁtylanﬁﬁ@nﬂpl@%(bf)N -methatPl -phe Q1 O 066,00986%. PCT | US2005/ 021524

119 O H (~ J\

5 Example 43

o}
e

Compound 42 was synthesized according to the procedure described in Example 29

using isoxazolidine 18 in place of isoxazolidine 15, 1-(4-imidazol-1-yl-phenyl)-prop-2-yn-

10 1-ol in place of 1-ethynyl-cyclohexylamine and N'-methyl-N'-phenyl-propane-1,3-diamine.
MS (ESI(+)) m/e 624.4 (M+H)",

Example 44

OH

43

15 Compound 43 was synthesized according to the procedure described in Example 29
using isoxazolidine 15, 2-phenyl-but-3-yn-2-ol in place of 1-ethynyl-cyclohexylamine and
(+)-isopinocampheylamine in place of N'-methyl-N'-phenyl-propane-1,3-diamine. MS
(ESI(+)) m/e 561.3 (M+H)".



HN? ON O HO HO 49 Conpound 49 was synt hesi zed according to the procedure
described in Exanple 29 using isoxazolidine 18 in place of isoxazolidine
15, 2- phewgledumosoyn-2-o0l in place of 1 5 ethynyl-cycl ehesk@sions2and

N1- met hyl - N - phenyl - propane- 1, 3-di amimng. MS (ESI(+)) me 572.3 (MH)+.
Exanmple 51 HN ONI O ~NH ~/ HO ",--0OH 50 10 Conpound 50 was synt hesi zed
according to the procedure described in Exanple 29 isoxazolidine 15,

nmet hyl - prop-2-ynyl -am ne in place of 1-ethynyl-cycl ohexyl am ne and

(+) -i sopi nocanpheyl ami ne in place ofﬁﬁgﬂlﬁiﬁt3

N1- met hyl - N - phenyl - propane-1, 3-diam ge. M5 (ESI(+)) me 484.2 (MH)+.
Exanple 52 N OHNZ O'N O HO 15 HO 51 Conpound 51 was synt hesi zed

according to the procedure described in npl e 29 using isoxazolidine 18
in place of isoxazolidine 15, benzyjf- et prop-2-ynyl-amne in WO
2006/ 009869 PCTI US2005/ 021524 120 pl ace of #®=ethynyl -cycl ohexyl am ne and
N4- net hyl - N1- phenyl - pr opane-1, 3-di ne. (ESI(+)) me 585.3 (MtH) +.
Exanpl e 53 HN
o™ 0
o S - ,HAO 4 A'ﬂOH
44

Compound 44 was synthesized according to the procedure described in Example 29
5 using isoxazolidine 18 in place of isoxazolidine 15, 5-chloro-pent-1-yne in place of 1-

ethynyl-cyclohexylamine and N !_methyl-N'-phenyl-propane-1,3-diamine.

Example 46

HO

\\ =

HO

45

10 Compound 45 was synthesized according to the procedure described in Example 29
using isoxazolidine 18 in place of isoxazolidine 15, 2-phenyl-but-3-yn-2-ol in place of 1-
ethynyl-cyclohexylamine and geranylamine in place of N'-methyl-N'-phenyl-propane-1,3-
diamine. MS (ESI(+)) m/e 561.7 (M+H)".

Example 47

" “OH

(o]
N\O
N
\N/\/\H
OH
o ™

15



O ONO HHO HO . OH5 52 Conpound 52 was synt hesized according to the
procedure described in Exanple 29 isoxazolidine 15,

1- phenyl -woapecd0yse9l - ol i n pl ace of 1-ethynyl-cycl ohexyl aoTris2@5021(529 -

i sopi nocanpheyl am ne in place of N1- nettifyl - N1- phenyl - pr opane- 1, 3-di am ne. M5
(ESI(+)) me 547.3 (M+tH)+. 10 Exanple 54 NHFnoc 5/> H\ / O CH3 H -OH 53
Part A NHBoc OH\ / Pd(PPh3)2C 2, Cul, OH\ OO NHBoc Hunig's base O CH3
H'OHCH SOH 18 54 15 To a solution OI‘ i soxazolidine 18 (0.1 g, 0.26
mol ) were added N-Boc-propargyl am ne ?0 08 g, 0.51 mol) in DWVF (3

i1 Sopr opyl et hyPERPHA! §6vea SRl oG 1 415 ordlts Mot peple 2
mai nt ai negs; 155xaE9ﬁdul@ 1*5 dc& 1383 hhen Racd ofi pemgnyIalywRABx Hithe- S&i N -
aqueous NH4 (60 ni, . The aqueous |ayer was extracted with EtCAc (2

x 30 ni) BavthysN' p(hp@dmrepmlzi}d@mm@%g PCT/ US2005/ 021524 121 fractions
were conbi ned and washed with sat aqueous N1-14Cl (2 x 50 nL). The organic
| ayer svas dried (MgSO4), filtered anBxemapedltrated in vacuo. Purification
of the crude material by silica gel chromatography (Hexane-EtOAc, 1:1)
gave the desired product. Yield
- . - . - NH2 .

|
/
O _o
HN

HO—" 7—OH

47

Compound 47 was synthesized according to the procedure described in Example 29
using isoxazolidine 15, 1-ethynyl-cyclohexylamine and valine methyl ester in place of N-

10  methyl-N'-phenyl-propane-1,3-diamine.

Example 49

48

Compound 48 was synthesized according to the procedure described in Example 29

15  using isoxazolidine 18 in place of isoxazolidine 15, 1-phenyl-prop-2-yn-1-ol in place of 1-

ethynyl-cyclohexylamine and N'-methyl-N'-phenyl-propane-1,3-diamine. MS (ESI(+)) m/e
558.2 (M-+H)".

Example 50



90% 5 Part B NHeoc NHFinac S off VI 7)HO O N 2)SO00Fmc, NaHCO3 oo
0O CH3 H-OHCH3 HOH 54 53 To a solution of the Boc-protected

pr opar gy aoizn@/®dsedn Et OAc (6 nlL) was added HCl (0.12 mCrafS2asA21gsol ution
in 1,4-dioxane, 0.24 unol) at 0 C. Th@9solution was stirred at rt for 30
mn when a precipitate forned, the resulting m xture was stirred at rt for
2 h 10 (TLC i ndi cated existence of SM. Additional HC1L (120 nL) was added;
reaction was nmitained at rt for TLC showed reaction was not
conpleted; it was then concentrat 8 drypess; residue was dissolved in
CH2C12 (6 nL), cooled to O C and TFAl(1 nL s added dropw se. The

solution was stirred at rt for 10 m piand concdéntrated in vacuo. The
resulting residue was conbined with c-succinam de (0.13 g, 0.39 mmol),
2.60 mmol ). This m xture was

1:1 CH2C12 15 water (3 nL) and NaHCOZ™ (
stirred vigorously at rt for 14 h. The ni c phase was separated and the
aqueous phase extracted with CH2C12,0 rgani c extracts were conbi ned,
dried (Na2SO4), filtered and concentrated in vacuo. The residue was
purified by colum chromatography (silica gel, gradient EtOAc-hexane 1:1

to 5:1) to afford the desired product (49 ng, 60%. 20 Exanple 55 OH N H
J\n"~N-0 1I~1- O Q@Q--.,0OH--0CHN- 55-WD 2006/009869-PCTI US2005/-021524- 122
Part A NHFnmoc Compound 49 was synthesized according to the procedure described in Example 29

using isoxazolidine 18 in place of isoxazolidine 15, 2-phenyl-but-3-yn-2-ol in place of 1-
5  ethynyl-cyclohexylamine and Nl-methyl—N1 -phenyl-propane-1,3-diamine. MS (ESI(+)) m/e
572.3 (M+H)".

Example 51

HO— }—OH
50

10 . Compound 50 was synthesized according to the procedure described in Example 29
isoxazolidine 15, methyl-prop-2-ynyl-amine in place of 1-ethynyl-cyclohexylamine and
(+)-isopinocampheylamine in place of N'-methyl-N'-phenyl-propane-1,3-diamine. MS
(ESI(+)) m/e 484.2 (M+H)".

Example 52

I Q

N~

e

e

51

15

Compound 51 was synthesized according to the procedure described in Example 29

using isoxazolidine 18 in place of isoxazolidine 15, benzyl-methyl-prop-2-ynyl-amine in



OH/ nS 1) TfOH 2,6 Udine; N LJWIsoxazolidine 53 Ob / Ow CH H
-OSi 27 1808 lanterns were placed in a flane dried 2 L flask. A stir bar
was addedweanrrdocidogseodf | ask was purged with nitrogen and cappas2eustohisas r ubber
septa. Anhydrous CH2C12 (1.2 L) 5 waoadded to the flask and the | anterns
were allowed to sit in this solution for 10 mn and then the sol vent was
renoved. A 3%trif|ic acid solution in anhydrous CH2C12 (1.2 L, 393 nmol,

3% v/ v) vva nd t he.lant.erns were,sti

Srotiie apret ol alPEH- AL ERURRRE HOLA ThbLER MM rordhe £ i3S
L) and 2, Gedig¢t)) di/egss.82vE)". 532 nmol ) were added. The lanterns were
stirred in this solution for 10 mn isoxazolidine 10 53 (10 g, 38 mml) was
t hen added. The resulting m xture wagyghhlrsgd for 18 h, at which point the
reaction solution was decanted and the Tanterns were vvashed according to
the followi ng protocol: (2 x 10 mn) CH&2 (1.5 L), THE (1.5 L), THF: IPA
(3:1, 1.5 L), THF: water (3:1, 15L)M1 1.5 L), and THE (1.5
Q The lanterns were dried in 0 jowernig adi ng | evel

determ nation: 5 |anterns were e&ctNpla fed int® 5 mL 15 pol ypropyl ene
containers. To each container was ad:d d E (300 [LL) and HF-pyridine (50
L). - The lanterns-were allowed to sit inthis solutioen for 6 h. At which

poi nt ;J'I\/BC]VE (500 L)was added and the nterns were allowed to sit in this
solution for an additional 15 mn The reaction solution was then
transferred to tare ass I und bot t fla rad, er
reduced pressu n{p(S’uﬂ?]sgw 5P gs%qd are §n§§° t%ﬁ%cnnq%(ri&%pﬁgﬂnﬁ ”é 1&'29

and the ayRkaggidiears, rlgpﬁe@ylelbrowazsy@alowﬂl @taeel of a- e:t@yrgnmwlbmmyMne emmg
NHFmoc NH2 // // O H ~ NN ONO\ AL Piperdine , O CHa g/ \5DM:
CHa 0 101®p1nocgnpmlamgsﬂrem9%@f Mmﬁhslzé’owhe%i@manﬁé -diamine. MS (ESI(+)

m/e 547.3 (M+H)".

10 Example 54

NHFmoc

)l

CH3 “~0H
53
Part A
NHBoc
| I

Q y f@ Pd(PPhg)zCly, Cul, Q y

o?jiN/‘o o~ NHBoc Hunig's base o;ilj‘/‘o

cH, M %\OH cH, H E\OH

18 54
15 To a solution of isoxazolidine 18 (0.1 g, 0.26 mmol) were added N-Boc-propargyl

amine (0.08 g, 0.51 mmol) in DMF (3 mL),Pd(PPh3),CL,) (54 mg, 0.3 mmol), and Cul (20
mg, 0.1 mmol), diisopropylethylamine (0.14 mL, 0.77 mmol). This reaction mixture was
maintained at rt for 12 h. It was then partitioned between EtOAc-Sat aqueous NH,CI (60
mL, 1:1). The aqueous layer was extracted with EtOAc (2 x 30 mL) and all organic



9 lanterns (0.09 mol, 1 eq) were suspended in a 20% sol uti on of piperdine
in DMV (9 nL). The reaction m xture was shaken for 1 h at which point the
react i on wol2odd/ogsesas drai ne 20% pi perdine in DMF (9 merTassocadesds The
reaction m xture was shaken for 1 h. 12The | anterns were then renpoved and
washed according to the follow ng protocol: (2 x 10 5 mn) CHC12 (9 nl),
THF (9 L), THFIPA (3:1, 9 nm), THF water (3:1, 9 nL), THFIPA (3:1, 9

m.), and 9 nL det erm 10R: I :

pl aced in GCtﬁ’g“%VYﬁf |88ﬂ“§ ép%?pe‘ﬁaés gﬁ% 4 er?élg]tl\ﬁg%dtlg(g }\(M%Qh ?h?Bog%ifg and
HF- pyri djal @f (29 ded %@@nﬁﬁér@dvﬂﬂ @nkawetkdt o siduol m’uhﬁbzsicmod)ﬁtﬁeomﬂ@r 6
h. At whi c poi nt 500 RL)was added and the I s .all

sit in thrr@tey@llawbﬁa g@rchmmemgradw (Hexnng-Ef Al h&?@ef PIogicit %‘ﬁ

t hen tran%(ﬁrred to a glass round-bottonmed flask and concentrat ed under
reduced pressure to afford the free amine. Part C NH2 NuPh 11 IIl O H O
Hc I benémg aC|d HATU, pyridine ONp CH3 HO SSii CH 3 Hanl=0-SYi 1

| ant erh - 1 eq) was placed in a solution of DMF/ THF (1:1, 0.8
m). 15 Ben20| C aci d (0.02 g, Reg0 nnnol, 20 eq) was themcadded, foll owed
by HATU (0.02 g, 0.1 nmmol, 10 eq), and pyridine (0.014 g, 0.10 nmol, 10
eq). -The reacti-on m xture wa I'then -shaken for 17 -h uhder a-ni-trogen -

at nrosphere at which point t | antern was rem)ved a washed according to
the follow ng procedure:, 10 nﬁc H% HF (1 nm), THFIPA
(3:1, 1 ni), THR: wateMdes 1, 1 S "Fﬁlf‘—"" 3A (&HN. 1 nL), and THF (1 nl).

20 Reaction conversion “ermination: 1 Ianter s placed into a 5 nL

pol ypropyl ene contai e and treated with THFOE é'OO*dlj) and HF-pyridine (50
RL). The lantern was allowed to sit in this SO|5l§ItIOI’l for 6 h. At which
poi nt TNMSOWe (500 L) wasf‘“added and the lantern Was allowed to sit in this

solution for add on e.reaction .so
transferred t o %&hﬁﬁ%ﬂ%ﬁ‘g&d Pﬁogiuigg gng%hg %rg%gaz6 §r{”as Wdeded
pressure e (@392 a{L 91!‘&14 N['@oldﬁ&i red4RiAHE 10.24RaRb]) B Y\ 20600866 stirred
PCTI US2005/ 021524 12
at rt for 30 min when a precipitate formed, the resulting mixture was stirred at rt for 2 h
10 (TLC indicated existence of SM). Additional HCI (120 mL) was added; reaction was
maitained at rt for 24 h. TLC showed reaction was not completed; it was then concentrated
to dryness; residue was dissolved in CH,Cl, (6 mL), cooled to 0 °C and TFA (1 mL) was
added dropwise. The solution was stirred at rt for 10 min and concentrated in vacuo. The

resulting residue was combined with Fmoc-succinamide (0.13 g, 0.39 mmol), 1:1 CHCl,-

15  water (3 mL) and NaHCO3 (220 mg, 2.60 mmol). This mixture was stirred vigorously at rt
for 14 h. The organic phase was separated and the aqueous phase extracted with CH,Cly,
the organic extracts were combined, dried (NaySOy), filtered and concentrated in vacuo.

The residue was purified by column chromatography (silica gel, gradient EtOAc-hexane 1:1
to 5:1) to afford the desired product (89 mg, 60%).

20 Example 55
N)"“(_:/O I

~ N
Qo

55



NyPh /VIAO O~NHZ ON~ OF '-OHOH CH3 H SI" &hydroxypyridine p 55 52
|l anterns (0.52 nmol, 1 eq) were placed in a sealed flask and flushed with
ni t rogen. woaotdmdebask was added 2- hydroxypyridine (30 mCTAfS2805026334 M
solution in THF, 20 eq) and 3-benzoimM®dazol - 1-yl-propylam ne (6.38 g, 36.4
mml, 70 eq). The reaction 5 m xture was shaken for 27 h at 50 C under an
atnDsphere of nitrogen, at which point a |antern was renoved and washed
accordlng the follow ng procedure: (2 x 10 mn) CH2Cl2 (57 nlL), THF (57
THF: EﬁiﬁXB 1, 57 nL), THF. water (3:1, 57 nL), THFR IPA (3:1, 57 nl),
and THF (57 nl). Reaction conversion determnation: 1 | apd-gy N was pl aced
into a 5 nL pol ypropyl ene container. and treated with THF (300 L) and
BF-pyridine (50 10 L). The lantern was allowed to sitfin this solution for
6 hs. At which point TMSOWe (500 L) was added and t | antern was al | owed

to sit in this solution fQr an additional 15 maq, eaction solution was
then transferred to(@_glass“round- '"efla yd . concentrated under
reduced pressure to afford des RAE ‘¢ 56 0--/'0 HNa N

OHV ~No HO~ OH 15 56 eund 56 was sy He%m%%é/aeég}dlng to the
procedure described in Exﬁnple 55 using

N - met hyI N - phen %El%)veneé) %gqh%m (a_nedpi icﬁ"asﬁf A stlr ra]lrzgvla@a e dltl1¥|

propyl am ne.
flask was purged with nitrogen and capped with a rubber septa. Anhydrous CH,Cl, (1.2 L)

5 was added to the flask and the lanterns were allowed to sit in this solution for 10 min and
then the solvent was removed. A 3% triflic acid solution in anhydrous CH,Cl, (1.2 L, 393
mmol, 3% v/v) was added and the lanterns were stirred gently for 20 min The triflic acid
solution was then removed via canula. Anhydrous CH,Cl, (1.2 L) and 2,6-lutidine (62 mL,
532 mmol) were added. The lanterns were stirred in this solution for 10 min isoxazolidine

10 53 (10 g, 38 mmol) was then added. The resulting mixture was stirred for 18 h, at which
point the reaction solution was decanted and the lanterns were washed according to the
following protocol: (2 x 10 min) CH,Cl, (1.5 L), THF (1.5 L), THF:IPA (3:1, 1.5 L), THEF:
water (3:1, 1.5 L), THF:IPA (3:1, 1.5 L), and THF (1.5 L). The lanterns were dried in vacuo
overnight. Loading level determination: 5 lanterns were each placed into 5 mL

15  polypropylene containers. To each container was added THF (300 pL) and HF-pyridine (50
ul). The lanterns were allowed to sit in this solution for 6 h. At which point TMSOMe
(500 pL)was added and the lanterns were allowed to sit in this solution for an additional 15
min The reaction solution was then transferred to a tared glass round-bottomed flask and
concentrated under reduced pressure to afford isoxazolidine 53. This material was weighed

20  and the average loading level was calculated to10 pmol/lantern.

Part B
NHFmoc NHz

i Il

¢L T ?L Y o

\0—31 \O—SI




20 Exanple 57 WO 2006/ 009869 PCTI US2005/ 021524 125 OPO O Nro HO OH O
57 Conpound 57 was synt hesi zed according to the procedure described in
Exanpl e Soustany9sepsoxazol i di ne core 15 in place of i sorazaiseaisnelseore 18
and (+)-isopi nocanpheylamne in 5 pl aeg of

3- benzoi m dazol - 1-yl -propyl am ne. M5 (ESI(+)) me 574.4 (MtH) +. Exanple 58
0--e HN OHN'.GN-/ONO OHO HO 58 Conmpound 58 was synt hesi zed

i?gg;g; ng;?r Lpﬁﬂﬁ%ﬁ%ﬁg@%e doﬁ;f:%(pb\%qségspgﬁ&mh% 2% sojlgti&%ﬂgperdine in DMF

3- benzoi malaAg! THe WactiOpyttard wes shifen (JrSl § +) Whivhepdh@t Ahd réabtibd) solufnampse 59
ONUW N, 0 QCD bH 59 15 Conpound 59 was synt hesi zed according to_th
pr ocedur edaéne20% piverdinEiae(958L) was Adfads Shasariien méxtugwasishaken for éi’e of

soracel | 40 OE 00 B s R o Ao 0 10
WO 2006/ 00886 8HRCE/ (952105/TU §24nL )l ZBHRIPAYQR:1, 9 mL), THF: water (3:1, 9 mL),
THF:IPA (3:1, 9 mL), and THF (9 mL). Reaction conversion determination: 1 lantern was
placed into a 5 mL polypropylene container and treated with THF (300 uL) and HF-
pyridine (50 wL). The lantern was allowed to sit in this solution for 6 h. At which point
TMSOMe (500 pL)was added and the lantern was allowed to sit in this solution for an
10 additional 15 min The reaction solution was then transferred to a glass round-bottomed

flask and concentrated under reduced pressure to afford the free amine.
Part C

H
N _Ph

b
0

NHy

)l )l

Q

Q H H
N N
. %»:ﬁ/\o YJ/ benzoic acid, HATU,pyridine O?:l/\/\o Y}
oHy H % \/\/® cH, H ":\O,Si\/\/@

\O~Si

1 lantern (0.01 mmol, 1 eq) was placed in a solution of DMF/THF (1:1, 0.8 mL).

15  Benzoic acid (0.02 g, 0.20 mmol, 20 eq) was then added, followed by HATU (0.02 g, 0.1
mmol, 10 eq), and pyridine (0.014 g, 0.10 mmol, 10 eq). The reaction mixture was then
shaken for 17 h under a nitrogen atmosphere at which point the lantern was removed and
washed according to the following procedure: (2 x 10 min) CH,Cl, (1 mL), THF (1 mL),
THF:IPA (3:1, 1 mL), THF: water (3:1, 1 mL), THF:IPA (3:1, 1 mL), and THF (1 mL).

20 Reaction conversion determination: 1 lantern was placed into a 5 mL polypropylene
container and treated with THF (300 uL) and HF-pyridine (50 pL). The lantern was allowed

to sit in this solution for 6 h. At which point TMSOMe (500 pL) was added and the lantern

was allowed to sit in this solution for an additional 15 min The reaction solution was then
transferred to a glass round-bottomed flaskand concentrated under reduced pressure to

25  afford the desired product.

Part D



O HO ~-OH O 60 Conpound 60 was synthesized according to the procedure

described in Exanple 55 wusing 4-phenyl benzyl am ne in place of

3- benzoi mvOaa@l00dsey| - propyl am ne. 5 Exanple 61 Gyo HlLPNT/US2005k0213b% - ~N ON

0 - O HOHO 61 Conpound 61 was syntiési zed according to the procedure

described in Exanple 55 wusing N -Benzyl-ethane-1, 2-diamne in place of

al-\l\tj)eazg m dazalo- 1égl -Cgropyl am ne. 10 Exanple 62 1LJJ, ,.oHNci Il N OKk
_ HOO Apound 62 was synt hesi zed according t

described in Exanpl e 55y Usi ng g 9 to the procedure

N - (4-chl or o- phenyl) /,NI omat hyl - propane- 1, 3-di ami ne in ace of

3-benzoi m dazol -1 - 1 - propyl am ne. V\D 2006/ 009869 USZO;/@HSM 127

Exanple 63 QI ., o 11 ON/J
N @j) QMN (_/O
) —

Y %\/\/@ 2-hydroxypyridine OH
Hs \O—Sl

55

52 lanterns (0.52 mmol, 1 eq) were placed in a sealed flask and flushed with

ﬁitroéeﬁ. To the flask was added 2-hydroxypyridine (30 mL of a 0.35 M solution in THEF;

20 eq) and 3-benzoimidazol-1-yl-propylamine (6.38 g, 36.4 mmol, 70 eq). The reaction

s mixture was shaken for 27 h at 50 °C under an atmosphere of nitrogen, at which point a
lantern was removed and washed according to the following procedure: (2 x 10 min)
CH,CL, (57 mL), THF (57 mL), THF:IPA (3:1, 57 mL), THEF: water (3:1, 57 mL), THF:IPA
(3:1, 57 mL), and THF (57 mL). Reaction conversion determination: 1 lantern was placed

into a 5 mL polypropylene container. and treated with THF (300 pL) and HF-pyridine (50

10 pL). The lantern was allowed to sit in this solution for 6 hs. At which point TMSOMe (500
ul) was added and the lantern was allowed to sit in this solution for an additional 15 min

The reaction solution was then transferred to a glass round-bottomed flask and concentrated

under reduced pressure to afford the desired product.

Example 56

Q.
s

15

56

Compound 56 was synthesized according to the procedure described in Example 55
using N'-methyl-N'-phenyl-propane-1,3-diamine in place of 3-benzoimidazol-1-yl-
propylamine. MS (ESI(+)) m/e 585.4 (M+H)".

20 Example 57



ON O HO 63 Compound 63 was synt hesi zed according to the procedure
described in Exanple 55 5 using 4-phenoxybenzylam ne in place of

3- benzoi mvOaa@l00dsey| - pr opyl am ne. Exanple 64 0-,.0 HN RCTHS204802644
Compound 64 was synt hesi zed accordi ngi2fo the procedure described in Exanple
55 to using 4-phenyl-butyl al nine in place of

3-benzoi m dazol - 1-yl -propyl am ne. Exanple 65 OCHONO NO"HHOH OH 65

Compound 65 was synt hesi zed accordi ng t he procedure descri bed in Exanpl e
55 15 using isoxazolidine core 15 |nthzkgﬁgi azol i di ne core 18,

(+)-isopi nocanpheyl am ne in 0 009869 5/ 021524 128 pl ace of
3-benzoi m dazol - | -yl - propyl am hydroxy enzoic acid in place of
benzoic acid. M5 (ESI(+)) me o b +. Exanple 66 /\ O N OO\ N-~N
OH OH 5 66

57

Compound 57 was synthesized according to the procedure described in Example 55 using
isoxazolidine core 15 in place of isoxazolidine core 18 and (+)-isopinocampheylamine in

5  place of 3-benzoimidazol-1-yl-propylamine. MS (ESI(+)) m/e 574.4 (M+H)".

Example 58

O

HN

I

HO

38

Compound 58 was synthesized according to the procedure described in Example 55
10  using 1-benzyl-pyrrolidin-3-ylamine in place of 3-benzoimidazol-1-yl-propylamine. MS
(ESI(+)) m/e 597.4 (M+H)".

Example 59

59

15 Compound 59 was synthesized according to the procedure described in Example 55
using isoxazolidine core 15 in place of isoxazolidine core 18 and 3-indol-1-yl-propylamine
in place of 3-benzoimidazol-1-yl-propylamine. MS (ESI(+)) m/e 574.4 (M+H)".

Example 60



Part A INHFmoc NHFmoc O H Nf |1 CH HOH OY HI 67 No 27 oY 1) TfOH 2,6
lutidine; OM CH Hsi 27 1808 lanterns were placed in a flanme dried 2 L
flask. A wOiznodmpsewas added and the flask was purged wpCh/useeosogesas and
capped with a rubber septa. CH2C12 (128 L) was added 10 to the flask and
the lanterns were allowed to sit in this solution for 10 m n, when the

sol vent was renoved. A triflic acid solution in anhydrous CH2CI 2 (1.2 L,

393 mol, 3% v/v) was added and the |an ns were stirred gently for 20
mn The triflic acid solution was then ved Vi annul a. Anhydrous
CH2Cl 2 (1.2 L) and 2,6-1utidine wereQadded ( 2 mol). The lanterns

e
were stirred in this solution far Q)m'_['jp | soxazols di ne 67 (nmade 15
according to the procedure deseﬂoi\:n exanpl e 54) (10 g, 38 nnnol) was
then added. The resulting nxt'ure was' stirred for 18 h. At which point the
reacti on solution was decant and the lanterns were washed according to
the following protocol: (2 x 10 mn) CH2Cl12 (1.5 L), THF (1.5 L), THF:IPA
(3:1, 1.5 L), THF: water (3:1, 1.5 L), @F IPA (3:1, 1.5 L), and THF (1.5
L). The lanterns were then dried under reduced pressure. Loading |evel 20
det erm nati on: BplARhE60WARYLheasd Rbaeath tohOpcidurd abitPbePitl BXfnple 55
containers. To each  -contai ner was-added THF (880 L)- and HF-pyridi ne (50
L). The | asingdrshenglbenzyll pmivedniplace of B-hienzaimidazglolwl-papylesting h. At whi ch
poi nt TVMSOwve (500 L) was added and the lanterns were allowed to sit in
this selution for an additional 15 nEmaepl Gleacti on sol ution was then WO
2006/ 009869 PCTI US2005/ 021524 129 transferred to a tared flask and
concentrated in vacuo to affor soxazolidine 67. This nmaterial was nassed
and the average | oading |evel 8l culated to 10 nol/lantem Part B
NHFmoc N2 OH/ 0 H/ HN

i

D)
3

(6}
HO

HO
61
Compound 61 was synthesized according to the procedure described in Example 55

using N'-Benzyl-ethane-1,2-diamine in place of 3-benzoimidazol-1-yl-propylamine.
10 Example 62

O -

HN
I

o

N

e

c
N
Q o)
HO
HO

62
Compound 62 was synthesized according to the procedure described in Example 55
using N'-(4-chloro-phenyl)-N'-methyl-propane-1,3-diamine in place of 3-benzoimidazol-1-

15 yl-propylamine.



i N CF13 HO-M CFla Si 5 Fix as in above exanples 9 lanterns (0.09 mol,
1 eq) were suspended in a 20% solution of piperdine in DMF (9 nL). The
reacti on woxvewm9ssas shaken for 1 h at which point thePCe&askeSO28554 uti on
was drained and additional piperdine i2n DVF (20% v/v, 9 nL) was added. The
reaction m xture was shaken for 1 h. The lanterns were then renoved and 10
washed according to the following protocol: (2 x 10 mn) CHC 2 (9 nL), THE
(9 m), THFRIPA (3:1, 9 n), THE vva};)ggnélg:é, 9 m), THF:IPA (3:1, 9 n),

and THE (9 nL). Reaction conversio nation: 1 lantern was pl aced
into a 5 nL pol ypropyl ene contghpner and treated with THE (300 L) and
HF- pyridine (50 L). The Iantern@.gfcallowed to sit inthis solution for 6
h. At which point TMSOW (500 RL)wgs added and_the |antern 15 was al | oned
to sit in this solution for an additjonal 15, The reaction solution was
then transferred to a glass round-b@ttoned flask and concentrated in vacuo
to afford the free amne. Part CAHHA NHZ 1S NCHOOH\ / O/ NO
NaBH3 N, acetic acid N CH H MOH, 3CH/oH3 ry 0 S. 20 Fix as in
exanpl es above4 lanterns (0.04 mlol,” 1)ely were placed in a glass vial.
Pyri di ne- 2- car boxal dehyde (0.08 g, 0.8 o 20 eq) was added, followed by
trimethylorthofornmate (4 nL). - The-|l-apterhs=were allowed to sit-in this
solution for 45 mn WD 2006/ 009869 PCTI W$2005/ 021524 130 with gentle
shaki ng. NaBH3CN (0.13 g, 2.1 mml, 30 eq), acetic acid (one drop) and
McOH (one drop) were added and the reacf¥on nmixture was shaken under a
nitrogen atnosphere for 36 h. The lanterns were then renoved and washed
accordi ng to tBempbuid 6divag syntisiredlaccqrding tg thenpmyedoredsgripet! in BxanplyES3 4
m.), THF:IPA (3;1, 4.nl), THF: wat 3:1..4 nl),. THE.IPA (3:1, 4 ),
and THF (HSlﬂg;%TphﬁEQ&‘é’PF%Aa&%lﬁsg}Ig]ia‘b%(’fe’{ig%rg?}ﬁlﬁ%ﬂq%ﬁy I-propYRnEi®h "was pl aced
into a 5 nL pol ypropyl ene contai ner gnd tlregt ed with

xample 6

0.

HN
Il

64

Compound 64 was synthesized according to the procedure described in Example 55

10  using 4-phenyl-butylamine in place of 3-benzoimidazol-1-yl-propylamine.

Example 65

65

Compound 65 was synthesized according to the procedure described in Example 55

15  using isoxazolidine core 15 in place of isoxazolidine core 18, (+)-isopinocampheylamine in



THF (300 L) and HF-pyridine. (50 L). The lantern was allowed to sit in this
solution for 6 hs. At which point TMSOWe (500 L) was added and the | antern
was al | oo 20@/®9469i N this solution for an additional PETraSR00FNRISREACt i ON
solution was then transferred to a glia8s 10 round-bottoned flask and
concentrated under reduced pressure to afford the desired product. Part D
N HSNHZONOI11~ 11L+~( ON o Hr "IN 11NHprddineTI\/|SO—| ovve

HO/~L 2 C Sl 6 o]
eq.) mereP%Fgggg%PﬁQEHHB%@gE&EWPPX@Emgh&g$ﬁ%? ed” &Qﬁﬁr %1 lggben %D the
flask wer giaddsqERI(HYdh@ao0Y (MHHE, (30 nL of a 0.35 leolutlon in THF;
eq.) and (+)-isopinocanpheylamne (5,57 g, 36.4 mol, 70 eq.) The reacti on

m xture was shaken for 27 h at 50 CEMg%@n at m)sphere of nitrogen. At

whi ch point a lantern was renoved and washed according to the foll ow ng
procedure: (2 x 10 min) CH2O Z (57 THF (57 m), THF:IPA (3:1, 57 nlL),
THF: water (3:1, 57 nlL), TII":1PA 3 nd THF (57 nL).

i i hanter aced into a 5 nL

Reacti on conversion determ na
pol ypr opyl ene cont ai ner and fgggg h THF (300 L) and BF-pyridine (50
L). The lantern was allowed t it hits solution for 6 h. At which
poi nt- TMSOWe (500 | _,) was added anG“the lantern was allowed to sit in
this solution for an additional 15 mn gg reaction solution was then
transferred to a glass round-bottoned fP&sk and concentrated 25 under
reduced pressure to afford the desired product. M5 (ESI(+)) nmfe 561.5
(MrH) +.  EBstidyl e 67 WD 2006/ 009869 PCTI US2005/ 021524 131

NHFmoc

/;/ NHFmoc
! [

Q o]

e e

67 :
O~ |
\©\ 1) TFOH; 2,6 lutidine; 7

OMe CH:;

27

1808 lanterns were placed in a flame dried 2 L flask. A stir bar was added and the

flask was purged with nitrogen and capped with a rubber septa. CH,Cl; (1.2 L) was added

10 to the flask and the lanterns were allowed to sit in this solution for 10 min, when the solvent
was removed. A triflic acid solution in anhydrous CH,Cl, (1.2 L, 393 mmol, 3% v/v) was
added and the lanterns were stirred gently for 20 min The triflic acid solution was then
removed via cannula. Anhydrous CH>Cl, (1.2 L) and 2,6-lutidine were added (62 mL, 532
mmol). The lanterns were stirred in this solution for 10 min Isoxazolidine 67 (made

15 according to the procedure described in example 54) (10 g, 38 mmol) was then added. The
resulting mixture was stirred for 18 h. At which point the reaction solution was decanted

and the lanterns were washed according to the following protocol: (2 x 10 min) CH,Cl; (1.5

L), THF (1.5 L), THF:IPA (3:1, 1.5 L), THF: water (3:1, 1.5 L), THF:IPA (3:1, 1.5 L), and

THF (1.5 L). The lanterns were then dried under reduced pressure. Loading level

20  determination: 5 lanterns were each placed into 5 mL polypropylene containers. To each
container was added THF (300 pL) and HF-pyridine (50 pL). The lanterns were allowed to

sit in this solution for 6 h. At which point TMSOMe (500 pL) was added and the lanterns

were allowed to sit in this solution for an additional 15 min The reaction solution was then



QN NH HA'( OH 68 Conmpound 68 was synt hesi zed according to the
procedure described in exanple 66 using indol e-3-carboxal dehyde in place
of pyri diwe-28ecmessal dehyde. M5 (ESI(+)) nmle 599.0 5 (MpHrAaskooanpises 68 0-1
HN (~ J\/ Il ONN Ol HNJJ O OHO®B® 69 Conpound 69 was synt hesi zed
according to the procedure described in exanple 66 10 using isoxazolidine
core 18 in place of isoxazolidine core 15, and benzal dehyde in place of

pyri di ne- rbo Ideh neth

pl ace of giﬁlﬁ g%pﬂ% Conce%@éat%zg? Q;%%’J rr(? eﬁggi; ?5831?%&%1%”25&91“1519

69 HN (~ diaterdl w& hﬂbﬁse@ah’d @16 dd@‘a@%aﬂﬁlgﬂ@vél\ﬁ'ag Qek1RAA36 90 REIIUSREA5/ 021524
132 Conpound 70 was synt hesi zed according to the procedure described in
Exanpl e 6644Wsi ng i soxazolidine core 18 in place of isoxazolidine core 15,
and inlidazol e-2-carbal dehyde in place of pyridine-2-carboxal dehyde and

N - et hyl - N - phenyl - pr opane- #4F8ecdi am ne in NH,

i Il

Piperdine
DMF

Fix as in above examples 9 lanterns (0.09 mmol, 1 eq) were suspended in a 20%
solution of piperdine in DMF (9 mL). The reaction mixture was shaken for 1 h at which
point the reaction solution was drained and additional piperdine in DMF (20% v/v, 9 mL)
was added. The reaction mixture was shaken for 1 h. The lanterns were then removed and

10  washed according to the following protocol: (2 x 10 min) CH,Cl, (9 mL), THF (9 mL),
THF:IPA (3:1, 9 mL), THF: water (3:1, 9 mL), THF:IPA (3:1, 9 mL), and THF (9 mL).
Reaction conversion determination: 1 lantern was placed into a 5 mL polypropylene
container and treated with THF (300 pL) and HF-pyridine (50 pL). The lantern was allowed
to sit in this solution for 6 h. At which point TMSOMe (500 pL)was added and the lantern

15 was allowed to sit in this solution for an additional 15 min The reaction solution was then

transferred to a glass round-bottomed flask and concentrated in vacuo to afford the free

amine.
Part C
N/
NHa» H xn I
)l )l
_N._CHO
ST
NaBH3CN, acetic acid o o]
MeOH, (MeO)sCH o, O;{\%\/@
20 Fix as in examples above4 lanterns (0.04 mmol, 1 eq) were placed in a glass vial.

Pyridine-2-carboxaldehyde (0.08 g, 0.8 mmol, 20 eq) was added, followed by

trimethylorthoformate (4 mL). The lanterns were allowed to sit in this solution for 45 min



pl ace of (+)-isopi nocanpheylam ne. M5 (ESI(+)) me 607.5 (MH)+

5 Exanpl e

70 O HNOHNNo OHO 71 Conpound 71 was synthesized according to the
pr ocedur evdesaviobssd i n Exanpl e 66 using isoxazolidi ne ecrasi@siomsps ace of

I soxazol i di ne core 15, and 4-pheny|beﬁQaIdehyde in 10 pl ace of

pyri di ne- 2- car boxal dehyde and N -net hyl - N - phehyl - pr opane- 1, 3-di am ne in

pl ace of
71 ao o=
PCTI US200

(+)-isopi nocanpheyl am ne. M5 (ESI(+)) nme 647.5 (I\/H—|)+ Exanp

obtossly Hhille, NS T 2P i3 off Ik RGPS e

YI'y ~ O YM4OH (one drop) were added and the reaction mixture was shaken under a nitrogen

atmosphere for 36 h. The lanterns were then removed and washed according to the
following protocol: (2 x 10 min) CH,Cl, (4 mL), THF (4 mL), THF:IPA (3:1, 4 mL), THF:
water (3:1, 4 mL), THF:IPA (3:1, 4 mL), and THF (4 mL). Reaction conversion

determination: 1 lantern was placed into a 5 mL polypropylene container and treated with

THF (3 00 ;.LL) and HF-pyrldlne (50 pL). The lantern was allowed to sit in this solution for 6

10

15

20

25

hs. At which point TMSOMe (500 pL) was added and the lantern was allowed to 31t in this
solution for an additional 15 min The reaction solution was then transferred to a glass
round-bottomed flask and concentrated under reduced pressure to afford the desired

product.

Part D

P L Ono0
~ N

2-hydroxypyridine )@"’N P

2) HF-pyridine; TMSOMe OH

52 lanterns (0.52 mmol, 1 eq.) were placed in a pressure flask and flushed with

nitrogen. To the flask were added 2-hydroxypyridine (30 mL of a 0.35 M solution in THF;
20 eq.) and (+)-isopinocampheylamine (5.57 g, 36.4 mmol, 70 eq.) The reaction mixture
was shaken for 27 h at 50 °C under an atmosphere of nitrogen. At which point a lantern
was removed and washed according to the following procedure: (2 x 10 min) CH,Cl; (57
mL), THF (57 mL), THF:IPA (3:1, 57 mL), THF: water (3:1, 57 mL), THF:IPA (3:1, 57
mL), and THF (57 mL). Reaction conversion determination: 1 lantern was placed into a 5
mL polypropylene container and treated with THF (300 puL) and HF-pyridine (50 pL). The
lantern was allowed to sit in this solution for 6 h. At which point TMSOMe (500 pL) was
added and the lantern was allowed to sit in this solution for an additional 15 min The
reaction solution was then transferred to a glass round-bottomed flask and concentrated
under reduced pressure to afford the desired product. MS (ESI(+)) m/e 561.5 (M+H)".

Example 67



CHa HC $i° CH3 H'CJi+M Fix as in exanples abovel lantern was added to a
glass vial followed by 4- phenoxybenzene sulfonyl chloride (0.22 g, 20 eq),
CH2C12 (OWO 2s)oo9smnd pyridine (18 L, 20 eq). The react ipom/us2oosoees2nas
shaken gently for 5 days under nitrogéh. At which point 5 the |antern was
renoved and washed according to the follow ng procedure: (2 x 10 mn)
CH2C12 (1 mL), THF (1 nmL), THFIPA (3:1, 1 nm), THF: water (3:1, 1 nl),

THF ITPA (3:1, 1 nlL), and THF (1 nL). action conversion determ nation: 1

| antern was placed into a 5 nL poly Ienq*c ai ner and treated with

THF (300 L) and HF-pyridine ‘iﬁ’ L AThe r allowed to sit in this
[

solution for 6 h. At which po (500 L) t s added and the

| antern was allowed to sit in thIHS' tvon for an additional 15 mn The
reaction solution was then transfer ed and concentrated under reduced
pressure to afford the desired product68Fhft BQ@Q o0HOGOS=O HN Il OCON

OH\ Ph,N~~NH2 HNV 1kO 2-hydroxypyddine ONYL L CHa H~OSi J HO-OH 15

52 | t 0.52 d d
e a8 VoS bRl RS AR Bo SR ferbhBelin Bnbleiie
M sol uti Oﬁblﬁghnﬁlsi% 3- ca%@m@ﬂhe)ly@é‘ﬂl INhéBE‘éf'thMe Pbanyltiepide PeISeES](EY) s 99¢0

(5.97 g, 36:4 ol g.) The reaction m xture -was- shaken for 27-h at 50
C undex a(rMiaH)’rDsphere of nltrogen At whi ch WO 2006/ 009869

PCTI US2005/ 021524 134 point a lantern was renoved and washed according to

the following procedure: (2 x 10 mi rBxan@ 682 (57 nL), THE (57 nL), THF:IPA
(3:1, 57 nL), THF: water (3:1, 57 nmL), THF:IPA

HN

HO

69

Compound 69 was synthesized according to the procedure described in example 66

10  using isoxazolidine core 18 in place of isoxazolidine core 15, and benzaldehyde in place of

pyridine-2-carboxaldehyde and Nl-methyl—Nl-phenyl-propane-1,3-diamine in place of (+)-
isopinocampheylamine. MS (ESI(+)) m/e 607.0 (M+H)".

Example 69

H

15 70



(3:1, 57 nL), and THE (57 nmL). Reaction conversion detennination: 1 lantern
was placed into a 5 nL polypropyl ene container and treated with THE (300

| ,) and HVopyedwdsse (50 5 gL ). The |l antern was al | owedPCo/uskaosionsehi s
solution for 6. At which point TMSOWVE3E500 L) was added and the lantern
was allowed to sit in this solution for an additional 15 mn The reaction
solution was then transferred to a glass round-bottoned flask and

(B85 (5)) mi e 7eargopisE VS PPl gsl ol Pt {E{IRSALere REmERS )
Ho 73 Copfipelidxddlidae coildiaplaedf avserdlidig doee 13)enp imiiadele@-celsddétydd i n

i soxazolidine core 15 i i oxazoliqgge core 18,
-1,3-d1amine 1n

Exanmple 71 usiRg n pla?elof %

(+) - i sopi Wo@@ﬁﬁ ypmw-pﬁbo&lgﬂgdgfand N'-methyl-N -phenyl-propane
N -methyl ;]\l s ; BReylarding] 0% R8I+ RN/ eiophetenf; sul fonyl chlori de
in 15 pI%%%P§$@ﬂ¥%ﬁ@%%%§§éazeﬁg'ggﬁkon¢l%chforide. Néﬁ(ESI(+)) me 686.5
(MtH) +, Exanple 73 0 O~.S N o> N . Ho ,"SOH 74 Conpound 74 was
synthe%ized according to the proceddé%i%ggggibed in Exanple 71 20 using

i soxazolidine core 15 in placgof isoxazolidine core 18,

(+)-isopi nocanpheyl am ne in of

Nl - net hyl - N - phenyl - pr opane-1, 3- m-ne, and phenyl - met hanesul f onyl
chloride in place of 4-phenoxybenzene sul fonyl chloride. M5 (ESI(+)) me
624.5 (MrH)+. Exanpl e 74 WD 2006/ 009869 PCTI US2005/ 021524 135 RSN HN O

_J-\NO NO I

Q, .0

Q o)

OHO

71
Compound 71 was synthesized according to the procedure described in Example 66
using isoxazolidine core 18 in place of isoxazolidine core 15, and 4-phenylbenzaldehyde in
10 place of pyridine-2-carboxaldehyde and N'-methyl-N'-phenyl-propane-1,3-diamine in place
of (+)-isopinocampheylamine. MS (ESI(+)) m/e 647.5 (M+H)".

Example 71

O=S‘=O
HN
| _
HNJ//
N
Q o)
HO OH
72
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15



OH O 75 Conpound 75 was synthesized according to the procedure described
i n Exanple 71 using quinoline-8-sulfonyl chloride in place of

4- phenoxywena@nesal f onyl chloride. MS 5 (ESI(+)) nme @T2UB2(¢osmbd)524
Exanmple 75 oS NON 1"7~c O H O HO133 \/O HO 76 Conpound 76 was

synt hesi zed according to the procedure described in Exanple 71, 10 using
| soxazolidine core 15 in place of isoxazolidine core 18,

(+) -isopi nocanpheyl anmine in place of o

N -net hyl - N - phenyl - propapg- 1, 3-di am ne, and phenylsuﬁtgggﬂ/gg;bride n

pl ace of 4-phenoxybenzehe sul fonyl chloride. M5 (E (é§9 me 610.5 (M-H) +
Exanple 76 0-1 HNMO HW (~ J\/ N HNI/// ON O HO 15 77 Part A WO
2006/ 009869 PCTI US200 21524 1H H NH2 1 NyNv /17 1~ 0 OHCH

Ny

N O,
Fov o=y 4

\O’SI

Fix as in examples abovel lantern was added to a glass vial followed by 4-
‘phenoxybenzene sulfonyl chloride (0.22 g, 20 eq), CH,Cl, (0.4 mL), and pyridine (18 pL,

20 eq). The reaction mixture was shaken gently for 5 days under nitrogen. At which point

5 the lantern was removed and washed according to the following procedure: (2 x 10 min)
CH;CL, (1 mL), THF (1 mL), THF:IPA (3:1, 1 mL), THF: water (3:1, 1 mL), THF:IPA

(3:1, 1 mL), and THF (1 mL). Reaction conversion determination: 1 lantern was placed into

a 5 mL polypropylene container and treated with THF (300 uL) and HF-pyridine (50 pL).

The lantern was allowed to sit in this solution for 6 h. At which point TMSOMe (500 pL)

10 was added and the lantern was allowed to sit in this solution for an additional 15 min The
reaction solution was then transferred and concentrated under reduced pressure to afford the

desired product.

Part B

QL

Q u Pho o~~~ f
N
, NH, N

Y } 2-hydroxypyridine o
O °

CH; \O—SI

15

52 lanterns (0.52 mmol, 1 eq) were placed in a pressure flask and flushed with
nitrogen. To the flask were added 2-hydroxypyridine (30 mL of a 0.35 M solution in THF;
20 eq.) and N'-methyl-N'-phenyl-propane-1,3-diamine (5.97 g, 36.4 mmol, 70 eq.) The

reaction mixture was shaken for 27 h at 50 °C under an atmosphere of nitrogen. At which



p N YYPhWNCOC .. z - ~CH-SI~ L CH3 -0SI 1 lantern was added to a
glass vial followed by isocyanatonet hyl -benzene (26 ng, 10 eq) and CH2C12
(0.8 nlL).woheoamassbi on m xture was shaken gently for 24prhT/UARoostor1sR4 poi nt
the lantern was renoved and washed aciBérding to the foll ow ng procedure: (2
x 10 5 mn) CHRA2 (1 n.), THF (1 m), THFIPA (3:1, 1 nm), THF water
(3:1, 1 m), THFIPA(3:1, 1 m), and THF (1 nL). Reaction conversion
determn £ONDFhiARr
and tr ea?%édﬁpa a%te#ﬁ@ta%éé&bé%é agcﬁ I&ﬁ%‘?& ajcg'(lsrlﬁl té tﬁg-foﬁ%i’r@ ﬁgé’édgi;f é PRI 2

al | owed t6HsCL (5Thntlhj BHE ¢S Utnl,THBAP S (B, le&b; "EHFp‘aaHat (3:ENEank), (BEDIAA  was

added and the in.this solu 0

addi t i onaf? 7|n1inEr 'FWB fﬁgég‘} Hﬁ‘\gegisatf%%ﬁo%ﬂ%gﬁteml é 1%8{6{%“’% g faged
round- bot ﬁl%rﬁ% mf. ﬁfpr%ﬁ%eﬁ&é&ﬁﬁhé@n@%d&fé@%mﬁ q@mg@og&gmurw%gmh& @@ the
desired product. uNvPh rN-r Hp Ipl Ph I Ph. NH2 0 H N

2- hydroxyplddThe laarm e allowed 29 siHin s aliten forr@s@wéﬁlm ppint @P@S%éﬁo%

SOH 77 Fi as. i X bove52 n Wer ced
ina pr es%ﬁ)r @deﬁ aé@ﬁh%ia&l 1 OERé (510% {1% Ql%tlé %1%%01%&4 {%janﬁ(ag?sq? \Aefjemélgded
2- hydr ox Y'IPMé Felbiidh ddutdm Whd then fridisferedd t6la, glé?s@ r@.ﬁld)b(ﬂfmhed flask and concentrated

N - net hyl - N - phenyl---pr opane-1,-3-di am ne g.) The

reaction h@d@[f ERdaCqEbBres Tk raffosd t@ﬁeﬁ%edaﬁroé@}?tew% (@ﬁgé’?)r&f? 761@#0@%?& ‘e of
nitrogen. At which point a |antern was renoved and washed according to the
following procedure: (2 x 10 min) QEg@ple(’87 nl), THF (57 nlL), THFIPA
(3:1, 57 nL), THF: water (3:1, 57 20 nmL), THF: TPA (3:1, 57 m), and THF (57

m.). Reaction conversion determ nation: | antern was placed into a 5 nL
pol ypropyl ene container and treat gdHV\n (300 L ) and HF-pyridine (50
L). The lantern was allowed to thls@l&tl,@éﬁor 6 hs. At which WO
2006/ 009869 PCTI US2005/ 021524 [ ) ® o,

o @ Ho

73

Compound 73 was synthesized according to the procedure described in Example 71
using isoxazolidine core 15 in place of isoxazolidine core 18, (+)-isopinocampheylamine in
place of N'-methyl-N'-phenyl-propane-1,3-diamine, and biphenyl-4-sulfonyl chloride in

15 place of 4-phenoxybenzene sulfonyl chloride. MS (ESI(+)) m/e 686.5 (M+H)".

Example 73

74

Compound 74 was synthesized according to the procedure described in Example 71
20  using isoxazolidine core 15 in place of isoxazolidine core 18, (+)-isopinocampheylamine in
place of N'-methyl-N'-phenyl-propane-1,3-diamine, and phenyl-methanesulfonyl chloride

in place of 4-phenoxybenzene sulfonyl chloride. MS (ESI(+)) m/e 624.5 (M+H)".

Example 74



137 point TVMSOWe (500 L) was added and the lantern was allowed to sit in
this solution for an additional 15 mn The reaction solution was then

t ransf er rwo 2a0udbogssacent r at ed under reduced pressure topafifuscasobs24desi red
product. Ms (ESI(+)) me 614.5 (M+H)'135 Exanple 77 ONpONu | | "' OHO
5 OH 78 Compound 78 was synt hesi zed according to the procedure descri bed
in exanple 76, using isoxazolidine core 18 in place of isoxazolidine core
15, (+)-isopinocanpheyl anm ne in ophace of

N1- met hyl - N1- phenyl - pr opane- 1, gam ne, and isocyanatonet hyl - benzene. M
10 (ESI(+)) nmle 603.5 (MtH) +. e 78 HN~O HN (~~J\ Il v N HN-ri ON
o0 HO-10H 79 Conpound 79 was t hesi zed accorS'ng to the procedure

described in exanple 76, 15 usinhg nyI i te in place of
i socyanat onet hyl - benzene. MS (ESI (+ 005 (M-H) +. Exanple 79 WO
2006/ 009869 PCTI US2005/ 021524 138 0g* A\I UN O

OHO

75

Compound 75 was synthesized according to the procedure described in Example 71
using quinoline-8-sulfonyl chloride in place of 4-phenoxybenzene sulfonyl chloride. MS

5 (ESI(H) m/e 672.5 (M+H)".

Example 75

o “/@ ,@4

O

HO

76

Compound 76 was synthesized according to the procedure described in Example 71,
10  using isoxazolidine core 15 in place of isoxazolidine core 18, (+)-isopinocampheylamine in
place of N'-methyl-N'-phenyl-propane-1,3-diamine, and phenylsulfonyl chloride in place

of 4-phenoxybenzene sulfonyl chloride. MS (ESI(+)) m/e 610.5 (M+H)".

Example 76

15 77

g
>



OHN ONO OHO 80 Conpound 80 was synthesized according to the procedure
described in Exanple 76, using 1-isocyanato-2-phenyl-cycl opropane in place
of i socya~etomawbssh- benzene. M5 5 (ESI(+)) me 640.5 ( WeHUS2008021r54 € 80 O
HHN '00 HH NHOH 81 Part AO\ /1364\' H O Me3Al, DCM d " ONH2 Ho H
OH OH 10 to 82 To a solution of (+) isopinocanpheylanmne (0.2 g, 1.3 nmol)
in CH2C12 (10 nL) at rt was added A1Me3 (0.85 nL, of a 2 Msolution in
toluene, 1.7 mmol) dropw se over 2.5 mn The solution iag shirred at rt
for 10 min prior to the dropwi se addition of a solution of ~Tactone 18 (0.5
g, 0.02 mmol) in CH2C12 ( nlL). The reaction was stiffred for 1 h, diluted
15 with CH2C12 (125 nL d a saturated aqueous sol utilon of Rochell salt
(125 nL). The mxture vigorously stirred for ntil the two phases

)
(o]
formed. The | ayers ne separated aﬁg t@g or gahijcy phase was washed with
water, brine, drie S¥), filte néent rat In vacuo to afford
a solid. This mateg I\}Qy\/u.gg@ n the foll ow ksfanDSit

B

purification. Crude yield: 0.7g (100%. 20 Part WO 2006/ 009869
PCTI US2005/ 021934htern was added to a glass vial followed by isocyanatomethyl-benzene (26 mg,

- -10 eq) and-CH,Cl, (0.8 mL). The reaction mixture was shaken gently for 24 h. At which

point the lantern was removed and washed according to the following procedure: (2 x 10
5 min) CH,Cl, (1 mL), THF (1 mL), THF:IPA (3:1, 1 mL), THF: water (3:1, 1 mL),
THF:IPA (3:1, 1 mL), and THF (1 mL). Reaction conversion determination: 1 lantern was
placed into a 5 mL polypropylene container and treated with THF (300 pL) and HF-
pyridine (50 pL). The lantern was allowed to sit in this solution for 6 h. At which point
TMSOMe (500 pL) was added and the lantern was allowed to sit in this solution for an
10  additional 15 min The reaction solution was then transferred to a glass round-bottomed

flask and concentrated under reduced pressure to afford the desired product.

Part B

1;:h\?]/\/\NH2 //)

Q u
N 2-hydroxypyridine HN
Qg 0 \( } 2) HF-Pyriding; TMSOMe o
/ o]
ciy H =\O,Si\/\/®
HO +OH

Fix as in examples above52 lanterns (0.52 mmol, 1 eq.) were placed in a pressure

15  flask and flushed with nitrogen. To the flask were added 2-hydroxypyridine (0.35 M in
THF; 30 mL, 20 eq.) and N'-methyl-N'-phenyl-propane-1,3-diamine (5.97 g, 36.4 mmol, 70

eq.) The reaction mixture was shaken for 27 hs at 50 ° C under an atmosphere of nitrogen.

At which point a lantern was removed and washed according to the following procedure: (2

x 10 min) CH,Cl, (57 mL), THF (57 mL), THF:IPA (3:1, 57 mL), THF: water (3:1, 57

20 mL), THF:IPA (3:1, 57 mL), and THF (57 mL). Reaction conversion determination: 1
lantern was placed into a 5 mL polypropylene container and treated with THF (300 uL )

and HF-pyridine (50 uL). The lantern was allowed to sit in this solution for 6 hs. At which



139 HOOHOS NOHN\ i \' HONOi Pd(PPh3)2C12 HOOI I N H TEA EtOH,
120 C OH OH m crowave, 20 mn 82 81 Isoxazolidine 82 (30 ng, 0.06 nmol),
3- pyridylwonoemwmsmei d (7 ng, 0.06 nmol), Pd(PPh3)2Cl2 @8%/usgios021364 ol ),
Et3N (17 ng, 0.18 mml), and EtOH (0.87nL) were conbined at it. This

m xture was then heated to 120 C using a mcrowave for 30 mn 5 The
reaction m xture was concentrated in vacuo and resulting residue was

o1 e e TS O BT R R e By 0 oo e AR ORIt O

%(’» Colrrpogagﬁa&ﬁtim 1_$ymirh$ﬁf _zt?étiaﬁ @omb?gzva_tsothbﬂnerapsfo?’equ aneé cdmgm@émﬂdnr "
anpl e , usi ng 1 soxazol 1 dine core | 0 kdl ne core ,

N - et hy | =iugsHanessurese afiardehe desiedipsefush NS (%@%)3 nye 61 2SRE

(+) -isopi nocanpheyl am ne, and 3-flurorophenyl boronic acid. 25% overal

yield. MBS (ESI(+)) me 522.3 (M+I—|)+.Eﬂﬂ5%ple 82 OHN a N~/ HHOH SOH

84 Conpound 84 was synt hesi zed according to the procedure described in

Exanpl e 80, using isoxazolidine core in place of isoxazolidine core 18,
N1- met hyl - N1- phenyl - Q[ N “ﬁv@
C e e - - H —— — - -
OH
5 OH
78

Compound 78 was synthesized according to the procedure described in example 76,
using isoxazolidine core 18 in place of isoxazolidine core 15, (+)-isopinocampheylamine in
place of N'-methyl-N'-phenyl-propane-1,3-diamine, and isocyanatomethyl-benzene. MS

10 (ESI(+)) m/e 603.5 (M+H)".

Example 78
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79

Compound 79 was synthesized according to the procedure described in example 76,
15  using phenyl isocyanate in place of isocyanatomethyl-benzene. MS (ESI(+)) m/e 600.5
(M+H)".

Example 79



20 propane-1,3-diamne in place of (+)-isopinocanpheylam ne, and

benzot hi ophenyl -2- boronic acid. 17% overall yield. Exanple 83 WO

2006/ 009880 2MTio$2005/ 021524 140 NH N~ OH HN N HO OPOHUSM®SI021524 85 - HN
p \ /NH O- Pd, H2 ~N~ OH HN H N\ B38MeOH HN NO HO HOOOH OH M H M

H 56 85 Isoxazolidine 56 (20 ng, 0.05 nunol) was dissolved in McOH (10 i)

and placed 5 under an atonsphere of hydrogen in the presence of Pd on

carbon 5 wt % (11 ng, 0.095 |) for 12 h the solution was filtered
through celite and concentr i tRvdcuo to afford an oil. The oil was
subj ected to preparative plate rogatjogr aphy (CH2C12- MeCH, 9:1) to afford
85 (18 ng, 62% as a clear oil.. M (BI(+)) me 589.3 (M-H) +. Exanpl e 84
O HHN\ NON HO 10 A
' . O
HN /

O’N 0

OHO

80

Compound 80 was synthesized according to the procedure described in Example 76,
using 1-isocyanato-2-phenyl-cyclopropane in place of isocyanatomethyl-benzene. MS

5 (BESI(+)) m/e 640.5 (M+H)".

Example 80

Part A

10
To a solution of (+) isopinocampheylamine (0.2 g, 1.3 mmol) in CH,Cl, (10 mL) at
rt was added AlMes (0.85 mL of a 2 M solution in toluene, 1.7 mmol) dropwise over 2.5

min The solution was stirred at rt for 10 min prior to the dropwise addition of a solution of
lactone 18 (0.5 g, 0.02 mmol) in CH,Cl, (10 mL). The reaction was stirred for 1 h, diluted
15 with CH,Cl, (125 mL) and a saturated aqueous solution of Rochell salt (125 mL). The
mixture was vigorously stirred for 2 h until the two phases formed. The layers were
separated and the organic phase was washed with water, brine, dried (MgSO4), filtered and
concentrated in vacuo to afford a solid. This material was used in the following step

without purification. Crude yield: 0.7g (100%).

20 PartB



HOH48 Part ACOH 0\ 1 (HO2B50\ JO02H HNHNO/ H/ \ N/O HO
Pdd p(dppf) HOH OH Cs2C0Oa, KOAc, OH 82 DVsO 60 oC 87 To a flask was
added 82 w0.28&/099869. 6 ol ), 2-car boxyphenyl - boroni ¢ aecu/us20d/ogis24 15 1. 2
mmol ), Cs2CO3 (0.62 g, 1.9 mmol ), KOA89(60 ng, 0.6 mmol 1.0 eq.), and
PdC12(dppf) WO 2006/ 009869 PCTI US2005/ 021524 141 (34.2 ng, 4.2 mol % . The
flask was purged with argon and degassed DVSO (30 min with argon, 10 nlL)

was added and heated to 60 C under abtnosphere of argon. er 5.5 h,
anot her portion %@Clggd’z,p@( 34 q@‘@ no @ was,, a and heating was
continued for 12 1,hézreac |on—was—j—uaged»t beyetipl et e LCM5 and TLC
anal ysis (30/70/0.5 5'%?}@@/ Et OAc/ ReEHHCRf = 0.'38) > rea on m xture

was diluted with cH2Cl waler (2 1T,EA¢5?H'@925 and acidiefikedyto a pH 2 with 6

MHCL ( 0.5 nL). The aqueous |ayer Wa&™°eparated and gxtracted with CH2CL2

(3 x 10 nL). The conbi negf2 organics were washed wth water (15 nlL) and
brine (15 nl), i : ) oot B N, : : i g V@08 GnmbD,
afford an oil .Is%a{ezgg?#%% e bogeréﬁgghg{bg/grgg%ﬁgd(gﬁ{ g‘?llgictgarﬁé’el ;| oad9

was purfrfie
75/ 25, el pAEPAN,EO(SDhiE, D.062HTE), BN (27 x)g, (018 00nd),5andebiiiie (&b @rb) metH 200

m) to afford 87 (265 _ny, .80% as_ an orange-i|pted. anorphous soligd Part B
H - O-H-Meotipes) g O NHT DG e ipre wasdien Wﬁte£%Nléd Né}‘-@‘f’ﬁl? r&%avﬁsf%ﬁé) miE
HO~/ ~{5 T pe reaction mixture was concentrated in vacuo and resulting residue was purified by flash

chromatography to give 81 (10 mg, 30%) as a pale-yellow oil. MS (ESI(+)) m/e 494.3
(M+H)".

Example 81

QO y O
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10 83

Compound 83 was synthesized according to the procedure described in Example 80,
using isoxazolidine core 15 in place of isoxazolidine core 18, N'-methyl-N'-phenyl-
propane-1,3-diamine in place of (+)-isopinocampheylamine, and 3-flurorophenyl boronic

acid. 25% overall yield. MS (ESI(+)) m/e 522.3 (M+H)".

15 Example 82

84

Compound 84 was synthesized according to the procedure described in Example 80,
using isoxazolidine core 15 in place of isoxazolidine core 18, Nl-methyl-Nl—phenyl—
20  propane-1,3-diamine in place of (+)-isopinocampheylamine, and benzothiophenyl-2-

boronic acid. 17% overall yield.

Example 83



OHOHd 87 8 To a DVMF solution (0.7 nmL) of 87 (15 ng, 0.03 nmol) was added
the amne (13 15 ng, 0.12 nnnol), diisopropylethylamne (15 ng, 20 L, 0.12
nmol ) andwbBod/289ng, 0.06 mml ). The reacti on was stiPCrab2es/0arskd ent
tenperature. After 90 min, additional140portions of amne (6 ng, 0.03 nmol),
HBTU (11 ng, 0.03 mml) and diisopropylethylamne (7 ng, 10 L) were added.
After 2 h, the reaction was diluted with MOH (0.7 nL), and purified by
HPLC to afford 85 (10 ngy, 52% . MS (ESI(+)) m 35.4 20 (M+H). Exanple 85
OH H\N/ I N VH, NO HOH OH 88 Conpoun was synt hesi zed accordi ng
to the procedure described in anple 84, 25 usi N, N- di et hyl et hyl
amine in place of N, N-dineth utyl am ne 40-70%"veral |l yield. M5
(ESI(+)) me 635.4 (M:H)+. WO 2Q06/ 00986&@6@2005/ 021524 142 Exanpl e 86
OH OH\ / N HOOH 89 Compound S hesi zed according to the
procedure described in Exanple 84, 35 USiong nethylam ne in place of

N, N- di net hyl butyl am ne 40-70% overaN! e, M5 (ESI(+)) rn/e 550.2
(MtH) +. Exanple 87 HN H\ | Ni ¢

85
(o}
HN 0
NH
V.
N g Pd, H /N o}
/ o A L S AN
HN N MeOH N‘O
p HO
HO o ", OH
me H “,.OH Mé H
56 85

Isoxazolidine 56 (20 mg, 0.05 mmol) was dissolved in MeOH (10 mL) and placed

5 under an atomsphere of hydrogen in the presence of Pd on carbon 5 wt % (11 mg, 0.095

mmol) for 12 h ,the solution was filtered through celite and concentrated in vacuo to afford

an oil. The oil was subjected to preparative plate chromatography (CH>Cl,-MeOH, 9:1) to
afford 85 (18 mg, 62%) as a clear oil.. MS (ESI(+)) m/e 589.3 (M+H)".

Example 84

10

86

COH
H
H

PdCly(dppf)

Cs,C03, KOAG,
DMSO, 60 oC 87

To a flask was added 82 (0.33 g, 0.6 mmol ), 2-carboxyphenyl-boronic acid (0.2 g,
15 1.2 mmol), Cs;CO;3 (0.62 g, 1.9 mmol), KOAc (60 mg, 0.6 mmol 1.0 eq.), and PdCly(dppf)



NNi HOOO OH10 90 Part A/// oNH OPyBOP Hc N OH Hunig's Base N
-J i O NHO91 92 93 To a solution of 91 (0.5 g, 4.1 nnmlol) in DVF (37 nl)
was addedwodnicopseopyl et hyl am ne (2.54 nl, 14.6 nmol) 92CTAIS2009/02¥24 Mol )
and PyBOP (2.53 g, 15 4.87 mmol) Thel4m xture was stirred at rt for 17 h,
TLC (MeOH) showed two maj or conponents. The reaction solution was diluted
wth water and the aquesous | ayer was extracted with Et OAc. The organic

extracts l’ﬁrze %%”91@&% lathsk Mﬁ?ﬂ%ﬁed]&{r E 5"%;?12 afdde aﬁ%@mstﬁ{%trﬂlrﬂ Witlyacuo

to affordva e was pu sh c chromat ography to
afford 93a1(g6n 91@ mI90Has a&&dedt h@taaaoze@mamaaﬁanm@em%gmm 5948 -

PdCl 2( PPh3) 2 HN
oL N g other oSy o PACLGEPROCHIME o Beah D) B BB gatieg Yo predly)
(8 ny, 4 ﬁni?lt}le r?ééﬁgﬁ) Q@a)s 18 t()a?e cdfblete-BISLOMY and TLOMRaly3isNi3D/ 70855

added 93 | owed by " diisopropyl et hyl am ne Ig{40 ng, 54.8
L, 0.3 nﬁfekf)ne/Ef@a‘\cVAsQHt iRnTg= 633r8k Bhovgaciox mixrevaas diluted with CH,Cly/water

(2:1, 45 mL) and acidified to a pH 2 with 6 M HCI1 ( 0.5 mL). The aqueous layer was

separated and extracted with CH,Cl, (3 x 10 mL). The combined orgamcs were washed

. with water (15 mL) and brine (15 mL), drled (NaZSO4) ﬁltered “and concentrated in vacuo

to afford an oil. The oil was purified chromatographed (silica gel, load 75/25, elute

10 50/50/0.5, 25/75/0.5 (2 x), 0/100/0.5 Hexane/EtOAc/AcOH 200 mL) to afford 87 (265 mg,
80%) as an oraﬁge-tinted amorphous solid.

’ COzH MEzN HzC)4 NHZ
"'Ir:l* HBTU = \/\/\
H A

|Pr2NEt DMF
To a DMF solution (0.7 mL) of 87 (15 mg, 0.03 mmol) was added the amine (13
15 mg, 0.12 mmol), diisopropylethylamine (15 mg, 20 pL, 0.12 mmol) and HBTU (23 mg,

Part B

0.06 mmol,). The reaction was stirred at ambient temperature. After 90 min, additional
portions of amine (6 mg, 0.03 mmol,), HBTU (11 mg, 0.03 mmol) and
diisopropylethylamine (7 mg, 10 pL) were added. After 2 h, the reaction was diluted with
MeOH (0.7 mL), and purified by HPLC to afford 85 (10 mg, 52%). MS (ESI(+)) m/e 635.4

20  (M+H)".

Example 85

48

88

2,

Compound 88 was synthesized according to the procedure described in Example 84,
25  using N,N-dimethyl ethyl amine in place of N, N-dimethyl butylamine 40-70% overall yield.
MS (ESI(+)) m/e 635.4 (M+H)".



5 stirred at anbient tenperature in the dark for 2 days. The reaction was
diluted with EtQAc/water (6 nL, 1:1) and the solution was neutralized to a
pH 7 usi ngoloddiak9 The agueous phase was separat ed anegCEAiSe@sers2wni t h
EtOAc (2 x 4 nL). The organic extract®2 were conbined, dried (Na2SO4),
filtered and concentrated in vacuo to afford an oil. The crude materi al
was purified colum chronmatography to afford 90 (48 ng, 70%9. MsS 10
(ESI(+)) me 663.5 (MrH)'. Exanple 88 'ﬂﬁ'géo NON HO_Fi O OH 94 Part
A HN OHNO\ / H N PdC12(PPh3) 2, CH3 H p" Hunlg'p base O" LL ~
CF130-Si 15 95 110 lanterns containing t i§o§azolidine core (loading 12
i‘!

nol /1 anten) were placed inarei I d flushed with nitrogen. To
t he reaction vessel was added =

144 Pd(PPh3)2C12 (1.9 g, 2.6 mmmol, X 0.75 g, 4 mol, 3 eq), 1-

et hynyl cycl ohexyl amine (3.7 g, 3.9 ni®H Hmol ) and dii sopropyl et hyl am ne
(59, 6 m, 40 nmmol, 30 eq). The reaction vessel was then flushed with
nitrogen, capped and shaken gently forggl8 h. At which point the |anterns
were renoved fromthe reaction m xture and 5 washed according to the
followi ng proc ' ' to 9@ pidoedurbidesdribed in EQmple)8d,
THE/ | PA (2 X 1%%%1%@%@{)%%&@%8%%%&%) THE (2 x -100 rrLid o ors (2 x
100 Y. dieg hatitytamnise weplecalof & d/-dinwdyl buiyipseige AP-g8%ueeralpgetd. KIS (BSI(H)

006/ 009869 PCTI US2005/ 021524

m/e 550.2 (M+H)".
Example 87
HN““H N
s O
HE: 0
OH
10 90
Part A

x 9 PyBOP H N”
N
S NH . OAOH H)l/mig's Base N N
AN o)
H

91 92 93

To a solution of 91 (0.5 g 4.1 mmol) in DMF (37 mL) was added
diisopropylethylamine (2.54 mL, 14.6 mmol) 92 (0.5 g, 4.1 mmol) and PyBOP (2.53 g,

15 4.87 mmol) .The mixture was stirred at rt for 17 h, TLC (MeOH) showed two major
components. The reaction solution was diluted with water and the aquesous layer was
extracted with EtOAc. The organic extracts were combined, dried (MgSOy), filtered and
concentratetd in vacuo to afford an oil. The crude was purified by flash column

chromatography to afford 93 (0.9 g, 90%).

20 PartB



N OHZNHN OHOHNOOYYO - IO0YYy/yl CHs HO S~ CHs HGsi 95 96 10
To 95 (5 Lanterns) in a solution of THF/ DMF(1:1, 3 nL) in a vail was added
HATU (76 wo,20@/08sb) , pyridine (162 L, 2 mol), N, N-di mechyis2@ypeisee (0. 2
g, 20 nunol) and diisopropyl ethylammég (0.5 g, 0.7 nL, 4 mmol). The
m xture was stirred at rt for 3 days. At which point the lanterns were
renoved and washed according to the follow ng procedure: wash with CH2Cl 2
(2 x 100 niL), THE (2 x 100 nm.), THE/IPA (3:1, 2 x 100 15 nlL), DW (2 x 100
m.), THE (2 x H& , CH2Cl12 (2 x 100 m). Therns were dried under
\ N [

reduced pressure. N HN Q teadegebnbl N HO YN OY'YH

CFlz HOH 96 94‘NV\D |U$3g@g%@21 ~z:! i on of
(+)-isopi nocarrg gi ne |( 1 ) £ was added
Al Me3 (0.4 nL 8f% 0 M sol |%n in hexane eu and stirred

for 15 mn To tﬁe frask was added 4 Lanterns cont ai F‘n e conpound 96 and
shaken gently at rf? for 24h. At which point the | antérns were renoved from

e o O S D 5 8 ol b P51
mg, 0.03 mmol) 1n DMF (3 mL) was added 93 (50 mg, 0.21 mmol) followed by

. diisopropylethylamine (40 mg, 54.8 uL, 0. 32 ir;r;lol) The resultlhg dark brown | mixture was

5  stirred at ambient temperature in the dark for 2 days. The reaction was diluted with
EtOAc/water (6 mL, 1:1) and the solution was neutralized to a pH 7 using 1 M HCl. The

aqueous phase was separated and extracted with EtOAc (2 x 4 mL). The organic extracts

were combined, dried (Na;SOy), filtered and concentrated in vacuo to afford an oil. The

crude material was purified column chromatography to afford 90 (48 mg, 70%). MS

10 (BSI(+)) m/e 663.5 (M+H)".

x H
XN -
N
I
94
Part A
H,N
PdC'z(PPha)z, Cul.
Hunig', base

15
110 lanterns containing the isoxazolidine core (loading 12 pmol/lantern) were
placed in a reaction vessel and flushed with nitrogen. To the reaction vessel was added

DMF (77 mL)



THF/1PA (3:1, 2 x 100 nL), DW (2 x 100 nm.), THF (2 x 100 nL), CH2A Z (2 x
100 m.). The lanterns were dried under reduced pressure. The lanterns were
t hen pl acwo 2000/m@9¢sbastic tube and treated with THF (1. PCEDS2@08021524

HF/ pyridine (0.25 nL) was added and tiHé¢ |anterns were allowed to sit in
this solution wth gentle shaking for 30 min At which point, 10 TMSOw (0.5
m.) was added and the resulting m xture was shaken for 30 mn The solution

was colle e orate o yield,the p ugt » (ES|{A)) 623. 4

( M+H) +. %@ﬁbﬁr@@g@?l ¥: o%\'é/“éﬁﬁ’ gﬁ\e&)mbﬁl% f@-ﬁ ﬁm& 10}” ogﬂ’ ‘fﬂ NO O
H be O F@‘?@l%@é"yﬂ‘ﬁﬂ‘ww ¢/3.9ahL} 2Pmnd]) &) dRaprdpyiletGHambreabyg tamé, ( 1
g, 4.1 mol ), (5 nm), and N, N _dinethyl am e_%4.1rrLof %%%

sol uti on #hmree, 3@ eg). nkhs| paciies yepwhrwg thent Hughed(yiglpnitipgen; capRGLIT en
stirred a j t - iaht | ' NReradeed
o sat ur b N BB Hl B e b e e
and the 2Q@adgdeocsadingyte thevislomwihg arcedirwi whshEvad QHRCL @0x A0) mIPhdHEoRDY ned
organic extracts, alo i th the whj | ngal.ubl.e nat er i r ripped
of 2ol ventobm el Gt Trbiheg & 3P0 Gis flo mbT iR EA
was_evapoi @ g i hefuits weedi P PrafaS e @uapor at ed wi th tol uene,

di ssolved - in-THF (50 ni), treated- with LiAIH4-{(1-6-g, 42 mol ); and the
suspensi Oﬁ'mjf'ﬁl d at reflux overnight. The reaction m xture was cooled in an
ice bath and™25 treated with I PA (10 nL) and 6M NaCH (5 nlL); after stirring
for 2 h, the suspension was WO 2006/ 009869 PCTI US2005/ 021524 146 filtered
and concentrated in vacuo. The resisdue was suspended ¢ rine (50 nL) and
extracted with CH2Cl2 (3, m.). The conbi ned organi gy racts were dried
(MgS™), filtered and co trated in vacuo to afford

(28) -i - di met hyl ani no- 2- an¥/no- 4- net hyl - Vi

10 To 95 (5 Lanterns) in a solution of THF/DMF(1:1, 3 mL) in a vail was added
HATU (76 mg, 2 mmol), pyridine (162 pL, 2 mmol), N,N-dimethyl glycine (0.2 g, 20
mmol) and diisopropylethylamine (0.5 g, 0.7 mL, 4 mmol). The mixture was stirred at rt for
3 days. At which point the lanterns were removed and washed according to the following
procedure: wash with CH,Cl, (2 x 100 mL), THF (2 x 100 mL), THF/IPA (3:1, 2 x 100

15 mL), DMF (2 x 100 mL), THF (2 x 100 mL), CH,Cl, (2 x 100 mL). The lanterns were

dried under reduced pressure.

Part C




pent ane which was used wi thout further purification. 5 A solution of this
crude amne (25 ng, 0.17 mmol) and crude 98 (25 ng, 0.05 mol) in DVF (0.7
m.) was tweavedowseoh HBTU (40 ng, 0.1 Innol). After shalecmgstars/oiisk4 the
reaction m xture was diluted with MeOMS(0.8 nlL) and purified by HPLC
Concentration of the appropriate fractions gave a 97 (20 ng, 25% as a
white solid. M5 (ESI(+)) mle 663.5 (MrH)+. 10 Exanple 90 X Y~J Ol HN 1

/o NO/ \ O 99 / 19
sgl ution of (R)- @osgﬁ)ﬁoﬂe fgaﬁ?@%“a Iﬁfyl%u%% %ﬂg‘ n‘\E)68 595{ éh@?am ne
(4.3 15 s added RMIGADUtmDrofian. T NE solditibn MhéaneeEs nireal, ¢d eq) i 44870 o2 g,

5.2 mmol) and stirred at anbient tenperature overni ght hﬁareact nt
mi xture wasmHadedhe Hagdayay added Neantsms cqugnipg)coggU P@lan% ki pentpnar rt

I
| aver ;s VeES SEPAL gvtélzgl gtnﬁgqgggggﬁe k@&fedm% fea&i&ldsowﬁotnmnﬁt@%hé@ X

ong whi te i nsol ub
mat eri al , aswerding to tlmfel:lowﬁqgsmbweoﬂt msidmu}ldélﬂﬁblz @ ®h 0DmaLY, 1012 XdQ@ mng) 3 h,

o oo Bl L5, L B M A P 0, BT o

(1.6 9, 4Zp0kdms FRe Jr‘ﬂs% mp?éa%&ﬂpr@@u% gthe & tbrax wedy SieAipldted il B @)lastlc

reacti on mxture was cooled in an ice bath and -treated successively wth

| PA (10 nivpeand teMedladh TBF L p;mhf andr HE/pyriding §0.25mI wis added sk HhedAdntess was

filtered, congentrate n.vacu The..r es n 0
m) and e¥fFaé ﬁ%‘ﬁe(%\n%? r?dfzgl Eﬁ-ééf’%u{’% ‘Qlﬂiageﬁ%] Sh%kﬁ ?é?r%?ne%gé%t gﬁ{c!:l )%%l?act s
were i edMIMESA0.5 hill)t ﬁﬁ@dd@éddaﬁ/@ﬂ?&%ﬁlﬂﬁg&ﬁﬁctﬁgdvhﬁﬂwﬁﬁ Q2ﬂ594m1n14"ﬁe
concentration in vacua to afford an oil

(2R) - 1- di pelutign was prdlepted Fnd svaporaiechip saeléghﬁ RIREUGMSHERME ) ralsch2i4 RGLRD ™

further purification. A solution of this crude amne (25 ng, 0.17 nmmol) and
crude 98 (25 ng, 0.04 Example 89

Dyt

97

0 0 O OH ° 0 O H:i/r\{
"/N N\ “ N N
H o o — N e O o

*H T 5

: OH ELU N

A solution of (S)-Boc-Leu-OH monohydrate (1 g, 4.1 mmol), DMF (5 mL), and NN
dimethylamine (4.1 mL of a 2.0 M solution in THF, 8.6 mmol) was treated with HBTU (2

15

g, 5.2 mmol) and stirred at ambient temperature overnight. The reaction mixture was added
to saturated NaHCO; (25 mL) and water (25 mL). The layers were separated and the
20 aqueous layer was extracted with Et,O (3 x 40 mL). The combined organic exiracts, along
with the white insoluble material, were stripped of solvent and treated with TFA (10 mL)
for 3 h, at which point the TFA was evaporated in vacuo. The residue was co-evaporated
with toluene, dissolved in THF (50 mL), treated with LiAlH, (1.6 g, 42 mmol), and the
suspension held at reflux overnight. The reaction mixture was cooled in an ice bath and

25  treated with IPA (10 mL) and 6M NaOH (5 mL); after stirring for 2 h, the suspension was



mmol) in DM (0.7 nL) was treated with HBTU (40 ng, 0.1 mml). After
shaking for 1 h, 5 the reaction m xture was diluted with McOH (0.8 nL) and
puri fied Wwo 2bilo09ss€oncent rati on of the appropriate fractrcons2gaveisas 99 (18
ng, 23% as a white solid. M5 (ESI(H#§. mMe 663.5 (MtH)+ Exanple 91 O\
HNI~-N ,NNO\ O OH10 100 O\ /i OH"NTHO NO\ i \ Ho~-N Ho b o/ HO
OH OH Os 100 A solution of (S)-Boc-Val-OH (1 g, 4.1 mmol), DV (5 nL), and

dnnet hyl agj ) a. o] i i dIR brike$50 k gl Wi th
HBTU (2 gﬁ%@% agﬁérocl%fgganr?%{edsltniz‘r)&r\éga' g‘tﬂ I!jarg ‘?dedralt‘;l;%fge:rsr%%re lg(tl ure gfller_?li gt??@t The
reacti on gittied evive€HadHd % 05 sdt)uihe ecmbfedaHEOBR ¢aBcisyerantcdatMeSQI5

m.). The | t ed dth I { iith
EL20 (3 Mokt SHISCBRBS risc Grgaln GEo g Tt NEard R B

material, & wilicl RRetkeafwitRhy afthePpdifidaighed with TFA (10 ni) during 3 h,
at which %éc% t%e TFAe\/vavg1 evaporgtggji n vacuo. The residue was

coevapor at ed V\q(; &hg[ﬁ}é‘u?ﬂ&ﬁs dissolyad (%g[mogﬂ-(ﬁj ﬁg?gq})andto&ﬁ@et 8¢l (28 iy Lo.6Y HA

(1.6 g, 42 mmo € suspensi on at reflux 20 overnight. The
reacti on mimdlUnOMEI0Tanlreas meaed witk HREG (4(hagt 0.& areol) s Adicesiking for Wibs h

| PA (10 nL) and 6M NaOH (5 nL), after, stjrein or h,, the.sus ' was
filtered, hecHrcaen r@t’@&eiwa@aé‘&‘&? THEN Me&v\%smgﬁs%nd)g&@cg rEfE%gE?SO
m) and ext, A W td Bactioh? a 9FN@0GAED2 38y a0 b GilieCs Rt Mt S
were dri eg 12%8%% %ﬁet e and ac%ncéﬁ‘% ati o% i ngt/)%cug to afford a yell ow
oi | of (2@SIt-)ivie66d/d Qviithld-.2- am no- 3- net hyl - 25 but ane whi ch was used

w thout further purification. WO 2006/ 009869 PCTI US2005/ 021524 148 A

sol uti®n of crude am ne (22 ny, 0. 17Examplg 98nd crude 98 (25 ng, 0.04 mmol)
in DWF (0.7 m.) was treated with HBTU (40 ng, 0.1 nmol). After shaking for
I h, the

HN/:\/N/\

SRUes
" N
‘S IRoa"
HO-—
2H oy

99
D g AL o AL il
FORe ot
H o] O H ‘o O o)
HO—~ HO—*
98 99

A solution of (R)-Boc-D-Leu-OH (1 g, 4.1 mmol), DMF (5 mL), and dimethylamine 4.3
15 mL of a 2M solution in THF, 8.6 mmol) was treated with HBTU (2 g, 5.2 mmol) and stirred
at ambient temperature overnight. The reaction mixture was added to saturated NaHCO;
(25 mL) and water (25 mL). The layers were separated and the aqueous layer was extracted
with Et,O (3 x 40 mL). The combined organic extracts along with the white insoluble
material, were stripped of solvent and treated with TFA (10 mL) during 3 h, at which point
20  the TFA was evaporated in vacuo. The residue was coevaporated with toluene, dissolved in
THF (50 mL), treated with LiAIH, (1.6 g, 42 mmol), and the suspension held at reflux
overnight. The reaction mixture was cooled in an ice bath and treated successively with
IPA (10 mL) and 6M NaOH (5 mL); after stirring for 2 h, the suspension was filtered,
concentrated in vacuo. The residue was suspended in brine (50 mL) and extracted with

25 CH,Cl, (3 x 15 mL). The combined organic extracts were dried (MgSO), filtered and



reaction m xture was diluted wth McOH (0.8 nL) and purified by HPLC
Concentration of the appropriate fractions gave a 100 (20 ng, 26% as a
white solwo.200B0046%l (+)) me 5 649.4 (MtH)+. Exanpl e 92CT/Uddbos/odbi320 OH
103 _ XIY~J OAi OHO A/ H\~_N HO-M™MD OONOO OHHOH 98 103 10 A
solution of Boc-D-Val-OH (940 ng), DVMF (5 nL), and 2.0 Mdinethylarnine in
THE (4.3 nmL.) was treated with HBTU (2.0 g) and stirred at anbi ent

tenperature over.night The re n nx was: Sab Al ekt
(25 ni) afgemRt afion (g vgqup ?tﬁd ks rglclzt%t{c; %QV%&W%&B {gﬁlcorrbl ne
or gani cs, @t&@%ﬁ%ﬁhaéﬁ&dwﬁtﬁoat funther pubificatiederial, were stripped of
sol vent and treated with TFA (10 mL) during 3h, at whi ch point the TFA 15

was evapor at edai éamt%uaf thid Brud8 SinflHE (Yo ARVRRINEL) addwmtda: 9®l(2ene, 0.04
di ssolved in THE (50 nlL), treated with LIAIH4 (1.6 g), and ;hggﬁlsglufsg?gsmn

hel d at rmfdolxind¥dFdghnl )wwetreat@awhaBW 4Qme, Ghsraeiy Sder at h
and treat d sucgcessiy h ( d ( t

stirri ng t?‘Sr ﬁuor’t H8'™ uspenél %ln %as&&h n'%erred (Oc%%fe}?%alt g’(‘ilﬁhand r%léc' (50
n) addedcofehfradn oNthal dpbrdpcite( Bactionsrighye drogi (1§ m§, 23%6) evabihiedsadidgdh cs
on 20 MySHA, and concentratjon gave a folL-snelling yellow oil of

(2R) - 1- di RSIEY) BYE 663 2(MERY no- 3- et hyl - but ane which was-used wi t hout
further purification. A solution of this crude am ne (22 L) and crude 98
(25 ng) in DMF (700 L) was treated Zxamplefy (40 ny). After shaking for
I'h, the reaction mxture was diluted with MOH (800 L) and purified by
HPLC. Concentration of the appropriate §fa ve 25 103 as a white
solid, 20 mg. MBS (ESI(+)) rn 3 24 (W D06/ 009869

PCTI US2005/ 021524 149 Exanpl & ¢ \

10 100

A solution of (S)-Boc-Val-OH (1 g, 4.1 mmol), DMF (5 mL), and dimethylamine

(4.3 ml of a 2 M solution in THF, 8.6 mmol) was treated with HBTU (2 g, 5.3 mmol) and
stirred at ambient temperature overnight. The reaction mixture was added to saturated

15 NaHCO; (25 mL) and water (25 mL). The layers were separated and the aqueous layer was
extracted with Et,O (3 x 40 mL). The combined organics, along with the white insoluble
material, were stripped of solvent and treated with TFA (10 mL) during 3 h, at which point

the TFA was evaporated in vacuo. The residue was coevaporated with toluene, dissolved in

THF (50 mL), treated with LiAlH; (1.6 g, 42 mmol), and the suspension held at reflux

20  overnight. The reaction mixture was cooled in an ice bath and treated successively with
IPA (10 mL) and 6M NaOH (5 mL); after stirring for 2 h, the suspension was filtered,
concentrated in vacuo. The residue was suspended in brine (50 mL) and extracted with
CH,Cl, (3 x 15 mL), The combined organic extracts were dried (MgSOy), filtered and
concentration in vacuo to afford a yellow oil of (25)-1-dimethylamino-2-amino-3-methyl-

25  butane which was used without further purification.



FHONO\ 0 OH 104 OHNNHO _. \ HN 00 HI1YJ HO YWN_ OHON 102 104 5 To
a vial containing crude 102 (8 ng) in DCM (2 nL) were added 37% aqueous

f or mal dehyoeogedobgeoand NaHB(OAc) 3 (12 ng). The vi al wasPshalsesvsarisasbi ent
tenperature during 1.5h; the reaction4si xture was then concentrated, taken
up in McOH, and purified by HPLC, giving 104 as a white solid, 8 ng. M5
(ESI(+)) me 633.4 (MtH)+. 10 Exanple 96 O HONO O OH 105 O HN\\_N / N

NOO HOHO ert (N ofdh (%If A A D%y 9%&? 3 E'[‘E!l@e 9§ (ﬁ%d gnammo? in

1- (2- am noet hyl) pi peri was ed HBTU
ng) . Aft eDMIh@K7ngLy s ltieatetiheith éﬂ?ﬂ[ﬂ QA0 migg tQut emwa]s A fitert shakingi foh ll\h;@He (800

L) and fied by HPLC. .Co f
105 as b TP TorHE WaLie NehspEY i a8 pRan Bk bR L GeCobtRrEeRe0
PCT/ US2003¢ ﬁé]a@%flopn%ﬁeofra&%%%'a@e 9708 (20N 70%) as a white solid. MS (ESI(+)) m/e

5 649.4 (M+H)".

Example 94
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10 A solution of Boc-D-Val-OH (940 mg), DMF (5 mL), and 2.0 M dimethylamine in
THF (4.3 mL) was treated with HBTU (2.0 g) and stirred at ambient temperature overnight.
The reaction mixture was added to saturated NaHCO3 (25 mL) and water (25 mL), then
extracted 3x40 mL Et20. The combined organics, along with the white insoluble material,
were stripped of solvent and treated with TFA (10 mL) during 3h, at which point the TFA

15 was evaporated in vacuo. The residue was coevaporated with toluene, dissolved in THF
(50 mL), treated with LiAIH, (1.6 g), and the suspension held at reflux overnight. The
reaction mixture was cooled in an ice bath and treated successively with IPA (10 mL) and
6M NaOH (5 mL); after stirring for 2h, the suspension was filtered, concentrated, and brine
(50 mL) added. Extraction with DCM (3%15 mL), drying of the combined organics on

20 MgSO04, and concentratiqn gave a fopL-smelling yellow oil of (2R)-1-dimethylamino-2-
amino-3-methyl-butane which was used without further purification.

A solution of this crude amine (22 pL) and crude 98 (25 mg) in DMF (700 pL) was
treated with HBTU (40 mg). After shaking for 1h, the reaction mixture was diluted with
MeOH (800 uL) and purified by HPLC. Concentration of the appropriate fractions gave

25 103 as a white solid, 20 mg. MS (ESI(+)) m/e 649.4 (M+H)".



OO OHH106 . V HHOOH OH 98 106 5 To a solution of crude 98 (25 ny)
and (2R)-1-ethyl-2-am nonet hyl pyrrolidine (25 L) in DW (700 L) was added
HBTU (40 wo)oocAiopssp shaki ng for |Ih, the reaction m xtureTwsgoodiokiseed w t h
McOH (800 L) and purified by HPLC. Codgentrati on of the appropriate
fractions gave a 106 as a white solid, 20 ng. M5 (ESI(+)) me 647.3 (M+H) +.
10 Exanple 9S O HN-\ N HO NO O O—|1070—|O'HNN HONO OO\ HD O OH i
OH 98 107 To a solution of crude 98 and '

N, N- di et hyl et hyl enedi ami ne (18 L) | (700 L) was added HBTU (25
ng). After shaking for |h, reaction mxture was diluted with MeOH (800
L) and purified by HPLC Con atd on he roprl ate fractions gave a
107 as a white solid, 23rrg +¢ M-H) +. Exanple 99 o N
HO HO o

104

. O
——— -

I
OIZ

OH
104

5 To a vial containing crude 102 (8 mg) in DCM (2 mL) were added 37% aqueous
formaldehyde (6 pL) and NaHB(OAc); (12 mg). The vial was shaken at ambient
temperature during 1.5h; the reaction mixture was then concentrated, taken up in MeOH,

and purified by HPLC, giving 104 as a white solid, 8 mg. MS (ESI(+)) m/e 633.4 (M+H)".

10 Example 96

#'”i -0
J’ J;g(’b* J, J;E( “”“@

To a solution of crude 98 (25 mg) and 1-(2-aminoethyl)piperidine (23 pL) in DMF

15 (700 pL) was added HBTU (25 mg). After shaking for 1h, the reaction mixture was diluted

with MeOH (800 uL) and purified by HPLC. Concentration of the appropriate fractions
gave a 105 as a white solid, 20 mg. MS (ESI(+)) m/e 647.3 (M+H)".



HOHO 20 108 WD 2006/ 009869 PCTI US2005/ 021524 151 NNN/ \ ,/HH O Ho

r & OOHHOHo 108 82 A tube containing 82 (30 ny),

z

4- (di et hywermesaoasesbonyl ) phenyl boronic acid (25 ny), PdeEmARp@EDH215¢L ny)
and NEt3 (31 L) in EtOH (900 L) was siéal ed and heated in the m crowave at
120 C during 20 mns. The reaction m xture was, added to silica gel (19g)
and 5 the solvent allowed to evaporate; purifi cation of the residue by

silica gel chromatography (50->100%;£4, xanes) gave 108 as a clear

colorless oil, 17 ny. I\/S(ESI(+)) m (MtH) +. Exanmple 100 o\ / HN

O NOHO 10 OH O 109 Ho NO| HNo/\ HO N OH o 82 109 A tube

containing 82 (30 ng), 4-(4- pholi NneCa p yl boronic acid (26

3mg), Pd(Ph3P)2CL2 (2 ng) and !Etﬁ @ a@goo L) was seal ed and

heated in 15 the mcrowave at 120~G during 20 mns. The reaction m xture
OH

was added to silica gel (1Q)

e 0 O
“N N,
TR H o -

8 106

5 To a solution of crude 98 (25 mg) and (2R)-1-ethyl-2-aminomethylpyrrolidine (25
pL) in DMF (700 pL) was added HBTU (40 mg). After shaking for 1h, the reaction
mixture was diluted with MeOH (800 uL) and purified by HPLC. Concentration of the
appropriate fractions gave a 106 as a white solid, 20 mg. MS (ESI(+)) m/e 647.3 (M+H)".

10 Examgle 98

g
P g 5500

To a solution of crude 98 (25 mg) and N,N-dimethylethylenediamine (18 pL) in
15 DMF (700 uL) was added HBTU (25 mg). After shaking for 1h, the reaction mixture was
diluted with MeOH (800 uL) and purified by HPLC. Concentration of the appropriate

fractions gave a 107 as a white solid, 23 mg. MS (ESI(+)) m/e 607.3 (M+H)".

Example 99

2 3&’»”

20



and the solvent allowed to evaporate; purification of the residue by silica
gel chromat ography (50->100% Et OAc/ hexanes) gave 109 as a clear colorless
oi l, 14 ryoO 2MB/00046%I (+)) nle 606.4 (M-H) +. Exanple 101 @cCHNS200802132N0 0 20
SCH 110 WD 2006/ 009869 PCTI US2005/ 0211524 152 XI1Y~J OCH XIl "Y~J O _ HN
\."N 1 HO O0O1lHONO\ O OHHOH 98 110 To a solution of crude 98 (25
ng) and racem c 1-di nmet hyl am no-2-propylamne (19 L) in DWVF (700 L) was
added HBTU (40 rrg) After shak] ng for 1h, the reacti m xture was dil uted
with MeOH (800 L) pLglfl by HPLC. Nt pat i f the 5 appropriate

fractions gave 110 l\l% iNtesglid, 21 ng Ve \(§+)) e 621.2 (MHH) +.
Exanpl e 102 O HN 111 —O-N\L/ YTH O w1 i HO-\N HO
OOHHO\J C]—IHC]—I Td 111 To a sol ution of:fic 98 {25 hg) and

1- ( 3- ami nopr opyl ) pi peri di ne 26 L) in DWW (700 Lheswas added HBTU (40 np).
After shaking for Ih, the% eactlon m xture was diluted wth MeOH (800 L)

and purified by {3k Qon&?ﬁ’ﬁlﬁg g2 e30 ) Oft- (et dRRineRbaly®phe@ebdreis acid (25
mg), Pd(PhsP),Cl, (2 mg) and NEt; (31 pL) in EtOH (900 pL) was sealed and heated in the

_microwave at 120 °C during 20 mins. The reaction mixture was added to silica gel (1g) and

5  the solvent allowed to evaporate; purification of the residue by silica gel chromatography

(50->100% EtOAc/hexanes) gave 108 as a clea.r colorless oil, 17 mg. MS (ESI(+)) m/e
592.4 (M+H)".

Example 100

D, '“ﬁR o
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A tube containing 82 (30 mg), 4-(4-morpholinocarbonyl)phenylboronic acid (26
3mg), Pd(PhsP),Cl, (2 mg) and NEt; (31 pL) in EtOH (900 pL) was sealed and heated in

15  the microwave at 120 °C during 20 mins. The reaction mixture was added to silica gel (1g)

10

and the solvent allowed to evaporate; purification of the residue by silica gel
chromatography (50->100% EtOAc/hexanes) gave 109 as a clear colorless oil, 14 mg. MS
(ESI(+)) m/e 606.4 (M+H)".

Example 101

*wﬁa
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gave 111 as a white solid, 14 ng. M5 (ESI(+)) mc 661.4 (MtH) +. 15 Exanple
103 OHN\_ NHONO O OH 112 r r OV OHO\ HN\ _N ITHONO'" OIHNO/ \ p
H HO OH Wo@kbe/®836812 WD 2006/ 009869 PCTI US2005/ 021524 Pi5AISTasa2esed ut i on
of crude 98 (25 ng) and N, N-di et hyl et#3y| enedi amine (21 L) in DMF (700 L)
was added HBTU (40 ng). After shaking for |h, the reaction m xture was
diluted with McOH (800 L) and purified by HPLC. Concentration of the

appropriate fractions 112 as a white solid, 22 Ms (ESI(+)) me
635.3 (I\/H—I)+. arrp,le
HO "o Jio

113 QH 0 HN-\
olluty8n of crude
98 (25 ng) and 4- dlm | plet: 9I anm ne (2 )H| n| ) was added
HBTU (25 ng). After shakigg for |h, —the—peact i on 1] e was diluted wth
McOH (800 L) and purifigd by HPLC. Concentration of .4 he appropriate
fractions gave 113 as a white solid, 25 ng. M5 (ESI(+)) me 635.3 (MtH) +.
To a solution of crude 98 (25 mg) and racemic 1-dimethylamino-2-propylamine (19

pl) in DMF (700 pL) was added HBTU (40 mg). After shaking for 1h, the reaction
. mixture was diluted with MeOH (800 pL) and purified by HPLC. Concentration of the
5  appropriate fractions gave 110 as a white solid, 21 mg. MS (ESI(+)) m/e 621.2 (M+H)".

Example 102

D, ﬁi SalRe

To a solution of crude 98 (25 mg) and 1—(3-aminopropyl)piperidine (26 pL) in DMF
(700 pL) was added HBTU (40 mg). After shaking for 1h, the reaction mixture was diluted
with MeOH (800 uL) and purified by HPLC. Concentration of the appropriate fractions
gave 111 as a white solid, 14 mg. MS (ESI(+)) m/e 661.4 (M+H)".

10

15 Examgle 103

D, J;R LS



15 Exanple 105 0 %INH O OH 114 0 OHOHNCNH HOO O/HOOO OH SOH 98
114 To a solution of (35)-3-tert-butoxycarbonylam no-pyrrolidine (204 nyg)

i n DCM ( 5wo200amio¥sewasadded DI EA (286 pL) and benzyl chl ecofuseevatoe1se488 L) .
The solution was stirred overni ght ats3ambi ent tenperature, then added to
sat urated NaHCO3 and extracted wth DCM (3X20 nL). The conbi ned organic
phases were dried on MgSO4 and WO 2006/ 009869 PCTI US2005/ 021524 154

concentrat ed tg? %i Vﬁdai%ﬂm%i t e?ﬁghfﬁlgyh Wtd%tggﬁﬂgﬁﬁﬁeﬁmg@(wﬁﬂ) M D6AF (4

m.), stirred f utlon trated in vacuo to give

a clear of7oo 1’9 veasatied HBrrLD(Motrﬂg)s AfterdBalghg fdr 1B9thegaction ndetudB8waP8iluted |
and DI EA% L) in r{i;) was__added HBTU (.80 %t)h After. lr}t?m ng for
I h, the rwhtMeaHnGSQQ wrlé anéspu iedi by HRECuwi Eenaspiesiqn OsthgdprioRgafs FA4OEY b

HPLC. Con r,3t Izazgﬂ e a white solid. Half
of this s%‘f“% 12 alls(a<?‘|’1{s}]{s(eotC)i1& égﬁa_(‘ﬁ§§+l)%|_r§,,%¢é3ls %ﬁy\/\ere added HOAc (5 L)
and weg¢ 20% Pd on carbon (5 ng). H2 was bubbl ed through the m xture, which
was then allowed to stir under an 2: m)szhﬁgig of H2 for 4h. The reaction

m xture was passed through 10 a 0.2 | ter and purified by HPLC to
give 114 as a white solid, 6|ny. MS(E )) me 605.2 (M-H)+. Exanpl e 106
XI1Y~J o fO NOCH 15 115 X%” /\/\// - S

10 To a solution of crude 98 (25 mg) and 4-dimethylaminobutylamine (25 uL) in DMF
(700 pL) was added HBTU (25 mg). After shaking for 1h, the reaction mixture was diluted
with MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions
gave 113 as a white solid, 25 mg. MS (ESI(+)) m/e 635.3 (M+H)".

15 . Example 105

ks ﬁa

To a solution of (3S)-3-tert—butoxycarbonylamino-pyrrolidine (204 mg) in DCM (5
20 mL) wasadded DIEA (286 pL) and benzyl chloroformate (188 pL). The solution was
stirred overnight at ambient temperature, then added to saturated NaHCOs and extracted

with DCM (3%20 mL). The combined organic phases were dried on MgSO, and

HN«CNH



HHNO NOHOHOO OHOHO' \ 82 115 A tube containing 82 (30 ny),

4- (met hanesLf onyl ) phenyl boronic acid (22 ng), Pd(Ph3P)2C12 (2 ng) and NEt3
(31 gL) iwoEvdofskoml) was seal ed and heated in the n econsw@sar1sie0 C
during 20 mins. The reaction m xture ¥s added to silica gel (1 g) and 20
the solvent allowed to evaporate; purification of the residue by silica gel
chromat ography (50->100% Et QAc/ hexanes) gave 115 as a clear colorless oil,

30 ng. M5 (ESI (+ n. 571, 3 (. . | / \.
VD 2006/ OBUEEY M Eapad B ek Thsmitato e S eutdn DA ROREET o
TO( |2 :'imon?(;d?[ IEJ;/L%" azl@ %qt]-srli)ﬁltfﬁﬂ oBn&edltrdted G g@duofm gtle Medrg)gong) and
e i per azi ne in

ﬁ/g%H ngz3 00Af terTe raasqhﬁ?)n¥ hﬁhcm@&h@l I(J(sfa%m WW@(%K@( %)w\?é’)éi \I%Afﬁf%?g(g ng) i

n
fracti onstgl'%fg; ;dgasiaaev\,ﬁgtyddif%l%o %Ecg%F WE (1 BW‘ 62%&189%1%1?6 WI?S
Exanmpl £ 188utedwith) MeOH /(1 .5omNDahd @lorikibdl bylHP]L(EY Concentration of the appropnate

fractions gave a white solid.

Half of this solid was dlssolved in EtOH 2 mL) to Wthh were added HOAc (5 uL)
and wet 20% Pd on carbon (5 mg). H, was bubbled through the mixture, Wh1ch wds then
allowed to stir under an atmosphere of H, for 4h. The reaction mixture was passed through

10 a 0.2-micron filter and purified by HPLC to give 114 as a white solid, 6 mg. MS (ESI(+))

m/e 605.2 (M+H)".

Example 106

‘.

"\

Pagt g,

115

15

A tube containing 82 (30 mg), 4-(methanesuLfonyl)phenylboronic acid (22 mg),
Pd(PhsP),Cl, (2 mg) and NEt; (31 pL) in EtOH (1 mL) was sealed and heated in the
microwave at 120 °C during 20 mins. The reaction mixture was added to silica gel (1g) and

20 the solvent allowed to evaporate; purification of the residue by silica gel chromatography
(50->100% EtOAc/hexanes) gave 115 as a clear colorless oil, 30 mg. MS (ESI(+)) m/e
571.3 (M+H)".

Example 107
N

D000
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NFO7 NI\ HOoO NOHcOHN 82 117 A flask was charged with

1- (4- br omophenyl )i mi dazol e (25 nmg), Pd(dppf)Cl2 (4 ng), KOAc (33 ng), and
bi s( pi nacwbab@ympsser on (28 ny), flushed with a stream ofPcAuS2e050215DMVSO (3
m.) was added. The m xture was heated5at 80 C during | h, then 82 (30 ng) 15
and Cs2C33 (35 ng) were added and heating continued at 60 C for 4h. The
reaction mxture was then purified by HPLC. Concentration of the
appropriate fractions gave 117 as a whjjge solid, 6.5 ng. M5 (ESI(+)) me
559.2 (M+H) +. Exanple 109 o HN O 6 OH 20 -N 118 WD 2006/ 009869

PCTI US2005/ 021524 156 HONOHO OO Q O—l'N 8
conbi ned 82 ( ng pt h§H am nocarb I) he ronie~_aci (71 ng),
Cs2CO8 (120 my)Y K ) 7 and Pd( dppf )EIR : fl ask was
flushed with Ar, g O (6 ) added; the m-eri@al was"then heated at 60
C during 3h, 5 V\nth’theOHDre Pd(dppf}ClZ (5 ny) *ddYed after 2.5h. The
reaction mxture was &boled and added to DCM (25eL) and 1% NaS2CNMe2 (75

DM The conbi ed BRGARCE S e o8 (AASIRa™ i TSR LS9 ARy PR B e LB

n), then; n Qﬁikﬁigrﬂof i1 6 24he @Bactibn rhiRen
mat-eri al- égvgﬁjﬁs aﬁ§%?§%ﬂ§glﬁFw3b%g)a ﬂﬁ% (ESH(+))- ‘m-e 564: % (lMH{I?

5  was diluted with MeOH (800 pL) and punﬁed by HPLC. Concentration of the appropriate
fractions gave 116 as a white solid, 26 mg. MS (ESI(+)) m/e 662.3 (M+H)".

18 In a flask were

Example 108

@ f@‘q

10

., 1
»

H

HO

82
A flask was charged with 1-(4-bromophenyl)imidazole (25 mg), Pd(dppf)Cl, (4

mg), KOAc (33 mg), and bis(pinacolato)diboron (28 mg), flushed with a stream of Ar, and
DMSO (3 mL) was added. The mixture was heated at 80 °C during 1h, then 82 (30 mg)

15 and Cs,COs (35 mg) were added and heating continued at 60 °C for 4h. The reaction

mixture was then purified by HPLC. Concentration of the appropriate fractions gave 117 as
a white solid, 6.5 mg. MS (ESI(+)) m/e 559.2 (M+H)".

Example 109

P

118

20



to Exanmple 110 -N HONOOH 119 -N ' N Ol \ COHNO/ O HOO\ HHO
OH OH 98 119 15 To a solution of crude 98 (19 ng) and
(3S) - 3- (dworbdwydoggsdno) pyrrolidine (18 L) in DW (525 Lpcras2adadecs2HBTU (25
ng). After shaking for | h, the reactiiém m xture was diluted with MeOH (1
m.) and purified by HPLC. Concentration of the appropriate fractions gave
119 as a white solid, 18 ng. Ms (ESI(+)) me 633.3 (MtH) +. 20 Exanple |11
WO 2006/ 009869 PCTI US2005/ 021524 157 o HONOllP HSOH O "NH1120 O O
\ N1 NOH HO O HOIH.CH 82 10 ) n a sal | 4Fask guer rrblned82(25rrg)
4- (sul fonyl am no) phenyl bor o jd 5 (19
nmg) and Pd(dppf)Cl2 (K Hg he flam hi;éd

= OH AN

2h
82 118

In a flask were combined 82 (100 mg), 4-(dimethylaminocarbonyl)phenylboronic
acid (71 mg), Cs,CO; (120 mg), KOAc (20 mg), and Pd(dppf)Cl, (10 mg). The flask was
~_flushed with Ar, and DMSO (6 mL) added; the material was then heated at 60 °C during 3h,
5 with the more Pd(dppf)Cl, (5 mg) added after 2.5h. The reaction mixture was cooled and
added to DCM (25 mL) and 1% NaS,CNMe; (75 mg); the laters were separated and the
aqueous phase extracted 3x25 mL DCM. The combined organics were washed with water
(25 mL) and brine (25 mL), then dried on Na,SO4. Concentration and HPLC putification of

the material gave 118 as a white solid, 64. mg. MS (ESI(+)) m/e 564.3 (M+H)".

10

Example 110
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15 To a solution of crude 98 (19 mg) and (3S)-3-(dimethylamino)pyrrolidine (18 puL) in
DMF (525 pL) was added HBTU (25 mg). After shaking for 1h, the reaction mixture was
diluted with MeOH (1 mL) and purified by HPLC. Concentration of the appropriate
fractions gave 119 as a white solid, 18 mg. MS (ESI(+)) m/e 633.3 (M+H)".

20 Example 111



with Ar and DVSO (3 nlL) added. After heating at 60 C during 2h, the
reaction mxture was purified by HPLC to give 120 as a white solid, 11 ny.
M5 (ESI (WD 20062009862. 2 (MtH) +. Exanple 112 OH O HN HOPHDUSI@580H24 121
JrJOHO OHOHN HO NOOHNOO HO O87H OH 98 121 To a solution of crude

98 (25 ny) and 3-propano| amne (12 L) in DWW (700 L) was added HBTU (30

ng). After shaking for the reaction mxture was diluted with 15 MeOH
(800 L) and purified by HPLC ncentratl of the appropriate fractions
gave 121 as a white solid, 2 )) me 594.3 (M+H) +. Exanpl e
113 OHN Y .NN10 0 HOHW 69 US2005/ 021524 158 122 \ |
OHOOO 1I\1I'HN +~NH/\ OO CJ&HHO—|

o NH,

In a small flask were combined 82 (25 mg), 4-(sulfonylamino)phenylboronic acid

5 (19 mg), Cs,CO; (40 mg), KOAc (5 mg) and Pd(dppf)Cl, (4 mg). The flask was flushed
with Ar and DMSO (3 mL) added. After heating at 60 °C during 2h, the reaction mixture
was purified by HPLC to give 120 as a white solid, 11 mg. MS (ESI(+)) m/e 572.2 (M+H)".

82 120

Example 112

OH
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To a solution of crude 98 (25 mg) and 3-propanolamine (12 pL) in DMF (700 pL)

was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted with

15 MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions gave
121 as a white solid, 23 mg. MS (ESI(+)) m/e 594.3 (M+H)".

Example 113

Pl e



98 122 To a solution of crude 98 (25 ng) and 2. OM ethylamne in THE (74 L)
in DMV (700 L) was added HBTU (40 ng). After shaking for |h, the reaction
m xture WO 2dédioovssd 5 with MeOH (800 L) and purified bycCHRISE05/021524
Concentration of the appropriate fracts8ons gave 122 as a white solid, 15
ng. M5 (ESI(+)) me 564.3 (MtH) +. Exanple 114 "N> XIIY- O\ I HN-~ "N NO,

O OH10 123 ON OAIl OHOA Il HNJ~~ HONOOHNOO OHHOH 98 123 To
a solution of crude 98 (25 ng) and 1-(3; nopropyl)| m dazole (19 L) in DW
(700 L) was added HBTU (25 ng). After shaking for the reaction m xture

was diluted wt

OH (800 and purified b HPLC. Co ntrati on of the
1230as a whitersgli @ /ESI(+)) me

appropriate fra , 0 , .
644.3 (M+H) +. Exa I’c{qI o\ | oHoO | Ow @ J O
2006/ 009869 PCT/ US208%+ 524 "H NO H O Ove HbiQ A 7\

: OH H ooy

8 122
To a solution of crude 98 (25 mg) and 2.0M ethylamine in THF (74 uL) in DMF
(700 pL) was added HBTU (40 mg). After shaking for Alh, the reaction mixture was diluted

5  with MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions
gave 122 as a white solid, 15 mg. MS (ESI(+)) m/e 564.3 (M+H)".

Example 114

{3
i NH 0 O HN//)
Ere O ot o
z OH R FLUE NP
98 123

To a solution of crude 98 (25 mg) and 1-(3-aminopropyl)imidazole (19 uL) in DMF
(700 pL) was added HBTU (25 mg). After shaking for 1h, the reaction mixture was diluted
with MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions
15  gave 123 as a white solid, 17 mg. MS (ESI(+)) m/e 644.3 (M+H)".

&

f
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Example 115
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N OHF OHOB82 124 A tube containing 82 (30 ny),

4- (et hoxy(i net hyl ) car banoyl ) phenyl boronic acid (23 ng), Pd(Ph3P)2Cl12 (2
ng) and NEO0¢eAD9d6Y in Et OH (900 L) was seal ed and heat edTius2005le1524 cr owave
at 120 C during 20 mns. The reaction3s xture was added to silica gel (I @)
5 and the solvent allowed to evaporate; purification of the residue by
silica gel chromatography (50->100% Et OAc/ hexanes) gave 124 as a cl ear
anple 116 Z I N O
8 /125 To a sol ution of

colorless oil, 22 ng. M5 (ESI(+)) me 580.4 (M+H) +

HO OO 10 OH 125 O " \ ooh HoO—I :

crude 98 (25 ng) an o t hy! pi per azhne~(2 Njon l@ (Z&)O L) was
added HBTU (30 np). W%kl ng forlh-t e b on m=xtuyfe was diluted
15 with McOH (800 L) andZputified by HPLC. Concedf r'ati on off the approprlate
fractions gave 125 as a whi t8 solid, 20 my. M5 (EgJ(+)) me 633.3 (M+H) +.
Exanpl e 117117 N~ O HN' O/ \ O HO H OH 20 126

A tube containing 82 (30 mg), 4-(methoxy(methyl)carbamoyl)phenylboronic acid
(23 mg), Pd(PhsP),Cl, (2 mg) and NEt; (31 pL) in EtOH (900 pL) was sealed and heated in

_ the microwave at 120 °C during 20 mins. The reaction mixture was added to silica gel (1g)

s and the solvent allowed to evaporate; purification of the residue by silica gel
chromatography (50->100% EtOAc/hexanes) gave 124 as a clear colorless oil, 22 mg. MS
(ESI(+)) m/e 580.4 (M+H)".

Example 116

. ﬁ(‘b?
® @’v @ i’vo

To a solution of crude 98 (25 mg) and 1-methy1homopiperazine (20 pL) in DMF

10

(700 pL) was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted
15  with MeOH (800 uL) and purified by HPLC. Concentration of the appropriate fractions
gave 125 as a white solid, 20 mg. MS (ESI(+)) m/e 633.3 (M+H)".

0. A;L&&.« o

20



WO 2006/ 009869 PCTI US2005/ 021524 160 O\ CHOHW HON Ol \HO NO O VOCOH
SOH 87 126 To a solution of crude 98 (25 ng), (3S)-3 -amno- 1

- met hyl pywoabéediopssd di hydr ochl oride (25 ng), and DI EA ( BOTIOS2008/0R0884 ( 700 L)
was added HBTU (30 ng). After shakingofor |Ih, the reaction m xture was
diluted with MeOH (800 L) and purified by 5 HPLC. Concentration of the
appropriate fractions gave 126 as a white solid, 15 ng. Ms (ESI(+)) me
6194(IVHrH)+ Ie118 NH \ HN~ HO /i ON 10 127 O Al OHO
HNN O /\ SCH &8 127 To l ugi o crudg. (25 ng)
and h| stam ne ( L) was added ( ter shaking
for thereaC| ture s diluted with O ahd purified by
HPLC Concentratl on @F g appropriate—fractions :gavg, 127 as a 15 white
solid,10 nmg. MS (ESI(+)7) me 630.2 (MH)+. Exanple,t19 o o ON, /HO N 2H
OH O 128 WD 2006/ 009869 PCTI US2005/ 021524 L
To a solution of crude 98 (25 mg), (35)-3-amino-1-methylpyrrolidine

dihydrochloride (25 mg), and DIEA (50 pL) in DMEF (700 pL) was added HBTU (30 mg).

After shaking for 1h, the reaction mlxture was dlluted w1th MeOH (800 uL) and purlﬁed by

5 HPLC. Concentration of the appropriate fractlons gave 126 as a white sohd 15 mg MS
(ESI(+)) m/e 619.4 (M+H)".

Example 118

#@R ad

To a solution of crude 98 (25 mg) and histamine (18 mg) in DMF (700 pL) was
added HBTU (25 mg). After shaking for 1h, the reaction mixture was diluted with MeOH
(800 uLj and purified by HPLC. Concentration of the appropriate fractions gave 127 as a
15 white solid,10 mg, MS (ESI(+)) m/e 630.2 (M+H)".

10

Example 119

@ ﬁR&.Y«



161 Or \ NO ,0Y ", NNHHOHON HOONHOHO 82 128 A solution of
4-bronopht hal i ¢ _anhydride (2.0g) in toluene (20 nL) was treated with 33%
met hyl aniwe 2006/dib$eb (1. 65 nl) and a crystal of DVAP. Af pem/ustéosersgs for | h
at anbient tenperature, the m xture Mas heated to reflux under a
dean-stark trap during 14h. 5 The reaction m xture was cooled to -20 C, and
the resulting white crystals collected and washed with hexanes to give

N- net hyl - 3- bromopht hal i mde (1.32 g) mp. centration of the
not her |iquor and reesrystaliz on from be# second crop,
430 ny. A flask was%r ed/wtty this N nmethytr m de (27 ny),
Pd(dppf)d 2 10 (3 np) N KQAP (33 ng),—and bi's(finacdl at o)ehpbron (28 ng),
flushed with a stream B¢ A and DVBO (3 L) was"abded. The ni xture was
heated at 80 C during I h, thél 82 (30 ng) and Cs2(fB (35 ng) were added
and heating continued at 88 C for 2.5h. The reaction mixture was then

purified by HPLG LB - A8 iRt Sluddeaob naDSwadvetciAbitas  a
white solid, 1&%“%%’?&%@‘2@%1}03&5%. O e e 120 N X Y~JNO
N) 00 1 33¢Nnbthglantht il P8ON (1\65 ml) a@dCGHcrystil of DMAP. After stirring for 1h at

_ambient temperature, the mixture was heated to reflux under a dean-stark trap during 14h.

5  The reaction mixture was cooled to -20 °C, and the resulting white crystals collected and
washed with hexanes to give N-methyl-3-bromophthalimide (1.32 g) m.p. 149-151.
Concentration of the mother liquor and recrystalization from benzene (3 mL) gave a second
crop, 430 mg.

A flask was charged with this N-methyl-3-bromophthalimide (27 mg), Pd(dppf)Cl
10 (3 mg), KOAc (33 mg), and bis(pinacolato)diboron (28 mg), flushed with a stream of Ar,
and DMSO (3 mL) was added. The mixture was heated at 80 °C during 1h, then 82 (30
mg) and Cs,CO; (35 mg) were added and heating continued at 80 °C for 2.5h. The reaction
mixture was then purified by HPLC. Concentration of the appropriate fractions gave 128 as
a white solid, 12 mg. MS (ESI(+)) m/e 576.3 (M+H)".
15

Exampl 120
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i 129

20 To a solution of crude 98 (25 mg) and 1-methylpiperazine (18 pL) in DMF (700 nL)
was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted with

MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions gave
129 as a white solid, 21 mg. MS (ESI(+)) m/e 619.3 (M+H)".



HONON/MHONO\ O OHH OH 98 129 20 To a solution of crude 98 (25 ng)
and 1-nethyl pi perazine (18 L) in DM (700 L) was added HBTU (30 ng). After
shaki ng fwo 2bdv/00086@ reacti on m xture was diluted with RcOWSe@B0215p4 and
purified by HPLC. Concentration of thw2appropriate fractions gave 129 as a
white solid, 21 ng. M8 (ESI(+)) me 619.3 (M:H)+. WD 2006/ 009869

PCT/ US2005/ 021524 162 Exanple 121 o\ i HONO/ \ O H5 OH'N 130 'FH
NOHNO/ .SO HO OHOHO Nb5 82 130 A tube containing 82 (30 ny),

4- (di et hyl am nosul f onyl ) phenyl boronic acid (33 ng), Pd(Ph3P)2Cl2 (2 ng)
and NEt3 (31 L) in EtCH (900 L) was Beaipddl2ihd heated in the nicrowave at

120 C during 20 mns. The reactjon m xture-was added to silica gel (1 g)
and the solvent allowed to evat e @

i cation of the residue by
silica gel chromatography 10 (5 W= rexanes) gave 130 as a clear
colorless oil, 5 nmg. M5 (ESI(+)) Imis_600° MkHp+. Exanple 12 OH 0\ / |
HN-~ ~OH NJ, O P oH ‘f?/

R —

A tube containing 82 (30 mg), 4-(dimethylaminosulfonyl)phenylboronic acid (33
mg), Pd(PhsP),Cl; (2 mg) and NEt; (31 pL) in EtOH (900 pL) was sealed and heated in the

microwave at 120 °C during 20 mins. The reaction mixture was added to silica gel (1g) and

130

i

the solvent allowed to evaporate; purification of the residue by silica gel chromatography
10 (50->75% EtOAc/hexanes) gave 130 as a clear colorless oil, 5 mg. MS (ESI(+)) m/e 600.4
(M+H)".

Example 122
OH
 on

o i( o
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15
OH

To a solution of crude 98 (25 mg) and N,N-bis(2-hydroxyethyl)ethylenediamine (20
uL) in DMF (700 pL) was added HBTU (40 mg). After shaking for 1h, the reaction
mixture was diluted with MeOH (800 pL) and purified by HPLC. Concentration of the

20  appropriate fractions gave 131 as a white solid, 16 mg. MS (ESI(+)) m/e 667.4 (M+H)".



00 OH15 131 r1 HOOHO\N / _ HNN\,NOH HONO" / \ OHNO\ OJ OHH
OH 98 131 To a solution of crude 98 (25 ng) and

NN- bi s( 2-Wwodnaopescby| ) et hyl enedi ai nine (20 L) in DVF ( PQ@/USpoosasisadded
HBTU (40 ng). After shaking for |h, t#é reaction mxture was diluted with
McOH (800 L) and purified by HPLC. Concentration of the 20 appropriate
fractions gave 131 as a white solid, 16 ng. M5 (ESI(+)) nmle 667.4 (MtH) +.
WD 2006/ 009869 PCTI US2005/ 021524 163 £ 123 \ O HN-~-N ., HO NO O OH
132 OCHO\ | HNN 0 "0 J, HO - HO™= OH 98 132 5 To a solution of

a
crude 98 (25 ng) and 4-(2-am|nget hyl ) npt phol i ne ( ,) in DVF (700 L) was
added HBTU (30 ng). After S[] OfoE I é*Nr/éecd%%{;\/(l(})n m xture was dil uted
with MeOH (800 L) and purifieqg uﬁ? . u@ brati on of the appropriate
fractions gave 132 as a white $6HT{ 21 m§. M5 (ESI(+)) me 649.3 (M+H) +

= OH

10 Exanple 124 o\ / o

132
D100 00
W
132
5 To a solution of crude 98 (25 mg) and 4-(2-aminoethyl)morpholine (21 pL) in DMF

(700 pL) was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted
with MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions
gave 132 as a white solid, 21 mg. MS (ESI(+)) m/e 649.3 (M+H)".

10 Example 124

133

82
A suspension of 4-bromophthalic anhydride (1.0g) in EtOH (10 mL) was treated
15 with 1,2,-dimethylhydrazine dihydrochloride (650 mg) and NEt; (1.35 mL) and heated at
reflux during 16 h. The reaction mixture was cooled and diluted into 0.1M HCI (100 mL).
The respLting white solid was collected by filtration, washed with water, and dried in
vacuo to give 6-bromo-2,3-dimethyl-2,3-dihydrophthalazine-1,4-dione (516 mg), m.p. 207-

209.
20 A flask was charged with this bromide (30 mg), Pd(dppf)Cl, (4 mg), KOAc (33
mg), and bis(pinacolato)diboron (28 mg), flushed with a stream of Ar, and DMSO (3 mL)
was added. The mixture was heated at 60 °C during 1h, then 82 (30 mg) and Cs2CO3 (35



HNON HOHOHO 13300 O /ONHOHONN "HOOHOHp 82 133 A
suspensi on of 4-bronophthalic anhydride (1.Qg) in EtOH (10 nL) was treated
15 with Iwe;20aiaescby| hydr azi ne di hydrochl ori de (650 ng) pamashis®21524 35 i)
and heated at reflux during 16 h. Th®4reacti on m xture was cool ed and
diluted into 0.1IMHA (100 nL). The resLting white solid was collected by
filtration, washed with water, and dried in vacuo to give

6- br ono- 2 I &t&ré%@srmén puifid

500 O30 Anf] e %«L@éhgﬁgie%m%ﬁﬂ%‘@ghm“ﬁgée ?“%%'“ﬁg) Pd(d 1%6 12 (4B>Orrg)
KQAc (33 HBEO: (Mﬂeﬁral(opldﬁam)dtmoprmtéaﬂa@mw@Vm3 aﬂﬁélﬁééoﬁﬁ?t amgt Meam of
Ar, and DVBO %O ed The m xture was heated at 60 C during | h,
then 82 (G5! (35 WO 2006/ 009869 PCTI US2005/ 021524 164 nm)
wer e added and heating continued for | h. The reaction m xture was then
purified by HPLC Concentration of the appropriate fractions gave 133 as a
white ssolid, 16.5 ng. M5 (EST(+)) 112 (MtH) +. 5 Exanmple 125 X = o

\ | NH, HO134 o\ | o\ NO HO O H
), 8
“N N,
HO
134
o )
N N,
o]
g ﬁR _é§ig Q..
eH OH 3
134

A tube containing 82 (30 mg), 4-(aminocarbonyl)phenylboronic acid (33 mg),
10 Pd(PhsP),Cl, (2 mg) and NEt; (31 pL) in EtOH (I mL) was sealed and heated in the

microwave at 120 °C during 20 mins. The reaction mixture was added to silica gel (1g) and

the solvent allowed to evaporate; purification of the residue by silica gel chromatography

gave 134 as a white solid, 8 mg. MS (ESI(+)) m/e 536.3 (M+H)+.

15 ‘ Example 126

Papgor
s %R o

To a solution of crude 98 (25 mg) and propylamine (12 pL) in DMF (700 L) was

20 added HBTU (40 mg). After shaking for 1h, the reaction mixture was diluted with MeOH

(800 pL) and purified by HPLC. Concentration of the appropriate fractions gave 135as a
white solid, 19 mg. MS (ESI(+)) m/e 578.3 (M+H)".



OH OH O 82 134 A tube containing 82 (30 ng),

4- (am nocar bonyl ) phenyl boronic acid (33 ng), 10 Pd(Ph3P)2Cl12 (2 ng) and
NEt 3 (31 W 2006/089881 (1 nL) was seal ed and heated in therPCriusc@smyes2at 120 C
during 20 mins. The reaction m xture s added to silica gel (1g) and the
solvent allowed to evaporate; purification of the residue by silica gel
chromat ography gave 134 as a white solid, 8 ng. M5 (ESI(+))1n/e 536.3
(MtH) +. 15 Exanple 126 O\ HN- ~ HONO O OH 135 OAIl OHOA/ \H\~--
FFO'N\ O/ HOOO OHH OH 88 135 To a solution of crude 98 (25 ng) and
propylamine (12 .tL) in DW (700 L) Eesnpled2added HBTU (40 ng). After
shaking for Ih, the reaction m xture was diluted with MOH (800 L) and
purified by HPLC. Concentratio t e gu@o ate fractions gave 135 as a
white solid, 19 ng. M5 (ESI(+)) H\+. WO 2006/ 009869

PCTI US2005/ 021524 165 Exampl e 17Ho. /HONHOHONO\ 136 N
NN HNOI_. HNO o N

P —

A flask containing 4-bromo-2-nitrobenzoic acid (500 mg) and a stir bar was treated

with SOCI, (3 mL) and heated under reflux during 1h. The SOCI; was allowed to distill

136

off; benzene (5 mL) was added and allowed to distill as well. The residue was cooled in an
ice bath, dissolved in DCM (3 mL), and treated with 2.0M dimethylamine in THF (4 mL).

10  After stirring at ambient temperature overnight, the reaction mixture was diluted with
EtOAc (80 mL), then washed with 20 mL each 2M HCI, 2M NaOH, and water. The
organic layer was dried on MgSQy, filtered and the residue recrystalized from hexanes (50
mL) to give fine off yellow needles of N,N-dimethyl-4-bromo-2-nitrobenzamide (453 mg),
m.p. 104.5-105.5 °C.

15 A flask was charged with this bromide (30 mg), Pd(dppf)Cl, (4 mg), KOAc (33
mg), and bis(pinacolato)diboron (28 mg), flushed with a stream of Ar, and DMSO (3 mL)
was added. The mixture was heated at 80 °C during 1h, then 82 (30 mg) and Cs,CO; (36
mg) were added and heating continued for 3.5h. The reaction mixture was then purified by
HPLC. Concentration of the appropriate fractions gave 136as a white solid, 10 mg. MS

20 (ESI(+)) m/e 609.3 (M+H)".

Example 128
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HON HOHOHHOHd O&Np 5 82 136 A flask containing

4- br onp- 2-ni trobenzoic acid (500 ng) and a stir bar was treated wth SOCl12
(3 nL) amsioheatmassander reflux during | h. The SOC 2 was palriusemd/oez24i sti |l |
of f; benzene (5 nmL) was added and al lie%ed to distill as well. The residue
was cooled in an ice bath, dissolved in DCM (3 nL), and treated with 2. OM
dinmethylamne in THE (4 nL). to After stirring at anbient tenperature

overni ght, the reactlon m re was dil uted vvith EtOAc 80 nlL), then
washed with 20 acdsl 2 2MpNaOH, and rganj, yer was
dried on MgSHA, m and e5| due rec ,p_\llf% hexanes (50

m.) to give fine bf f o ow n | €5 of NN di I-4<bro -n?trobenzam de
(453 ng), mp. 104.5=2105.h C. 1s A-Hask=was c arged_ W th this bromde (30
ng), Pd(dppf)Cl2 (4 ng)e KOAc (33 ng), and bis(pin o? at o) di boron (28 ng),
flushed with a streamof Ar, and DMSO (3 nL) was a ed The m xture was

hegt ﬁd at 80 Cmrango?ﬂﬂonghgﬂ cﬁglf_c}]e( 398 mg;:s amg)CSZIKB {18fmo- Mjethmoémgmg
ABLC oo eanraraTie?S ha. RpDER e 61 DM OO evasided Sy (10 &1
10 . M5 \ 0
oH 137 V\D‘A?%%g%%@g%g%hggh% e 6%4%%‘3{&8 %@é@%ﬁhﬁ%ﬁ (8@&{‘%0%@1%%1\&3? H

OH H Osl HPLC. Concentration of the appropriate fractions gave 137 as a white solid, 14 mg. MS

(ESI(+)) m/e 619.4 (M+H)".
Example 129
), 1
HO o
2H Aon
10
Part A
o) HO.,.N
[
' l
139 140
Compound 140 was made in 94% according to the procedure described in S.T
Pickard and H.E. Smith JACS 1990, 112, 5741-5747.
15 PartB
HO.,.;,\l HO\NH
! [
140 141

Compound 141 was made in 94% according to the procedure described in M. Ueda
etal. Tet. Lett. 2002, 43, 4369-4371.
Part C

20 141 142



98 137 To a solution of crude 98 (25 ng), (3R)-3-am no-I-nethylpyrrolidine
di hydrochl oride (25 ng), and DIEA (50 L) in DMP (700 L) was added HBTU (40
ng). Aftwo 2edvzlopseg for | h, the reaction m xture was di lParam2eustobiskeOH (800
AL) and purified by 5 HPLC. Concentratfon of the appropriate fractions gave
137 as a white solid, 14 ng. M5 (ESI (; me 619.4 (NHFD+ Exanple 129 o
\ ~ HNo Ho OHO 10 138 Part A O HO NH3CI 139 140

Conmpound 140 % acco n e oced desc T
i ckard and H 2o S Eon aede 98G5 Sidtf0,39%, 378 Llngr teqﬁvwa%%ﬁ%&%s
| 140 14y Rufife (04802 ﬁimtﬁ 1eqﬁ4f/ma§eﬁ@érw (19 i) thBeolkion ediheated to
descri bed |n Ueda et al. Tet. Lett. 2002, 43, 4369-4371. Part CH 0O

0 N, OH Hreffw for G2 donpapundhoipemed faskonogped pathy 4 kating napils 2nd a fipanfark

trap. The solution was allowed to cool to rt and concentrated in vacuo. After concentration
5 NMR showed full convertion to the desired nitrone the product was isolated as an orange
solid
_PatD

To a solution of racemic methyl 2-(1-(3-iodophenyl)ethylimino)acetate N-oxide

10 (142)( 429 mg) and (S,Z)-5-(tert-butyldimethylsilyloxy)pent-3-en-2-ol (12) (275 mg) in

toluene (10 mL) was added Ti(Oi-Pr)s (570 pL). The solution was heated in the microwave

at 140 °C for 15 minutes, then treated with 3-(dimethylamino)propylene glycol (1 mL) and

water (20 mL). Extraction, 3x30 mL EtOAc, followed by washing the combined organic

layers with water (25 mL) and drying on MgSQO,, gave a residue which was purified by

15  column chromatography on silica (5->20% EtOAc/hexanes) to give two diastereomeric
materials. The faster-eluting material weighed 179 mg.

This material was dissolved in THF (5 mL) and 6M HCI (1 mL) was added. After
stirring at ambient temperature for 30 minutes, EtOAc (30 mL) was added, followed by 1M
NaOH (5 mL), saturated NaHCO; (13 mL), and water (13 mL). The aqueous layer was

20  separated and extracted 2x30 mL EtOAc. The combined organic layers were washed with
brine (20 mL), dried on MgSO4 and concentrated to a yellow solid. Hexanes (20 mL)

were added to this residue and decanted off, leaving a white solid, 102 mg.
Part E
QH 717/@
g z N |
- . H o)
HO

25 'A flame-dried flask containing (+)-isopinocampheylamine (111 mg) and DCM (2
mlL) was treated with 2.0M AlMe; in hexanes (360 pL) and stirred for 15 minutes, at which
point the compound 143, suspended in DCM (4 mL), was added. After stirring 18h at




To a solution of the nethyl gyloxate (0.29 g, 3.3 mol, 1.5 equiv) was
added the hydroxylamne (0.58g, 2.2 mmol, | equiv) in benzene (15 nlL) the
sol uti on wexodwembssd to reflux for 72 h in a round- bott ecedrstéoaskisequi pped
with a heating mantl e and a Dean-Star#8 trap. The solution was allowed to
cool to rt and concentrated in vacuo. After concentration 5 NVR showed full
convertion to the desired nitrone the product mas i sol ated as an orange
solid Part DA\ H\ / To
2 S0l ut  orfeOen g ituses 1t Pacion il s ARy e v ISi el Gt de
to (142) ( (#@IIY)andniried, f8) 15: ( S&fabatidut addexrrichivh %B*w mtymm) -3tlewe@ b9l
(12) (275 ng) in toluene (10 nL) was added Ti (G -Pr)4 (570.L The

sol uti on WE¥nHekeeargapict phasep c@@vﬂ%@maﬂnqmm@cﬁf&n 4 Fﬁemﬁ?sé@e PHefeltmBat ed

W|th3(d| (1 nL) and water (20 nL).
Extracti on %@%@%@pﬁﬁrﬁga by washi ng the conbined organic |ayers
wth WaterP@ftZS m.) and dryi ng on MySHA4, gave a residue which was purified

by 15 col um chromat ograph silica (5->20% Et OAc/ hexanes) to give two
di ast ereoneric pl-exi al s faster el uti tegi ghed 179 ng. This

material was di ssokyed m.) and 6M A ded. After
stirring -at -anbi entlt i‘;:ifjure f or- 30 m Aut-esl—FEt QAc, —was - added,
foll owed by 1M NaCH : sat ur at ed NaHCCB (1 r?ﬂ)

&k (13 nb).
The aqueous | ayer was 20 s.apar ated and extracted 2x3%8 Et O&c. The

conbi ned organic |layers were washed with brine (20 nL), dried on MgSH and
concentrated to a ydldnpousdl i d. ¥dxanes(3020 nmime).vere aderged t owithi s r ki due

R O e SR AR EbGRR At PRl Ba BRI G, R Hld). e REeaY * ©
ul), was dlssolved in EtOH (900 pL), which was heated in the microwave at 120 °C during
10 20 minutes. The reaction mixture was added to silica gel (1g) and the solvent allowed to
evaporate; purification of the residue by silica gel chromatography gave a single

diastereomer of 138 as a white solid, 30 mg. MS (ESI(+)) m/e 578.3 (M+H)".

Examgle 130

Bt o

To a solution of crude 98 (25 mg) and methylaminocyclopropane (13 pL) in DMF

(700 pL) was added HBTU (40 mg). After shaking for 1h, the reaction mixture was diluted

20  with MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions
gave 145 as a white solid, 21 mg. MS (ESI(+)) m/e 590.3 (M+H)".

15

Example 131



25 A flanme-dried flask containing (+)-isopinocanpheylam ne (111 ng) and DCM
(2 nm) was treated with 2. OM Al Me3 in hexanes (360 L) and stirred for 15
m nut es, WO 20dw/@BB6IpoiI Nt t he conpound 143, suspended i nPDTNSEeDsOL)S24 was
added. After stirring 18h at WD 2006/1099869 PCTI US2005/ 021524 168 anbi ent
tenperature, the reaction mxture was treatew with saturated Rochelle salt
solution (10 nL), and stirred for |h. Separation and extraction (3x10 nL
DCM, followed by drying the organic phases on Na2SO4 and purification of

the residue by colum chro prqgtu\/ 05 ng. 5 Part F HOA
111 HON H pry HOH O\ 1444 %;,/rrg
| bbr

along with 4-
(di met hyl am nocar bonyl ) pheny OPd( Ph3P) 2C12 (2 ng), and
NEt3 (31 L), was dissolved in Et CHH( L), WhICh was heated in the
m crowave at 120 C during 10 20 minutes, The reaction m xture was added to

silica gel (1g) and the solvent allowed4® evapor ate; purification of the

resi due by SI|I gel chr t ography gave a single of 138 as
a white solid, rrgo | (+)pn M e 578. 0 HO NO O 15
SCH 145 pry 0 "N\ " \ 98 145

To a sol ution of c - )" and net hyl am ) opropane (1® L) in DV

98 146

To a solution of crude 98 (25 mg) and N-(2-aminoethyl)acetamide (16 pL) in DMF

5 (700 pL) was added HBTU (25 mg). After shaking for 1h, the reaction mixture was diluted

with MeOH (800 uL) and purified by HPLC. Concentration of the appropriate fractions
gave 146 as a white solid, 18 mg. MS (ESI(+)) m/e 621.2 (M+H)".

Example 132

OH HO

ﬁ{a * ﬁa’h

10

o4 HO

In a small flask were combined 82 (25 mg), 3-hydroxyphenylboronic acid (13 mg),

Cs2CO;3 (40 mg), KOAc (5 mg) and Pd(dppf)Cl, (4 mg). The flask was flushed with Ar and

15 DMSO (3 mL) added. After heating at 60 °C during 1.5h, the reaction mixture was purified
by HPLC to give 147 as a white solid, 9 mg. MS (ESIK(+)) m/e 509.2 (M+H)".

Example 133

# j(&.%“

20



(700 L) was added HBTU (40 ng). After shaking for |Ih, the reaction m xture
was diluted 20 with McOH (800 L) and purified by HPLC. Concentration of

t he appr opoizatenopseact i ons gave 145 as a white solid, 2PCmyS20500EB3) (+))
me 590.3 (MtH) +. Exanple 131 WO 2006/7009869 PCTI US2005/ 021524 169 O
HN-VAN HONO/ \ OO "HOH 146 O\ OHO\N I HNN HONO' O HO NO O ON OH
98 146 To a solution of crude 98 (25 ng) and N-(2-am noet hyl)acetam de (16
L) in DMV 5 (700 L) was added HBTU (25 ng). After shaking for Ih, the

reacti on m xt wgwasqdi |4 wi §h McOH (800:L) and p [ HPLC.
Concentrati on ropr' @ g @ 3 1
ng. M5 (ESI(+)) é‘oa

fractlons why t id, 18
° Exanpl e 13P ! O°0 OH HO 147 -
.11 NN NH O HO HOﬂ-I HO 82 H4—tn=a smal | % % Were conmbi ned 82 (25
rrg), 3- hydr oxyphenyl bogoni c acid (13 ng), Cs2CB (4 KQAc (5 ng) and
Pd(dppf)Cl2 (4 ng). The flask was flushed with Ar and 15 DMVSO (3 )
added. After hgatd sgutidn 6&0crGielo8 (280mE) atd MM tedethiybih,3rprmpancdiawe(1pwd)f i ed
in DMF (700 pL) was added HBTU (35 mg). After shaking for 4h, the reaction mixture
- was diluted with MeOH (1.5 mL) and punﬁed by HPLC Concentratlon of the approprlate

5 fractions gave 148 as a yellowish solid, 6 mg. MS (ESI(+)) m/e 635.5 (M+H)

Example 134

P ﬁfb«“
P ﬁgfv ? @&o@*

To a solution of crude 98 (25 mg) and methyl 3-aminopropionate (20 mg) in DMF
(700 pL) was added HBTU (35 mg) and NEt; (18 uL). After shaking for 2h, the reaction
mixture was added to sat NaHCO; (5 mL) and water (5 mL), and extracted 3x10 mL DCM.

The organic phases were dried on Na,SOs, partially concentrated, and added to silica gel

10

15 (1g) and the solvent allowed to evaporate; purification of the residue by silica gel

chromatography gave 149 as a yellowish solid, 20 mg. MS (ESI(+)) m/e 622.3 (M+H)",

Example 135

Py

20 150



by HPLC to give 147 as a white solid, 9 ng. M5 (ESI(+)) me 509.2 (MH)+.
Exanple 133 OIHON OO H OH 20 148 WO 2006/ 009869 PCTI US2005/ 021524 170
HO NO O HooN@@odd69 o \ OH 1 O\ I \N OHH OH 98 148 Potaiss@sworisen of
crude 98 (23 ng) and N, N, N -trimethyl¥l, 3- propanedianme (19 L) in DVF (700
L) was added HBTU (35 ng). After shaking for 4h, the reaction m xture was
diluted with McCOH (1.5 nlL) and purified by HPLC. Concentration of the
appropriate 5 fractlons gave 148 as a yellow sh solid=6 ng. M5 (ESI(+))
me 635.5 (MtH) +. anpl e 134 ~J O r0-N OO . | OH149 O
OH O\ H\-~ HO' o HL 149 To a sohuti 8,98 (25 ng) and
met hyl 3-am nopropi onate& (20 o:my) i n DM (700 LH')‘O P added=HEB JU (35 ng) and
NEt3 (18 L). After shaki'figafor 2h, the reaction & xtuse wasg added to sat
NaHCO3 (5 mlL) and water (5 rrL)H and extracted 3 x 19 nlL DCM ™ The organic
phases were dried on Na2SOf? partially concentrated, and added to silica
?lel éﬁe( |b3) S?P?\(:gﬁgk $BhMEHHg alboMBD-hRiSHRRAS B Rid PAYT by andon saf bahevas
treated with SOCL, (3 mL) and heated under reflux during 1h. The SOCI, was allowed to

_ distill off; benzene (5 mL) was added and allowed to distill as well. The residue was cooled

5  in an ice bath, dissolved in DCM (3 mL), and treated with 2.0M dimethylamine in THF (4

mL). After stirring at ambient temperature overnight, the reaction mixture was diluted with
EtOAc (80 mL), then washed with 20 mL each 2M HCIl, 2M NaOH, and water. The
organic layer was dried on MgSOy and the residue concentrated to give N,N,2-trimethyl-4-
bromobenzamide (460 mg) as a yellowish oil.
10 A flask was charged with this crude bromide (27 mg), Pd(dppf)Cl, (3 mg), KOAc
(38 mg), and bis(pinacolato)diboron (34 mg), flushed with a stream of Ar, and DMSO (3
ml) was added. The mixture was heated at 80 °C during 1.5h, then 82 (30 mg) and Cs,COs
(36 mg) were added and heating continued for 2.5h. The reaction mixture was then purified
by HPLC. Concentration of the appropriate fractions gave 150 as a white solid, 8 mg. MS
15 (BSI(+)) m/e 578.4 (M+H)",
Example 136

Py
s u% o

20 To a solution of crude 98 (25 mg) and isobutylamine (16 pL) in DMF (700 pL) was
added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted with MeOH
(800 pL) and purified by HPLC. Concentration of the appropriate fractions gave 151 as a
white solid, 24 mg. MS (ESI(+)) m/e 592.2 (M+H)".



chr omat ogr aphy gave 149 as a yellow sh solid, 20 ng. M5 (ESI(+)) rule 622.3
(MtH) +. Exanple 135 HNO HO OH -N 20 150 WD 2006/ 009869

PCTI US200800Q8d5@4869171 o N\ O\ ~ N 10 'N H HO HO ~ eciHusoMs@eis2HH N 82
150 A flask contai ni ng 4-brono-2-net iWkbenzoic acid (495 ng) and a stir bar
was treated with SOC12 (3 nL) and heated under reflux during | h. The SOC12
was allowed to distill off, benzene (5 nlL) was added and all owed to
distill as well. The residue was co Ie’g e1i39 an ice bath, dissolved in DCM
(3 m), and treated with 2. OM di mst%‘-?—aﬁérre—in THE (4 nl). After stirring
at anbi ent tenperature overnight, the reaction—gixture was diluted with

Et CAc (80 nmL), then washed with 20 nL eachk~2M H 2M NaOH, and water. The
organi c |l ayer was dried on My 2 i du oncentrated to give

N, N, 2-trimethyl-4- bronobenzam NIg) a—yellowsh oil. to A flask
was charged with this crude bronid 2 ong , ((ﬁ’ppf)Clz (3 ng), KOAc (38
ng), and bi s(pinacol ato)di boron (34 i) “ofil ushed with a stream of Ar, and
DMSO (3 nl) was added. The m xture was_heated at 80 C during 1.5h, then 82
(30 nmg) and Cs2CB (36 ng) were added 18Ad heat i ng continued for 2.5h. The
reaction mxture was then purified by HPLC. Concentration of he

appropriate fracti-ons-gave A50-as a white -solid;- 8 ng. 1»52(j£8l~(~ +))-me
578. 4 (MH) +. ease |
“N N,

o @) g g
“N N,

" © H 0 o
HO—Z HO—
M oy —_— LU W
8 152
5 To a solution of crude 98 (19 mg) and (3R)-3-(dimethylamino)pyrrolidine (18 nLl)

in DMF (525 pL) was added HBTU (25 mg). After shaking for 1h, the reaction mixture
was diluted with MeOH (1 mL) and purified by HPLC. Concentration of the appropriate
fractions gave 152 as a white solid, 17 mg. MS (ESI(+)) m/e 633.3 (M+H)".

10 Example 138

HN’\/o\
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98 153

To a solution of crude 98 (25 mg) and 2-methoxyethylamine (13 uL) in DMF (700
15 pL) was added HBTU (40 mg). After shaking for 1h, the reaction mixture was diluted with
MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions gave

153 as a white solid, 20 mg. MS (ESI(+)) m/e 594.3 (M+H)".

Example 139



O HONOO OH151/ O\ HOOHN10 HO/ \ OHNO\ O HHO OH OH 98 151
20 To a solution of crude 98 (25 nig) and isobutylamne (16 L) in DVF (700
L) was awdedoddTdo(30 ng). After shaking for |h, the reagtusessmeieure was
diluted with MeOH (800 L) and purifiigd by HPLC. Concentration of the
appropriate fractions gave 151 as a white solid, 24 ng. M5 (ESI(+)) nle
592.2 (M+H) +. WD 2006/ 009869 PCTI US2005/ 021524 172 Exanple 137 -N HO NO
OH 152 -N OH 0 HO NO \OHNO HHO OH OH 98 152 5 To a solution

of crude 98 (19 ngy) and ( (@il am perpyrrolidine (18 L) in DV
(525 L) was added HBTU (2 3 forN‘ﬁ the reaction m xture
was diluted with McOH (1 ni)! a fie y PLC Cohcentration of the
appropriate fractions gave 152 a8 owhite solid, 17 ng. M5 (ESI(+)) me
633.3 (M+H) +. 10 Exanple 138 154

Ner
|

98 154

To a solution of crude 98 (25 mg) and N-(fert-butoxycarbonyl)-1,3-diaminopropane

5 (28 mg) in DMF (700 pL) was added HBTU (30 mg). After shaking for 1h, the reaction

mixture was diluted with MeOH (800 pL) and purified by HPLC. Concentration of the
appropriate fractions gave 154 as a white solid, 26 mg. MS (ESI(+)) m/e 693.3 (M+H)".

Example 14

ks ﬁ@q,
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g e,

155

10

In a small flask were combined 82 (50 mg), 3-methylthiophenylboronic acid (31

mg), Cs,CO3 (60 mg), KOAc (10 mg) and Pd(dppf)Cl; (7 mg). The flask was flushed with
15 Ar and DMSO (5 mL) added. After heating at 60 °C during 1.5h, the reaction mixture was
purified by HPLC to give a white solid, 45 mg.

A portion of this solid (35 mg) was dissolved in MeOH (1 mL), and a solution of
oxone (20 mg) in water (130 pL) was added. After 30 min, the reaction mixture was added
to 10% Na,S,03 (500 pL), diluted with water (10 mL), and extracted 3x10 mL. DCM. The

20  combined organic phases were concentrated and purified by HPLC. Concentration of the

appropriate fractions gave 155 as a white solid, 28 mg. MS (ESI(+)) m/e 555.1 (M+H)".



OHN \-O\ .,HONOO OH153 OOH O Q\/ HN\~p\ HO NO\ OHONO\ OOHH
OH 98 153 To a solution of crude 98 (25 ng) and 2-met hoxyet hyl am ne (13 L)
in DVF (A0 20000969 was added HBTU (40 ng). After shaki ngcrars2éos/o2tshe
reaction m xture was diluted with MI@H (800 L) and purified by HPLC
Concentration of the appropriate fractions gave 153 as a white solid, 20

. M8 (ESI(+)) me 594.3 (M+H)+. Exanple 139 WD 2006/ 009869
PCT/ US2005/ 021524 173 O HN O HO x9; leH'I' 154 O\ OHp\ I I HN~~ O HO
NO/\ O FIO NOp HOH ... ~ . 98 154 To a solution
of crude 98 (25 ngy) and N—(test but oxy ) 1,3 di am nopropane 5 (28
nmg) in DM (700 L) was added HBIU [ king for |h, the
reaction mxture was dil ut et, f(‘ % purified by HPLC.
Concentration of the approprl _rlagt i ons gave 154 as a white solid, 26
ng. M5 (ESI(+)) me 693.3 (M+H)+ MEi‘a

He 140 o HO NO I |
156

Part 4

OH

e NaH, Mel

5 157 158
To a solution of phenol 157 (750 mg, 3 mmol) in DMF (5 mL) at 0 °C was added
NaH (130 mg, 3.6 mmol) followed by Mel (280 pL, 4.5 mmol). The reaction mixture was
stirred at rt for 24 h and then quenched with water. The mixture was diluted with EtOAc
and washed with water (2x) then brine. The solution was dried over MgSQy, filtered and

10  concentrated to afford 795 mg (100%) of crude product 157.

Part B
OMe HOHN OMe
OHC :I 1 NH,OH, NaCNBHj; |
158 159

Aldehyde 158 (795 mg, 3.03 mmol) and hydroxylamine hydrochloride (253 mg,
15 3.64 mmol) were dissolved in THF/MeOH (3:2, 10 mL). Water (2 mL) was added and the
pH was adjusted to 9 with 6.0 N KOH. The reaction mixture was stirred at rt overnight.
After 16 h, sodium cyanoborohydride (381 mg, 6.07 mmol) was added followed by a
crystal of methyl orange. The pH was adjusted to 2 and the resulting ruby red color was
maintained for the duration of the reaction by the frequent addition of 1 N HClL. After
20  stirring for 2 h another portion of sodium cyanoborohydride (381 mg) was added. After
stirring for a total of 16 h, the pH of the reaction mixture was brought to 7 and DCM was
added. The mixture was washed with water (3x), brine and then dried over MgSO4. The
crude product was purified by flash chromatography (50% EtOAc in hexanes then 100%
EtOAc) to afford 706 mg (83%) of hydroxylamine 159.
25 PartC



H3 O 10 OH/ 155 O NNOHONO/\ HHOS 0 OHOHd 82 155 In a small
flask were conmbined 82 (50 ng), 3-nethylthiophenylboronic acid (31 ny),
Cs2CC3 ( 6worm)e/00b8edc (10 ny) and Pd(dppf)Cl2 (7 nmg). Thecrhmsdoswass24 | ushed
with 15 Ar and DVSO (5 nlL) added. Aft7@r heating at 60 C during 1.5h, the
reaction mxture was purified by }{PLCto give a white solid, 45 ng. A
portion of this solid (35 ngy) was dissolved in MeOH (1 nL), and a solution
of oxone (20 mg) incvate (130 L) was added. After 30 m bye t he reaction

m xture was added to 2SR 1500 L), dil ut'By@dntrpater (10 ni), and
extracted 3x10 niL DCM 20 conbi Hed organic pha§esoé/ve concentrat ed and

purified by HPLC. Concentration o? the appropriate fragti ons gave 155 as a
white solid, 28 ng. M5 (E§|(+)) me 555.1 (M+H)+. WD 2006/ 009869
PCTI US2005/ 021 32¢blutiotdoFhalngdyéardidd 189 (H)S mg, 2.58 Mhrfbl and Hheblhyl @lyeixylatdq4ne H

OH 156 Part A OH | 157. (750
ng, 3 mm?f)rga P> Nﬁf}n ,bgl}zegf:/?tﬁ @L&d‘? 8&0 lfaqgslil’?(“%é’ogﬁﬁ %gg‘eﬁ%?‘f r?“@h owed
by Mel (28Qcdss sdiventWal femd @ ERRE td@Bedhrekdlir€ aM@She resulting nitrone (160) was

5  taken on crude in the next step.

Part D
oTBS i Qu ; S|
MeO\[I/\N/\@/ K)/ (I0Pr), H

OTBS
Nitrone 160 (882 mg, 2.53 mmol), allylic alcohol 6 (820 mg, 3.79 mmol) and
Ti(iOPr); (1.12 mL, 3.79 mmol) were dissolved in toluene (5 mL) and heated in the

Mé

10  microwave at 120 °C for 10 min The reaction mixture was diluted with EtOAc (15 mL)
and 3-(dimethylamino)-1,2-propanediol (500 pL) was added. After stirring for 2 h, EtOAc
was added and the mixture was washed with water (3x) then brine, dried over MgSQy,
filtered over Celite and concentrated. The crude residue was purified by flash
chromatography (5:1 hexanes/EtOAc) to afford 575 mg (43%) of lactone 161.

15 PartE

HF/pyridine

T

o}
O,

161 162
To a solution of 161 (225 mg, 0.042 mmol) in THF (6 mL) was added pyridine (2
mL) and HF/pyridine (2 mL). The mixture was stirred at rt for 4 hrs then TMSOMe (8 mL)
was added. Solvent was removed under reduced pressure and the crude product was
20  purified by flash chromatography (EtOAc) to afford 128 mg (72%) of 162 as a white foam.
Part F



stirred at rt for 24 h and then quenched with water. The m xture was
diluted with EtQAc and washed with water (2x) then brine. The sol ution was
dri ed ovewolp@@™9sebi | tered and 10 concentrated to affordTAS200819215200% of
crude product 157. Part B Ove HORN OME6 OHC, & NH2OH, NaCNBH3 158 159

Al dehyde 158 (795 ng, 3.03 mmol) and hydroxyl am ne hydrochl oride (253 ny,
15 3.64 nnnol) were dissolved in THF/ MeOH (3:2, 10 nL). Water (2 nL) was
added and the pH was adjusted to 9 with 6.0 N KOH. The reaction m xture
was stirred at rt overnjght.  After 16 h, sodi um cyanobor ride (381 ng,
6.07 mmol ) was addéeyl of |OA(;I)V\}E by a  cry$tal of Wethyl oolgqmﬁhe pH was
adj usted to 2 and tha resul ti ny 'ty red color -,,,N iphaiaved for the
duration of the reagtypn by the frequent addition ofiol NHCI. After 20
stirring for 2 h alfot hero”porti on of sodi um cyanobor oliditiddex (381 ng) was
added. After stirring®or a total of 16 h, the pH of tie reaction nixture
was brought to 7 and DCM was added, The m xture was shed wt ter
(3x), brine andothBamendrigd 1§yl rmqttoﬁﬁgaé%f:%@nﬁgo@ '&§°p€79é’§arBlgl?e\ilﬁ%186 by
flash chropmt ogr 28 S nqulegy lalEhN) ih Qednko (20706
ng (83% Wh@%r%gg%/am nZ%IE&SQ. Zéﬁ.ggﬁF?gﬁ%Hgégf&s/ 009869 PCT/ US2005/ 021524
175 HOHN B3 06-ONE0.6 Memmgol}). —&ftbe Qirking Bbr 15 min,Qr-solutigo ofl botone JOR YL 2D MHf

hyd | am 159 (.7Q5 2.53 hyl gl . . 05
ol Fn” Belts arsop 18 T GLR Bt Btk SR B ot SEREH G Sy e
over ni ght yeacEXE &8 (SEAcHEA LY WAS 2HEBY O satiehedd dPRoeEHofHetis Sult €5 afld) drdethe

resulting nitrone (160) waS 5 taken on crude 1 n the next step. Part D /I
Ove mixture was stirred rapidly for 2h. DCM was added and the mixture washed with water

(3x) then brine. The solution was dried over MgSQ,, filtered and concentrated under
reduced pressure. Purification of the crude residue by flash chromatography (EtOAc)
10  afforded 160 mg (91%) of 163.

Part G
(Q\x Por O coH
COzH HO
M

o

§ A Loy
163 164
To a mixture of iodide 163 (45 mg, 0.079 mmol), 3-carboxyphenyl boronic acid (26
mg, 0.160 mmol), Cs,CO; (100 mg, 0.31 mmol), KOAc (8 mg, 0.079 mmol) and
15 Pd(dppf)Cl, (6 mg, 0.008 mmol) under argon was added DMSO (2 mL, degassed). The
reaction mixture was stirred at 60 °C for 12 h. LCMS analysis of the reaction mixture
showed some remaining starting material, thus another 6 mg (0.008 mmol) of Pd(dppf)Cl>
was added, and the mixture was stirred at 60 °C for 6 h. The mixture was diluted with
DCM and washed with water (3x) then brine and dried over MgSOy and concentrated. The
20  crude product (164) was used in the next step without purification.

Part H

e,
COZH e i
Q H O N e
L / 0 N .
(g AL e : s LY WD
B o) —_— NN OMe N
T i H !
v B oy HBTU, DIEA HC;A i,
e
164 156



OIBS Ti(iOPr)y o H Meoj/\NO HNOwW M" / OID %M HOBS 160 12 161
Nitrone 160 (882 ng, 2.53 mmol), allylic alcohol 6 (820 ng, 3.79 mmvol) and
Ti (QOPr) aw02odeopds9 3. 79 nmol ) were di ssol ved in tol uenectassedop/oarsd4 heat ed
in the 10 mcrowave at 120 C for 10 ¥n The reaction m xture was dil uted
with EtOCAc (15 nl) and 3- (di met hyl am no) - 1, 2- propanedi ol (500 L) was added.
After stirring for Et CAc was added and the m xture was washed with

t 3x) th
concent rated. - TR2GP ”eag‘a 0 Bl 8 ol g gissoly e g0 RN 0 R} bk o305k (902,
hexanes/ Efektiy®)- ﬁ%&%r;%rvfgﬁ&nem& A399. 16fmMman] DOeA lm uLJﬂ 1Paurhollf al HBTU
HF/ pyridine O H'\" DO HMe HMH O'é']a(g ‘1 62. To a
sol uti on & mg10{228mAY, %m@twwﬂﬁ wasestigigd 7 1t f%s?’ By Epeﬁyfﬁ utfidawit o
n.) and H
Trisore. (ristphbfs8 i, Thbarfidtefbuth Wit by FRTE Bld oot conintnd 6T
t he crydedgiedysbdwasve?d combmfed eld dyodHilizd to raffond tSomeaPHY) CEINSAGs a Bul¥f or d
128 729% of . 162 Part F WD 2006/ 009869
PCT/ uszgowﬁ%ggslth M%%%S%ﬁh %7%18 ar NH2 OH O O~ NH O OMve

Example 142

(o}
N/\/NMEZ
OMe
HO
é H

M
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N/\/NMEZ
N OMe OMe
HBTU DIEA
HO HO
Me é H
165

,.|2N/\/NMe2
To 22 mg (0.039 mmol) of acid 164 dissolved in DMF (700 pL) was added
dimethylethylenediamine (17 pL, 0.16 mmol), DIEA (27 pL, 0.16 mmol) and HBTU (44
mg, 0.12 mmol). The reaction mixture was stirred at rt for 3 h and then diluted with
15 methanol (800 pL). The crude product was purified by HPLC and fractions containing the
desired product were combined and lyophilized to afford 5 mg (20%) of 165 as a fluffy

white solid.

Example 143

CONMe;,

20

Part A



M HOHd HO M HOH 162 163 To a flame-dried 10-m, round bottom fl ask
containing (+)-isopinocanpheylamne (108 L, 0.611 mvpl) and DCM (2.0 nl)
was addedwornestobgsbal um num i n hexanes (2.0 M 305 L, @C6AB20050bL15p4
-Afterstirring for 15 mn, a-solution7’®f |actone 162 (128 ny, 5 0.305 mmol)
in DCM (4 nmL) was added and the m xture was stirred at rt overnight. The
reacti on was quenched by the addition of saturated aqueous Rochelle salt (5
m.) and the mxture was stirred rapidly for 2h. DCMywas added and the

m xture washed with water (3x) then brine. The solution was dried over
MySO4, filtered and concentrated under reduced pr ure. Purification of
the crude residue by flash chromatography (Et OA\C) 0 afforded 160 ng (91%
of 163. PartGOB(C]—I)Z\CI)ZHOHOH NH - - NO® HO COHHO M
HOH M HOH 163 164 To a misxtugesof T8 165%HC , 0.079 mmol ),

3- car boxyphenyl boronic acid ( my, 0. 160 mol ), 2C8 (100 ng, 0.31
mmol ), KOAc (8 ng, 0.079 mol )wand 15 Pd(dppf)C121es(6 ng, 0.008 mol) under

dded DVMSO (2 ni, d d t d
60 C for 12 heT@@V@eaﬁ%ﬁU?H@ GOT el hisald Cishpansd el DA e PPt g
start] ”9 1@8' é‘he 7?%76%& g MF'B'&LPMB%QIWM@ (Asnl,
ure (Nas S or-—

added- - a 1Frre T 6-h.-- The-m-xt-ur e was i | ut ed
Wi th DCI\/I36r1ﬂm‘¢sB&imdd(ﬂ(D3h(6v&hg,e46 (I'lec)l) t ke retaptwrenmctdredwaeehrmdem Gy Bodorand

concentrated. The 20 ¢ ude roduc 64). wa us in.t t hout

purifiéat iAfFPr cpaling ta 1 t Wt Wﬁé{ bl(t‘?]@ Y!?t tr@t#@%ﬁcg)@ it

HO H HO ElEtOAlyq'lyéi‘BwQs wakE&l with brine, dried over MgSO4, filtered and concentrated.
Purification of the crude material (yellow oil) by flash chromatography (9:1
hexanes/EtOAc) afforded 5.7 g (58% over two steps) of 168 as a white solid.

Part B
OMe OMe
0 (|-|0)23«i%cor\uv1e2 o CONMe,
OHC\©/Br oHC
Pd(PPh3).Cly O
168 TEA, EtOH, 120 °C 169
10 microwave, 20 min

To a solution of aryl bromide 168 (500 mg, 2 mmol) in EtOH (5 mL) was added
Et;sN (651 pL, 5 mmol), [4-(V,N-dimethylaminocarbony)phenyl]boronic acid (391 mg, 2
mmol) and Pd(PPh;);Cl, (109 mg, 0.2 mmol). The mixture was heated by microwave at
120 °C for 20 min and then concentrated and purified by flash chromatography to yield 320
15 mg(53%) of 169.

Part C
OMe OMe

o; O CONMe, HONH,, NaCNBHj; HOHI\L‘/‘/ CONMe2
OHC ! o Ee——

169 170
Aldehyde 169 (640 mg, 1.64 mmol) and hydroxylamine hydrochloride (136 mg,

1.97 mmol) were dissolved in THF/MeOH (3:2, 10 mL). Water (2 mL) was added and the

20 pH was adjusted to 9 with 6.0 N KOH. The reaction mixture was stirred at rt overnight.



M HOH 164 156 WO 2006/ 009869 PCTI US2005/ 021524 177 To 22 ng (0.039
mmol ) of acid 164 dissolved in DM (700 L) was added (S)-2-

am noet hyw-2006at0b86b pyrrol i di ne (20 ng, 0.16 mmol ), DI EAPC2/USR05021564 ol )
and HBTU (44 ny, 0.12 nmol). The read?ion m xture was stirred at it for 3
h and then diluted with nethanol (800 L). The crude product was purified
by HPLC and fractions containing the 5 desired product were conbi ned and

| yophiliz t ford 5 9 f ' |

(ESI (+)) Ahe: 8‘?%45?‘%#% Q%nééog‘%fdgldii@& ﬁg’aﬁﬁgq&%}m%zw Rty g 1
D EA HO M LG Mo B O 56a TZN N NUD 05 o 23 g (0. 039 damml) of. aci d
164I ;ji ssomaaingd fvrthe7bmatign ghthe Gaciion By e W@Pﬂgﬁl‘gﬁ% iozrﬁlﬁglpl{%ﬂtfj‘e%gl. 16
mmol ), D ISEA ‘ @7 ’

m xture was's ifrOlr—gtjho ﬁo@?c{?ﬂ%‘g@io@@ﬁsd&n tc(h/ée&?\bbg@gtd gg‘;g\% W%Wﬁg{a ﬁ%{\dg?q%%égg
L). The cstigimgpionduethl sdiss huthe b thy ré4elich anstuie wes bomughtciont andhDAY ttas

desired product,_were conbi ned and .|.yophiljzed.to afford.S (20%- o 65
as a fl uf @gge%ﬁeemé’ﬁllﬁedmﬁa%ﬁ Mlhﬁ%’gtebéﬁﬁeg“nﬁ\@%\ en %66‘1 Wer K1280,. 20
crude product was purified by flash chromatography (50% EtOAc in hexanes then 100%

EtOAc) to afford 500 mg (75%) of hydroxylamine 170.
Part D

OMe
OMe

; o ; CONMe;,
HOHN O CONMe. 0 MeO— & O
MeO - . N
H (@] fo)
® 0 s

10 170 171

A solution of hydroxylamine 170 (500 mg, 1.23 mmol) and methyl glyoxylate (217
mg, 2.46 mmol) in benzene (15 mL) was heated at reflux with a Dean Stark trap overnight.
Excess solvent was removed under reduced pressure and the resulting nitrone (171) was
taken on crude in the next step.

15  ParntE

o o O CONMe, UOTBS Ti(fOPr),
MeO
\ﬂ/\'?' @ Me™

°© 8

171 12
Nitrone 171 (586 mg, 1.23 mmol), allylic alcohol 12 (399 mg, 1.84 mmol) and
Ti(iOPr)s (544 uL, 1.84 mmol) were dissolved in toluene (5 mL) and heated in the

microwave at 120 °C for 10 min The reaction mixture was diluted with EtOAc (10 mL)
20  and 3-(dimethylamino)-1,2-propanediol (200 nL) was added. After stirring for 2 h, EtOAc
was added and the mixture was washed with water (3x) then brine, dried over MgSO,,
filtered over Celite and concentrated. The crude residue was purified by flash

chromatography (DCM then 10% MeOH in DCM) to afford 438 mg (54%) of lactone 172.



ONNO HHO 20 M H OH 166 Part A WD 2006/ 009869 PCT/ US2005/ 021524 178
M OOHPMBCI, K2COB OHCQ\ 5 Br OHCBr 1: / 167 168 To crude phenol 167
(6.1 g, Wormwlgogepr epared from 2-bronmophenol accor di ngpCo/Usdooshe24 Chem
2001, 44 (17), 2766) was added DMF (5i8al) foll owed by PMBCI (4.9 nl, 36
mml ) and K2CO3 (6.3 g, 46 mmol ). The reaction m xture was stirred at 60 C
for 5. 5 After cooling to rt, the mxture was diluted with water and
extracted with Et OAc (2x). The EtOAc |ayer was washed with brine, dried
over MySCAZLL] | tered and concentrated. Purification of the crude materi al
(yellow oil) by flash chromatograpy (9:1 hexanes/Et eaf forded 5.7 ¢
(58% over two steps) of 168 as white solid. Part B Owve 0 (HO 2B
CONME2 0 / CONME2  OH@ied OH \ / Pd(PPh&R2cH? / 8 TEA, EtOH, 120 C
169 10 m crowave, 20 m 0 & golutigp,afe aryl !Bj, ¢ 168 (500 ny, 2
mmol) in EtOH (5 nL) was added t3N(651 L, 5 mmol),

[ 4- (NN- di met hyl am nocar bony)ptienyl ] boronic acid ($91 mg, 2 rmmol) and

Pd( PPh3) 3C12 (109 ng, 0.2 4ny ¥). The nixture waschdateed by nicrowave at

120 C for 20 mn and then % entrated and purifj €d fl ash chronmat ography

to yield 320 mé ™ l-orss Me oH

To a solution of 172 (25 mg, 0.038 mmol) in THF (1.5 mL) at 0 °C was added
pyridine (1.5 mL) and HF/pyridine (450 pL). After stirring for 2 h TMSOMe (1 mL) was

5 added and the mixture was concentrated under reduced pressure. The crude material (173)

was used in the next step without purification.

Part G
CONMe, CONMe,
pe
O "uNH
=N
\ AN
| o}

173 166

To a small, flame-dried vial containing (+)-isopinocampheylamine (16 pL, 0.096

10 mmol) and DCM (500 uL) was added trimethylaluminum in hexanes (2.0 M, 38 pL, 0.077

mmol ). After stirring for 15 min, a solution of lactone 173 (21 mg, 0.038 mmol) in DCM

(1 mL) was added and the mixture was stirred at rt overnight. The reaction was quenched

by the addition of saturated aqueous Rochelle salt (2 mL) and DCM (3 mL) and the mixture

was stirred rapidly for 2h. DCM was added and the mixture washed with water (3x) then

15 brine. The solution was dried over MgSOQs, filtered and concentrated under reduced

pressure. Purification of the crude residue by flash chromatography (2% MeOH in DCM)
afforded 18 mg (67%) of 166. MS (ESI(+)) m/e 700.3 (M+H)".

Example 144



ng (53% of 169. Part C Ove OVe CONMe2 HONH2, NaCNBH3 HOHN O/ | CONMe2
OHC 169 170 Al dehyde 169 (640 ng, 1.64 mmol) and hydroxyl am ne
hydr ochl owodeoq(@@8®9ng, 1.97 mmol) were dissol ved i n THPCWRGRDIOSS2324 10 i) .
Water (2 nL) was added and the 20 pH8was adjusted to 9 with 6.0 N KOH. The
reaction mxture was stirred at rt overnight. WO 2006/ 009869
PCT/ US2005/ 021524 179 After 16 h, sodi um cyanoborohydride (207 ng, 3.29
nmol ) was added followed by a crystal of netdwl orange. The pH was
adjusted to 2 and the resulting ruby red colQqr was nmaintained for the
duration of the reaction by the frequent adddtion of 1 N HCl. After
stirring for 2 h another portion of sodiwdgn gyanoborohydride (207 ng) was
added. After 5 stirring for a total of 16 t he pH of the reaction m xture
was brought to 7 and DCM was addge 1 Xture was washed with water
(3x), brine and then dried over >
flash chromatography (50% Et QAc inth then 100% EtQAc) to afford 500

ng (75% of hydroxylam ne 170. Part DMiAE' CONMeE2 HOHN O/ CONMe2 1A
I\/EO~/ ~~0a MO/~H 101 O %hall p 17G7471 10 A solution of hydroxyl am ne
170 (500 ng, 1.23 mol) and nethyl glyoxylate (217 ng, 2.46 mne]) in
benzene (R&tufl-)- -was -heated at- reflux w t-h a-Dean-St-ark -trap—overni ght.
Excess sol vent was renoveg,,under reduced pressure and the resulting nitrone
(171) was taken on crud@j n the next step. 15 Part E

o CONMe; TFA, DCM OH O CONMe;
OHC O O —  OHC O

169 175

5 To a solution of 169 in DCM (100 mL) was added TFA (2 mL). The reaction
mixture was stirred for 3 h at rt and then diluted with DCM. The mixture was washed with
saturated aqueous NaHCO3 (2x) and water, and then dried over MgS04 and concentrated.
The crude residue was purified by flash chromatography (2:1 to 1:1 hexanse/EtOAc) to
afford 1.8 g (87%) of 175 as a yellow oil.

10 PartB

CONMe:.
CONMe. 2
OH O 2 NaH, Mel OMe O

OHC l OHC O

175 176

To a solution of phenol 175 (490 mg, 1.8 mmol) in DMF (8 mL) was added NaH
15 (90 mg, 2.2 mmol, 60%) followed by Mel (170 uL, 2.7 mmol). The reaction mixture was
stirred at rt for 3 h and then diluted with water and extracted with EtOAc. The EtOAc layer
was washed with water then brine, dried over MgSO, and concentrated. The crude residue
was purified .by flash chromatography (2:1 then 1:1 hexanes/EtOAc) to afford 453 mg
(88%) of 176.
20 PartC



CONME2 Ove MO/ O CONMez OTBS O HO/ OH ( Ti(iOPr)4 N MON,I .1 OO
111 Me" p Me OTBS 171 12 172 Nitrone 171 (586 ng, 1.23 nmol), allylic
al cohol MOB@MpxgY 1.84 nmol) and Ti (i OPr)4 (544 gL, PcgAsmsioriseere
di ssolved in toluene (5 nL) and heated2in the mcrowave at 120 C for 10
mn The reaction m xture was diluted with EtOAc (10 nL) 20 and
3-(di net hyl am no) -1, 2- propanedi ol (200 L) was added. After stirring for 2
h, EtOAc was added and the mixture was washed with water (3x) then brine,
dried over MgS™4, filtered over Celite and concentrated. The crude residue
was purified by flash chromateguaphy (DCM t 10% onye. DCM) to afford
438 mg (54% of Iact e Pt a] 20080 T8HY- US20050021524 180 Part F
CONMe2 CONME2 MeO MB “[pyridine Op H\ O NO ne HOIBS M@ H CH
172 173 To a solution o172 (25 ng, 0.038 mol) n TI-H (1.5 nL) at 0 C
\r/]va:swgtgf/gd(lp%{i dine (1.%%nl) and HF/ pyri di ne (45017L) After stirring for 2
duced
pressure. The %d%i@?g%d %(ioh&ﬁnﬁ(%@e nex &‘?{’@g“&ﬁ?ﬁﬁ bie
purificatiop mﬂ?@lB tvefe s 1@@1«11\198/[60%@*2 MEE)@nL). Water (2 mL) was added and the

______pH was adjusted to 9 with 6.0 N KXOH. The reaction mixture was stirred at rt overnight.
5  After 16 h, sodium cyanoborohydride (201 mg, 3.20 mmol) was added followed by a

crystal of methyl orange. The pH was adjusted to 2 and the resulting ruby red color was
maintained for the duration of the reaction by the frequent addition of 1 N HCl. After
stirring for 2 h another portion of sodium cyanoborohydride (201 mg) was added. ~After
stirring for a total of 16 h, the pH of the reaction mixture was brought to 7 and DCM was
10  added. The mixture was washed with water (3x), brine and then dried over MgSO,. The
crude product was purified by flash chromatography (50% EtOAc in hexanes then 100%
EtOAc) to afford 402 mg (84%) of hydroxylamine 177.
Part D

HOHN  OMe O CONMe, o o G OMe O CONMe,
e
® wo, A, ——— TN 9
H O o0
3 e
177 178

15 A solution of hydroxylamine 177 (402 mg, 1.34 mmol) and methyl glyoxylate (236
mg, 2.68 mmol) in benzene (15 mL) was heated at reflux with a Dean Stark trap overnight.
Excess solvent was removed under reduced pressure and the resulting nitrone (178) was

taken on crude in the next step.

Part E

OMe

CONMEz
MeO NC] O OTBS  Ti(iOPr)s
1S O J
° 8

178

20
Nitrone 178 (496 mg, 2.53 mmol), allylic alcohol 6 (435 mg, 2.01 mmol) and

Ti(iOPr)4 (0.593 mL, 2.01 mmol) were dissolved in toluene (5 mL) and heated in the



OOAIM3 O- ..,.,\HOHN NM H - OHM HOH 173 166 To a snall,
flame-dried vial containing (+)-isopinocanpheylamne (16 L, 0.096 10 mmol)
and DCM (Ww0Qodasyoows added trimet hyl al um num i n hexanes @2T@SkH05BB1524 0. 077
mmol ). After stirring for 15 mn, a 8l ution of |actone 173 (21 ng, 0.038
nunol) in DCM (1 nL) was added and the m xture was stirred at rt

overni ght. The reaction was quenched by the addition of saturated aqueous

Rochelle salt (2 3 and..t he .

For 2h, - DOMFIRE AT AniCRe i T ERhURW HedgplPd 30 IR B Y
The sol ut ;1 \@etlyl#8ine) eR-dYBStAtdiol | zdoqr@dmruade@n@a’cﬁrrsam fonglér Et@suced
pressure. Purification of the crude reS|due flash chromat ograph /o

McOH i n DEM addddf anddthe mactwg &7 wpshstl wils Wavs ((3Elsrff(e-n)1)m"rﬁs élﬂ?éc?vsr

Exanmple 1 2006/ 869 .P 2 N
HO Me H O if\é\g “Var tCO}B-\?eo@gd gx@g@gfgg@ ﬁ%goé\‘ﬂd%)jeoo“ Ng’z" oa—%@fmc 169 175
5  chromatography (DCM then 10% MeOH in DCM) to afford 575 mg (77%) of lactone 179.
Part F

180
To a solution of 179 (510 mg), 919 mmol) in THF (10 mL) at 0 °C was added
pyridine (5 mL) followed by HF/pyridine (2 mL). The reaction mixture was stirred for 5 h
10  and then quenched by the addition of TMSOMe (15 mL) and concentrated. The crude
residue was purified by flash chromatography (2% MeOH in DCM) to afford 267 mg
(66%) of 180.
Part G

180

15 To flame-dried 25-mL round bottom flask containing (+)-isopinocampheylamine
(160 pL, 0.98 mmol) and DCM (2 mL) was added trimethylaluminum in hexanes (2.0 M,
490 uL, 0.98 mmol ). After stirring for 20 min, a solution of lactone 180 (215 mg, 0.490
mmol) in DCM (8 mL) was added and the mixture was stirred at rt overnight. The reaction
was quenched by the addition of saturated aqueous Rochelle salt (10) and DCM (10 mL)
20 and the mixture was stirred rapidly for 2h. DCM was added and the mixture washed with

water (3x) then brine. The solution was dried over MgSO,, filtered and concentrated under



5 To a solution of 169 in DCM (100 nL) was added TFA (2 nL). The reaction
m xture was stirred for 3 h at rt and then diluted wwth DCM The m xture
was washeslowntdnosssat ur at ed aqueous NaHCO3 (2x) and wat ePCTAIsdooshoers2dr i ed
over MgSO4 and concentrated. The crudé residue was purified by flash
chromat ography (2:1 to 1:1 hexanse/EtOAc) to afford 1.8 g (87% of 175 as
a yellowoil. 10 Part B OH\ CONMe2 NaH, Mel Me \ CONMe2 OHC OHC [/ 175

176 To a sql utd.on . 9 : Ve tOnasSthaglded
NaH 15 (& “érJF&,pri?'Sg;empTgﬁ%é‘Bé}}%f% %“\Ag%reﬁf/d“%e (181715!{1), by The
reacti on pioMEOH WER0AS) afforddd AT0 mig (59%) 8f W74 MiS (E&Iﬁ)dm/mﬁ%ZMﬂﬂ)wat er and
extracted with Et OAc. The Et QAc | ayer was washed with water then brine,
dried over MJSO4 and concentrated. The crude residue was purified by flash
chromat ography (2:1 then 1:1 hexaneyxg%)ﬁto afford 453 ng (88% of 176.
20 Part C WD 2006/ 009869 PCT/ US2005 82 CONMez CONMe2 OWVe HONHi ,
NaCNBH3 HORN Owve OHC 176 177 Alldehyde 17 ng, 1.60 nmew ) and

hydr oxyl am ne hydrochl oride (1 r:[g,o'j Y. were dissolved in THF/ MeOH
(3:2, 10 nL). Water (2 nl) was ddded an was adjusted -to_ 9 with
6.0 NKOH. _ The reaction mxture wd§SSti\rred at rt overnight. 5 After 16 h,
sodi und-cyanobor ohydri de (201 ng; -3.20 mBl) was-added followed by a-

crystal of methyl orange. The pH was ad#' gsted to 2 and the resulting ruby
red color was maintained for the durath®n of the reaction by the frequent
addition of 1 NHC. After stirrjyng for 2 It another portion of sodium

cyanobor ohydri de (201 was dé@d. After stirring for a tgtal of 16 h,
t he pH of tea tj xtur as " 'br esgteadioRee? DCM addegl. The
m xture was Wgs whit h water {3x), brine and fhek dxj over WoSis—The
crude product "was—pti fied b%z joash chropat ogr aphy 1 ( 30%IEtOAC hexXanes
then 100% =1 Lon | 2\,

82 182 181

Aryl iodide (82)(0.04mmol), boronic acid (182)(0.08mmol), cesium carbonate
(0.08mmol) and palladium catalyst(0.008mmol) are combined in a reaction vial and flushed
10  with argon. DMSO (1 mL) is then added to reaction mixture and stirred under nitrogen at
60° C for 4 hours. The reaction solution was cooled to rt and diluted with water and
extracted 3 x 5 mL of EtOAc. The organic layers were collected, dried over MgSO,, and
concentrated. The crude material was purified byd HPLC. 65% yield. MS (ESI(+)) m/e
586.1 (M+H)".
15

Example 146

CsC203, P4CI2(dppf) o O OY

DMSO




Et OAc) to afford 402 ng (84% of hydroxylam ne 177. Part D HOHN CONMe2 Owe
i CONMe2 \e\ | OMON\ MOHIIAI oi 0177 178 15 A solution of
hydr oxyl awDreoclon860402 ng, 1.34 mmol) and net hyl gl yoxylparase@3®215oy, 2. 68
mmol ) in benzene (15 nlL) was heated a85reflux with a Dean Stark trap

overni ght. Excess solvent was renoved under reduced pressure and the
resulting nitrone (178) was taken on crude in the next step. Part E CONWe2

Y‘%‘E 12w 170 s o ROy RSl EEph ool el kG
mg, 2.01 g@érhm&)dmd'ﬁh{l&cﬁﬁh)céta{;@t(B%Smnol)Zar@ towimed 1rmr@cdonsssml areliflushed

toluene (5 nL) and heated in . the W) 2006/ 009869 PCT/ U 32005 021524 183
m cr owave wih argen AAMSO (hk)ds thee addet i sactiandpixue iad SHTPd PRIFT W 9ERbnc

(10 n) 6%6%1‘ %sdfogqlcﬁéﬂrgrq‘ﬂéol)ea% 031 Rﬁr\%y &Jole(d%%ch lohd ‘ﬁﬁﬁteﬁ%ﬁgwaﬁ‘r bed

stlrrlng was a the m xture was washed with water
(3x) thenehrdcne, 3 oirs ed. o BIOAG I, orgﬁmb flayreedweneerollGetedlt dricsineier HMB¥Ps ead ed.

n oM { séric%%%‘gd“ﬁse E:a“ G P RIS 90T CParh P A BN ko
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Example 147

10

185

185 N

To a solution of biaryl acid (186; made according to the procedure described in the
15 synthesis of 87)(0.03mmol) in 0.6ml DMF was added HBTU (0.06mmol) followed by
amine (187)(0.10mmol). The reaction solution was then capped and stirred at rt for 1 hour
under an atmosphere of nitrogen. The reaction solution was cooled to rt and diluted with
water and extracted 3 x 5 mL of EtOAc. The organic layers were collected, dried over
MgSOQ,, and concentrated. The crude material was purified by HPLC. 85% yield. MS

20 (ESI(+)) m/e 697.5 (M+H)".

Example 148



OO NO/ 1YN M HOIBS M@ HHOH O O 179 180 To a solution of 179 (510
nmyg), 919 mmmol) in THE (10 nL) at 0 C was added pyridine (5 nL) followed by
HF/ pyri diwe 20@/ab869 The reaction m xture was stirred foPCEH/Us2005802824 t hen
guenched by the addition of TMSOWe (1B6m.) and concentrated. The crude
residue was purified by flash chromatography (2% MOH in DCM to afford 267
ng (66% of 180. Part G CONMe2 CONME2 Meo MeO AIMe3 OH-NH2 1 \°'YMJ
NHN,, O"HO, 0O M SOH M, H OH 1 174 15 To flanme-dried 25-nL round
bottom fl ask containing (+)-+5@pi lamne (160 L, 0.98 mmol) and
DCM (2 ni) was added trimet hylg '%n apes (2.0 M 490 L, O.98
nnnol ). After stirring for 20" my sol { of Hactone 180 (215 ny,
0.490 mmol) in DCM (8 nmL) was added the mM¥Xtune was stirred at rt
overnight. The reaction was quenched by the a |t|$n of saturated aqueous
Rochell e salt (10) and DCM (10 nlL) 20 and theﬁthure was stirred rapidly
for 2h. DCM was added and the m xture washed Wt wat er (3x) then brine.
The solution was dried over MgSO4, filtered and concentrated under WO
2006/ 009869 PCTI US2005/ 021524 184 redussd pressure. Purification of the
crude residue by flash chromat ography (EtOAc then 1% McOH in Et QAc)

af ferded-170-ng (59% —of 174-—-NM5-(ESI (-+) ) -m €-594.-2-( !

A <

186 189 188 / N7
To a solution of biaryl acid (186)(0.03mmol) in 0.6ml DMF was added HBTU
5 (0.06mmol) followed by amine (189)(0.10mmol). The reaction solution was then capped
and stirred at rt for 1 hour under an atmosphere of nitrogen. The reaction solution was
diluted with water and extracted 3 x 5 mL of EtOAc. The organic layers were collected,
dried over MgSO,, and concentrated. The crude material was purified by HPLC. 82% yield.
MS (ESI(+)) m/e 735.6 (M+H)".

10
Example 149

S e

190

Part A

H
HO
OH

15 82 191 192

I (HO)XB

\/\@ Na2CO3; Pd(PPh3)4 ‘ '

4 Toluene / 1 H20

Aryl iodide 82 (2.65 mmol), vinyl boronic acid 191 (10.62 mmol), sodium carbonate (10.62
mmol) and palladium tetrakis (0.530 mmol) were weighed into a 100ml flask. Flask was

then purged with argon and content were dissolved in a 4:1 ratio of toluene/water (30 mL).



oH\/ r HO ,,,NNI \ NHO HOOH 181 OH\ SOH O H N/ CsC203,
PdC12(dppD O HH O HO O NH8N = No N SO 0=5=0 DMSO HO OH OH 82 182 181
Aryl i odiwe 20&2ap¢904nmot ), boronic acid (182) (0. 08muol pCTaS008MR LS4 bonat e
(0.08nmol ) and pal | adi um catal yst (0. 083mmvpl ) are conbined in a reaction
vial and flushed to with argon. DMSO (1 nL) is then added to reaction

m xture and stirred under nitrogen at 60 C for 4 hours. The reaction

SO O 188 B BT Mo o B 96 St o

concentr afrﬁéia Udo@s qiyéeiavamawad 3VIR0pMLi dfl mmawm@nlﬁw@m whig. deBd

(ESI (+)) me 1586 1 (MrH) +. 15 Exanple 146 NH

183 OH Bwashedovith hrigs dpigd OVFrdM£§@el|@5¢ fO@eFFfeted H@g% Ggﬁﬁgpr?ﬁs“reN 9°11“d?\|H O
H DVBO HQ gr_e':n%as purified by flash chromatography. Yield 85%.

5 PartB
i) OsO4; tBUOHITHF/H20 0
iiy NalO4; THF/H20 o —ALE N
. N
HO

193

Compound 192 (0.110g, 0.205 mmol) was placed in a 200ml RB flask to which was
added NMO (0.111g, 0.820 mmol) dissolved in 16ml tBuOH, 8ml THF, 2ml H20. To this
stirring solution was added 2.9ml of OsO4 (0.210 g, 0.0205 mmol; 2.5% in tBuOH) solution

10  dropwise. The reaction was checked by TLC after 4 h and SM had been completely
consumed. Quenched with Na;S,0; solution and partitioned in ethyl acetate/brine.
Washed aqueous layer, dried organics with MgSOy, filtered and concentrated.

This crude product (0.010 g) was then taken up in THF (0.2 mL), to which was

added water (20 pL), and sodium periodate (0.0041 g) and stiired overnight.. The reaction
15 was quenched with Na,S,03, washed with brine, dried over MgSQ, and concentrated under

reduced pressure. The crude material was purified by flash chromatography. 85% yield.

Part C
kx *& 1

194 195

Hoh. -

Aldehyde 193 (0.274mmol) was weighed and transfered to a 25ml RB flask and

20 dissolved in methanol (6 mL). Amine 194 (0.549mmol) was then added to this solution and
stirred for 1h. Reaction went from cloudy to clear. To this solution was added sodium
borohydride (0.549mmol) in one portion. Another equivalent of amine was added and the
reaction was stirred for 20 minutes. Then another 0.5eq borohydride was added and left to

stir. The reaction was quenched with acetic acid (40pL). Benzene (2 mL) was added the

25  reaction solution was concentrated under reduced pressure. The crude material was



82 184 183 WD 2006/ 009869 PCTI US2005/ 021524 185 Aryl i odi de

(82)(0.04mmol ), boronic acid (184)(0.081nnmol), cesium carbonate (0.08nmol)
and pal | astoemcmbsbyst (0. 008mol ) are conbi ned i n a reaeCirars2asakisand
flushed with argon. DVMBSO (1 nL) is t188n added to reaction m xture and
stirred under nitrogen at 60 degrees for 4 hours. The reaction solution
was cooled to rt and diluted with water and 5 extracted 3 x 5 nL of Et OAc.
The organ ers wer e oI | ec ri e t The
crude nat %WLYP %8“%&??. %‘ g@ﬁ%en%% (}Xyal{ éJY%nglﬁ\&/gda@ }eﬁ%ﬁﬁfj‘ H@{nggc 2
(MrH) +.  Exodpileht. This m@tefibl lest@l witdebiit purificatidnGhl t]hd:'nexi@tebl 185 0 NNHI |
BNHHHOO "™N'" NO\ HBTUHONHOOOCH/ I \ HOHOHd 186 187 185 'N To
a sol uti oBawD bi aryl acid (186; made according to t he procedure descri bed

in the 15 synthesis ofri@%i%mml) in 0.6m was ad dHB

(0. 06mmol ) fol @, @?4 e,(187) (0. &Omml) - on was
then capped and\stirie Nf o her Nof ni trogen.
The reaction sol Ut flonlwas cool e and“eQﬂ I ut dH(yvl vvater d
extracted 3 x 5 nL of\HEA@Ac. The organl c layers were g0 MActed, “dried over

MySOH4, and concentrategs The crude rnapfﬁrl aI was pur|f| ed by HPLC 85%

yi el d.--M - —
5 Compound 195 (18mgs 0. O35mmol) was added to a 1/80z vial to which was added

1ml DCM followed by the aldehyde 196 (0.070mmol). Sodium triacetoxyborohydride
(0.052mmol) was then added in one portion and reaction was stirred at 1t. Crude material

purified by HPLC. 77 % yield. MS (ESI(+)) m/e 613.5 (M+H)".

10 Example 150

NaBH(OAc);,
—_—

MeOH

J,

Aldehyde 198 was made according to the procedure described in example 149,

198 199

15  using aryl iodide 163 in place of aryl iodide 82. 88 % yield.

Aldehyde 198 (0.02mmol) was added to a flask, dissolved in 0.4ml DCM, and the
amine 199 (0.08mmol) was added. Sodium triacetoxyborohydride (0.03mmol) was then
added to this mixture and stirred overnight. The crude reaction solution was purified
directly on HPLC. 91 % yield. MS (ESI(+)) m/e 637.5 (M+H)".

20
Example 151



20 (ESI(+)) me 697.5 (MtH) +. Exanple 148 WO 2006/ 009869 PCTI US2005/ 021524
186 OHNOO HO' OH/-N 188 OH\ / ~> HONOO HNOHBTUHOOjH'H
OHI OHwWH22&D09860 186 189 NI To a sol ution of biaryl pagiu$2005/021524

(186) (0.03mmol ) in 0.6nm DVF was adde@HBTU 5 (0.06mmol) foll owed by am ne
(189)(0.10mmol ). The reaction solution was then capped and stirred at rt
for 1 hour under an atnosphere of nitrogen. The reaction sol ution was

diluted with water and extracted\3 x 5 niL Et OAc. The organic | ayers were
collected, dried over MySO4, ann t d. The crude material was
purified by HPLC. 82% yield. M E3N ¥ me 5.6 (MtH) +. 10 Exanpl e 149
OH\ Hr o N HO.. N HOH190 wo_~°

tH

O=g..
OH S=p

-~

PdCl,(dppf)

Cs,CO4, KOAC,
DMSO, 60 °C

To a round-bottomed flask was added 82 (20 mg, 0.035 mmol), 3-methylsulfone-

5  phenylboronic acid (14 mg, 0.070 mmol.), cesium carbonate (34 mg, 0.11 mmol),

potassium acetate (3.5 mg, 0.035 eq.), and PdCly(dppf) (2.9 mg, 0.0035 mmol.). The flask

was purged with argon and degassed DMSO (30 min with argon, 1 mL) was added. The

reaction was then heated in a 60 °C oil bath under argon for 3 h, cooled and allowed to stir

at 23 °C for an additional 12 h. The mixture was diluted with CH,Cl, (5 mL), saturated

10  brine solution (5 mL) and extracted with CH,Cl, (2x25 mL). The combined organics were

dried (Na,S0O4), filtered and concentrated in vacuo. The crude oil was purified by gradient

flash chromatography (5 g SiO,, 90-100% EtOAc/Hex) to yield 13 mgs (65%) of the
biphenyl methylsulfone 200 as a colorless oil. MS (ESI(+)) m/e 571.2 (M+H)"

15 Example 152

201

Compound 201 was prepared according to the procedure described in example 151

using 3-methylsulfide-phenylboronic acid in place of 3-methylsulfone-phenylboronic acid.
20 Yield 70%. MS (ESI(+)) m/e 539.2 (M+H)"

Example 153



Part AO HHF NO (HO 2B Na2CO3; Pd(PPh3)4 Ho NO HO H 4 Toluene / 1 H20 H
OH OH 15 82 191 192 Aryl iodide 82 (2.65 mol), vinyl boronic acid 191
(10. 62 nmeb)pocamaseam car bonate (10.62 mmol) and pal | adipamiusetosakiss4 (0. 530
mmol ) were weighed into a 100m flaski9oFl ask was then purged with argon
and content were dissolved in a 4:1 ratio of toluene/water (30 nm.). WO
2006/ 009869 PCT/ US2005/ 021524 187 This m xture was then heated at 65 for
three hours. The oraganic |ayer ﬁs then cqll ected. The aqueous |ayer was

extracted 3 X 20 nL of EtOAc. The[eng jers were pool ed, washed with
brine, dried over MgSO4 and concent ! educed pressure. The crude
material was purified by flash chroma \—=Yield 8% 5 Part BH\ / i)
Gs4; | BuCH THF/ H2O O H\  _...HO NO -:" -4 Ng| 04; THFIH2ZO N D HO 192 193
Conmpound 192 (0.11 Qg, 0.205 nmol) was placed °n a 200nl RB flask to which
was added NMO (0.111g, 0.820 mmmol) dissqlved in 16m tBuOH, 8nl THF, 2mi
H2O. To this stirring solution was adddd 2.9m of 0504 (0.210 g, 0.0205
mol ; 2.5%in tBuOH) solution 1Q_dropw se. The ri on was ecked by TLC
w el ¢ Q

after 4 h and SM had consuned. Na2S203

of, set abellibige.  Yéaghegaque | ayer,
S-er ~nd~@@;ﬁmﬂ{~r~~atedlﬂ0—; NS et -product -
(0.010 g) was then taken up i MgHE (0.2 L), to which wAs oadebeod wat er (20
L), and sodium periodate (0.£041 g) and stiired overni ghtyp. The reaction
15 was quenched with Na2S203, washed with brine, dried over S and
concent rat ed ufider 0 PEchotwidnpricdiu@2e. mg;h@ 04k gdeolrin éPilaMe@EETHE@fmEY Wy

flash §: hr ggﬁietd% o E1y a siggl%p%}t%nctﬂ ml:é?r()FOZ%q.c)). Iif&):r %ﬁ% ag(_)| °E§I for 1 h, the reaction

mixture was diluted with CH,Cl, (5 mL), saturated brine solution (5 mL) and extracted with

CH,Cl, (2x10 mL). The combined organics were dried (Na,SOs), filtered and concentrated

in vacuo. The crude oil was purified by preparative thin layer chromatography (20x20 cm

plate, 250 um thickness, 5% MeOH/CH,Cl,) to yield 18 mg (79%) of a 1:1 diastereomeric
10  mixture of sulfoxidgs as a white foam. MS (ESI(+)) m/e 555.2 (M+H)".

Example 154

\*/\CHO Na(OAc)sBH
CH,Clp

23°C,3h
15 195 204 203

To a 23 °C solution of 195 (20 mg, 0.04 mmol) in CHyCl, (1 mL) was added 3,3-
dimethylbutyraldehyde (0.08 mmol) followed by Na(OAc);:BH (10 mg, 0.06 eq.). After
stirring at 23 °C for 3 h the reaction mixture was filtered through a plug of glass wool and
purified directly by HPLC to provide between 5-10 mg (20-50%) of final product. MS (ESI(+))

20  m/e 601.5 (M+H)".




H2ZNH HNOHHNOHON MOHHON OHHOH193 194 195 Al dehyde 193
(0.274mmvol ) was wei ghed and transfered to a 25nl RB flask and 20 dissol ved
i n met harwb 20@&/mk869 Ami ne 194 (0. 549mmp1) was t hen adde@Craseévs®2e5e4 uti on
and stirred for I h. Reaction went fri@m cloudy to clear. To this solution
was added sodi um borohydride (0.549mmD1) in one portion. Another

equi val ent of am ne was added and the reaction was stirred for 20 m nutes.
Then anot her 0.5eq borohydri de was added and left to stir. The reaction
was quenched with acetic acid (40L). Benzene (2 nL) was added the 25
reaction solution was concentrated yRgeipld ESfuced pressure. The crude

mat eri al was WO 2006/ 009869 PCT/ US2 021524 188 azeotroped one nore tine
with 3nl benzene to a white solid and placedyon high vac overnight. This
materi al was used w thout purifygatigon ih next step. Part D,{~\/ OMH
N NaBHg OHNv HHO.. - NO H(M OH OH 195 196 190 5
Conpound 195 (18nys, 0. 035mml ) whas Hadded to a IM8oz vial to which was added
| M DCM foll owed by the al dehyde 18 71 Q._070mmol ) ' Sodi um

tri acet oxyborohydride (0.052mml) was tfén added in one portion and
reaction was stirred at A. Crude materi purified by HPLC. 77 %yield. M5
(ESI{(+))-nle 613.5 (MtH)—+.- 10 Exanple 50-O H-\ / \-1 —~N-N--HO O~N~ H -

’ ~

"’N N N

H \o \/\N/
HO e |

To a 23 °C solution of 195 (20 mg, 0.04 mmol) in CH,Cl; (I mL) was added
hydrocinnamaldehyde (0.08 mmol) followed by Na(OAc);BH (10 mg, 0.06 eq.). After stirring
at 23 °C for 3 h the reaction mixture was filtered through a plug of glass wool and purified
directly by HPLC to provide between 5-10 mg (20-50%) of final product. MS (ESI(+)) m/e

10 635.4 (M+H)".

Na{OAc)3BH
CH,Cly
23°C,3h

Ph~"cho

206

Example 15

6
Ho A N~

207
'l,rI:ji <
)\/CHO Na(OAc);BH HO_ A+
CH,Cl, :
23°C,3h
208

15

To a 23 °C solution of 195 (20 mg, 0.04 mmol) in CH,Cl; (1 mL) was added
isobutyraldehyde (0.08 mmol) followed by Na(OAc);BH (10 mg, 0.06 eq.). After stirring at

23 °C for 3 h the reaction mixture was filtered through a plug of glass wool and purified



OH 197 OHNO .JN NaBH(GAc), ON N HOHHN MMOHHON HO HO CH CH
198 199 197 Al dehyde 198 was nmade according to the procedure described in
exanpl e 1M0,20061098638i ng aryl iodide 163 in place of aryl pcodisdes®215288 %

yi el d. Al dehyde 198 (0.02mmvl) was added to a flask, dissolved in 0.4m
DCM and the amne 199 (0.08mmol) was added. Sodi um tri acet oxyborohydride
(0. 03mml) vvas then added to this m xture and stirred overnight. The crude

7o 637, Sreitpr S Bbian B e b onsantP 0a8ne s tsbBR b IR R

VH o ff N58HO®@ O S_O 200 0S OHOH(HO)26y VHO 7NOHN HNO
HO PdC12(dppf) HOFI 0 H OH Cs2C33, KOAc, = OH'/ _-0 82 DwWb0O, 60 C 200
To a round-bottomed flask was added 82 (20 ng, 0.035 nnnol),

3- et hyl sul f one-

Example 157

\/\ |
@\/CHO Na(OAc);BH

CHzclz
23 °C 3h

210

To a 23 °C solution of 195 (20 mg, 0.04 mmol) in CH,Cl, (1 mL) was added

phenylacetaldehyde (0.08 mmol) followed by Na(OAc);BH (10 mg, 0.06 eq.). After stirring at

10 23 °C for 3 h the reaction mixture was filtered through a plug of glass wool and purified

directly by HPLC to provide between 5-10 mg (20-50%) of final product. MS (ESI(+)) m/e
621.5 (M+H)".

Example 158

15

D,

Na(OAc);BH
_CHClh

Toz%c a3n
212 23°C,3h 211

To a 23 °C solution of 195 (20 mg, 0.04 mmol) in CH,Cl, (1 mL) was added
cyclohexanone (0.08 mmol) followed by Na(OAc);:BH (10 mg, 0.06 eq.). After stirring at 23



5 phenyl boronic acid (14 ng, 0.070 mmol .), cesium carbonate (34 ng, 0.11
nmmol ), potassiumacetate (3.5 ng, 0.035 eq.), and PdC1l2(dppf) (2.9 ng,
0. 0035 nmmwb.2po6/obbssof | ask was purged with argon and degaeTad208BA5¢80 mi n
with argon, 1 nL) was added. The rea@8ion was then heated in a 60 C oil
bat h under argon for 3 h, cooled and allowed to stir at 23 C for an
additional 12 h. The m xture was diluted with CH2C 2 (5 nlL), saturated 10

brine sol yti.0 L n

or gani cs %If%rr5 é%ile 'd‘:’)afﬁ% g%ﬁn[ a\?éﬁ ﬁltéﬁ%%ﬁg%&%é %ntrat ?orll-geggﬁﬁﬁm fcetly
crude oi | pypaspeIpu s fyreddbpeaverdi 00 mg [(26-50%h rod rftab gpradoley IS @Sﬁﬂ)&m/@(w?(m%
Et CAc/ Hex) to yield 13 Rigs (65% of the biphenyl nethylsulfone 200 as a
col or|ess(M+H) M5 (ESI(+)) mle 571.2 (M+H)+. 15 Exanple 152 = off H NO HO
HOHS 201 Conmpound 201 was prepared according to the procedure descri bed
in exanple 151 using 3-nethyl sul fide-phenyl boronic acid in place of

3- net hyl sul f one- phenyl boroni c aci d. Ex2owple £33 70% MS (ESI(+)) me 539.2

(M-H) +. Exanpl e 153 WO 2006/ 009869 PCTI US2005/ 021524 190 DH = NO HO H
% ¢, = & -s"O 201 202 To a 0 C
sol ution of 201 (22 nmg, 0.041 mMm .,)Nﬁué;l THF (2 nL) was 5 added
0 . )

OH _S" o 202 T5?P _QOCc'30M n

oxone in a single-portion-{13 ng, & Of 0-): ~-AFt-BF -stirri-ng-at-0-C for 1 h,
the reaction mxture was diluted wth Cl2 (5 nlL), saturated brine
solution (5 nL) and extracted with

213

A N CHO
T Na(OAc)sBH
CH,Cl,

23°C,3h

, i //Q/H
“N : N\ N
H o]
HO A

195 214

To a 23 °C solution of 195 (20 mg, 0.04 mmol) in CH,Cl, (1 mL) was added

10  pivaldehyde (0.08 mmol) followed by Na(OAc);:BH (10 mg, 0.06 eq.). After stirring at 23 °C
for 3 h the reaction mixture was filtered through a plug of glass wool and purified directly by
HPLC to provide between 5-10 mg (20-50%) of final product. MS (ESI(+)) m/e 587.5 (M=+H)".

Example 160

15 E OH

To a solution of crude 98 (25 mg) and 1-(2-aminoethyl)pyrrolidine (16 pL) in DMF
(700 pL) was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted



CH2C12 (2x10 mL). The conbi ned organics were dried (Na2SO4), filtered and
concentrated in vacuo. The crude oil was purified by preparative thin

| ayer chrwoab@gosgsby (20x20 cm plate, 250 umt hi ckness pCPASMIQIRGRIRCL2) to
yield 18 ng (79% of a 1:1 diastereom®ic 10 m xture of sulfoxides as a
white foam M (ESI(+)) nmle 555.2 (MtH)+. Exanple 154 OHH NN\ ON HO
~ OH203 =OH\N / HOH\NY / N- N N\ V- NNH j N CHO Na(QAc)3BH HO O

0. 04 mrol JMEMEPERER0 AL YRR RS Cofctaimal B U BRI PR
nol ) f ol lgaweld Sty aNealfit w)id BH tmEOMBYESN+))Bmep3B.3 (MfrHD stirring at 23 C for

3 hthe reaction mxture was filtered through a plug of glass wool and
purified directly by HPLC to provide between 5-10 ng (20-50% of final
product. Ms (ESI(+)) 20 nle 601 5 (M) s1e 160 2006/ 009869 PCTI US2005/ 021524
191 Exanple 155 Ph OH NO N -H-u!f"zob—Ph VIH V

J’ it( oY
e o N O OH 0 o O HN
'I/N N ) -
e Ov 'Sy RO TR
HO—% HO—~
tH 7 5
E OH —_— A\,
98 216

To a solution of crude 98 (25 mg) and N,N-dimethyl-1,3-propanediamine (19 pL) in

DMF (700 pL) was added HBTU (30 mg). After shaking for 1h, the reaction mixture was

10 diluted with MeOH (800 pL) and purified by HPLC. Concentration of the appropriate
fractions gave 216 as a white solid, 13 mg. MS (ESI(+)) m/e 621.3 (M+H)".

Example 162

#@R .

To a solution of crude 98 (25 mg) and isopropylamine (13 pL) in DMF (700 pL)
was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted with

15

MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions gave
20 217 as a white solid, 14 mg. MS (ESI(¥)) m/e 578.3 (M+H)".



OHN \ , N\ NOH NN HO OPh Na(OAc)3BH HOON t H ~' CHO CH2Cl 2 = H
195 OH 206 23 C, 3 h 205 OH 5 To a 23 C solution of 195 (20 ngy, 0.04

ol ) i n wBRGkaoskonm) was added hydroci nnanmal dehyde (@Cc@&Saovsioristol | owed
by Na(QAc)3BH (10 ng, 0.06 eq.). Afteamwsstirring at 23 Cfor 3 h the
reaction mxture was filtered through a plug of glass wool and purified
directly by HPLC to provi de between 5-10 ng (20-50% of final product. M
(ESI(+)) me 10 635.4 (M+H)+. 156)3\ V OH . H-Jyl ON H®R2/~(
N HOH207 HH- NONNHI NOVA%‘L—”IL@S—FCHOI\Ia(OAC)SGHHOHCI—IZCIZH
195 OH 208 23 C, 3 h 207 OH 15 To a 23 ol uti gn®f 195 (20 ny, 0.04
nmmol) in CH2C12 (1 nl) was ado i $obp al dehyde (0.08 nmol) foll owed by
Na( OAc) 3BH (10 ng, 0.06 eq.). At Aty 23 C for 3 h the reaction
m xture was filtered through a pl oI and purified WO

2006/ 009869 PCTI US2005/ 021524 192 di'r &ot| y by HPLC to provi de between 5-10
ng (20-50% of final product. Ms (ESI(+)) mle 587.5 (MtH)+. Exanple 157 o
/"' 1\ N. NN HOc 218

N
1
nr

98 218
5 To a solution of crude 98 (25 mg) and ethanolamine (9 pL) in DMF (700 pL) was
added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted with MeOH
(800 pL) and purified by HPLC. Concentration of the appropriate fractions gave 218 as a
white solid, 14 mg. MS (ESI(+)) m/e 580.3 (M+H)".

10 Example 164

9
i H /’ 0 O NH
- TOH - M on
98 219

To a solution of crude 98 (25 mg), NH4Cl (8 mg), and DIEA (40 pL) in DMF (700
15  pL) was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted with
MeOH (800 pL) and purified by HPLC. Concentration of the appropriate fractions gave

219 as a white solid, 16 mg. MS (ESI(+)) m/e 536.2 (M+H)".



5" off 2000 H'ONNN HNH HO CHO Na(OAC)3BH HO N- CH2Cl 2 195 OH 210
23 C, 3 h 209 OH To a 23 C solution of 195 (20 ng, 0.04 mmol) in CH2Cl12 (1
nm.) was awtldedos/qbssnyl acet al dehyde (0.08 rnnol) foll owedPoy/usa¢o@bde)s3BH (10
ng, 0.06 eq.). After stirring at 10128 C for 3 h the reaction m xture was
filtered through a plug of glass wool and purified directly by HPLC to
provi de between 5-10 ng (20-50% of final product. M5 (ESI(+)) nl/e 621.5
(MtH) +. Exanple 1580 V HH NON, H 5HI—& I' OHN \ ~\ VIHN NO\
Nom ' V H=b HO N Na(OAc) 3BH HO 4 5 OH 212 23 C, 3h 211 OH To a
23 C solution of 195 (20 ng, 0.04 mmol) | 2C12 (1 nL) was added

cycl ohexanone (0.08 mmol) foII b 3BHNT10 ng, 0.06 eq.). After
stirring at 23 WO 2006/ 009869 PCJ1 021 3193 C for 3 h the reaction
m xture was filtered through a plugeefi~gl ass ol and purified directly by
HPLC to provi de between 5-10 ng (20-56% @®f final product. MS (ESI(+)) nmle
599.5 (MtH) +.

220

220

5 To a solution of crude 98 (25 mg) and 2.0M methylamine in THF (74 pL) in DMF
(700 pL) was added HBTU (30 mg). After shaking for 1h, the reaction mixture was diluted
with MeOH (800 plL) and purified by HPLC. Concentration of the appropriate fractions
gave 220 as a white solid, 14 mg. MS (ESI(+)) m/e 550.2 (M+H)".

10 Example 166
9 KQ //O
/ H
‘N & N\ N
H o) Z
HOn: IEI N—
HO /
221
G 0 L NaB(O,COHgaH Q o //O\/ //O
. A H NTUN DeM it o AN N
N7 NN 0 H N N
H Jo H Ho @ Z
HO |E| HOw: f /N/
HO 222 Ho 221

196
To a DCM solution (17 mL) of 196 (0.65 mmol) at 0° C was added 222 (0.92 mmol)
15 followed by Na(OAc);BH (1.30 mmol) in one portion. The solution was allowed to warm
to rt and stirred for 2 h; it was diluted with water (20 mL), the organic phase was separated,
washed with brine (10 mL), dried (Na,SO,), filtered and concentrated in vacuo to afford a
white solid. The solid was dissolved in THF (15 mL) and subjected to purification by
reverse phase chromatography C18 column and 40% acetonitrile/water containing 0.01%

20  formic acid to afford the desire product. MS (ESI(+)) m/e 607.7 (M+H)".



5 Exanple 159 ~{I OHJ\ HON -NOH213 OH\ | NOH\ I N\ HNOCHO V H
Np vi  HO N Na(QAc)aBH HON CH2CI2 s HOH 214 23 C, 3 h 213 OH 195 To a
23 C sol woanoeinsgk95 (20 ng, 0.04 mml) in CH2C12 (1 nlipcras2@daers24 10
pi val dehyde (0.08 nmol) followed by N&{QAc)3BH (10 ng, 0.06 eqg.). After
stirring at 23 C for 3 h the reaction mxture was filtered through a plug
of glass wool and purified directly by HPLC to provide between 5-10 ng

(20-509% of final product. M5 (ESI(+4 ni,e 7.5 (MtH)+. Exanple 160 D\ |
| HN\_ N HONO O 15 \OH 215 o N i 1ef” > MY HO\ Nj HOOO

HHO OH OH 98 215 To a soluti of crude 98 (25 ng) and

1- (2-am noet hyl ) pyrroliduie (16@ ion (700 L) was added HBTU (30 ng).

After shaking for |h, the reactjoh i ur s gl uted WO 2006/ 009869
800_J9 and purified by HPLC.

PCTI US2005/ 021524 194 with MOH §
Concentration of the appropriate F?'4ct)ons 93 215 as a white solid, 14
ng. M5 (ESI(+)) me 633.3 (MH)+. Exdfpl e 161 0O HNC\ ~

223
I %?-_‘_‘ e éa‘ S
,"N (e} HN/< 2 o NaBHjg, MeOH, rt ,"N :I:IN/: C:\( H,’,
H kol H . 'L H o)
HO»: HoNY ~ HOw- N—
HO HO /
196 224 223
5 To a MeOH (0.5 mL) solution of 196 (0.03 mmol) was added 224 (0.05 mmol).

This solution was stirred for 2 h at rt before NaBH, (0.07 mmol) was added in one portion.
The solution was maintained at rt for 1 h; diluted with water (3 mL) and extracted with
EtOAc (2 X 2 mL). The combined organic extracts were washed with brine (4 mL), dried
(Na,SOy), filtered and concentrated in vacuo to afford a oil. The oil was purified reverse
10  phase chromatography C18 column and 20% acetronitile/water containing 0.01% formic

acid to afford the desired product. MS (ESI(+)) m/e 573.8 (M+H)",

Example 168

15 225



Nr O pNOOH216 0\ OHHNV~. HONOOHONOOOHOH 98 216 To a
solution of crude 98 (25 ng) and N, N-di net hyl -1, 3-propanediam ne (19 L) in
DMF (700 wd vasoesbded HBTU (30 ng). After shaking for | RCTiUsR00S®2LS24 ON
m xture was 10 diluted with MeOH (8008L) and purified by }{PLC
Concentration of the appropriate fractions gave 216 as a white solid, 13
ng. M5 (ESI(+)) me 621.3 (MtH) +. Exanple 162 0 HN~ HO NO CH 15 217 O OH
P\ NI HyJ\' HOO I\ 0O HONOO OHHOH 98 217 Yg a solution of crude 98
‘ ine (13 L) in DWF (700 L)
g he reaction m xture was dil
and puri fisfed™ E entration of the appr opr at ¢
217 as a whit%e sl NSRS (+) R 'E .3 (M
PCTI US2005/ 0#1'824 \ 195 Exayebe 163 OH

HO HO

186 226

To a DMF solutlon (O 5 mL) of acid 186(0 028 1 mmol) at rt was added the N,N-
dimethylethylenediamine 226 (0.11 mmol) and HBTU (0.084 mmol). The solution was

5 stirred for 2 h, diluted with water (1ImL) and extracted with EtOAc (1 mL), the organic was
dried (Na,SO,), filtered and concentrated in vacuo to afford an oil. The oil was purified by
reverse phase chromatography C 18 column and 10% acetonitrile/water containing 0.1%

ammonium bicarbonate to afford the desired product.

10 Example 169

227

H2N\/\/N HBTU, DMF, rt

o)
186 227
—N_
15 To a DMF solution (0.5 mL) of acid 186(0.028 mmol) at rt was added the N,N-

dimethyl-1,3-propanediamine 228(0.11 mmol) and HBTU (0.084 mmol). The solution was
stirred for 2 h, diluted with water (ImL) and extracted with EtOAc (1 mL), the organic



OHN HONOO HOH218 CH OOHp\ _. HDi HO OHH OH 98 218 5 To a
solution of crude 98 (25 ng) and ethanolamne (9 L) in DVF (700 L) was
added HBMWO(8@/mgg69 After shaking for |h, the reaction rCItusc@swass24i | ut ed
with MeOH (800 L) and purified by HAWE Concentration of the appropriate
fractions gave 218 as a white solid, 14 ng. M5 (ESI(+)) me 580.3 (NH—|)+.

10Exar‘rp|e1640\/INHp HONO\OO—|21900—|NNH ONOO HOIl ™ HOH

OHHOH 98 2 9 To cr.ud af

(40 L) i neﬁﬁfs(’?’ﬁff gri%f)waﬁ@ g@f& %féﬁgt%?)" %Tyl;%r sﬁ Ki ngo%lo HT Ql,l t he
reaction Rja¥tpukiGiedas fivbrde @tadu éHiome@'dphﬁQD IB)cozhﬁdn pod i 0P/ dedsynitdde/@ater
Concentration of the approprlatefractlons qd%ﬂr a white solid, 16
ng. MS ( ESPitainingf.&vesmenonipyppyarbonggs toadord 8’@9“ P%&‘éoos/ 021524 196
Example 165 OA/~HN HO NO/~ O

5 Example 170

229
Q)
NG
H Jo HaN -~ HBTU, DMF, rt
ey Q0
HO
18
10 To a DMF solution (0.5 mL) of acid 186(0.028 mmol) at rt was added the 1-(2-

aminoethyl)piperidine 230(0.11 mmol) and HBTU (0.084 mmol). The solution was stirred
for 2 h, diluted with water (1mL) and extracted with EtOAc (1 mL), the extracts were dried
(Na,S0y), filtered and concentrated in vacuo to afford an oil. The oil was purified by
reverse phase chromatography C 18 colunm and 10% acetonoitrile/water containing 0.1%

15  ammonium bicarbonate to afford the desired product.

Example 171



OH H2200C'\/( OHOI. . H OO HOHO HOHHOH 87 220 5 To a
solution of crude 98 (25 ng) and 2.OM nethylamne in THE (74 L) in DW

(700 L) waie 20aci@a8ebiBTU (30 ng). After shaking for |h, tireTrisawsioors2am xt ure
was diluted with MeOH (800 L) and pwodfied by HPLC. Concentration of the
appropriate fractions gave 220 as a white solid, 14 ng. M5 (ESI(+)) nle
550.2 (M+tH)+. 10 Exanple 166 HN N HOHOH N HO/ 221 .,~ O/ N
N~B(nO2rt CH3)BHOH\ / N NH" NOI—#A\JlHOHHOHCB,. ti HO.. N HO HO
196 222 221 To a DCM solution (17 nmL) o 96 (0.65 nmml) at 0 C was added
222 (0.92\ygnol) 15 followed by Na(OAc)3BH (1.30
sol ution warm to rt and stirred fo,
wi th water
m.), dried (

Ol ) in one portion. The
hy it diIuted

ed, and conce in{acllo ¥
solid. The shii‘ ~was  di vet'iffk{1 HE (E‘%@ﬁ'ﬁjia.nd Sugi.
purification by Areverse phaSe chromat ography C18 col u d 40%
acetonitrile/ wat89 contai hPng 0.01% 20 formic acid to afford the esire
product. MS (ESlfg)) me 607.7 (MgH) +. WO 2006/ 009869 PC}44,US2005/ 02 5N4
197 \

To a DMF solution (0.5 mL) of acid 186(0.028 mmol) at rt was added the (S) N-
5 methyl-3-aminopyrrolidine 232(0.11 mmol) and HBTU (0.084 mmol). The solution was
stirred for 2 h, diluted with water (ImL) and extracted with EtOAc (1 mL), the organic
phase was dried (N2;SO,), filtered and concentrated in vacuo to afford an oil. The oil was
purified by reverse phase chromatography C 18 column and 10% acetonitrile/water
containing 0.1% ammonium bicarbonate to afford the desired product. MS (ESI(+)) m/e

10 619.4 (M+H)".

Example 172

2 4,0
o M H
NONEN,
rE 0
HO"'&l 0
HO HN,

N

233
We
NT NN,
H 0 O HN,, HBTU, DMF, rt
O oo
0 N
HO \

186 234

15

To a DMF solution (0.5 mL) of acid 186(0.028 mmol) at rt was added the (R) N-
methyl-3-aminopyrrolidine 234(0.11 mmol) and HBTU (0.084 mmol). The solution was



Exanple 167 H- I~H/N HO' r \ HQJJJ 223 0 H\ / Na6H4, MeOH.rt O H_. .. _~
/ H HO HJ( HOB HNO N~ HOI~\\IN HOXJtJ HOJ 196 224 223 5 To a MeCH
(0.5 nlL) woladmeseof 196 (0.03 minol) was added 224 (0. @ETruseé0s/0215Thi S
solution was stirred for 2 h at rt befodore NaBH4 (0.07 mmol ) was added in
one portion. The solution was maintained at rt for 1 h; diluted with water
(3 nm) aﬂddextrﬁct ed with EtOAc (2 X 2 nL). The conbined organic, extracts
wer e washe [ nj; L I ang \canc ated
in vacuo 13%“%14 OcSric;{1 Qiﬁlt%é WILJHI Qv'éltef dmﬂ) aé&r\ll%% iédr g{llﬂgrﬁst? a E{ig HRCGAAB
chr omat ogpR#eYwdsldied (N8O ) nﬂlt&@&/(aﬁ@ eér[cemﬂrztted phvatuerto (affntcharn pibglle @ as
formc acid to afford the desired product. &S(+)) e 573.8. N”_e')r
CT;TpI e 1gwrified by eeverserphase, apomatggiaphyng N cpRuBD %oé?%@%’é%wa
PCT/ US200 AN H~OHO OHO, H
E@Ré&é‘é é%grﬂj_gbrg%%%%atewogf B Hikkirdd\rodudt.

OHOHO

Example 173

’-U
>

/\© Pdzdbag, Cs,C05, 100C EtO)/Q
VQ Q A
e N ~
236 238
10

Ethyl 3-iodobenzoate (20 g, 0.077 mol), N-benzyl-N,N-dimethylethylenediamine

(18 g 14 equiv.), Pd,DBA; (3.3 g 5%), Cs;COs; (33g, 14 equiv.) and 2-
dicyclohexylphosphino-2'-(NV, N-dimethylamino)biphenyl (2.9 g, 10%) were mixed together

in a dry flask under N,. Dioxane (45 mL) and triethyl amine were added to the flask. The

15  reaction mixture was purged under Argon for 5 min before heated to 100 C for 14 h. The
mixture was cooled to rt and diluted with EtOAc (200 mL) and filtered through a plug of
celite. The crude mixture was concentrated to give crude mixture 32 g. LC-MS showed the
desired product. Purification (hexane, 20% followed with 60% EtOAc in hexane and ethyl

acetate mixture) gave desired pd. 10g.

LiAlH,
A5 2 cRE N ASAs
{ ¢
~ /N\
239

238

20 PartB

Compound 238 was dissolved in 30 mL THF, and LAH (18 mL, 1 M, 0.6 equiv)

was added at 0 C. The reaction mixture was then warmed to rt. After 5 h the reaction was



To a DMF solution (0.5 nL) of acid 186(0.028 nml) at rt was added the N N
di net hyl et hyl enedi am ne 226 (0.11 mmol) and HBTU (0.084 nmmol ). The sol ution
was 5 stwonrea/es692 h, diluted with water (1nL) and extcaatSeasmetsk4 Et OAc
(1 m), the organic was dried (Na2SO2p2 filtered and concentrated in vacua
to afford an oil. The oil was purified by reverse phase chromatography C
18 colum and 10% acetonitrile/water containing 0.1% amoni um bi carbonate

to afford th esi.red progdu 10 a 1 01, Hi -N
227 HN N ‘M‘en%‘e% S B %9@01}@ _",V%s,hg‘ﬁ?{%ﬁ’%ﬂ, @%R/F%%hbflrh%%’l—@édl—g\%fsba %%H o)
HO HO HO ¢MceriBRe#8gid Tcrudd\brbdudtod @ DMrifivativi ioarsilid. gelnt)%oéthglcaadtate in
186(0.028 nunol) at rt was added the N, N- di nethyl - 1@- r opanedi 8n| i({1e
228( 0. 11 haxant Mty HBFiatg BB, ftismed WFHé”é’cME@%olﬁ %’B g??‘? B?Séli‘j’ PEedust
diluted wth water (1nlL) and extracted with EtQAc (1 nlL), the organic WO
2006/ 0098 PCT/ US2005/ 021524 199 extracts were dried (Na2SO4), filtered
and conceptrated in vacuo to afford an oil. The oil was purified by
reverse Sﬂ%@@ chromat ography C 18 col um and 10% acetonitril e/ water
containing 0.1 % anmmoni um bi bonate to afforfd@e desired product. 5
Exanple 170 H N N

U

239 240

Compound 239 was dissolved in DCM (20 mL). PDC (16 g, 2 equiv.) was added to

the solution. The reaction mixture was stirred at rt for 14 h. The crude mixture was filtered

through a short plug of celite, and washed with ethyl acetate. The combined organic
10  solution was concentrated and purified on silica gel (DCM, 5% MeOH in DCM) to give
desired pd. 2.8 g plus 3 g of starting alcohol.

4 : 7\ //Q\
6 N NaCNBH

H /\© NH,OHHGl ———————— HOHN HN/\©
/N\

/N\

240 241

Part D

To a solution of benzylaldehyde 240 (2.8 g) in MeOH-THF (3:1, 40 mL) was added

15  an aqueous solution of hydroxylamine (0.9 g in 3 mL water) in one portion. The pH was
adjusted to 9 with 6N KOH, and stirred at rt for 2 h, after the disappearance of the aldehyde

by TLC. NaBH;CN (2 eq) was added to the solution. The pH of the solution was adjusted

to ph 2-3 using HCI in MeOH (20 V/V) and the solution was allowed to stir over night.
Then basified with 2N KOH to a ph of 11 and extracted with CH,Cl, (3 times), dried,

20  concentrated in vacuo to afford 2.8 g yellow solid, which was used without purification in

the next step.

Part B



H100 HO H' O HOHNz 229 Ho HN H NO HZN,~N HBTU, DM, it H O HOn.
HOO'H O O HO HO HO HN~ 186 230 229 \J 10 To a DVF solution (0.5 ni) of
acid 186(WwoQa&/mpssb) at rt was added the 1-(2- am noet hpCraisp@sioeisae

230(0. 11 nmml) and HBTU (0.084 nmol).203he solution was stirred for 2 h,
diluted with water (1nL) and extracted with EtOAc (1 nL), the extracts were
dried (Na2SO4), filtered and concentrated in vacuo to afford an oil. The
oil was purified by ever se phase chromat ography C 18=s0l um and 10%
acetonoitril e/ wat er, nt ai ni ng 0,1% 15 ammoni um Cﬁr@ate to afford the
desired product. Ehxarrpl H, H@anOfO M Ho 20 9869
PCTI US2005/ 021524 %00 0 Nowd [ NO HH O HZN HBT%, it HNO
HO, HO HO,. HO HO HOHN'In 186232231N ~N

242

N
241

Compound 241 and methyl glyoxylate ester (1 g) were dissolved in 100 mL toluene.
The mixture was heated to 120 C for 3 h. The mixture was concentrated to 15 mL for next

step.__

5 PartF

N/\lf
= Ti(OiPr)4
OTBS — " .

OH Microwave, 120C ™ =
243

12

The toluene solution of 242 from previous the step was split between 5 vials (3 mL
each). To each vial was added 0.4 g TBS allylic alcohol 12 and 0.6 g of titanium
isopropoxide. The mixtures were heated to 140° C for 10 min in a microwave. The

10  reaction mixtures were cooled to rt and combined. Ethyl acetate was added to the pooled
fractions and the organic layer was washed with water, brine, dried over Mg;SOs, filtered
and concentrated. Flash chromatography on silica gel ( 3% MeOH in DCM) gave partially
pure product 900 mg.

Part G

243

15
The partially pure product from previous step 243 (0.90g) was dissolved in 3 mL of

dry THF; HF-Pyr (0.5 mL) was added dropwise. After 1 h, the mixture was concentrated in

vacuo to give 180 mg of the desired product plus a major impurity (inseparable on column).

Part H



To a DVF solution (0.5 nL) of acid 186(0.028 mml) at rt was added the (S
N- 5 net hyl - 3-am nopyrrolidine 232(0.11 mmol) and HBTU (0.084 mmol ). The
sol uti on wexo0o6pseped for 2 h, diluted with water (I nlL) pamassecosnarste€d with
EtOAc (1 nlL), the organic phase was 2#i ed (Na2SO4), filtered and

concentrated in vacuo to afford an oil. The oil was purified by reverse
phase chromat ography C 18 col um and 10% acetonitrile/water containing

0. 1% amoni um bi car bonate to afford the de5| re product (ESI (+)) me
10 619.4 ( M+H) +. OEx172 o H HM,J,\I N, 0O
HHOHZN,,, HBTG M hm@ |@o N "85 234 233
D N 15 To a DW oumn m.) of "®eid 186(00 was added

the (R) N nethyl:-3- Bn rrolidine 234(0.11 nmol) . 084 rrm)l)
The sol ution was WO 2006/ 009869 PCT/ US2005/ 021524 2 sti rred f or
diluted with water (#hL) and extracted with Et OAc (1 m_) t he organlc
phase was dried (Na2s™4), filtered and concentrat ed in vacuo to afford an

oil. The oil s . purified by r ase i and
10% acet oni tr?f@”\ﬂg?aé]?pheg%m é‘? rﬁﬁ(g e(i%;{] | um fsgoggl Ea g %ﬁ’ B%?%It he
desired p{'MQHC(Z 1\/5 (EKlaﬂﬂJ @ 8@71%mdﬂ§vas added in a dropw1se manner to the solution. The

mixture was stlrred at rt for 20 min Compound 244 was dissolved in 1 mL of DCM, and

5  the resulting solution was added slowly to the amine and Al(Me) 3 solution. The reaction
mixture was stirred at rt for 12 h, and then diluted with DCM (25 mL), Rochelle salt (5
mL) (potassium sodium tartrate) aqueous solution and the two layer mixture was stirred at
rt for 2 h. The organic layer was separated and washed with water and brine, dried
(Na,S0y), filtered and concentrated to give crude product 80mg. Flash chromatography on

10 silica gel (DCM, 2% MeOH in DCM, 5% MeOH in DCM) gave desired product 40 mg.
MS (ESI(+)) m/e 593.4 (M+H)".

Example 174

15 245

Part A

NO,
118 246

NO,



HNONb =/ b He 235 Part A EtO HN Pd2dbaa, Cs2CO,, 1000 EtO f ') N/ b
236 237 238 10 ~ Ethyl 3-iodobenzoate (20 g, 0.077 nol),

N- benzyl -wib-2déameddey| et hyl enedi am ne (18 g, 1.4 equiv.) pCPAdRDBA®21(534 3 ¢,
5%, Cs2CO3 (33g, 1.4 equiv.) and 2- 205

di cycl ohexyl phosphi no-2' - (N, N-di net hyl am no) bi phenyl (2.9 g, 10% were

m xed together in a dry flask under N2. Di oxane (45 nL) and triethyl am ne
were added to t Th j p r for
5 1m n bef or o neatiaPRRTy 6SRey §RE KU it Rictas PHITBCM BAE pRARE

di [ ut ed w20hulFkOfenm¢I280 eq).)Thendsulting whitel sml’nyam}moalqdl togd dégree::s,’)l’mlbcel C mnd
crude m xture was concentrated to give CrUd%%(EM; e 32 %6'8 ? shf)vve t he
desi red preriekwithpdsi(80 B Ko MpPeih AV, NJow-f TRASUPDEBBEER YRS SHH®
hexane an t Ayl C t %g d B riBaBwer / O
N\ LiAl Oﬁr 14H% (ahg%ggmﬁlé?@ NE Frpoun %%gﬁﬁgpgl ‘g’gtcg)lﬂvbe%% n 30 nL THF,
and LAH (8,8, flltdvkd Gné ceneenttitedds gikd@d nag code.pradust.r ddashi dmomiteeiaply was
t hen vvarmad tort. After 5 h the reaction was WO 2006/ 009869

PCT/ US200681x2052 £t08020duerich)edveriesiredarasiuc{ & me) | washed/ extracted with

ethyl acetate, dried (Na2SO4) and concentrated to give crude product 8 g
Puri fi catPagBon-si-tica gel- (50% et hyl -acetate in--hexane- aﬂdﬂhyl acet ate

m xture, followed with 5% MeOH in gave desired product Part C
/# - O /# oH
LS
\
I-'I-IO 7 O N~ =
J~NH

Compound 246 (8 mg) and the morpholine amine (6 mg, 4 equiv.) were dissolved in

10 1 mL DCM, and the mixture was stirred at rt for overnight. The reaction mixture was
diluted with 30 mL DCM, washed with water, brine, dried, filtered and concentrated. The
crude product was purified on silica gel. (EtOAc to EtOAc-MeOH 10:1) gave pure product
7 mg. MS (ESI(+)) m/e 720.6 (M+H)".

15 Example 175

7
(0]
S Sl )
Ph ﬁ 0
HO bz
~OH
247



HO. PDCp N. ~ ... _ 239 240 Conpound 239 was dissolved in DCM (20 niL).
PDC (16 g, 2 equiv.) was added to the solution. The reaction m xture was
stirred avornnodomese®4 h. The crude mixture was filtered pChmusagl/o2a153hor t
plug of celite, and washed with ethyl20acetate. The conbi ned organic 10
solution was concentrated and purified on silica gel (DCM 5% McOH in DCM
to give desired pd. 2.8 g plus 3 g of starting alcohol. Part D OJ NH
OHHCI NaGNBH, HOH NN N ~N, 240 241 To a solution of jbenzyl al dehyde 240
(2.8 g) in MOHTHF (3:1, 40 nL) was added 15 an aqugoys sol ution of
hydroxyl amine (0.9 g in 3 ter), ip ond"pittion. (e PH was adj usted to
9 with 6N KOH, and stiry, t rt for 2 h, sappear ance of the

al dehyde by TLC. NaBH3CN {2 eq) was added to the solstion. The pH of the
solution was adjusted to ph 2-3 using HCL in McOH (20 VP!') and the

s]?l lﬂ [ ondwas alEkionendgmesitiinrbroméde (0i5gkE, 8 mIThweas baded focddegredhisyahbdCGHundera ph
o] and_extracted with 2C12 (3 tinmes),. dried, concepntrated in. .vacuo
to affordNg: dhg W@W%&ﬁ 2) WAY %ﬁS%éeél lﬂééai\ﬂ%?if%ﬁ&:&?:alﬂ?ﬁé 5?4 @‘ﬁ SPEIHOP he
next step QP98 k 2 4t@ gene,
120 C %pwﬁg%aéedﬁgﬁ-ﬁ%%{\}ge -N %ﬁtogﬁ 2 Q@ﬁg%%ﬁd%%%ggtrﬁ%h%tyr ElQigltyoxyl ate
est-er- §1--¢) miey thenl tsfookbe eSat ANHQOL wis addediemnguenciT e tepstianrand O Aserasaised o

éZ{) CN:~; g to3 e)I(tEreict -!c_lbee dggir)(e%ugrgda,c\@.s ﬁl%ngr?ggﬁig aeg(%gctg %Ve]r'eS w%hé&) gvitrﬁel%(r}ne, atieR agd Part

filtered to give the desired product 0.41g.

Part B
O/
' i 5
0 o
] =
(Y o Pd(PPhy)Clz. Cul” |, g O OH
0 o * N oo §
/ - N DIPEA, THF, , 16 h %
: ’\/o<sr\/\. ° *Si
250}\ 249 /<\\bzs1
10 Isoxazolidine 18 was loaded onto lanterns according to the procedure described in
Example 29, part A.

In a glass vial three lanterns 250 (loading level is 18 micromole/lantern) were dried

under vacuum (18 h) and then purged with nitrogen. To this vial, DMF (xx mL)
dichlorobis(triphenylphosphine)palladium(Il) (63 mg, 2 equiv.) and copper iodide (26 mg,

15 3 equiv.) were added sequentially followed by DIPEA(0.3 mL, 40 equiv.). The propargyl
alcohol 249 (0.32 g, xx mmol, 40 equiv.) was dissolved in 2 mL of dry DMF and added to

the vial . The vial was shaked under nitrogen for 16 h and‘the excess reagent was

decanted. The lanterns were washed with DMF, THF. 3:1 THF/H5O, 3:1 THF/IPA, THF,
CH,Cl,. The lanterns were transferred into a round-bottomed flask and the remaining

20  solvent was evaporated under reduced pressure. The lanterns were dried under high

vacuum overnight.
The product was cleaved from the lantern with 20 ul HF/Pyr in 200 ul THF
followed with 100 ul TMSOMe to afford the desired product.

Part C



O! O N OIBS o Mcrowave, 120C H OIBS-N\ 242 12 243 The tol uene sol ution
of 242 from previous the step was split between 5 vials (3 nL each). To
each vi alwoasocamassd 0.4 g TBS allylic al cohol 12 and 0. @Cg/ustoosiotesnd um

i sopropoxi de. The m xtures were heate®7to 140 C for 10 min in a mcrowave.
The 10 reaction m xtures were cooled to rt and conbi ned, Ethyl acetate was
added to the pooled fractions and the organic |ayer was washed with water,
brine, dried over My2SO4, flltejed and concentrated. Flash chromatography
on silica gel (3% MOH in DCM[ gave partially pure product 8§00 ng. Part G
ON N HF/ pyr o HN,N O HI i O HD OIBS OH ~ 15 243 The
partially pure p uct from previ ous %Bthé’rﬁxyf’zéﬂﬁie . 90g) was dissolved in 3 nL
of dry THF; HF,@?%@ was added” n\a/hv/m\fsre After 1 h, Ofi xture was
concentrated in Hv plus a maj or

gi ve 180 Wl red produc
inpurity (i nsepar abl e on colum). PaPt MWD 2006/ 089869 P | US2005/ 021524

204 OH OH\ = u/e\?,\;N N\ ~N N NNON j;@o
::\OH

247

251 (2 Lanterns) were added to a small nitrogen purged round-bottomed flask
followed by THF (2 mL), 2-hydroxypyridine (40 mg, 10 equiv.) and amine (660 mg, 100
equiv.) . The reaction flask was agitated at 50 degrees C for 12 h. The excess reagent was

5 decanted the lanterns were washed with DMF, THF. 3:1 THF/H5O, 3:1 THF/IPA, THF,
CH,Cly and transfered to a round-bottomed flask. The remaining solvent was evaporated

under reduced pressure overnight. .
The product was cleaved from the lanterns with HF/Pyr (80 pL) in THF (400 pL)
followed by 1 mL of TMSOMe to afford 4 mg product. LC-MS and NMR showed the
10 desired product. MS (ESI(+)) m/e 602.2 (M+H)".

Example 176

252
15 Compound 252 was made according to the procedure described in example 186,
using 4-(pyridin-2-yl)benzaldehyde in place of 4-methoxy-2-methylbenzaldehyde. MS
(ESI(+)) m/e 635.4 (M-+H)".

Example 177



OH 1 N HO N 244 235 | sopi nocanpheyl am ne (0.18 g, 0.41 mvol) was dissol ved
3 nLdry DCM Al (M)3 (2 M 0.41 nlL, 0.82 mmol )was added in a dropw se
manner t owoheosobssbi on. The m xture was stirred at rt fPar/Roosioms@onpound
244 was dissolved in 1 nL of DCM an®08 the resulting solution was added
slowy to the amine and AL(Me) 3 solution. The reaction mxture was
stirred at rt for 12 h, and then diluted with DCM (25 nL), Rochelle salt (5
nm) (potassiumsodiumtartrate) aqueous solution and the two |ayer mxture
was stirred at rt for 2 h. The n|c | ayerwas separated and washed with
wat er and brine, dried (Na2SO4) - He concentrated to give crude
product 80ng. Flash chromatography oA Y 1T qa gel (DCM 2% MeOH i n DCM
5% MeOH in DCM gave desired product Hg H @(ESIH)) me 593.4 (M-H) +.
Exanmple 174 O H\ HNO AN HO H O11 O" H™=Q, 15 245 Part AOHN, OH
\ -0 HO=NO/ \ 1 NPyr i HHOIl \ N~= OCMO HOHONO O 1 116 246
NO2 WO 2006/ 009869 PCT/ US2005/ 021524 2 p- Ni trophenyl chl orof ormate (40
ng) was d'i)gsn%%lved in 2 mL DCM and pyri di ne

T comm ’ P(tZBG)Z TTTrTmoTTTIT nmm rmmmmm s v o e

O o NCbz
U (\NCb Pd(OAC),, Cs2C0; HJ\QQ

5 N-Cbz piperazine (8.24 g, 37.4 mmol), 3-iodobenzyl alcohol 265 (7g, 29.9 mmol),
2-bis(tert-butyl)phosphinobiphenyl (1.8 g, 6.0 mmol), palladium acetate (1.34 g, 6.0 mmol)

and cesium carbonate (14.6 g, 44.9 mmol) were combined with benzene (72 mL) at ambient

temperature. This mixture was purged with argon and heated to 70 °C for 14 h. The

reaction mixture was cooled to ambient and diluted with EtOAc (40 mL); the resulting
10  mixture was stirred vigorously for 10 min Solids were removed by filtration, washed with

EtOAc (2x20 mL) and the filtrate was concentrated in vacuo. The residue was purified by

silica gel chromotography (4:1 Hex/EtOAc) to afford 255 (2.29 g, 24%) as a light-yellow

semi-solid.

Part B

8

15 255 256

To a stirred solution of aldehyde 255 in MeOH (100 mL) and THF (40 mL) was

added at 15 °C dropwise over 2 min an aqueous solution of hydroxylamine hydrochloride

(5 mL). This solution was stirred at 15 °C for 0.5 h at which time TLC (silica gel,
Hex/EtOAc, 2:1) showed no starting material. The pH was adjusted to 10 with 1N NaOH

20 (14 mL) and NaCNBHj3 (1.5 g) was added in one portion. A solution of HCI in MeOH (6

M, 14 mL) was added dropwise to the reaction, which had been cooled to 0 °C, until the pH
reached2-4. Cooling bath was removed after the addition of HCl was complete, and the

reaction was stirred at 23 °C for 16 h. The reaction was judged to be complete after 16 h.



(20 ul, xx mml, xx eq). The resulting white slurry was cooled to O degree
synbol C and treated with 118 (80 ng, xx mmol, xx eq) in 1 nL DCM The
reacti on woxvewmoseas stirred at rt for 14 h, diluted wprCh/USGMsO3G2411) ,
washed with water, brine and dried ov® 5 Na2SO4, filtered and concentrated
to give 77 ng crude product. FI ash chromat ogr aphy (Hexanes/ EtOAc 10:1 to
1:2) gave desired product 60 . - Part BOHO H\ H NO HO N N, HO N,

ﬁp%ﬁo?i o B8 i ﬁgaﬁf Dt kot VS sl ERTRE WB%%@ EoeBNA L ne
m
Wi th 30 o D%Wre?%@%wva?rf‘i’&aﬁéﬁ”ﬂ P aﬁﬁr. éﬁ@‘*‘iéﬁ? re‘ﬁ’“&%ﬁe .t a1 ol
e
gave pur e BB s e o PUCTBE0oniy, it (QUECHTIIRRL AT,

/2 0 6\ g~_T_;F!:_!)r\gent?ﬁed'ﬁanacﬁptd'gw%e%ZuedD ﬁ’b&ud‘f‘ aMQp&@%h@Q«Qﬁﬁ@ PETIB%N05/ 021524

5 PatC

e (@ J\WOMe . ;/©\ e B

Hydroxylami  NHOH . Nebz MeO
ne 256 (5.1 g, 15 28 257

10  mmol), and methyl gyloxylate (1.3 g, 15 mmol) were combined with anhydrous toluene

(100 mL). This mixture was heated to 100 °C for 6 h.  The mixture was cooled to
ambient and concentrated in vacuo to give the desired product (6.2 g, 100%) as a thick

yellow oil.

15 PartD

( : N 1) TI(OPri)4, tol., 23 °C, 1h

M K/NCbz 2) 140 °C, 10 min, microwave
Y
12 257 258

To allylic alcohol 12 (3.2 g, 15 mmol) and nitrone 257(6.2 g, 15 mmol) in
anhydrous toluene (40 mL) was added Ti(OiPr)y dropwise over 3 min at ambient

20 temperature. This solution was stirred at ambient temperature for 1 h. The solution was

then transferred to 8 mircomave vessels (~6 mL/vessel); each vessel was heated

individually at 140 ©C in mcrowave oven for 10 min The solutions were pooled, diluted

with 200 mL of EtOAc and 3—(dimethylamino)-1,2—prop*anediol (3.6 g, 30.0 mmol) and

stirred at ambient temperature for 14 h. Purification of the crude product using silica gel
25  chromatography Hex/EtOAc (3:1) afforded the desired product (3.4g, 38%) as a light-

yellow oil.

Part B



O O 248 249 Et hynyl magnesi um brom de (0.5 M 8 nL) was cooled to O degree
synbol C under N2. The al dehyde 248 (0.4 g) was dissolved in 3 nL of dry
THF underwbi2o@ndgche sol uti on was added in a dropw se FENMNSR0SO215D€
Gignard reagent. The m xture was stiped at O for 5 10 min, then rt for 4
h, Sat. NH4C was addedtoquench the reaction and Et OAc was used to extract
the desired product. The organic extracts were vvashed with brine, dried and

filtered to give the dﬁvs_ip@product 0.41 g. Part OHOOMHDO OO+
8 wa

\ OH Pd(PPh,)C z, | H ~O | \ D PEA THF 01 0--Si 25 249
i A\Eaded*Cbe'MeqHahﬂeM{“s:@écor to the
gl

/251 10 |soxazolidi
procedure described i Exampl &c29, part A In & SS V NCthree | ant er ns
250 (| oading level is 18°Wcronol e/lantern) were dri & under vacuum (18 h)

and then purged with mitrogen. To this vial, DWVF {5xx rrL)

o ol or 00 > SRS SIS AL PRI oy O ERAE
nL, 40 eqhdded)1:1 HTY/MEORAB @yll) indb iomAdet 0.n%d This*¥lufitBlwas4frred forvl. h Was

dissolved in 2 nL of dry DV ‘and added to the vial . The vial was shaked
under ni t ployhish ttisre TCrindieated ﬁléam)@é@ﬁée plthg strtingamategalk aitByigorpes StHARSY ns

Mere \A?Sheduregu? rat%/l: C@;’glo& w/éﬁgﬁ E)I?{i ﬁEHE{O#’EAV?(r gm% he reﬁ%m%e

| ant erns ansterre o a roun Ining 20
sol vent Wespagi@p indt thel agiicter lagdueadeiraesd with DUM Baneo msLWEhe canbiadd
under high vacuum overni ght. The_product was cleaved fromthe Iantern wth
20 ul HF/ PagenicnexipgtsywerpHiriod oveoNas Ous tiHteresh and consoetelo Ahe Gpadye,was

desired product. Part C WO 2006/ 009869 PCTI US2005/ 021524
purified by silica gel chromatography (25:1 DCM/MeOH) to provide the desired product

(2.45 g, 89%) as a yellow color solid.
10 PartF

(H)-Isopinocampheylamine (0.2 mmol) was dissolved in 0.3 mL of DCM at rt,
trimethylaluminum (2.0 M in hexane, 0.2 mmol) was added and the solution was
stirred for 10 min A DCM solution (0.2 m) of 259 (0.1 mmol) was added and the

15  reaction was stirredfor 16 h. The solution was diluted with 15 mL of sat. aqueous
Rochelle Salt . This mixture was stirred for 2 h until a biphasic mixture appeared.
The aqueous layer was separated and extracted with DCM (2x15mL)the combined
organic extracts were washed with water (15 mL), dried over MgSOy, filtered and
concentrated in vacuo. The residue was purified using silica gel chromatography to

20  give the desired product (60%) as a pale-yellow oil. MS (ESI(+)) m/e 635.4 (M+H)".

Example 178



207 O1 o OH 1) 2-hydroxypyridine, THF \ N OH Ph.N'" '"NH2 / OH *H10 / 2)
HF/ Pyr, pyr 0O O\ N\i HNYsi Ph HO \ HOHi SOH 251 247 251 (2

Lant er ns)woen/motted to a smal |l nitrogen purged round- becrarseasiobkessk
followed by THF (2 nL), 2-hydroxypyridine (40 ng, 10 equiv.) and am ne (660
ng, 100 equiv.) . The reaction flask was agitated at 50 degrees C for 12
h. The excess reagent was 5 decanted the | anterns were washed w th DM,
THF. 3:1 THF/ H20, 3:1 THF/IPA, THF,, CH2CI 2 and transfered to a

round- bottoned flask. The remai ning sol vent,_was evaporated under reduced
pressure overnight. . The produgtcwas ol ea¥e® fromthe | anterns with HF/ Pyr
(80 L) in THF (400 L) followed by INTH&f SOVe to afford 4 ng product.
LC-M5 and NVR showed the 10 desiredlpr: ucg:‘\ys (ESI(+)) nfe 602.2 (M-H) +.
Example 17 NOH N\~ OHN Ph HO HO MotON252 15 Conpound 252 was nade
according to the procedure described in exaan)eNF&%, usi ng

4- (pyridin-2-yl)benzal dehyde in place of 4-net L]?)xy- 2- et hyl benzal dehyde. M5

260

H
HY [
) : N MeOH, Pd(OH),, “” :
X N H, (60psi), rt, 15 h k
= <\\> H gl
N OH N ¥
c

bz
253 261

Compound 253 (2.1 g, 3.3 mmol) in MeOH (20 mL) was added to thick walled

5  glass vessel designed to fit on a Parr hydrogenolysis apparatus followed by a suspension of
palladium hydroxide (850 mg) in methanol (20 mL). The vessel was placed on the
hydrogenolysis apparatus and subjected to a series of gas evacuation and hydrogen purge
cycles using vacuum and hydrogen gas to remove any oxygen in the solvent. The vessel
was then brought to 60 psi with hydrogen gas for 15 h with shaking. The catalyst was

10 removed by filtration and the filtrate was concentrated in vacuo. The resulting crude
product was purified by
silica gel chromatography, eluting with DCM/MeOH (30:1, 20:1 then 10:1) to give the
desired product (1.1 g, 66%) as a light-yellow colored foam.

Ph

15 261 (25 mg, 0.05 mmol) and benzylisocyanate 262(7 mg, 0.05 mmol) were
combined with 0.3 mL of anhydrous tolueneand heated at 90 °C for 1 h. The solution was
cooled to ambient and concentrated in vacuo; the crude product was purified by silica gel
chromatography eluting with 40:1 DCM/MeOH to give the desired product (10 mg, 33%)
as a pale-yellow

20 foam. MS (ESI(+)) m/e 634.3 (M+H)".



(ESI(+)) me 635.4 (MtH)+. Exanple 177177 WO 2006/ 009869 PCT/ US2005/ 021524
2086 HHOHN HO HHOH N Cbz 253 Part Ai 1O ~NCbz HO' (NCbz
Pd( OAC), ,wC=B@movdds N J i HNJ 254 255 5 N-Cbhz pi perazi n@eCflis2eh3921537. 4
rnmol ), 3-iodobenzyl al cohol 265 (79,2129.9 mmol ),

2-bi s(tert-butyl)phosphi nobi phenyl (1.8 g, 6.0 mol ), palladium acetate
(1.34 g, 6.0 nmol) and cesium carbonate (14.6 g, 44.9 nrnol) were conbi ned
wi th benzene (72 nlL) at ambi ent te%era&ug@‘ This m xture was purged with
argon and heated to 70 C for 14 h. 4 ion mxture was cooled to
anbient and diluted wwth EtOAc (4P Hrl); the resulting 10 m xture was
stirred vigorously for 10 min S were r ved by filtration, washed
with EtOAc (2x20 mL) and the fHT tg " centrated in vacuo. The
residue was purified by silica gél H%hr_o‘ to phy (4:1 Hex/EtQAc) to
afford 255 (2.29 g, 24% as a light-yeldqw sepi-solid. Part B oci H O\
NCbz NaCNBH3 9Ccbz 255 256 15 To a stirr®d ol ution of al dehyde 255 in
McOH (100 nL) and THE (40 nL) was added at I dropwi se over 2 mn an
aqueous sol ution of hydroxyl am ne hydrochl ori

263

5 Compound 263 was synthesized according to the procedure described in example

189 in using 264 in place of 262. 36% yield. MS (ESI(+)) m/e 650.4 (M+H)".

Example 180

10

Compound 264was synthesized according to the procedure described in example

189 in using 265 in place of 262.34% yield. MS (ESI(+)) m/e 673.5 (M+H)".



(5 m). This solution was stirred at 15 C for 0.5 h at which time TLC
(silica gel, Hex/EtOAc, 2:1) showed no starting material. The pH was

adj ust ed wo 20@ /0086 1N NaOH 20 (14 nL) and NaCNBH3 (1. 5pgr/usa@sadded i n one
portion. A solution of HClL in MOH (@13M 14 nlL) was added dropwi se to the
reaction, which had been cooled to O C, until the pH reached2-4. Cooling
bath was renoved after the addition of HCl1 was conplete, and the reaction
was stirred at 23 C for 16 h. The reaction was judged to be conplete after
16 h. WD 2006/ 009869 PCT/ US2005/ 021524 209 (TLC silica gel, Hex/EtQAc,
2:1); and the pH was adjusted to 8 VEifdmplali81 aqueous NaHCO3 (40 nl)

DCM H20 (1:1, 400 nL) was added and the | ayers were separated. The

aqueous. |layer was extracted with (2x200 _n) dried (MySH4), filtered
and concentrated in vacuo to giy. he ,gle @ product as a pal e-yellow oil
(5.4 g, >100%. 5 Part C O Owe . Li NH__ O\ ~NCbz..

Hydr oxyl aml NHOH LNCbz MO LO ne 25_%‘ [4°g. M5 256 257 10 nmol ), and

met hyl gyloxylate (1.3 g, 15 mmol) wefe degbiped with anhydrous tol uene
(100 m.). This mixture was heated to 100 C for)Guh. The m xture was cool ed
to ambient and concentrated in vacuo to give the desired product (6.2 g,
100%-as a thick vyellewoil. 15 Part D H (-OPFi ) 4; -tl,--23-C, 1h 0% b
N') N* NCbz 2)140'C, 10 mn, mcrowave H ~NCH OIBS -O 1 OIBS OH MO O 12
257 258 To allylic alcohol 12 (3.2 g, 1p¢¢gmol) and nitrone 257(6.2 g, 15
mmol) in anhydrous toluene (40 nL) was added Ti (O Pr)4 dropwi se over 3 mn
at ambient 20 tenperéture. This solution Was s ifrred at anbi ent
tenperature for 1 h. n wa¥nN r<5erp m rcomave
vessels ('-6 nL/veS§set); | wag; hea ted N

 ocr, H'as :
75°C,16h s H

'Z

Compound 266was synthesized according to the procedure described in example

189 in using 267 in place of 222. 30% yield. MS (ESI(+)) m/e 664.5 (M+H)".

Example 182

10
268

SCNMe
269

tol.,
QOC 1h

-
)\

Compound 268was synthesized according to the procedure described in example
189, using 269 in place of 262. 35% yield. MS (ESI(+)) m/e 574.3 (M+H)".
15



individually at 140 C in ncrowave oven for 10 mn The solutions were
pooled, diluted with 200 nL of Et OAc and 3-(di net hyl am no) -1, 2- propanedi ol
(3.6 g, WoQommobgevand stirred at anbi ent tenperature PoT/UB400§/021524
Purification of the crude product using silica gel 25 chromatography

Hex/ Et OAc (3:1) afforded the desired product (3.4g, 38% as a light- yellow
oil. Part E WD 2006/ 009869 PCTI US2005/021524 210 OH c/ p H HC, THF,

MeOH, rt, 1 h Op N OH O NGz ;Pelh, DGR3 OTSS 258 259 To a McOH
solution (20 nmL) of 258 (3.4 g, 5. #nrroq‘%?r anbi ent tenperature was added
1:1 HC1/ MeOH (8 L) in four portio over 5 mn This solution was stirred
for 1 h at which tine TLC indica |sappearance of the starting
material. Wth vigorous stirring 5 aqu sat NaHCO3 (100 nL) was added in
five portions over 30 min The Iay rs separated and t he aqueous | ayer
was extracted with DCM (3 x 250 /) e c i ned organic extracts were
dried over NaSO4, filtered and coﬁc,e trated™\Ie residue was purified by
silica gel chromatography (25:1 DCM Me®H) twadprovi de the desi red product

(2.45 g, 89% as a yellow color solid. 10 PartF H N~\ "~ | AlMy N'' O
H p HHp NI1-1")..,NH2 , HO- N Nb?7%7 N OH OH N 259 253 Cbz
(+)-1-sopi-nocanpheyl am-ne (0.2 nmmol) -was- di-ssolved H‘rHi.—~3 m:--of -BCM-at 1t
PdCl,(dppf).
DCM2 (1?5) ;dduct 6 H
Cs,C0;, 4:1 THF-H,0 O
50 °C N,
o
MeQ
5 Aryl iodide 82 (0.03 mmol), boronic acid 271 (0.03 numol), PdCl,(dppf)z, 1:1 DCM

adduct (0.006 mmol), cesium carbonate (0.03 mmol) were combined with 4:1 THF-H,O

(0.3 mL) at ambient temperature. This mixture was then degassed (freeze/pump/thaw X 3).

Tt was then heated to 50 °C for 12 h. The reaction mixture was concentrated in vacuo at 50

°C and the residue was purified by silica gel chromatography to give biaryl (75% yield).
10 MS (ESI(+)) m/e 550.3 (M+H)".

Example 184

272
15 Part A

I
Clio NS

274 )XQ
) CsOH, KI, 50 °C (24 h) 0’5\©\
H |

MS

w-0O

NH,
273



trinmethylalumnum (2.0 Min hexane, 0.2 mmvl) was added and the sol ution
was stirred for 10 mn A DCMsolution (0.2 m of 259 (0.1 mvol) was added
and the W0 w@&aobseon was stirredfor 16 h. The sol uti on was/useéoswers2ai t h 15
m. of sat. aqueous Rochelle Salt . THi18 m xture was stirred for 2 h until a
bi phasi ¢ m xture appeared. The aqueous | ayer was separated and extracted
with DCM (2xl 5nL)t he conbined organic extracts were washed with water (15

m.), dried t t

] Lheusfxsﬁﬁﬁ%ﬁ’éﬁ%e upetagrubane 224 B 9 hRoliottim POBLRRIANE vas
(6099 as ﬁl paloemitR @M’(@hé c Z}J&@)(E&@A)ﬂml&ﬂaﬁaévék (SMHnbgb weIEmamblufedWﬂlV\D
2006/ 009869 PCT/ us 605/ 021524 211 HHON /

NH
Ph? 260 H5a@nLHf anhydrous DN WiieHnixpie exap heated |arHS@+°ﬂ| fRH’—I“ lhz I(B‘@%P?led rt? 15
h HOy{ I5.0 H q;pegp

nnDI)yﬁn {%%igﬂ mégngégggkﬁgfﬁglc 'm&%ﬁ asg%sgég%?&éﬁ5|gﬁgd to

fit onsa i%@i’dlileh\yc@ realby;sslﬁcaa@@&hmmOmhpmdl M:M/Mc@mm;gxm badryl (8.5

pal | adi um hydrOX| (85 in methanol (20 nlL). The vessel was placed on
t he hydrﬁ@é%ép?%?ﬁdéﬁﬁgPﬁﬁGB and subjected to a series of gas evacuation
and hydroggpgpurge cycles using vacuum and hydrogen gas to renobve any
oxygen- in——t‘hz? solvent. -The-vessel - was--t hen brought -to-60 psi- wi-t h- hydr ogen

gas for 15 h with shaking. The catd}yst was
j& :

PACl(dppf),’
DCM (1:1) adduct
©s,C03, 4:1 THF-H,0

50°C, 12 h

82(15 mg, 0.03 mmol), 275(8 mg, 0.03 mmol), PACly(dppf) 2, 1:1 DCM adduct (5
10 mg, 0.006 mmol), cesium carbonate (9 mg, 0.03 mmol) were combined with of 4:1 THF-
H,O (0.3 mL) at ambient temperature. This mixture was then degassed (vac/purged with
argon 3 x) and heated at 50 °C for 12 h. The reaction mixture was concentrated in vacuo at
50 °C and the residue was purified by silica gel chromatography (15:1 DCM-MeOH) to
give 272 (5 mg, 31%) as a pale-yellow foam. MS (ESI(+)) m/e 593.6 (M+H)".
15

Example 185




10 renoved by filtration and the filtrate was concentrated in vacuo. The
resulting crude product was purified by silica gel chromatography, eluting
wi t h DCMWbGhha(®®68, 20:1 then 10:1) to give the desiredTmseadorised. 1 g,
66% as a light-yellow colored foam 2#6H H' OHPh~NCOH . OHN NHN 262
fNHH 90 HO ~~ HD H OH LN 90 "O, 1h OH N 261 H 260 O-NH Ph' 15 261 (25 ny,
0.05 mmol ) and benzyli socyanate 262(7 ng, 0.05 nnnol) were conbined with
0.3 L of anhydjous tolueneand heated at 90 C for 1 hy The sol ution was
cool ed to anbi ept\and concentrated in vacuo; the cr ud oduct was purified

by silica gel a togra%%utlng wi 0 gdék gi ve the
desired produsy ), 339 pal e- y&lo ﬂ@zofmam ESI(+)) me
634. 3 (MrH) +. 009869 3%@2005/0@5%—21 'eVix9 HH/ OH
N~/ NOIN:_; S4 NH 6 263 H(J) OH AN NOHN!v
YY... O N~ s H OH j\l\ s H OH ﬁ/\_r\(

82 277 276

Compound 277 was synthesized according to the procedure described in Part A,
. . _example . 184; _using _2-chloro-N,N-dimethylethanamine in_ place of 2-chloro-N,N-

dimethylpropanamine
5 Compound 276 was synthesized according to the procedure described in example

184. 38% yield. MS (ESI(+)) m/e 579.3 (M+H)".

Example 186

10 278

PdCly(dppf)z
DCM (1:1) adduct
Cs,C03, 411 THF-H;0

23°C

279 278

Compound 279 was made according to the proecudere described in example 184,
Part A. Using 4-(2-chloroethyl)morpholine in place of 2-chloro-N,N-dimethylpropanamine.
Compound 278 was synthesized according to the procedure described in example 184,

15  using 279 in place of 275. 23% yield. MS (ESI(+)) m/e 621.5 (M+H)".

Example 187



NNHHHOH775 C, 1h HOH ~N 261 H 263 S~NH / 5 Conpound 263 was

synt hesi zed according to the procedure described in exanple 189 in using
264 i n plhaoeo@i2s2. 36%yield. M5 (ESI(+)) nle 650.4 (WeHUs200802r524 € 180
HHINHNOHN/ HHi= ~ HOANSI|I21NH CNO 10 264 HN SCN~- Ho HN
265 ON/ HHHO  HONDCE~- HO)1 OH75 C, ih HOH ~~NN/11- 261 Fi 264
5" NH 0 J Conpound 264was synt hesi zed according to the procedure descri bed
in exanple 189 in using 265 in place of 262.34%yield. M5 (ESI(+)) me
673.5 (M-H) +. WD 2006/ 009869 PCTI5/ 021524 213 Exanple 181 HHOH'

/ N Hd ON H

(2

TN\/ ’ " PdCly(dppf)y ‘ ““ T
Q DCM (1:1) adduct
o’B\@L C3,00q, 41 THEHO HI
N -

50°C, 13h o) \
NH HO AP O o

: N/<__ /

| OH N N

PAAN \

82 281 280

Compound 290 was synthesized according to the procedure described in example 183,

5 using boronic ester 281 in place of boronic acid 271 15% yield.

Example 188

PdCly(dppf)z
@ )?éo DCM (1:1) adduct HN H
: C5,C04, 4:1 THF-H,0 2N,
AN f@ o-B SN 2 ul
H | 50 °C Tt

281 282

10
Compound 82 was synthesized according to the procedure described in example 183, using

boronic ester 281 in place of boronic acid 271. 70% yield. MS (ESI(+)) m/e 650.4 (M+H)".

Example 189



-1 HOHN 11 s/-NH 266 HH SCN H oH/ H. OH/ - ON 267 ~ HOH
HNH DCE, HO, HOOH N 775 *C, 16 h H O HN 261 H 266 /1-NH 5 & Conpound
266was sywohesimestoaccordi ng to the procedure descri bedpcm/usz@spkes24 189 in

using 267 in place of 222. 30%yield.2186 (ESI(+)) me 664.5 (M+H) +.

Exanpl e

182 HHOHN/ HNON2 HOAOCH1 S -NH10 M 268 HH H OHN/
SCNMe Ho HN 269 HNHHCN N{ OHOOH 90 'C, 1h Hoo OH "N 261 268 .NH S

Ve

283

PdCl,(dppf),
DCM (1:1) adduct

B
\©\ SN CsyCOs, 4:1 THE-H,0
’go 50°C

82 284

Compound 82 was synthesized according to the procedure described in example 183, using
5  boronic ester 284 in place of boronic acid 271. 47% yield. MS (ESI(+)) m/e 579.3 (M+H)".

Example 190

H
\ "'NH
i@ ;

0
o O
OH N
o
285
10 PartA
//Q Q //Q
I N | TBSCl, Imidazole N |
DMF

OTBS

286

15 (1 mmol) was added to anhydrous DMF (1 mL)followed by TBSCI (1.6 mmol)

and imidazole (2.0 mmol). This solution was stirred under an argon for 8 h. Water (5 mL)

was then added ) and the was aqueous layer was separated and extracted with EtOAc (3 x
15 10 mL). The organic extracts were pooled, dried over MgSOy, filteredand concentrated. The

crude material was purified by silica gel chromatigraphy to afford 286 (98%).

Part B



Conmpound 268was synt hesi zed according to the procedure described in exanple
189, using 269 in place of 262. 35%yield. M5 (ESI(+)) me 574.3 (MtH) +. 15
WO 2006/ OWO26@/08e8Kb US2005/ 021524 214 Exanpl e 183 H H_PCHNG2065M2150 O | \
HNH OH Meo 270 PdCl2(dppf)z H - ~H19H~ DCM (1:1) adduct HNH\ / HO 6
CszCOz, 4:1 THF-H20 HNH50 -CN" NH: N 0 - O HO HOHNH HOH OH 271
MO 82 270 5 Aryl iodide 82 (0.03 mmol), boronic acid 271 (0 03 mmol ),

PdC12(dppf)2, 1:1 DCM-—adduct (0.006 nmol), cesium car bo e (0.03 nmmol)
were combi ned wi ¢y @HF- H20 (0.3 mk)edt anbi entq twoe. This

m xture was the assed (frepzef pumpftwthawdub( 3). ol n heated to 50
C for 12 h. The ) tion m xtur ive EhtF %ed I3 acuo 50 C and the
resi due was pur| e oby si+l i cal I chrécrf&tZﬁgraphy to gl Qe bi aopt (75%

yield). 10 M5 (ESI (4 ne 55003, (MH) +.
oy H

286 287 288
Compound 288 was synthesized according to the procedure described in example
183, using boronic acid 287 in place of boronic acid 271. 56% yield.
Part C

HATU, Me,NH, THF/DMF

rt,14h

To a DMF (2mL) solution of 288 (0.33 g, 0.60 mmol) and HATU (0.68 g, 1.8
mmol) was added dimethylamine in (2 M in THF 1 mL) at rt. This soution was stirred for
14 h. Tt was partitioned between water/EtOAc (1:1, 200 mL) the separated organic layer
was washed with H,O (2x50 mL) and the combined aqueous layers were back extracted
10 with EtOAc (2x50 mL).The combined organic extracts were dried over MgSOs,,
filterednand concentrated in vacuo The residue was purified via silica gel chromatography
(DCM, then 2:1 DCM/EtOAc) to give the desired product (Rf=0.4, 4:1 DCM/EtOAc,
67mg, 20%) as a brown-colored semi-solid.
Part D

15
Amine (30 mg, 0.2 mmol) was dissolved in 0.3 mL of DCM; at 1t trimethylaluminum
hexanes solution (2.0 M, 0.1 mL) was added; this solution was stirred at 1t for 10 min; a
DCM solution (0.2 m) of lactone 289 (56 mg, 0.1 mmol) was added; reaction was
maintained at rt fot 16 h. It was diluted with 15 mL; sat. aq pottasium sodium tartarate



Exanple 184 HN " HHO NO OH HN 272 15 Part ACIS N 274 o 0 GCsCH, KI,
50 C (24 h) OB~ OB/ nIN z M5 HNH 273 275 WD 2006/ 009869

PCTI US20080Q8ddR4869215 273 (300 ng, 1.0 nmol), al kyl chl ecrds2@3421(52g, 14
mrol ), cesium hydroxide (200 ng, 1.®2mol), Kl (one crystal), and 4A

nol ecul ar sieves (500 ng) were conbined with 1.5 nL of anhydrous DWF. This
m xture was heated at 50 C for 24 h. It was cooled to anbient and diIuted

bur 11 00 BpBFIa el TR (R o Pl Ao 28 OB BRI RE L e St AR s

gy, 29 agirfedR@ktSoy 2 hluail §@lehﬂtwd3?‘lidse Briktutd whs i\ Sep/ai-dted @ue&memw H O
/| NM ~N 82 OH HOO NO H PdCl 2(dppf)2 H OH HN~ 275 1. 1) adduct 7%15
Wl

Cs2CO8, 4extrafieg-witlp DM (2xd5a) ),1901}a,b1ned organic phases were Was water
mL), dried over MgSO4 and concentrated in vacuo. The residue was purified using SGC

5 (1:1 Hex-EtOAc) to give the desired product (40 mg, 56%) as a pale-yellow oil.

H

PdCly(dppf),

~ DCM (13 1y addugt ~ = "=

/B Cs,COq, 41 THE-H,0 HN H
50 °C, 13h

NH
0]

[¢]
A
N H N
N \
82 281 280

Compound 290 was synthesized according to the procedure described in example 183,

using boronic ester 281 in place of boronic acid 271 15% yield.

Example 191

10 /
282

PdCly(dppf)2
e )?40 DCM (1:1) adduct AN
& 1 H

C8,00g, 4:1 THF-H,0

HN H //Q o-B SN K
PN | 50 °C HO—+—

O

Compound 82 was synthesized according to the procedure described in example 183, using

boronic ester 281 in place of boronic acid 271. 70% yield. MS (ESI(+)) m/e 650.4 (M+H)".

15 Example 192



82(15 ng, 0.03 mml ), 275(8 ng, 0.03 mmol ), PdCl2(dppf) 2, 1:1 DCM adduct
(5 10 ng, 0.006 mml), cesiumcarbonate (9 ng, 0.03 nural) were conbi ned
with of 4w 2004098420 (0.3 nlL) at anbient tenperature. TRCI/USR00S50E20as t hen
degassed (vac/purged with argon 3 x)22and heated at 50 C for 12 h. The
reaction m xture was concentrated in vacuo at 50 C and the residue was
purified by silica gel chromatography (15:1 DCM MeOH) to give 272 (5 ny,
31% as a pale-yellow foam M (ES|L(+)) me 593.6 (M+H)+. 15 Exanple 185 H
HNHN OHOOOHH\N 276 WO 20864009869 PCTI US2005/ 021524 216 ( H OCM
(l1:: 1)) _ ~ CM1) adduct HN H zCOz, 4:1 THE-H20 HN H\ / HONO | +
INHH 50 C, 13 h HO NO/ \ OH OHN\y\ 277 276 Conpound 277 was

synt hesi zed according to the practedyre cribed in Part A exanple 184;
usi ng 2-chl oro- N, N-di net hyl et h&¥namine | | gce of 2-chl oro- NN

di net hyl propanani ne 5 Conpound 276 synifhesi zed according to the
procedure described in exanple 184. 38%yie€ld. M5 (ESI(+)) me 579.3
(MtH) +. Exanple 186 HN H HO O OH

283

PdCiy(dppf),
DCM (1:1) adduct
Cs,C0g, 4:1 THF-H,O

50°C

82 284

Compound 82 was synthesized according to the procedure described in example 183, using

5 boronic ester 284 in place of boronic acid 271. 47% yield. MS (ESI(+)) m/e 579.3 (M+H)".

Example 193

Part A

DMF

10
Alcohol 15 (0.4 g, 1 mmol) was added to DMF (1 mL) followed by TBSCI (024 g, 1.6
mmol) and imidazole (0.13 g, 2.0 mmol). This solution was stirred under an argon for 8 h.
Water (5 mL) was then added and the was aqueous layer was separated and extracted with

EtOAc (3 x 10 mL). The organic extracts were pooled, dried (MgSOa), filtered and



c) 10 278 O Pdd 2(dPPf)2 1B O DCM (1:1) adduct HNN'" HV / HM H Cs2C0344:
THE-HO AH NH23 CHHOO/ OOHI OHOH 11 82 279 27B N Conpound 279
was nade wocovadiopgydt 0 t he proecudere described i n exanplPeTaAB4905/0PE2d A,
Usi ng 4-(2-chl oroet hyl ) norpholine in 23®ace of

2-chl oro- N, N-di et hyl pr opanam ne. Conpound 278 was synt hesi zed accordi ng
to the procedure described in exanple 184, 15 using 279 in place of 275.

23% yiel d, NS 621,

peT) Uso00PEOESTR 5 Pyettt Y e st R sl Bl S Btanty
Pdd z( 1: Eta0dustL,Ol DOMolakfold 2861 b B9B./ C82C03, 4:1 THE- H20 W H HO NO |
+ NH50 G 13 h HOO NO/_\ O OH OOH HN 82 281 280 Conpound 290 was

synt hesi zggi gccording to "the procedure described in exanpl e 183, 5 using
boronic ester 281 in place of boronic acid 271 15%vyield. Exanple 188 IH

i H )
PdCly(dppf)z Qv NO,

HO..OH DCM (1:1) adduct N,
NO, _C52C0s 41 THF-H;O 4
* 50 °C, 24 h
T ¢ooH T T T T T -
287
5 Compound 288 was synthesized according to the procedure described in example

183, using boronic acid 287 in place of boronic acid 271. 56% yield.

Part C

HATU, MeoNH, THF/DMF

rt., 14h

To a DMF (2mL) solution of 288 (0.33 g, 0.6 mmol) and HATU (0.68 g, 1.8 mmol)

10 was added dimethylamine in (1 mL in a 2 M solution of THF, 3.1mmol). This soution was
stirred at 1t for 14 h. Diluted with water/EtOAc (1:1, 200 mL) and the aqueous layer was
extracted with EtOAc (2 x 50 mL).The combined organic extracts were washed with water

(2 x 50 mL), dried (MgSOy), filtered and concentrated in vacuo. The residue was purified

by silica gel chromatography (CH,CL/EtOAc, 2:1) to give 289 (67mg, 20%) as a brown-

15  colored semi-solid.

Part D

Me3Al, DCM, rt, 16 h




01 HO NO / \
THE- H20 N, \

ONHOHH 282 HN _ DGM (t1)adduct H HN ~~ Ca2C08, 4:1
N HN\ /1 OBN 50 CHOFI OO OHOHOOHHN 82 OH

281 282 MWOCompwossd 82 was synthesized according to thepprasedsneisdescri bed
in exanpl e 183, using boronic ester 281 in place of boronic acid 271. 70%
yield. Ms (ESI(+)) me 650.4 (MH) +. Exanple 189 WO 2006/ 009869

PCTI US2005/ 021524 218 HNHON\ HOO/ FOdANHN 283 HH HNH\ / O

PdCl 2(dppf) z
1'v/ H50 c

M PRMficki 89 Hoc b Rurhin® (3687003 miioh HEHIEAD (23 Mg HO H

10

15

was added AlMe; (0.1 mL of a 2 M solution in hexane, 0.2 mmol). After stirring for 10 min
a solution of lactone 289 (56 mg, 0.1 mmol) in CHyCl, (0.2 mL) was added and the
mixture was stirred for 16 h. with the reaction was quenched with saturated aqueous
Rochelle Salt (15 mL) and vigorously stirred at rt for 2 h until a clear biphasic mixture
appeared. The aqueous layer was separated and extracted with CH,Cl, (2 x 15mL), the

_ ~combined organicextracts were washed with water (15 mL), dried (MgSO,), filtered and

concentrated in vacuo. ;I;He ‘r;sAicuhi‘e Mwas " purlﬁed usmg silica gel - chromatografohy
(Hexane/EtOAc, 1:1) to give 290 (40 mg, 56%) as a pale-yellow oil.

Part E

H

285

Solid sample of Pd/C (1.5 mg) was added under argon in one portion to a solution of 290
(15 mg, 0.02 mmol) in MeOH (0.4 mL). This mixture was treated with hydrogen gas (1
atm) at rt forl5 h. Solids were removed by filtration and the filtrate was concentrated in
vacuo. The crude product was purified via silica gel chromatograhy (EtOAc) to give 285-(8
mg, 63%) as a pale-yellow oil. MS (ESI(+)) m/e 609.3 (M-+H)".

Example 194

B

H™ /
N

H

291



H N 82 284 283 Conpound 82 was synthesized according to the procedure
described in exanple 183, using 5 boronic ester 284 in place of boronic
acid 271.wondtepiogsed. MS (ESI(+)) me 579.3 (M+H) +. Exampirasi@3/0v1524 HH)
ONHH N OgNO2 Ho OH O 285 1o Part R20 H N TBSCl, Imdazole OHN O b
DV OO HOHOIBS 15 286 15 (1 nmol) was added to anhydrous DMF (1
m.)foll owed by TBSCl (1.6 mmol) and imdazole (2.0 nnnol). This solution
was stirred under AN argon for 8 h. Water (5 nL) was then added) and the

was aqueous | ayef swas separated and extracted w tOAc (3 15 10 m).

The organic exff@ So vmerl ed, dried gméPCWg fi te

concentrated ptier | aI S pur3| &4 by iC el hl’Oﬂ’B.tl gr aphy
to afford 286 (98%45 ? 2 61009869 PCT/ USZO :glg 2 9 OH
PdC12(dPPf)2 O H N %02 -l (1:1) adduct O O , 411

THE-H, O = F1 H O + 507, 24H'DCOO-| SI\  COOH 286 2B 88@@ und 288
was synthesized according to the procedure described in exanpl'e 183, using

boronic acid 287 in place of boronic acid 271. 56%.yi el d.
Compound 261 (3 mg, 0.006 mmol), acyl chloride 292 (1.2 pL, 0.012 mmol), DMAP (one

__orystal), and Bt:N (0.012 mmol) were combined with CH;Cl; (0.2 mL) at rt. This solution

was stirred for 20 h. and concentrated in vacuo. The resulting residue was purified by silica

5  gel chromatography (CH,Cl/MeOH, 30:1) to give 291 (2 mg, 58%) as a light-yellow solid.
MS (ESI(+)) m/e 572.3 (M+H)".

Example 195

293

of
7l

DCM, Hunnig base,
DMAP, i, 1h

10
To a solution of amine 261 (3 mg, 0.006 mmol) in CH,ChL (0.2 mL) was added
methanesulfonylchloride (2.6 mg, 0.012 mmol), DMAP (one crystal), and
diisopropylethylamine (1.5 mg, 2 pL, 0.012 mmol. The solution was stirred for 20 h. and
concentrated in vacuo. The resulting residue was purified by chromatography to afford 293

15 (1.2 mg, 37% ). MS (ESI(+)) m/e 579.2 (M+H)".

Example 196




Part C OH NO2 OHNNO O NO HATU, Me2NH, THE'DMF O/ \  Met r.t., 14 h H
p COONN Q O 288 289 5 To a DMF (2nL) solution of 288 (0.33 g, 0.60
nmol ) andwbladd/se88 g, 1.8 mmol) was added di nmet hyl ampog/tisaoos@21%24é n THE 1
m.) at rt. This soution was stirred f88 14 h. It was partitioned between
water/ Et OAc (1:1, 200 nlL) the separated organic |ayer was washed with H20
(2x50 nmL) and the conbi ned aqueous | ayers were back extracted 10 with Et QAc
(2x50 L) . The conbi ned organi c extract Soyere dried over MgSO4,

filterednand concentrated in vacuo The residue was purified via silica gel
chromatogi)ra y (DCM then 2:1 DCM Et OAc) to give the desired product
(RO. 4, 4. Et CAc, 67ngy, 20% as a brown-colored sem-solid. Part D H
LHH NO2 HN 2 0,, O"NHH N NO Apl NH2 Me3Al, DCM rt

@ 16hHCDHO/ ON
H OO NSI,0289f/\15NBOrrg, 0.2 mi)
0.3 mL of DCM at rtot*-_TiNI al"dni im Jiexanes) £q( ut

was di ssolved in

J 2.0 M 0.1 m)
was added; this sol nowas stirred at rt fordlQ ¥ n; DCM sol ution (0.2
m of |actone 289 (56 gy, 0.1 molyrPwas added; g\%%@ion vva% mai nt ai ned at
it fot 16 It. It was dilufed witN=8 "M sat. aqg p%ff'asie sodium tartarate

WD 2006/ 009869 PCT/ US2805/ 021524 220

To a mixtﬁre of aryl iodide 15 (100 mg, 0.26 mmol);boronlcag;1(fiéi6r}1~g: 026mmol),
5 EtN (77 mg, 0.11 mL, 0.77 mmol), Pd(PPh3),Cl, (4 mg, 2 mol %) was added EtOH (1.5

mL). The resulting mixture was heated to 80 °C for 10 min until it became an almost

homogeneous. It was then heated to 120 OC in a microwave oven for 30 min The reaction
mixture was concentrated in vacuo and the residue was purified by silica gel

chromatography (CH,Cl,/MeOH, 60:1 to 10:1 ) to afford 295 (86 mg, 84%) as a pale-

:: \O D NH
OH 041\

295 294

10  yellow oil.

Part B

To a solution of (+) Isopinocampheylamine (3 mg, 0.02 mmol) in CH;Cl, (0.4 mL) was
added AlMe; (42 pL of a 2 M solution in hexane, 0.042 mmol). After stirring for 10 min, a

15  solution of lactone 295 (8 mg, 0.02 mmol) in CH,Cl, (0.4 mL) was added and the reaction
was stirred for 1 h. The solution was diluted with CH,Cl, and quenched by the addition of
saturated aqueous Rochell salt (25 mL). The solution was vigorously stirred for 2 h until
two phases became clear and the layers were separated. The organic phase was dried
(Na,SOs,), filtered and concentrated in vacuo. The residue was purified via silica gel

20  chromatography (CH,Cl/MeOH, 40:1 to 15:1) to give 294 (3 mg, 27%) as a semi-solid.
MS (ESI(+)) m/e 550.4 (M+H)".



(Rochelle Salt) solution (15 nL) was added in one portion. This m xture was
vigorously stirred at rt for 2 h until a clear two-phase m xture was

gi ven. SepenatwdIsmgueous. | ayer was extracted w th DCMpCZaIS2e0E)215¢0mbi ned
organi ¢ phases were washed with water22¢15 nl), dried over MgSO4 and
concentrated in vacuo. The residue was purified using SGC 5 (1:1

Hex-Et OAc) to give the desired product (40 ng, 56% as a pale-yellow oil.
OCM (111) zddi7ct r ---- - HNH Qe 7041 THE-H20 HN HL -1 HO O~ + |
ONNS50"'G 13 h HOO OFi OHH OH 81 280 Conmpound 290 was

synt hesi zed according to the pkocedure described in exanple 183, using
boronic ester 281 in place of Pononic acry 271 15% vyield. Exanple 191 H H
HNHO HO- NOOYN_ 2 F ~( ,,,~C\gN 282 _ DCM (1:1) adduct HN H\ /
HNH\ / O' NN ~-\~ Cs500C 471 #HEHzo .} . NO/ \ ON. N~ HOHO
OHH N 82 OH 281 282 Conpound 82-@a§ synt f d according to the
procedure described in exanple 183, i ng gﬁio ic ester 281 in place of
boronic acid 271. 70%yield. M5 (ESI(+)) m € 650.4 (MrH)+. 15 Exanple 192
WO 2006/ 009869 PCTI US2005/ 021524

296

0w 2 &y o )
N)?LNS NN LUALLIE A N
1

H ) ~K/N\H \(N= : N\O @

Iz

HOv- L NoH
HOw (" =
HO 0o H h/N7/
HO N
261 297 296 \r
5 To a solution of amine 261 (7 mg, 0.01 mmol) in DMF (0.2 mL) was added

diisopropylcarbodimide 297 (2 mg, 0.02 mmol). The reaction was heated to 110 °C for 12
h. The solution was cooled to ambient, diluted with water (0.5 mL), the aqueous phase was
separated and extracted with EtOAc (0.5 mL). The combined organic extracts were dried
(Na,SO,), filtered and concentrated in vacuo to afford an oil. The oil was purified by
10  reverse phase chromatography C 18 column containing 20% acetonitrile/water containing

0.1% ammonium bicarbonate to afford 296 (1.5 mg, 24%). MS (ESI(+)) m/e 627.4 (M+H)".

Example 198

NHSOzMe

298

15 Compound 298 was synthesized according to the procedure decribed in example 183, using
4-(methylsulfonamido)phenylboronic acid in place of 4-acetamidophenylboronic acid.

Yield 78%. MS (ESI(+)) m/e 586.3 (M-+H)".

Example 199



221 HNH\ ~ OHOO O HOHH/N 283 HH PdG 2(dPPf)2H HN N\ /~ DCM
(1:1) adduct HN HO NIl OB ~N~ Cs2C(33,4:1 THF-H20 _ NHO O/ N)"0 50 C HO
O ¢ H Onwvbl2bbediogddl H N- 82 2B4 283 Conpound 82 was synrhmsséezmdisaccor di ng
to the procedure described in exanpl 2183, using 5 boronic ester 284 in

pl ace of boronic acid 271. 47%yield. M5 (ESI(+)) me 579.3 (MtH) +.

Exanple 193 H >oNHH_ N\ ? NO2 OHO. OHN O 285 Part A 0O HN TBSCl,

| mMdazole 0O HNOIl -a 0|

299

Compound 299 was synthesized according to the procedure decribed in example 148, using

propylamine in place of 189. Yield 50%. MS (ESI(+)) m/e 578.4 (M+H)".



HHOH OBS 10 15 286 Al cohol 15 (0.4 g, 1 mmol) was added to DVF (1 niL)
followed by TBSCI (0.24 g, 1.6 nnnol) and im dazole (0.13 g, 2.0 mmol).
Thi s sol woanoemmssest i rred under an argon for 8 h. WAt ePCTAISA0p/0RES24 t hen
added and the was aqueous |ayer was s@parated and extracted with EtQAc (3
x 10 nmL). The organic extracts were pooled, dried (MgSH), filtered and WO
2006/ 009869 PCT/ US2005/ 021524 222 concentrated in vacuo. The crude
material was purified by silica gel hgraphy (Et20/CH2Cl12, 1:29) to
afford 286 (4.9 g, 98%. Part B O dPM OH NO2 O- NOI HO B~CH

DCM (1:1) adduct O NO NO2 CS2C03, 4'1 THEEH20 H O + 50 C, 2 O COON
286 287 288 5 Conpound 288yWwas synthesized according to the procedure

descri bed in exanple , NQg boronic acid 287 in pl ace T acid
271. 56%yield. Part NHLN ﬁoz '%JI—@ 0 TQ02 A = h' Q N /
VLEG)

H
boyo
SmSi o 8 8% Tol a (2m) s8I of 28 .3 gr\|\0.6rrrrbé1)?R and

HATU (0. 6&@”@*& 10 was added di met hyl am Hn

sol ution of TKFH 3. nmol). This soution was stirke &@or 14 h.
Diluted with wat eTAEt O&PH(1: 1, 200 nlL) and the aqueous bayer was extracted
with EtOAc (2 x 50 P). The conbined organic extracts were washed with water

(2-%-50-nL),-dried-(MSA), -filtered and -copcentragt.ed4n-vaeug: - The residue
was purifi e®™PHY sili cg‘ gel chr offEEVGr aphy ‘CHZCl?/oE?%)AC 2:1) to give 289

(67ng, 20% as a bro 15 col ored sem -saolid.
300 308 § 316
OH O-N
Br
301 309 317
OH
' O>
302 @o 310 318 Q\‘
LLLL OMe
303 O/ 311 319 Q/
OMe
304 @OMe 312 F 320 OCF,4
; “CF
305 F/Q\OMe 313 Cl ] 321 1o

cl” ; “NO,
306 F OH 314 NC 322 A
307 F/@\Cl 315 @ 323 CF,

in a M



Part DH NO\ - ~ 1 "NHH NN02 ~( MaM DCM x6 16 h OO0 O NHNH2 HO Si O
ON SI, O 289 290 WO 2006/ 009869 PCTI US2005/ 021524 223 To a sol ution of
(+) i sopiwocasmpioegsbanm ne (30 ng, 0.2 mmol) in CH2Cl2 (OPr8Trdspooswarss2added
AlMe3 (0.1 nmL of a 2 Msolution in heane, 0.2 mol ). After stirring for 10
mn a solution of lactone 289 (56 ng, 0.1 nrnol) in CHZA Z (0.2 nL) was
added and the mxture was stirred for 16 h. with the reaction was quenched
wi th saturated aqueous 5 Rochelle Salt (15 nmL) and vi gorously rred at rt
for 2 huntil a clear biphdsic mxture appeared. The aqueo | ayer was
separated and extracte it 12 (2 x 15m), the conbi o

OF)

or gani cext racts wer eﬁv@‘{gm tih “’%tr@EHé % rrL) driedd I\/g g
(;T?

NHt ér ed and

concentrate cuQ. The residue g KilNga gel R,
chromat ogra N affle/ Et OAc, 1:1) to give 290 ‘g, 66N as a

pal e-yel | ow oi}l .H10 rt'_FHlH , [ ONHKH NOZ ONHHMN b8, MaOH, H2 O
HO O H O 15h HO @b it o\ N 290 285 Solid saywple of Pd/C (1.5

ng) was added underogﬁgbn in one portion to a solution of 290 (15 ng, 0.02
mol) in MeOH (0.4 nBymPohi s nitdre was fewatned vm'f“ﬁ flydrogen gas (1 atm
at rt forl5 h. Solids were re d by filtratio oMethd e filtrate was
coneentrated i-n-15 vaedd- -Fhe- e-product was- puri %'_’ifl a-si-l i ca -gel
chromat ograhy (EtOAc) to giMe® ZCHO@/‘e

MeO
325 /Q\ 333 Q\OMe
CHO CHO
OEt
CF3
OH
326 334 CHO
CHO
Br
CHO
/©/ OMe
a7 T3 335 CHO
HO ; OMe
Ph CHO
328 CHO 336
OH
/©/CHO
OH
E CHO
329 337
OH
SMe CHO
CHO
330 @[CHO 338 Q\
F CF3
N CHO
L_oO
331 339

Compounds 300-339 were synthesized according to the procedure described in

Example 149. MS data is presented in the following table for compounds 300-339.



ng, 63% as a pale-yellowoil. M5 (ESI(+)) me 609.3 (MtH)+. Exanple 194 H
HoHN/ NHON HO- (1 ~ HOH N-N 291 WO 2006/ 009869

PCTI US20080Q8dd5@4869224 H H DVAP, DCM O H H,,.~Y O H \ PCT@SE#05M21524 , 20 h
H NN _ NI NHONCNHOO HONHMX®HN H261 OHH292 291 N __ O
Compound 261 (3 ng, 0.006 mmol ), acyl chloride 292 (1.2 L, 0.012 mmol),
DVAP (one «crystal), and Et 3N (0.012. 1nnol) were conbined with CH2Cl2 (0.2
m.) at A. This solution was stirred for 20 h. and concentrated in vacuo.

The resul ting resi due wasMSUESI(ONmY silica 5 gel MBI y
gCEIng(CEI'__)Z; Moo é‘%‘éz"(‘i?ﬁkl)gweE@%{i\()ﬁ 195 “Eotegindy | LS oD i v ' so
293 H H 300 679.75 320 7477
301 693.5 321 731.65
302 707.29 322 743.17
303 669.56 323 749.5
- 304 72423 324 712376 A
305 711.52 325 691.84
306 697.84 326 731.53
307 716.95 327 731.51
308 655.76 328 740.77
309 74327 329 697.75
310 679.75 330 710.23
311 686.08 (M+Na) 331 748.83
312 681.72 332 709.84
313 698.89 333 724.17
314 688.54 334 724.08
315 761.93 335 772.61
316 708.53 336 709.78
317 733.46 337 693.66
318 789.61 338 735.83

319 693.78 339 749.52



"0-4-k G N HOIl Ho DCM rh base, 1 HOHN// DVAP, H , Th HOH N 261 H
293 Ob 10 To a solution of amne 261 (3 ng, 0.006 nmol) in CH2C12 (0.2
nm.) was awtdedos/ametcbanesul fonyl chloride (2.6 ng, 0.012 nmro)us206kP1I5eone
crystal), and diisopropylethylamne 81.5 ng, 2 L, 0.012 mmol. The sol ution
was stirred for 20 h. and concentrated in vacuo. The resulting residue was
purified by chromatography to afford 293 15 (1.2 ng, 37%. MS (ESI(+)) me
579.2 (M+H) +. Exanple 196 O H HO [\ opH O O Al WO 2006/ 009869

PCTI US2005/ 021524 225 294 Part A #5244 / HB\ NOH\ OOOONI 0
N Po(PPh,)0 NH OHE,N DOH 120 Cc Fi H OH 15 295 To a_ xture of aryl
i odide 15 (100 ng, 0.2 Ip/,\;\b’oronic acid (46 ng, 0.26 P@\d/ 5 ¥t 3N (77
ng, 0.11 ni, 0.77 NRPH3) 2G1Rckd (470, 2 ol % owas( added-E4OH (1.5

m.). The re i Y myxture was heat Cf Q, Ao Nigtil it Rpecane an
al nbst hono % was then heated to 120 C
m n The reactilon’ ni

& micrpowave oven for 30
I Was concentr at ed in vacub a t h&—pesi due was
OH

Compound Compound Ry Compound R

R4
340 243 O 3 346
Ph O cl

o
344 Q\ 347 h
O OPh S
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chromat ography (CH2Cl 2/ MeOH, 60:1 to 10:1 to afford 295 (86 ng, 84% as a
pal e- 10 yellow oil, Part BO\ / I H 00 HN, NH2 Me3AI, DCM rt ~ HO NO
O NH NH wWo@pheDedse@H 0J\ 295 294 To a solution of (+) Peopise@sanskeyl am ne
(3 ng, 0.02 mmol) in CHC12 (0.4 nL) 23as added ALMe3 (42 L of a 2 M
solution in hexane, 0.042 mol). After stirring for 10 mn, a 15 solution
of lactone 295 (8 ng, 0.02 n nol) in CHZCIZ (0.4 nL) was added and the

reaction was stirred for.1 h. The solution was diluted wt 2C ﬁnd
guenched by the additi f //s\g(urat ed aqueous Rochell sal 5 aL); The

sol ution S Vi gogou f ony Rcho,unt i | n_ph&sesl beca gl ear and
the | ayers S Nat ed. The organtcphas® we ',,g\l Ne2. SH) Rifiltered
and concentr dNi n\vacuo. The residue was purifief wwa siH{ica gel 20

chr omat ogr aphy ( , 40:1 to 15:1) to give 2943 ng®H279%) as a
sem -solid. M5 (ESbk+)) me 550.4 (MeH)+. WO 2006/ 009863 PCTI US2005/ 021524
226 Exanple 197 N O18/ H NN~ HOBO ~Nr, NHO -TN 296 "NOHN N OW 700
C " UN N Ncbhdlha HO. . .g,N H HOB HGnfpblndH 11 R, Compound Ry

e 349 o .. 356 F - 363~ - : . E -
Et
%
250 Q/ & 357 Q\CFa 364 @\/N/\

S5
365
351 Q\OMe %8 @/ <;\()Clzs

Br.
/C‘L 366
352 F 359
Br
F2CO
% 367
353 360
Cl
: e I
354 361

F
355 hexyl”” 8 362 | F 369 Q\CN



HO\ /N 261 297 296 TI 5 To a solution of amne 261 (7 ng, 0.01 mmmol) in
DVF (0.2 nL) was added diisopropylcarbodimde 297 (2 ng, 0.02 nmol). The
reacti on wiexodsempssd to 110 C for 12 h. The sol uti on wagCctaskedoetmz2anbi ent,
diluted with water (0.5 nL), the aqueSdis phase was separated and extracted
with EtOAc (0.5 nL). The conbined organic extracts were dried (Na2SO4),

filtered and concentrated in vacuo to afford an oil. The oil was purified
by 10 reverse phase chrqQmat ography C 18 col unm cont ai ni ng —
acetonitrile/water co ni mg "NO. 1% anmoni um bi car bonate t foﬂ,dﬂg% (1.5
mg, 249%. (ESk( +) ) Wesd7. 4 ( Myt,ero, Hixanpl & H NHSOZMe
OH 298 15 oupd 98 was synt hestzed—accor di ,, 'bbocedur &decri bed
. ) : O . . . .

in exanple ,"Nusi\ng;” 4- (et hyl sul f onam do) phenyl"boroni cid in place of

4- acet anm dophényl_-bgr ohigpacid. Yield 78% Ms (ESI(+) e *588. 3 (M+H) +.
Exanpl e 199 WD 20084009869 PCT/ US2005/ 021524 227 O H KHMNO HOH H N\ OH
p 299 Conmpound 299 was synthesi zed according to the procedure decribed in
exanpl e 148, 4isi N9 pﬁgpyl am ne ¢ompfhdice of R189. Yighgua®d% MSR(ESI(+)) me

578.4 (MrH)+. WO 2006: 09869 PCT/ U882005/ 0@%% 228 I%%(Garrpl e 200 O~-N ON
370 37

CF3

371 379 \(L‘i 387 HsCO@\
QO y
T,

372 @\ 380 ©/\HH 388 ©/\/

MeO P l %
373 381 389 Neo
cl cl I
OPh e
374 Q/ 382 390 >—
o

EtO >
« ) !
375 383 T 391 o
e o
376 © 384 E/QZQ 302 @

378 - Y\ o 385 ()\1 } 393 N



OrNH[ 1) RICHO, [H ON OHNp R+ .,, HOOH ~ HOH OH 552 Conpound
R, Conpound R Conpound RI 300 9- 308 ?-j 316 OH ~~~1// CQZN 301 309 Br
317 Cl \ WOGhos/@&s90 / OH 302 | O 310 318 s, | VI / | OPETABOBSBLK2819 y
Ove / 304\ | Ove 312 F 'q OCF3 305%% Y Owe 313 C 321 YCF3 v Il /[ -~
~ ~C NOZ 306 F OH 314 NCc 322 F 307 F C 315 N 323 CFa ~N WD

2006/ 009869 PCT/ US2005/ 021524 229 ONON ONH O 1) RCHO, [H 01 NO-.

N, O Rl ~ -
N NR, !
o 1) R,CHO, [H] o [
N. — 0
OH

OH
195
Compound Ry Compound R Compound R, .
b, Ph %,
2 410
R U e T
%
N O/ 411
395 [ \ 403 0 OHC Y
S
%, MeO Y
04 412
396 /©/ 4
O2N F CFs
OMe A LLLL
/©/ E‘ AcO LL’?. = |
413
397 Me,N 405 \©/ N

o
FsC '771 406 ; N O/
398 \©/

399 \©}Q w \@OVO]/Q
/©/ . 408 Ab/ .

400

401 ﬁb/ & 409 cl O

Compounds 340-413 were synthesized according to the procedure described in

Example 149. MS data is presented in the following table for compounds 340-413.

MS (ESI(+)) m/e MS (ESI(+)) m/e MS (ESI(+)) m.
Compound (M+H)" Compound (M+H)* Compound (M+H)"



"NNH OHOH OH OH 552 Conpound R1ICHO Conpound RICHO MeO 324 Me Ove
332 J OH CHOCHO MO 325333 PI OB CHOCHO CEt i CF3 / OH 32609}34
CHO CHO BwO 200681369 OVe 327 F30 335 CHO HO Owe Ph CHOpc3aB82@5@2336 OH CHO
OH F I CHO 329 337 P-SMe Q off CHQ@35CHO 330 1 CHO 338

340 683.51 366 685.33 302 597.39
341 701.72 367 691.43 393 608.41
342 701.52 368 657.47 394 733.29
343 701.79 369 632.45 395 614.37
77 S— 370 607.44 396 652.39
345 613.76 371 675.46 397 650.47
a6 e4les 3712 62144 398 67543
347 613.38 373 675.36 399 621.44
348 685.34 374 699.52 400 683.46
349 635.47 375 657.47 401 623.5
350 611.47 376 625.39 402 683.46
351 637.44 377 587.48 403 615.48
352 625.46 378 623.45 404 667.47
353 587.48 379 573.7 405 665.45
354 611.46 380 621.47 406 681.75
355 615.48 381 637.44 407 724.96962
356 625.7 382 615.48 408 625.52
357 675.42 383 651.51 409 717.73
358 613.38 384 647 42 410 690.65
359 601.48 385 705.4 411 635.71
360 685.27 386 621.47 412 693.42
361 641.67 387 637.44 413 608.41
362 643.42 388 635.5
363 509.44 389 608.41
364 692.47 390 571.41
365 691.43 391 601.41

Example 202



F CF3 CHO 0331 339 Conpounds 300-339 were synthesized according to the
procedure described in Exanple 149. MS data is presented in the follow ng
t abl e f orwoanmpoussts 300- 339. WD 2006/ 009869 PCTI US2005/ @2TAR400583G2406
(ESI(+)) W M5 (ESI(+)) We Conpound 3MH)+ Conpound (M+H)+ 300 679.75 320
747.7 301 693.5 321 731.65 302 707.29 322 743.17 303 669.56 323 749.5
304 724.23 324 723.76 305 711.52 325 691.84 306 697.84 326 731.53 307

716.95 327 731.51 308 655.76 328 740.77 309 743.27 329 75 310 679. 75
330 710.23 311 686.08 ( 331 748.83 312 681 72 332 7 698. 89
333 724.17 314 688.54 4108 13A8HZ 6. 93 77 6 16 %8/ 3 336
709.78 317 7 3 .66 318 2yRSHR¥1338 19,693. 78 339 749. 52
WO 2006/ 009869 PgT/'NS2 021524 231 Exanple 20 CMer y
OH 0
OH ~ OH
193
Compound R4 R, Compound

%W 94

415



Ora- \HH1) R CHO [H ONL' NR ZNH HOHz OH OH OH 195 Conpound
R, Conpound R, Compound R, 340 343 F 346 Ph | Cl 341 344 347/ OPh S |/
F 342 F %6 28e6R09869 Br WD 2006/ 009869 PCT/ US2005/ 021524 pC23R2@500i524 NH H N
[ p1l RCHO [H O1 N, Np R "'H30OH OH OH OH 195 Conpound R
Compound Ri Conpound R F 363 ....349 ..... 356 -..__.-\.~ Et 350 357\

364\ ~ CF3 N1 ~-O 5
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HO 1)R1NH2 [H] 0 N2
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351 \ 358 365 OMe OCF3 366 Br 352 F 359 \ Br F3CO/ 367 353 '360 O \
368 \ / 354 I\/l 361 F 355 hexyl/' 362 F 369 CN WD 2006/ 009869
PCT/ US200800205@4869233 r 1) R, CHO[H Or~ N1 ] O NH ci/ushyooRs20 N "N H

HOH OH OH CH Conpound R, Compound 8 OH Conpound R, - -- 370 9 378 _
--\ --- 386 - -\ CF3 H3CO 371 379 387 | ~h 372 380 388 MO/ / 373 381
389 N C d
o K©\CHO 1) RyNHy, [H] o (@\/ R
N. 2) R,CHO, [H] N,
Dy R K?i&
H H
OH OH
. OH OH
193
Compound R4 R, Compound R4 R,
cl
434 (\N/va‘ %LL A - S S
o\) PRV VLN O
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“ QO
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Compounds 414-440 were synthesized according to the procedure described in

Example 149. MS data is presented in the following table for compounds 414-440.

MS (ESI(+)) m/e MS (ESI(+)) m/e
Compound (M+H)+ Compound (M+IwI)Jr
414 677.55 428 635.44
LT — 429 619.43
416 743.2 430 633.43
417 698.05 431 621.48
418 683.46 432 619.43
419 641.46 433 647.42
420 711.52 434 649.42
421 698.95 435 0 e
422 743.29 436 649.78

423 697.45 - 437 703.82



/[ OPh 374 \ 382 390 EtO 391 375 383 O F 376 384 ~O\ 392 /o\ 378 385
393 ON N~ WD 2006/ 009869 PCT/ US2005/ 021524 234 4rN ONH 1) RCHO [H O
NR, NO wWopodd/oo@doH OH OH OH 195 Conpound R, ConpoumrdTRS2@smprand R,
394 / 402 Ph 410 395 ~N 403 00 411 @3 S MeO 396 404 412 02N\ F\ CF3
Ove AcO 397 Me2N 405 413 \ N F3C 406 O'~O - 398 399 407 ~\ | OL 2 y~45
400 408 Ph 401 409 C \ Conpounds 340-413 were synthesized according to

t he procedure described in

424 647.43 438 683.74
425 639.46 439 753.5
426 647.42 P77 Sp—

427 661.46



Exanpl e 149. MS data is presented in the follow ng table for conpounds
340-413. Ms (ESI(+)) W M5 (ESI(+)) nmle M5 (ESI(+)) M Conpound (M+H) +
Conmpound Wdkb)eoossapound (M-H) + WO 2006/ 009869 PCT/ US20@06TaR2&24215285 340
683.51 366 685.33 392 597.39 341 701472 367 691.43 393 608.41 342 701.52
368 657.47 394 733.29 343 701.79 369 632.45 395 614.37 344 -------- 370
607. 44 396 652.39 345 613.76 371 675.46 397 650.47 346 641.65 372 621. 44
398 675.43 347 613.38 373 675. 36 Sgg g@ég 348 685.34 374 699.52 400
683.46 349 635.47 375 657.47 401 . 611.47 376 625.39 402 683. 46
351 637.44 377 587.48 403 615.48 352 625.46 378 623.45 404 667.47 353
587.48 379 573.7 405 66%./@6354 611.46 380 621.47 406 gg@\gf‘l‘ 55 615. 48
381 637.44 407 724.9696 cé@5. 7 382 615.48 408 625.52 3

6R%5. 42 383
651. 51 409 71ZX73
411 635.71 3
608. 41 362 643. 4

55 ¥.601. 48 385 705. 4

3 3.38 384 '6AFEALM10 630N
88N 27\3 621. 47 412 693.42 367 6'”11. 387 637.44 413
% 636-d1 363 599. 44 389 608. 41 4 DHA7 390 571. 41
365 691.43 391 601.41 anpl e 202 WO 2006/ 009869 PCT/ UB2005/ 021524
193
Compound RiRoN Compound RiRNH Compound R4R,N
[ et e e - e e R e e Sh e [ - - PR Ph‘, I . e
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236 OOR p CHO1) RINHZ, [H ON-R2 Nb 2) ReCHO[H H HOHHOH OH OH
193 Conpound R1 RZ Conpound R, RZ 414 N~ 416 N~. 415 N 417 N d WO

2006/ 009886 2p6I0B2005/ 021524 237 O O R O raCHO 1) R Raz/Uspes/oshvR2  2)
R2ZCHO,[H N ONO NH -11 N HOH @4t OH OH 193 Conpound R, R2 Conpound

RR2 418 . | N._... 426. ----O/," -\ Et 419 N 427 ~ "~ 420 428 11V/
4S5 '~ y% 421 N 429
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Compounds 441-476 were synthesized according to the procedure described in

Example 149. MS data is presented in the following table for compounds 441-476.

MS (ESI(+)) m/e MS (ESI(+)) m/e
Compound (M+H)* Compound (M+H)"
441 683.75 459 587.48
442 627.51 460 517.3
443 599.4 461 573.42
444 613.47 462 559.46

445 621.44 463 559.48



C N N~ 422 a Br 430 f NU 423 N 431 N/ 424 LN ~/~'"" 432 Et 425 CNo 433
G\/ \ WD 2006/ 009869 PCTI US2005/ 021524 238 OOR p CHO1l) RNH [H O
N'RZ H woabbeno@d9OH OH OH 193 Conmpound Ri Rz ConpoumldTRS20@3/021324 . 434
438 61Y, 435 ~~N\ 439 9 Cbz F N \24N\! 436 OH OH 437 Q\~ Conpounds
414- 440 were synthesized according to the procedure described in Exanple
149. MS data is presented in the follow ng table for conpounds 414-440. NS
(ESI(+)) mle M5 (ESI(+)) W Conpound (M-H) + Conpound ( + 414 677.55

428 635.44 41346- ... 424680, 43 416 74942 430 633. 434
447 529.35 465 605.37
448 633.43 466 611.49
449 573.42 467 607.39
450 633.51 468 621.65
451 613.46 469 619.42
asm sen a0 Teosas
453 599.47 471 621.46
454 607.45 472 627.48
455 587.41 473 605.43
456 605.37 474 663.43
457 633.49 475 635.74

458 649.43 476 593.38



417 698. 05 431 621.48 418 683.46 432 619.43 419 641.46 433 647.42 420

711.52 434 649.42 421 698.95 435 -------oooo-- 422 743.29 436 649.78 423
697. 45 4370D0G/®ISWO 2006/ 009869 PCT/ US2005/ 021524 239 PATAISB0LR/02532438
683.74 425 639.46 439 753.5 426 GAR4EA2 440 ------------- 427 661.46 WD
2006/ 009869 PCT/ US2005/ 021524 240 Exanple 203 OONR, ,R p CHO O 2 1)
RRNH [H Np ,, ZOH H-OHH OH OH 193 Conpound RLR2N Compound RLR2NH
Conpound RLR2N \ 457 NMe2 441 Ph N- NHN Ph, N NAFh Ni 442 N
N~ 450 N 458 N Cbi 'INH HN A | l\b 394!

HO RoRiN

0o (@)

© s

HO— 3 T o= H

HO
Compound R1RoNH Rs Compound R{RoNH Rs
, NHp | " N | Me
47 Ph A~ Na e 481 Ph/\/\/N\
NH; | NH; |
478 )\/\/N\ Me 482 PPN Me
Ph
I;IHZ I NH2
479 ~o N Me 483 )\/K/N Me
NHz |

~N< NHz |
480 O/\/ Me 484 w/k/N\ Me



443 N\ 451 N 459 N NH N 444 \NH N 452 460 H ANH 445 O N 453 CIN 461 NH
"NH NHN O N~ ~ 446 N 454 462 F ' NH N~ 447 N 455 N 463 Ph\ IN "5 0.,,
NMe2 456 WO 24e6opded” N '/ 464 WO 2006/ 009869 PCTI US2005p,02152¢h5/02524 O O R1

i ONRpCHD1 RIRRNH[H NN2 MDINHHOKHO4 OH O4d 193 Conpound
R, R2N Compound R, R2ZN 465 Me2N.... _. \ 471 O HI -111 N

HO R,R{N
0] (0]
O« O
o] o)
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HN\\- —_— HN\“

H
A N
S S H :
Compound R;R,NH Ra Compound R{RoNH Rs

NH, NH
485 )\/k/N\ Me 493 Q\/ ’ Et

|
486 Ph N Me 494 N Et

|
NHz N
487 O\/’\/N\ Me 495 7NN, Et

NHz | \

488 AN Me N i/\g

NH, | N
489 O\)vfl“\ Me 497 /N\/\NH2

d
490 HzN/\<_] Me
NF; |
491 ©/\/ N~ Me
|

492 /N\/\NH2 Me

Compounds 477-497 were synthesized according to the procedure described in

Example 141. MS data is presented in the following table for compounds 477-497.



Me2N 466 N = 472 HN H NH 467 N Ph_ ~N 473 NN 468 N 474 CN HN N Cbz
NMe2 469 / 475 N 1/Ph -N NMe2 470 p_N \ 476 Ph F Conpounds 441-476 were
synt hesi 2&0 200009860 ng t 0 t he procedure described in Exaoplus2d4021585 dat a
is presented in the followi ng table f®8 conpounds 441-476. M5 (ESI(+)) W
M5 (ESI(+)) me Conmpound (MMt Conpound (MrA)+ 441 683.75 459 587.48 442
627.51 460 517.3 443 599.4 461 573.42 444 613.47 462 559.46 445 621.44
463 559. 48 WD 2006/ 009869 PCT/ US2005/ 021524 242 446 _545. 35 464 621.44 447
529.35 465 605.37 448 6BS ESI@Opmgal1. 49 449 573. 42MBEIET)IYe 450 633. 51

468 621. 65 él()SI}lp(?liLl?d 46 469 WIQH%Q Compound (M+H)+
477 727.39 488 679.44
478 693.44 489 733.49
479 707.44 490 677.37
480 719.42 491 713.4

- Tt s a2 Tearsl

482 741.46 493 691.43
483 747.48 494 707.47
484 679.43 495 651.38
485 693.44 496 717.44
486 727.4 497 677.41

487 733.45



452 593.71 470 605.43 453 599.47 471 621.46 454 607.45 472 627.48 455
587.41 473 605.43 456 605.37 474 663.43 457 633.49 475 635.74 458 649. 43
476 593. 3BOWDGADAEH 009869 PCT/ US2005/ 021524 243 Exanpl @eCRO%206Q0R3R N O O
ORRR3O0O O1) R RRNHL HBTUH HMC HN N,,..~ N HO= HO HO HO
Conpound RIR2NH R3 Conpound Rj RRNH R3 NH2 477 Ph--,- N~ Me 481 ph N Me
~i NHz NHZ 478 Me 482 Ph Me NHZ NH 479 Me 483 H Me NH2 N~ N{H2 480 Me
484 wN~ Me WD 2006/ 009869 PCT/ US200p( 0215245 244 HO ReR N
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OOORa Ra O01) RRNH, HBTU O O HNC H HNC p0O 0 HO= H~ HO

R1IR2NH Ra Conpound RIRZNH Ra NH n NH2 485 | 1 RI\ Me 493 \N !v EFO ﬁloi'rzrplcmnd
MHz 486 RNQ,2006/08986hE 494 Et 487 NH2 N Me 495 N~/ ~NH2 EPCTNIS20048815B Me 496
H2N---0 NH2 489 Me 497 \NH2 490 HN2M2 z ~ NH2 491 N~ Me 492 ~NH2 Me
Compounds 477-497 were synthesized according to the procedure described in
Exanple 141. Ms data is presented in the followi ng table for conpounds

477- 497 200 9869 I U 200

R R IR s L A

A solution of aldehyde SSﬂ gO n%gg, 1462quf1v 1n7[‘1H?F (]’1 5 mL) was placed in a vial

with stir bar and isoprene (170 pL, 15 equiv), 2.7M phosphate buffer (225 ul, 4.5 equiv),

and NaClO, solution (490 pL, 3.6 equiv) were added. The reaction was stirred at rt for 2

5 hours. At which point the water (30 mL) was added and the resulting solution was acidified

to pH 1 with 6M HCIL. The solution was then extracted with CH,Cl, (3x15 mL). The

~organic-layers were collected and dried on Na,SO, and concentrated to give a white foam,

74 mg, which is used without further purification in the reactions above.

Compounds 498-511 were synthesized according to the procedure described in

10  example 170. MS data is presented in the following table for compounds 498-511.

MS (ESI(+)) m/e MS (ESI(+)) m/e
Compound (M+H)" Compound (M+H)"

498 - 505 587.41
499 627.15 506 607.68
500 642.37 (M + HCI) 507 621.41
501 627.74 508 621.39
502 573.39 509 627.46
503 - 510 -

504 621.29 511 635.07

Example 206



481 741.46 492 637.31 482 741.46 493 691.43 483 747.48 494 707.47 484
679.43 495 651.38 485 693.44 496 717.44 486 727.4 497 677.41 487 733.45
WD 2006/ OWO2665/M®BHH US2005/ 021524 246 Exanpl e 205 O aCOPHT@OS2@08OMRSRZ N 2H
1) RgR2NH, HBTU, NEta N, O N O H OH248CH OH 554 OH Conmpound R1R2NH
Conmpound RIR2NH | / 498 502 Ph' "NHZ -NHZ \N- 499 \( !J \!J 503 | H2N
NHz 500 504 N Ph NH2 \ H 501 H2ZN 0 ~COZH 1) R R2ZNH, HBTU, NEt3 OOONRi R2

NO H -
K©\/?n [\Ij
N o) \/\N/
\/\’f/ 1) RiRoNH, AMe; H N )

Ri~n” X ©
I -
R H OH
OH
Compound R4R,;NH Compound RiRzNH Compound R{R,NH

oz v o @2 = w00
513 NH2 519 HZNW\)@ 525 HzN\/\/©

o™
Ph
) O
Ph 526
514 520
HzNj‘
Br
NH,
Qo
515 @ @ 521 @ 527 HzN N
Ory -t
| OO
517 HZN\/\/N\ 523

Compounds 512-528 were synthesized according to the procedure described in Example

516 MN

IZ%

149 and Part F of Example 177. MS data is presented in the following table for compounds

512-528.
MS (ESI(+) m/e MS (ESI() m/e
Compound (M+H)" Compound (M+H)*
512 637.57 521 625.51
513 651.62 522 625.67
514 653.57 523 651.68

515 623.68 524 623.68



OH OCH OH OH 554 Conpound RIR2NH Conmpound R1IR2NH 505 509 HzN Ph  H2N Ph\
N 510 NH2 506 H2NI 507 511 Ph ~NH2 HZN 508 Ph~NH2 WO 2006/ 009869

PCTI US20080Q8d67@49869247 Conpound 554 was synt hesi zed accecuiusgoosm2tshe

foll owi ng procedure: A solution of aldehyde 554 (60 ng, 1 equiv) in THE
(1.5 m.) was placed in a vial wth stir bar and isoprene (170 L, 15

equi v), 2.7M phosphate buffer (225 L, 4.5 equiv), and NaClQ2 sol ution (490
RL, 3.6 equiv) were added. The reaction was stirred at rt for 2 5 hours. At
whi ch point the §#ter (30 nL§'4s added and?% he resul ti%‘ifjsf‘ol ution was
acidified to pH1 with 6MHC . The sol utiggewas t hen e&fﬁgted w th CH2C12
(3x15 nL). The ®ganic | ayePSR&te collect & and dried on Na2SO4 and
concentrated to kave a white £o 74 g, gwhich is useghimdet hout further
purification in e reactions above. Conpounds 498-511 were synthesi zed
according to the5@' ocedure dgggei bed in  1@2exanpl e 1706548 data is
presented in the tollowng table for conmpounds 498-511. Ms (ESI(+)) W M
(ESI(+)) me Cogmpund (MH) s5Compound (M-H)+ 498 --- 505 587.41 499
627.15 506 607.68 500 642.37 (M+ HCl) 507 621.41 501 627.74 508 621. 39
502 573.39 509 627.46 503 --- 510 --- 504 621.29 511 635.07 Exanple 206

Example 207

TN RoNH, AlMe H N :
o H H 1) RiR,NH, 3 > N,
“ N\o Y l —_— L R1\5\l O Y
O - R2 A
Y { MOH H —OH

= OH
Compound R{R-NH Compound R4RoNH
N ’ 534 L
H
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w OO
530 ' 2 535 HN -~
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o O
NH,
NH,

%92 ©© 537 @ @
533 \|/VNH2 - @\/\NH



WD 2006/ 009869 PCTI US2005/ 021524 248 ~OBn Bn - NNO H~1 NN OH 1)
RIRZNH, AIMe3 NORL;NN, Ol -1j i RRHOH HOH OH Conpound RIR2ZNH
Conpound WoRaNHoGsapound RIR2ZNH 512 H2N O o 51.8 N J NPRTAR40050MNSeY . 2N' v
~ 525 H2N, ~,~ 513 O O NHZ 519 H O NH30 Ph 514 O 520 sPh 526 O Fi ZN Br H2N
NH2 ~\ O 515 O 0521 OO H2 527 H2N-{ N O % /NH2 + 516 H2N 522 528 H2N~N~
H 517 H2N,,,,~ N5523 O O NH2 Conpounds 512-528 were synthesi zed accordi ng
to the procedure deggribed in Exanple 149 and Part F afple 177. M5
data is presented i heB¥f ol | owi ng table for conpound P28, M
(ESI(+)) me M ( W 812 637.57

i SR
521 625.51 9%62%2} 625. 6 .57 »2 ®8 5]7562 .68 524
B

623. 68

Compound R{R;NH Compound R{RoNH

“  On
539

H
540 YNHZ 543 OYN\/\/NHZ

NH \
541 @ 2 544 _N<~NH,

Compounds 529-544 were synthesized according to the procedure described in Example

149 and Part F of Example 177. MS data is presented in the following table for compounds

529-544.
MS (ESI(+)) m/e MS (ESI(+)) m/e
Compound (M+H)" Compound (M+H)"
529 635.74 537 693.72
530 709.72 538 631.71
531 674.75 539 569.67
532 667.71 540 583.67
533 597.74 541 603.67
534 - 542 617.71
535 585.68 543 684.74

536 693.33 544 598.65



WD 2006/ 009869 PCT/ US2005/ 021524 249 516 614.83 525 590.14 517

637.65 518 630.67 527 644.66 519 603.67 528 654.68 520 651.17 ’5\-5~6E>?:rrglzg
207 ~/ | ~wBnodkl10098¢9Bn N OH Ni 1) R, R2NH, Al Mea R yPCTHSOIS5/0ASRR Y 2 ry
OH H OH OH Conpound RIR2NH Conpound ®RLR2NH 2 O 529 Na \J 534
H2N, /, Nl It-1 H 530 HZMv/ 535 ry2N, ,~0l 531 NH2 536 O O NH2 NH2 532 K)6
/5\37 O \/ Nry2 533 \~"NH2 538 O NH2 WD 2006/ 009869 PCTI US2005/ 021524 250
~~8n 1/ 11 8n O N~ OHY=N1 R I SRLNHNOY ROH H OH OH
Conmpound R, R2NH Conpound R, R2ZNH 53 H ~rNH2 543 OON, , -, ~NH2

/

o
g
>

— NaGNBH; ‘/_/:\_
:/—/—\— NH,OHHCI HN

5 © HO
To a solution of 4-heptanal (3.2 g) in MeOH-THF (3:1, 16 mL) was added an
aqueous solution of hydroxylamine hydrochloride (2.6 g, 4 mL) in one portion. The pH was
adjusted to 9 with 6N KOH, and stirred at rt for 2 h, after which the disappearance of the
aldehyde was observed by TLC. After the addition of NaBH3CN (3.6 g, 2 eq) was complete
10  the pH of the solution was adjusted to 2-3 using HCI in MeOH (20% V/V) and the solution
was allowed to stir over night. The pH of the solution was then adjusted to 11 with 2N
KOH. The layers were separated the the aqueous layer was extracted with CH,Cly (3 x 50

mL) the combined organic extracts were dried, filtered and concentrated in vacuo to afford

the desired hydroxylamine as a white liquid (3 g).

15 PartB.

o) toluene, 120 C >__\ Jﬂ
A
HN MeO _\_/RLI

0

HO OMe

The hydroxyl amine (0.9 g) and methyl glyoxylate ester (0.6 g) were dissolved in
toluene (10 mL). The mixture was heated to 120° C for 3 h. The mixture was concentrated

20  to 6 ml for next step.



540 O 541 o-NH2 544 ZN, ~~NH2 Conpounds 529-544 were synt hesized accordi ng
to the procedure described in Exanple 149 and Part F of Exanple 177. M5
data i s pvexermasesdbn the followi ng table for conpounds PEZArS2eH4/021554
(ESI(+)) me M5 (ESI(+)) me Conpourkdd2(M-H) + Conpound (M+H)+ 529 635. 74
537 693.72 530 709.72 538 631.71 531 674.75 539 569.67 532 667.71 540

583. 67 533 597.74 541 603.67 534 ---- 542 617.71 535 585.68 543 684. 74
536 693. 44 598.65 5 WD 2006/ 009869 PCT/ US2005/ 021524 251 Exanpl e 208
~N~|N ' 01-0 OH HO,. OH553 Part A NaCNBH3 NHzOHHCI HN HO
J

@

e} — .
N= Ti(QiPr)4
Y 4<_\'OTBS ©iPnd
% o OH

Microwave, 140C

5 The nitrone ester (0.4 g, 2 mmol) and the TBS allylic alcohol (0.5 g, 2 mmol) and
titanium isopropoxide (0.9g, 3 mmol) were placed in a microwave reaction vial. The
mixture was heated to 140 °C for 15 min in the microwave. The mixture was allowed to
cool and diluted with ethyl acetate. The mixture was then washed with water, brine, dried
and concentrated. Flash chromatography on silica gel (hexanes, 10% EtOAc in Hexanes)

10  gave partially pure product 300mg.

Part D.

oTBS

The isoxazolidine was dissolved in THF (14 mL). 6 N HCI (1 mL) was added and the
mixture was stirred at rt for 1.5 h. The mixture was diluted with EtOAc (3 x 50 ml) and the
15  layers were separated. The aqueous layer was extracted with EtOAc and the the combined

extracts were washed with brine, dried, filtered andconcentrated to give desired product 0.2

g



5 To a solution of 4-heptanal (3.2 g) in MeOHTHF (3:1, 16 nL) was added an
aqueous sol ution of hydroxylam ne hydrochloride (2.6 g, 4 nL) in one
portion. wWbheopowms adjusted to 9 with 6N KOH, and sti pcedsatosnoeistor 2 h,
after which the di sappearance of the 253l dehyde was observed by TLC. After
the addition of NaBH3CN (3.6 g, 2 eq) was conplete 10 the pH of the
solution was adjusted to 2-3 using HCL in MeOH (20% V/V) and the sol ution
was allo o stir over night. The pH of the solution was then adjusted to
11 with OH. The layers were separated the the aqueous | ayer was
extracted with CH2C12 (3 50 nlL) the conbined organic extragts were
dried, filtered and concepgtrated in vacuo to afford the desi
hydroxyl ami ne as a white I'hquid (3 g). 15 Part B. Ol O O toljiene, 120 G
\J\~ Ove M ON HON H The/ hydroxyl amine (0.9 g) and nethyl gl yoxyl ate
e was heated to
next step. WO
ﬁr)4 -:O0 IN
‘ e ester (0.4 g,
-akl ylic alcdhol (0.5 g, 2 nmol) and; t \t ani um
i sopr-opoxi de (0. 99, Hal )- were placed in-a m-crowave reacPfon-vi-al. The
m xture was heated tggl40 C for 15 min in the m crowavess7The m xture was
allowed to cool and diluted with ethyl acetate. The m xture was then

Lo et kel STERREFM 684 aa f @RJls erRLATEaRp) or

silica gel C
Al(Me); (2 M, 4 mmol) was added drop wise to the solution. The solution was stirred at rt

120 Cfor 3 h. T
2006/ 009869 PCT/
-~~OTBS OO 0
2 nrol) and the Tl

5 for 20 min The starting lactone (0.7 g, 3 mmol) was dissolved in anhydrous CH,Cl, (3 mL),
and the resulting solution was added slowly to the amine and Al(Me); solution. The
reaction mixture was stirred at rt for 12 h, and then diluted with CHCl, (60 mL). A
saturated solution of Rochelle’s salt (5 mL) was added and the two layers were stirred at rt
for 2 h. The organic layer was separated from the aqueous layer and washed with water and

10  brine, dried (Na;SOy), filtered, and concentrated to give crude product 400mg. The crude
material was purified by flash chromatography (silica gel, 50% EtOAc in Hexanes) to
afford 260 mg of the desired product.

Part F.

_ OHOH
CHO
. ((\‘ SR
‘, N 'I/N N\
N 0 0504 ,N _NaiO, N 0
1 ._

558 560
15

To a solution of the 558 (0.25 g, 0.59 mmol) in 2-methyl-2-propanol (6 mL), THF
(3 mL) and H,O (1 mL) was added NMO (0.1 g, 1.5 eq) was added of OsOy4 (0.37 ml, 2.5

% solution in 2-methyl-2-propanol) dropwise. After 1.5 hr the reaction mixture was

20  concentrated to 3 mL, diluted with CH,Cly, brine and 10% NayS,O3 solution, extracted



10 gave partially pure product 300ng. Part DD OHO q OIBS 6 N HEd Fi OH
S 555 556 The isoxazolidine was dissolved in THE (14 nL). 6 N HC1L (1 nl)
was addedwendoddogseonm xture was stirred at rt for 1.5 h. pCinasaeeserses was
diluted with EtOAc (3 x 50 m) and t415 | ayers were separated. The
aqueous | ayer was extracted with EtOAc and the the conbined extracts were
washed with brine, dried, filtered andconcentrated to give desired product

0.2 g. WO 2&%26&03%%1?@ @&%E/gg%/ggé 1§ﬁ€red 2nd coE@e‘hErafed tB dfl ¥ Madte Qobin= QCM

H NO O sopi nocanpheyl am ne (0.6 g, 4 mmol)
was di fssglh%/erg%tﬁlqaﬂp Y E@Hﬁe%gﬁgﬁﬁétﬁ@ Al(M)3 (2 M 4 mol) was added

drop wi's € so Ion ution was stirred at rt 5 for 20 mn The

starting | act Ofnhﬁé)(fggg U? %aﬁ R 0035%3)‘]&' (ﬁgagk‘)égqnlm PRRYAL Y $6 th%(@ﬂ:ﬁ%:(@ﬁﬂ)

Sgldut hgnresultl Slowy to the am ne” and Al

i e Was ot t, f

diluted \H?Ir Eﬁlﬂg Cs §éltng]0 p%%_ﬁﬂoldé e(o at §? a‘%léged%gdﬁtn:ion Sg%glégpcdﬁté?@gﬁs Eésg}l{[ng(
M) was 3dded. andd f& kP %ﬁ}’efh% HEGRSHGLEdAlned dilhen WAuNCIEOR, dryani c

| ayer was’ se 4rated from e aqueous | ayer and washed with watér ‘and 10

bri ne, r k > Qirfe ®gSQyg €ilipredoandt
400ng:- ~Thggg P %%%%S&hﬂf&gmﬁg%udﬁ%tﬁm?@? g chr@ c?gng/ﬂg{ apﬂy ﬂ(a; li-ca

ge' 50"&@3&%&8 {3621 P08:$ bfitvPhiteAb kRl he &Qtdegrdaﬁlcﬁ Wes pledfioddsy @iladnSilicRar t
20 g SG60, solvent: 80% EtOAc/Hexanes) to give 0.12 g white solid product.

Part G.

10

To a solution of the 560 (0.1 g, 0.3 mmol) in MeOH (2 mL) was added the NN
dimethylethane-1,2-diamine (0.030 g, 0.36 mmol). The reaction was stired at rt for 3.5 hr.

15 NaBHy (0.01 g, 0.3 mmol) was added in one portion and the reaction was stirred for 2

additional hours. Acetic acid (10 pL) was then added to quench the reaction and the

reaction solution was concentrated to 0.5 mL. The mixture was then diluted with CH,Cl,,
saturated NaEHCO3 was added and the mixture was extracted with CH,Cly (2x), dried over

MgSOy, filtered and concentrated to yield the desired product (100 mg).



C+ 0N /CHO = ON20Or N N10 OS04 ON NaldX4 HN O HNNOHO~ HO.
t BUGH THF/ HzO H THEfH,O0 OH OH HOH -. HOH 15 558 559 560 To a sol ution
of the 558000062H989 0.59 nmol) in 2-nethyl-2-propanol (@CEIDS20050E1524 3 )
and H20 (1 nL) was added NMO (0.1 g, 2855 eq) was added of GsO4 (0.37 m,
2.5 %solution in 2-nethyl-2-propanol) dropwi se. After 1.5 hr the reaction
m xture was 20 concentrat ed to 3 n., diluted wth CH2C12, brine and 10%
Na2S733 sl lﬁl extracted WO 2006/ 009869 PCT/ US2005/ 021524 254 with
CH2C12 ( ri ed over (MyS04), filtered and concentrated to an off white
f oam ThIS material was used directly in the next step The off-white foam
from above was di ssol ved b%],\{) 1 THF/ H20 (6 nls THF, 0.6 ni Hrga&
dilu

peri daote (0.19 g) was a@d i a sj ngle The
o A REhL 2 :‘th
12%)

mi xt ure. @ at actlon m xture]wm
CH2C12, briie/
over MgSH4, ffil dPand conc ated to give an off gm The crude

% Na2S203 |e|n exttaetted wi t NG
product was pur®fq ba/ colum (Silica: 20 g SGs0, sol vencts:a 8 004oH
Et OAc/ Hexanes) t .12 g white solid product. Part G N 55@40 H O
NaBH4 O H HZN~-~ H OHCB,.FlO-lHOO-l 56056110

Q
5 tfen

...\<

561 (15 mg) was dissolved in anhyous DCM (1 mL) and cyclohexanecarbaldehyde

5 (7 mg) was added. This solution was stirred for 15 minutes, at which point sodium
triacetoxyborohydride (17 mg) was added to the reaction mixture. After 1 h, methanol (0.5
mL) was added to the reaction mixture and this solution was purified directly on HPLC,
using a basic (ammonium bicarbonate-acetonenitrile) gradient. The desired fractions were

combined, frozen and lyophilized to afford 7 mg desired product. MS (ESI(+)) m/e 565.75
10 (M+H)".



To a solution of the 560 (0.1 g, 0.3 mmol) in MeOH (2 nL) was added the

N , Nl - dinethyl ethane-1,2-diamne (0.030 g, 0.36 mmol ). The reaction was
stired atwptodemssos5 hr. 15 NaBH4 (0.01 g, 0.3 mmol) wasTasd@d/oers29one
portion and the reaction was stirred 256r 2 additional hours. Acetic acid
(10 L) was then added to quench the reaction and the reaction solution was
concentrated to 0.5 nL. The m xture was then diluted with CH2C12,

saturated NaHCO3 was added and the E}&gz [8gyas extracted with CH2C12 (2x),
dried over MS04, filtered and com:errré!a'?-ed o yield the desired product
(100 nmg). WD 2006/ 009869 PCTI US2005/ 021524 255 Part HO N~~N N Hp
Na(OAc)3BHp.,,NNI~’\JYJ~H|\IJCHZCIZrtHNO H OHOB HO, OH OH 561
553 561 (15 ng) was dissol v%m“ I anhyous DCM (1 nL) and __

cycl ohexanecar bal dehyde 5 my) was added. This solutidh s stirred for
15 m nutes, at which point godiumtriacetoxyborohydride (1# ng) was added
to the reaction mxture. After 1 h, nethanol (0.5 nl) was' added to the
reaction mxture and ghis-sol utlgﬂc\p@s,\,agu@hg)ge ec@ly jon HPLC, wusing a
basi ¢ (ammoni u ar Rohat e- acetonem—tﬂﬂ—l—ea» gr “mlesired fractions
were conbi ned, Z8 | yophilized to afford ng d ed pr oduct IVB
(ESH(+))- m-e-565-76 10, = ~WO 2006/ 009869~ PCTH :

Compound R{CHO Compound R,CHO

545 5\/\@ 549 @C;l,
w O
547 @\ y 551 ¢ @

548 O\;

Compounds 545-551 were synthesized according to the procedure described in

Example 207. MS data is presented in the following table for compounds 545-55 1.

MS (ESI(+)) m/e MS (ESI(+)) m/e
Compound (M+H)" Compound (M+H)"
545 587.74 549 -
546 573.71 550 -
547 559.67 551 --

548 565.76



O NOHOH OH561 Conpound RICHO Conpound RICHO 545 549 ca' 546 or |,

550 547 aF 551 548 a Conpounds 545-551 were synt hesized according to the
procedur evdesaviobssd i n Exanple 207. MS data is present edTius2a05@21504 | owi ng
tabl e for conpounds 545-55 1. Ms (ESI®#)) me Ms (ESI(+)) We Conpound

(MrH) + Conpound (M+H)+ 545 587.74 549 --- 546 573.71 550 --- 547 559.67
551 --- 548 565.76 5 WO 2006/ 009869 PCT/ US2005/ 021524 257 Exanpl e 210 O 0
H\ H\H ONH/N- HOFl HO 562 Rarf A ,@HO OH 20H HOl;

CHO .OH
NH,OH-HC; N
NaBH;CN
N02 NOZ
563 564
To a solution of 3-nitrobenzylaldehyde (20 g) in MeOH-THF (3:1, 400 mL) was

added an aqueous solution of hydroxylamine (13 g in 60 mL of water) in one portion. The

pH was adjusted to 11 with KOH (6N), and stirred at rt for 2 hr NaBH3CN (17g, 2 eq) was
then added and the solution was acidified to pH 2-3 using HCI in MeOH (20 V/V). The pH

10  of the reaction solution was maintained at pH 3 over the course of the reaction by addition
of small amounts of the methanolic HCI solution. The mixture was allowed to stir for 12
hr. The methanolic HCI solution was added to keep the pH at 3. After another 8 h the
solution was basified with an aqueous solution of KOH (2 N) to a pH of 11 and extracted

with CH,Cly (3 times), dried over MgSQy, concentrated in vacuo to afford 564 (20 g,
15 91%).

Part B.

OMe
OH toluene, 120 C




NHH Y NaBH3CN I NO2 NO2 5 563 564 To a solution of

3-nitrobenzyl al dehyde (20 g) in MeOH THF (3:1, 400 nL) was added an
aqueous swbubicomssh hydroxyl amne (13 g in 60 nlL of watem)uszovsoms2porti on.
The pH was adjusted to 11 with KOH (%8), and stirred at rt for 2 hr
NaBH3CN (179, 2 eq) was then added and the solution was acidified to pH
2-3 usi nngCI in MeOH (20 V/V). The pH 10 of the reaction solution was

mai nt ai ned at f I
amount s of ¢ heoRetha ool Bt Bt ok Aot B 1900} fdeluPlo IR o
12 hr. Thiurethsneited tdﬂo Sowith lsﬁmmgaskfeed Gél, the skleep wdsevpporated B 1 Aftler
another 8 h the solution was basified with an aqueous solution of KOH (2
N to a pFrsfolgtiomyas eset dgesionn e thPabc12 (3 tines), dried over MySO4,
concentrated in vacuo to afford 564 (20 g, 15 91%. Part B. O H /O O N2
HN NO O NtarMeO' v OH 2 tol uene, 120 C 564 565 WD 2006/ 009869

PCT/ US2005/ 021524 258 564 (7 g) and glyoxylate ester (4g) were_dissol ved
in 100 mM of toluene. The mxture was heated to 120 C with st ng. After
3 hr, the solvent wésyevaporated to 15 nml. This sol uticonw N directly
inthe in Part C C. H G Pr)4 Nrijier), 0 O Nez\-= BSO-N02
m cr owave, 149 -O—~d@215frrm—€m = S el S & R

mlcrowave 140
= N,\b OH 15 min

565 566
A solution of 565 (5 mL from Part A.) was added to a microwave tube. The allylic
alcohol (1 g) and Ti(OiPr)4 (2g) were added. The microwave tube was then heated at 140

°C for 15 min The mixture was allowed to cool to rt. The crude mixture was diluted with

ethyl acetate and washed with water, brine, dried over MgSOy and concentrated. The crude

10  material was purified by column chromatography (silica gel, 0% EtOAc in Hexanes) to
afford 0.8 g of 566.

Part D.

el

o)

NO2 H,, Pd on Carbon

ty,

566

566 (1 g) was dissolved in MeOH (10 mL). The reaction solution was purged with
15  No, palladium on carbon (10%, 0.7 g) was added, and a balloon full of Hy was attached to

the reaction flask. The reaction was stired at rt for 45 min and then the mixture was filtered
through a short plug of celite. The celite plug was washed with 2 portions of EtOAc. The
organic solutions were combined and concentrated to give crude product 0.9 g. Flash
chromatography (silica gel, Hexane, 30% EtOAc in Hexane) afforded 0.8 g of 566.



5 565 566 A solution of 565 (5 nL fromPart A ) was added to a m crowave
tube. The allylic alcohol (1 g) and Ti(GQ Pr)4 (2g) were added. The

m cr owavewoube/oseg9t hen heated at 140 C for 15 m n The parAtSaes/ oves4 al | owed
to cool to rt. The crude m xture was 8pluted with ethyl acetate and washed
with water, brine, dried over MgSO4 and concentrated. The crude to materi al
was purified by colum chronmat ography (silica gel, 0% EtQAc in Hexanes) to
af ford gggg of 566. Part D. O\ 0 HN N02 H2, Pd on Carbon = NNH2 OOO
OHH BS 566 566 566 (1 g) was dissolved in MeCH (10 nL). The

reaction solution was purged wth 15 N2, palladiumon ca bon (10% 0.7 9)

was added, and #bglloon full of H2 was attached to t ien flask. The
reaction gvas s g at it for 45 mn and then the i xture s/[(bl/l@ed\l

t hr ough hwt pl ugHof @ celgyfidnep! ug shed rtions

of Et OAcy Theo organic sol \*\‘ gre dl centrated to give
crude pr oy c 0.9 g. Flash raw (S|I|QaHg

Hexane, 30% Et OAc
i n Hexane) Haf Yqseed 0.8 g of 566. WD 2006/ 009869 “PCT/

B$115 /1121 5 24
259 Part EggfOH\ OH\ | (C N2 NNH2 02N/ O pyriggine ONO HO a OOo
Cl DCM H H OTBS OIBS 566 567 p-N trophenyl Chloroformate (300 ng) was

di ssol-ved i n- €H2C12 {2 m). Pyridine 5 (Qlnl) was -added-t-0-t+he--reacti-on

solution. The r t| n e.slurr s .cool n_of
206 (490 ) 1 blipeaesy $hlarsropnde b e iR ESsbRe Trtie 4 ld, Piidhe

m xt ur@ V‘?ﬁlrﬁf)'vl}dfseﬁd@& t& thef Rhctibth ddlutiohherud fé%l!dflﬁg Waste ke 6ds wbdlbd €41BE1 2,
washed wi water, brine and dried over !\é/g S, and concentrated to afford

crude 567arda 65un offFets(45Man@rin ATHMAs(1 Wik efidagt infanetpEionp U e eagtiPn i n

Part E. mixture was stirred at rt for 14 hr. The mixture was diluted with CH,Cl,, washed with
water, brine and dried over MgSOy, and concentrated to afford crude 567 (0.65 g). This
material was used without further purification in Part E.
10 PartE.

1) DIPEA
N 2) HFlpyr O
HZN/\/N\

567 568 569

567 (20 mg) was dissolved in CH,Cl, (1 mL). 568 (10 mg) and DIPEA (10 pl)

were added to the reaction solution. The solution was stirred at rt for 12 h. The solution

15  was then concentrated and redissolved in 1 mL of dry THF. HF/pyr (150 pl) was added

and the mixture was stirred at rt for 1.5 h. TMSOMe (1.5 ml) was added to quench the

reaction and the mixture was concentrated. The crude material was purifed using HPLC to
afford 569 (15 mg).



to Part E O H\ | AONO2 OH\ | 1) DOPEAN, HNH NH OO 2) HF pyr O N
H2NH H OTBS OH | ~NI | 567 568 569 567 (20 nmg) was dissolved in CH2Cl2 (1
nillL). 568w0R200amy¥seand DI PEA (10 pl) were added to the reatitisemssoisati on.
The solution was stirred at rt for 126h. The solution 15 was then
concentrated and redissolved in 1 nL of dry THE HF/ pyr (150 |) was added
and the m xture was stirred at rt for 1.5 h. TMSOW (1.5 m) was added to
guench thg Eeacti on and the m xture was concentrated. The crude nateri al

was puri f ing HPLC to afford 569 (15 ng). WD 2006/ 009869

PCTI US2005/ 021524 260 Part F. ~ NHZ NNHNNH OHNHA M3 OHHp DCM
Np), v- N HN H OHHO, H [HO\ 569 562 | sopi nocanpheyl am ne (5 ny)
was di ssol ved anouso CHZClZ (1 AlMe3 (2 5 M 20 s emlded drop
W se to the reac! utio Thi s Wi XtNH,e was stirred A
sol ution of 56§ (7 ng |an{n>uous CH2C12 (1 ml)) was (Sl 0 Ht?ihe
reacti on sgoli . IE-,lre etr'on m xXtAlMey was, /Sthrre Hc\tN(t for

t hen dil ut CH 12 (254m). A sat-UWd QUK -SO @n of Roc eIIe S
salt (5 nt s\added aniNt+he resul g m xtr e Hhas stiyred at rgNfor 2
hr. The or gaan &feér was separated fromthe 10 ¢ ayer and washed
wi th-wat ers-~bri-ne, - -dri-ed-over- Na2SH4, -and--coneent rat edHOo - gi-ve— - - -

569 562

Isopinocampheylamine (5 mg) was dissolved anhydrous CH,Cl, (1 mL). AlMe3 (2

5 M, 20 pl) was added drop wise to the reaction solution. This mixture was stirred at rt for 20
min A solution of 569 (7 mg, in anhydrous CH,Cl, (1 mL)) was slowly added to the
reaction solution. The reaction mixture was stirred at rt for 12 h, and then diluted CH,Cl,
(25 mL). A saturated aqueous solution of Rochelle’s salt (5 mL) was added and the
resulting mixture was stirred at rt for 2 hr. The organic layer was separated from the

10 aqueous layer and washed with water, brine, dried over NaySOy, and concentrated to give

the crude product (10 mg). The crude material was purified by HPLC to afford 562 (3 mg).
MS (ESI(+)) m/e 602.45 (M+H)".

Example 211

NO 0}
o 2 1) R{R,NH, DIPEA )
i 2)HF-Pyr _ N” NRjR;
0 N™ "0 3) AlMes, Isopinocampheylamine OH H
H N H = N
C) N 0}
e Ho—/;
{H \-0TBS 5,

H ” HO
567
Compound R;R,NH Compound R{RNH
Ph
Ph
570 j\/lll 572 |
HoN > H,N N_
Ph_ | Ph
571 TV CLN 573 F
HZN/\/N\

15



the crude product (10 ng). The crude material was purified by HPLC to
afford 562 (3 ng). M (ESI(+)) nme 602.45 (M-H)+. Exanple 211 Il | NO021)
R, R21VH, WORBEA/00988911 \ NO" v 2) HF-Pyr NNRI R, O H H 3) ACHB2005/021524

| sopi nocanpheylamne 0O HNH NN, 020 OIBS HOH HO 567 Conpound RLR2NH
Compound RIR2ZNH Ph Ph 570 LN 572 H2ZN H2N N Phi Ph 571 H2N --~N 573
H2N'\~N 15 WD 2006/ 009869 PCTI US2005/ 021524 261 O/ |1 NO21) RI RZNH,

D PFI{ ~ ~ NxO' HF- Pyr R2 OHH3) AIM, Isopinocanphe m neg OHN
HNO A"NO H?lLH 271)@‘41gmuumdARlR2NH Conmpound R1R2N 74/|J<
576. - _ 2) HF-Pyr NR;R,

3) AlMe;, Isopinocampheylamine QH
O o try
O b
A

: OTBS
567
Compound RiR;NH Compound RyRoNH
- T Ts74° 0 T T N’;“ o 576 ?‘“’“}\i;‘“ oo
HNT 0N HNTN
— /
575 TNEN 577 N7 SN

Compounds 570-577 were synthesized according to the procedure described in

Example 208. MS data is presented in the following table for compounds 570-577.

MS (ESI(+)) m/e MS (ESI(+)) m/e
Compound (M+H) " Compound (M+H)*
570 636.73 574 642.49
571 636.41 575 656.5
572 650.42 576 656.5
573 650.44 577 642.7

Example 212




H2N~~N\ HN, ~N\ 575 577 HN \ H2N a Conpounds 570-577 were synthesi zed
according to the procedure described in Exanple 208. MsS data is presented

i n the fovbawaenyoseabl e for conpounds 570-577. NS (ESI ( +PLTrR2@SNESRES] (+) )
W Conpound (M+H)+ Conpound (M+H)+ %70 636.73 574 642.49 571 636.41 575
656.5 572 650.42 576 656.5 573 650.44 577 642.7 5 Exanple 212 Ha HNO
N HO N HO 578 WD 2006/ 009869 PCTI US2005/ 021524 262 Part A OH/ NNH H
O HO N OH%) H/ "N=NNH HOHOC NaHCO3 5799 HOH N 566 N H O HO
N ENC AN 1)

Sodium bicarbonate (200 mg), 2-chloro-N, N-dimethylethanamine (200 mg) were
5 added to a solution of 566 (200 mg) in EtOH (1 mL) under N,. The reaction mixture was

stirred at 60 °C for 14 h. The reaction mixture was diluted with EtOAc (50 ml), washed
with brine, dried over NaySOy, and concentrated to afford the crude product 300 mg. Th

crude product was purifed using HPLC to afford 568 (20 mg) and 567 (90 mg).

@Lﬂ

Part B.

@ NaHB(OAc)s\’

10

579 (15 mg), phenyl acetaldehyde (11 mg), and NaHB(OAc)3 (20 mg) were
dissolved in anhydrous THF under Ny. The mixture was stirred at rt for 20 h. The reaction

solution was then purified directly on the HPLC to afford 578 (4 mg). MS (ESI(+)) 607.74
15  m/e (M+H)".



=H HO 580 Sodi um bi carbonate (200 ng), 2-chloro-N, N-dinethylethanam ne
(200 ng) were 5 added to a solution of 566 (200 ng) in EtOH (1 nL) under

N2. The rwecvicmswxt ure was stirred at 60 C for 14 h. PChaSc@aoLisen

m xture was diluted with Et OAc (50 nmi263 washed w th brine, dried over
Na2SO4, and concentrated to afford the crude product 300 ng. Th crude
product was purifed using HPLC to afford 568 (20 ng) and 567 (90 ny). Part
B. O ~a H NNHO JOj NaHB(OAc)sNILLCN Zg-ﬁaHHO'HHOHON- HON / HO
HO 10 579 578 579 (15 ny), phenyl yde (11 ng), and NaHB( OAc) 3
(20 ng) were dissolved in anhydrous THE und N2. The m xture was stirred
at rt for 20 h. The reaction._sol ution waf en purified directly on the
HPLC to afford 578 (4 ng). e MkH) +. WO

2006/ 009869 PCTI US2005/ 0215 HN/--/ Phh HNO HO N HO
581 Conpound 581 was synthedi zed acdor di ng to procedure described in
exanple 5 210, using 3 -phenyl ) | in pl ace }ﬂf-phenyl acet al dehyde.
M5 (ESI(+)) nme 621.44 (MH) +. '

B S .. &81 . e

Compound 581 was synthesized according to the procedure described in example

5 210, using 3-phenylpropanal in place of phenyl acetaldehyde. MS (ESI(+)) m/e 621.44

(M+H)*.
Example 214
582
10 Compound 582 was synthesized according to the procedure described in example

210, wusing 3-chloro-N, N-dimethylpropanamine in place of 2-chloro-N, N-
dimethylethanamine. MS (ESI(+)) m/e 517.3 (M+H)".

Example 215

15 583
Compound 583 was synthesized according to the procedure described in example

210, wusing 3-chloro-N, N-dimethylpropanamine in place of 2-chloro-N, N-
dimethylethanamine. MS (ESI(+)) m/e 602.43 (M+H)".



Example 214 = OH/ = NNH HOHON BFI \ HO582 10 Conpound 582 was
synt hesi zed accordlng to the procedure described in exanple 210, using

3- chl or o-Wp 2bbediopssb hy| pr opanam ne i n place of 2-chl or o- RCTNFS2005/021524

di met hyl et hanamine. M5 (ESI(+)) me 3.3 (MH)+. Exanple 215 OH T NN H
o HO HO 15 583 Compound 583 was synthesized according to the procedure
descri bed in exanple 210, using 3-chloro-N, N dinethylpropanam ne in place
of 2-chloro-N, N dinethyl ethanam ne. M5 (ESI(+)) me 602.43 (MtH) +. WO
2006/ 009869 PCT/ US2005/ 021524 264 Exanple 216 R OH N NH N N R CHO, NaH6
OAHO N HOiI ( 03, HHON FI HOHO 52;62 I%C)rrpound R1CHO Conpound R1CHO

10

Example 216
L N/ RiCHO, NaHB(OAc), | y
\ N
\
Compound R,CHO Compound R;CHO
%,
584 PN 586 O/
CF,
23
585
MS (ESI(+)) m/e MS (ESI(+)) m/e
Compound (M+H)" Compound (M+H)*
584 635.74 586 613.77
585 675.69

Example 217
Bcl-2 and Bel-xL binding affinity analysis data is presented below for various
compounds of the invention. Note that*****” indicates that the Ki is < 0.8 pM, “***”
indicates that the Ki is 0.8-6 uM, “**” indicates that the Xi is 6-50 pM, “*” indicates that
the Ki is >50 uM. Note that “}” indicates that the Ki is >100 pM, and “f§” indicates that
the Ki is >200 uM. Note that “ND” indicates that the value was not determined.

Bel- Bcl-
Compound Bcl-2 XL  Compound Bcl-2 XL

28 s + 72 * ND

29 T 73 ND



584 Ph--- ---/ 586 CF, 585 6 Ms (ESI(+)) W MS (ESI(+)) W Conpound
(M+H) + Conpound (M+H)+ 584 635.74 586 613.77 585 675.69 5 Exanple 217

Bcl - 2 andwBcbecdiosssondi ng affinity analysis data is presenras2osioonss or
various conpounds of the invention. 2te that"****" indicates that the Ki
is<0.8M "***" jndicates that the Ki is 0.8-6 M "**" jndicates that
the Ki is 6-50 M "*" indicates that the Ki is >50 M Note that "t"
indicates that the Ki is >100 M and "tt" indicates that 10 the Ki is >200
M Note that "ND' indiB8ates tHhH4t thetval ue wd& not dé&ferm nMdd. Bcl- Bel -
Conpound Bel -2 XL Conpound Bel -2 XL 28 ** t_72 ** ND 29 t 73 ND WO

2006/ 009869 PCT/ US2005/ 021524 265 30 tt 74 Kb 31t 75 NDNB2 t 76 *** ND
33 w ft 77 ND 34 * 1'3278 **x ND 35 * t 79 ’;é* ND 36 tt *** ND 37 **
t 97 tt 38 * tt 99 tf° 39 tt 100 **** t 40 t 101t 41 IF 102 t 42

**% ot 103 weww t 33 + 77 ND
34 " T 78 ND
35 * 1 79 ND

3 e 4+ 8 =  ND
a7 - + 97 -
38 * tt 99 tt
39 it 100 +
40 y t 101 t
41 y t 102 t
42 +t 103 "
43 ++ 104 +
44 - + 105 +
45 - + 106 "
46 " T 107 t
47 * t 108 1
48 + 109 +
49 + 110 +
50 + 11 +
51 + 112 "
52 + 113 +
55 * t 114 t
56 +t 115 +
57 t 116 t
58 + 117 +t
59 - i 118 +
60 * tt 119 tt



43 tt 104 **** t 44 ** t 105t 45 ** t 106 **** t 46 * t 107 **** t 47
* tt 108 t 48 *** t 109 **** t 49 **x t 110 **** t 50 wwr t 111 **** t
51 *** t WO2060M86 52 *** t 113 **** t 55 * ft 114 *PCI/uUs2006021504 115
kxkxx f B7 kx\wt 116 **** t 58 *x* 26417 **** tt 59 ** t 118 **** t 60 *
tt 119 ***w tt WO 2006/ 009869 PCT/ US2005/ 021524 266 61 ** t 120 tt 62 **
tt 121 tt 63t 122 tt 64t 123t 66 ND 124t 68 ND 125 **** tt 69 ND
126 **** t 71 ** ND 127 *** tt Conpound Bcl -2 Bel - XL Conpound Bcl -2 Bcl - XL
128 **** t 2171 **** t61129 **# tt 213 **xx 120130 **¥™*jf 2 t 131t 216 t
132 ***% tt 217 ***x éz 133 t 218 **;rt

121 Tt
63 t 122 Tt
64 t 123 T
66 ND 124 T
68 ND 125 tt
I 69 e ANWD  qog mes T“
71 * ND 127 tt

Compound Bcl-2 Bcl-XL Compound Bcl-2 Bcl-XL

128 + 211 N
129 +t 213 +
130 it 215 +
131 + 216 +
132 +1 217 +
133 + 218 "
134 + 219 +
135 + 290 +
136 + 991 +
137 + 293 +
138 T 225 ND ND
145 T 227 ND ND
146 t 229 ND ND
147 + 231 +
148 1 233 ND ND
149 + 235 +t
150 t 045 N
151 + 247 +

1 52 Redkk .I..l. 252 Fkkd .l.



134 **** t 219 t 135 **** tt 220 **** t 136 t 221 **** t 137 t 223 t

138 **** t 225 ND ND 145 tt 227 ND ND 146 **** t 229 ND ND 147 **** tt
231 **** WO 200kM09869* t 233 ND ND 149 **** t 235 **** {pCTABO0OSHIS2t 245 t
151 tt 247 **** t 152 **** tt 252 **2%7 t WD 2006/ 009869 PCT/ US2005/ 021524
267 153 t 253 ++++ t 154 tt 260 t 155 tt 263 t 156 **** t 264 **** t

165 t 266 t 166 *+*+ t 268 t 174 *+* t 270 **** t 181 ft 272 t 183 **x*
tt 276 t 185t 278 t 188 *** t 280 ND ND 190 **** t 282 **** ft 197 t
283 **** ft 200 t 2883 201™r 291 F ** t 2802 ***N{ 203 AExx 203 *x*x
t 294 **** { 205 **** t 206 **xx

154 +1 260 +
155 +1 263 +
156 + 264 +
165 + 266 +
166 + 268 +

I T S
181 - 579 +
183 +t 276 +
185 + 278 +
188 t 280 ND ND
100 + 282 i+
197 i 283 -
200 + 285 +
201 + 291 +
202 t 293 T
203 + 594 "
205 + 296 +
207 " 298 it
209 " 269 +

Compound  Bcl-2 Bcl-XL Compound Bcl-2 Bel-XL

300 ; 239 +
301 ; 240 +
202 ; a1 "
203 ; 242 ;
304 ; 243 ;
305 ; 245 "
206 ; 246 "
207 ; 247 +



207 t 298 tt 209 t 299 **** t Conpound Bcl -2 Bcl - XL Conpound Bcl -2 Bcl - XL
300 **** t 339 **** t 301 *** t 340t 302t 341 **** t 303 **** t 342
*rrx ot 300 20061009869343 **** t 305 **+ t 345 ** * t  30@CTNS2005/035664 **** t
307 t 347 ***+ t WD 2006/ 009869 PCT/ U82005/ 021524 268 308 t 348 **** t
309 **** t 349 **** t 310t 350t 311 **** t 351t 312t 352t 313t
353t 314 t 354 *** t 315 **** t 355 **** t 316 356t 317t 357 t 318
*kxx t 358 t 319 *** t 359 ***x t 320 **** t 360 **** t 321 t 361 *** t

322 ***x t 362 *** t 30823 **#¥*{ 3630t 324348 364 *"Fx t Bop xxxx t 365
WeErt 326 t 366 **rx ot 327 r*** t 367 **if ;
310 + 350 +
311 e T 351 e T
312 s 359 +
313 —— t 353 ok +
S Y7 S
315 — + 355 Kok t
316 wwk 1 356 T
317 ik T 357 hwE T
318 FEEE T 358 bl T
319 Fww T 359 E T
320 i T 360 bl T
321 wEE T 361 i T
322 t 362 e T
323 whE T 363 i T
324 i T 364 EE T
325 i 1 365 ok T
226 + 366 +
327 i T 367 o T
328 e T 368 A T
329 FEE T 369 A T
330 T 370 Fk t
331 e T 371 ek T
330 s 379 +
333 I t 373 wkkk t
334 N 374 t
335 + 375 +
336 t 376 T



328 t 368 t 329 **** t 369 **** t 330 **** t 370 **** t 331t 371 **** t
332 * ** t 372 www t 333 *ww t 373 *www t 334 **** t 374 **** t 335
*rxx ot 3ABOR0063BBEH*** t 376 "*** t WD 2006/ 009869 PCT/ B620B240821624 269
337 *** t 377t 338t 378 *** t Caépound Bcl -2 Bcl - XL Conpound Bcl -2
Bcl - XL 379 **** t 418 "*** t 380 t 419 **** t 381 "** t 420 ** t 382t
421 **** t 383t 422t 384 *** t 423t 385 www t 424 t 386 **** t 425
FARxE L 387 *rEA* ot 426 ***r t 388t 427t 389t 428t 390 **** t 429
kkkk ot 301 v t 4383F v 392 *Axx t A4FT7 xkxx T 3093 Axkx p 432 xxkx g
394 **** t 433 **** t338395 t 434 t ?96 ****37§ 435 *xx* 1_397 **ww t 436

dkkk
* k k% t

Compound Bcl-2 Bcl-XL Compound Bcl-2 Bcl-XL

379 - ¥ 418 - ¥
380 - ¥ 419 - f
S o 381 e g 420 0 e+ -
382 - ¥ 421 - +
383 wk t 422 wae T
384 - " 423 . ¥
385 - " 424 . t
386 . ¥ 425 - 1
387 - ¥ 428 - +
388 - ¥ 427 - +
389 - t 428 - ¥
390 - t 429 - ¥
391 - ¥ 430 - ¥
392 - ¥ 431 i +
393 - ¥ 432 - t
394 . ¥ 433 - ¥
395 - ¥ 434 - ¥
396 - + 435 - +
397 - + 436 - t
398 - ¥ 437 - +
399 - ¥ 438 . ¥
400 - " 439 . f
401 - + 440 - t
402 - t 441 - ¥
403 wk f 442 . 1



308 *xx* t A37 **** t 3090 t 438 **** t 400 ww t 439 *** t 401 **** t
440 **** t 402 **** t 441 t 403 t 442 **** t WD 2006/ 009869

PCT/ US20080QBdcE@9869270 404 "** t 443 t 405 t 444 t 40@CT/AAHS510215407 WWWW
t 446 Wwwv t 408 **** t 447 ***wt 209t 448 t 410t 449 t 411 www t
450 wwww t 412 t 451 t 413 **** t 452 t 414 **** t A53 t 415 **** t 454
kxkx t 16 **** t 455 *wr* t 417 *** t 456 t Conpound Bcl-2 Bcl - XL
Compound Bcl -2 Bcl - XL 457 we** t 496 ***x t 458 *** t 497 t 459 **ww t
498 waww t 460 t 4994%mwv t TA61 wwwiw t 50643 *ywy t 462 *tx t 5O1 *xxx ¢
463 *** t 502 **xx 461564t 503 **** t 465 t 504 **** 4#66 *xxx t 505 t

R " 444 .
406 - + 445 - F
407 - 1 446 - "
408 —_— t 447 - "
409 - t 448 - +
S 410w I 449 e 4 o .
411 - t 450 . +
412 - ¥ 451 i f
413 - t 452 - +
414 -~ + 453 - t
415 - + 454 - §
416 - + 455 - ¥
417 - T 456 - F

Compound  Bcl-2 Bcl-XL Compound  Bcl-2 Bel-XL

457 ; 496 ;
158 ; 497 ;
459 -y 498 ;
460 ; . ;
461 ; 500 ;
162 ; 501 ;
163 ; 50 +
464 ; 503 ;
465 ; 504 ;
466 ; 505 ;
467 ; 506 ;
468 ; so7 ;
wo ; 508 "



467 **** t 506 *Wr* t 468 **** t 507 **** t 469 **** t 508 t WO

2006/ 009869 PCT/ US2005/ 021524 271 470 *** t 509 www t 471 510 ww t 472
t 511 t WORe6/BIBIt 474 w* t 514 t 475 ww t 515 t PETAIS2008M2152516 t
477 **** t 517 ** t 478 **** t 518 *291t 479 t 519t 480t 520 t 481 ww
t 521 www t 482 t 522 *** t 483 t 525 ** t 484 ***w it 526 t 485 www t
527 ** t 486 t 528 *wt 487 **** t 529 w* t 488 wr** t 530t 489 t 531
t 490 **** t 532 w* t 491 **** t 533t 492 www t 535 w* t 493 ww* t
536 *** t 494 **w t4HB7 t 4Y5 ***+ t 53958% t Cofipound Hcl-2 Bcl - XL
Conmpound Bcl -2 Bcl -XL471540 ** 1 571 Wt

510 T

472 t 511 T
473 + 513 +
474 ¥ 514 +
475 T 515 T
e " 516 et
477 t 517 b t
478 t 518 hid T
479 1 519 ¥
480 ¥ 520 +
481 ¥ 501 1
482 1 522 t
483 t 525 ** T
484 t 526 T
485 t 527 > T
486 t 528 w* t
487 t 529 w* t
488 " 530 ¥
489 f 531 +
490 f 532 "
491 ¥ 533 "
492 t 535 b T
493 " 536 "
494 t 537 1
495 t 539 w t

Compound  Bcl-2 Bcl-XL Compound  Bcl-2 Bcl-XL

540 - t 571 t



WD 2006/ 009869 PCTI US2005/ 021524 272 542 *** t 572 *ww t 543 ** t 573
*¥xkk t 545 t 574 **** t 546 **w it 575 *'*** t 547 *** t 576 ** t 548 t
577 **** WO 2666086878 t 550 t 582 t 551 ww t 583 *ww PCTAB2005/021524 584
**ww t 553 w'* t 585 ww it 562 **272 t 586 *w* t 570 **** t Exanple
218 Cytotoxicity Data for RL human follicular |ynphoma cell line 5 1) Using
96 well plates, conpounds were serially diluted in DVSO from9 mMto 4 uM
2) Assay plates were prepared by diluting sanples 310 fold into 150 ul of
medi um cont ai ni ng 305400 cel "4/ wel | fresul tiBAg in a™final DVBO
concentration of 0.3%and a concentration range frgm29 uMto 0.013 uM for
each conpound. 3) Pl aP%5 were i ncubatfed at $7° C and 5% C for 72 h 10 4)
After 72 h, Al amar bl g%reagemk was %dded t%ﬂgach welkd and ,pl ates read
according to manufacturer's instructions In"vitro cytotoxicity data for RL
cell's is presented beggw for wvariousiconpounds of the invention. Note that
"***" jndicates that the IC50 is <2 M "**" indicates that the IC50 is 2-5
M and "*" indicated gfyat the=-C50 ig >5. Neye that~*nd" indicates that the
value 15 was not determ ned. Exanple Bel RL Al amar Bl ue Exanple Bel RL

Al amar Bl ue WO 2006/ 068869 PCTUS2005/ 02152477 273 1 C50 | C50r 149 ** 371 **

o1 " 578 - ;
550 " 582 "
551 + 583 +
552 ; 584 ¢
553 " 585 +
562 " 586 "
570 +

Example 218

Cytotoxicity Data for RL human follicular lymphoma cell line

5 1) Using 96 well plates, compounds were serially diluted in DMSO from 9 mM to 4 uM
2) Assay plates were prepared by diluting samples 310 fold into 150 ul of medium
containing 30,000 cells/well resulting in a final DMSO concentration of 0.3% and a
concentration range from 29 uM to 0.013 uM for each compound.
3) Plates were incubated at 37 C and 5% CO, for 72 h
10 4) After 72 h, Alamar blue reagent was added to each well and plates read according to

manufacturer’s instructions

In vitro cytotoxicity data for RL cells is presented below for various compounds of the
invention. Note that “***” indicates that the IC50 is <2 pM, “**” indicates that the IC50
is 2-5 pM, and “*” indicated that the IC50 is >5. Note that “nd” indicates that the value

15  was not determined.

Example Bcl RL Alamar Blue Example Bcl RL Alamar Blue



166 * 373 ** 173 * 374 ** 300 *** 375 * 301 *** 378 ** 309 *** 379 *
311 ** 380 ** 312 *** 383 ** 313 *** 384 ** 314 *** 386 ** 316 * 390 *
320 *** 390 2006/@29*** 392 * 322 ** 393 * 323 * 394 3PATUSNBABIS 325
*xx 396 326 ** 307 * 327 *** 398 * 27339 *** 399 ** 340 ** 400 *** 346
*x 402 *** 348 * 404 ** 349 *** 405 ** 351 ** 408 ** 352 ** 412 ***
354 *** 413 355 ** 414 ** \WD 2006/ 009869 PCT/ US2005/ 021524 274 356 * 415
** 357 ** 418 ** 360 * 420 Q&1 ** 424 ***

1C50
149 w 371 -
166 * 373 o
173 " 374 =
300 375 *
301 378 -

B - R

311 o 380 -
312 383 -
313 384 -
314 386 -
316 * 390 *
320 391 *
321 392 *
322 - 393 *
323 " 394
324 395 *
325 396 *
326 w 397 *
327 398 *
339 399 w
340 - 400
346 ** 402
348 * 404 -
349 405 -
351 o 408 **
352 w 412
354 413 "

355 > 414 "



362 ** 425 363 * 428 * 365 429 ** 366 ** 431 * 367 ** 432 368 ** 435
** 369 ** 436 * Bcl RL Alamar Blue Bcl RL Al amar Blue Exanple |IC50

Exanpl e 1\UBQo0ABESY 486 ** 437 * 487 ** 442 ** 488 ** PCAAR2005/04324 ** 447
* 498 448 ** 502 * 456 * 505 * 465 274507 * 466 * 562 470 * 570 * 471 *
571 * 472 ** 572 ** 473 573 ** 474 ** 574 ** A77 *** 575 ** WD

2006/ 009869 PCTI US2005/ 021524 275 480 ** 576 ** 481 ** 577 ** 482 584 **
483 ** 585 ** 484 ** 586 ** 4§5 ** Exanple 219

356 415 *
357 * 418 **
360 * 420 e
361 ** 424 b
362 ** 425 i
363 * 428 *
S 365 e a9 e T
366 * 431 *
367 ** 432 i
368 * 435 **
369 ** 436 *
Bcl RL Alamar Blue Bcl RL Alamar Blue
Example IC50 Example IC50
436 * 486 *
437 * 487 *
442 ** 488 **
444 ** 491 **
447 * 498 *
448 ** 502 *
456 * 505 *
465 * 507 *
466 * 562 *
470 * 570 *
471 * 571 *
472 * 572 **
473 * 573 **
474 ** 574 **

477 ok 575 4



Cell death assay with human pancreatic cancer cell |ine Panel 5 1)
Compounds were serially diluted in DMSO froma 9mM stock to a final
concent r avoano6af9sed. 004nM in a 96well plate. 2) Assay plraras20080e215p4 epar ed
by diluting conpounds 310 fold into 189ul of nmedium containing 10, 000
cells/well,with or without 3uM Canptothecin, resulting in a final DVSO
concentration of 0.3% and a conpound concentration range from 29uMto
0.13uM for each 10 compound. 3) Assay plates were incubated at 37C, 5% C02
for 72 hours. 4) A80er 72 hours, propidi umbi®di de and Hoechst dye were
added to each well according to, manufacturer's instructjon. 5) Plates were
i maged on a fl uor €¥dence m croscope, at wavéf engt hs Ex560/ En650 15

(Propi di um i odi de) 8%nd Ex360/ En65 (Hoechs%.g4 6) MetaMor ph i magi ng software
was used to determAe %cel | death by dividing the nunber of propidium

i odi de stained celjgy (dead cellss) by the nggber of Hoechst stained cells
(all cells), multipled by 100, in each field. Panel invitro cellular data

i s presented bel omghor vari ous eonmpounds okgg he inventi en. 20 Note t hat
"**x*x" jndicates that the 1C50 is <1.3 M "***" jndicates that the 1C50 is
1.3- 1.8 M "**" j488i cates that*the 1C50 is 1.8-2.5 M "*" indicates that
the 1650 is->2.5 M- —Note-that-"nd" indicatesthat the-value was not -
determ ned. WD 2006/ 009869 PCTI US2005/ 021524 276 Conpoun Panel -Cpt Panel
+Cpt Conpoun Panel -Cpt Panel +Cpt d IC50 IC50 d 1C50 1C50 89 ** "° 387 *
* 90 * **x 389 ** Q91 * ** 390 * * 096 * * 391 * * 149 * ** 392 * * 160 *
* 393 * * 166 * **** 304 * * 300 * ** 395 * * 301 * * 396 * * 303 * *

399 * * Example 219
Cell death assay with human pancreatic cancer cell line Pancl

5 1) Compounds were serially diluted in DMSO from a 9mM stock to a final concentration of
0.004mM in a 96well plate.

2) Assay plates were prepared by diluting compounds 310 fold into 150ul of medium
containing 10,000 cells/well,with or without 3uM Camptothecin, resulting in a final DMSO
concentration of 0.3% and a compound concentration range from 29uM to 0.13uM for each

10  compound.
3) Assay plates were incubated at 37C, 5% CO2 for 72 hours.

4) After 72 hours, propidium iodide and Hoechst dye were added to each well according to

manufacturer’s instruction.

5) Plates were imaged on a fluorescence microscope ‘at wavelengths Ex560/Em650

15 (Propidium iodide) and Ex360/Em465 (Hoechst)

6) MetaMorph imaging software was used to determine % cell death by dividing the
number of propidium iodide stained cells (dead cells) by the number of Hoechst stained

cells (all cells), multipled by 100, in each field.

Pancl invitro cellular data is presented below for various compounds of the invention.
20  Note that “***#” indicates that the IC50 is <1.3 puM, “***” indicates that the IC50 is 1.3-
1.8 uM, “**” indicates that the IC50 is 1.8-2.5 pM, “*” indicates that the IC50 is >2.5 uM.

Note that “nd” indicates that the value was not determined.
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Anal ysis The effects of the conpound 221 in Exanple 166 were studied in a
human follicular 5 Iynphoma cell line RL xenograft in female SC D/ NOD
mce. In this study, SCID)NOD fenale mce were inplanted subcutaneously
with RL cel18§2 x 106 tells in a 1:1 matri d8f). Wien"the averageé tunor
size reached_150 mB, apimals were randomy assigned tqQ treatnent groups
(N=8/ gr oup) 4 receive either vehicle, the fadt conpound usi ng the bel ow
menti oned do regiment, The test article or43)(ehi cle was adm ni stered
intravenously (I1V) 10 via the tail vein in a volunme of 0.1 nL over

appr oxi mat el y5410 seconds (sec). The ani nal s 43nere sacri-ficed after 38 days
and tunor volunes conpared. Mce: Fermale SCI D) NOD m ce n=8/group Dosing
groups: 1. Cggpound 221+50 ng/kg i*v. (3 Conseeutive Days MIW 15+*2.
Conpound 221 50ng/kg i.v.(Every Qther Day MAF) 3. Conpound 221 50ng/ kg i.p.
(Daily 7x/ wesk MIWRFSSt) 4. Vehitle i.v.(34Zonsecutive Days MIW Vehi cl e:
10%cyclodexttin-in 0.1 MaPh0O3 pH- 6.0 B7P

360

363 * * 444 * *
366 b b 451 * *
375 * * 452 * *
376 o - 454 * *
380 - - 455 * *

Compoun Panc1 -Cpt Panc1 +Cpt Compoun Panc1 -Cpt Panc1 +Cpt

d IC50 IC50 d IC50 IC50

462 * *

463 * * 488 * *
464 * * 489 * -
470 " * 493 * *
471 * * 494 * *
472 " * 495 * *
478 * * 496 * *
479 " 497 ] ;
480 * 498 * *
483 5 - 501 -
484 * * 505 " *
485 o 508 ] N
486 * * 578 * >

487 * * 584 * *



Dosi ng Schedule: 20 M- Mnday T - Tuesday W- Wdnesday R - Thursday F -
Friday 25 S - Saturday Su- Sunday WO 2006/ 009869 PCTI US2005/ 021524 279
Drug admwoeczodssn: Conpound 221 (pH 6.8) was adm ni st ecedSeeca/oeises t ai |
vein i.v. or intraperitoneally i.p. 288 (5nml/ kg or 125-ul per 25g nouse)
over approximately 20 sec Animal observation: Mce were inocul ated

subcut aneously (SC) with the human follicular |ynphoma cell line RL (2 X
106 cells 1:1 matrigel) into the dorsal side of the right rear leg 5 using
a 25 gauge needl e. Wen tunors reached an average vol une of -150 mm8,
animals were randomy assigned to e of treatment groups. Aninmals are
divided into 4 groups (n=8 mce- pe'ﬂgﬁ@%é.— Theani mal s were carefully
nonitored for 30 mn after dosing and observed daily for clinical signs.
Tunors anBLBB@ARAEE were measured and recorded 2 X per week. Tunor

di mensi ons were neasured tw ce weekly with digital calipers_and tupor_ 10
vol umes wéhe eéfarts Wfathe ccomipornd P21+ iy Bxaraplewiogt werexstrdiggtin)g humgn dalligalag

fol | oned il . vglu ' hg vehi . [.eac

oui ool neltom AL find RETKER LR 1 RoXEOSEoN 0BG HEIRL sl Sommgn,
vehi cl e r eaedlethi@5Rererimplantodt subbitandonilytwiBORLaklls lex 40t sdllsiing lahimdigelwer e
eut-hani zed and--tunmors-wer e-renrpoved;--—-f1 ash -fr oezen-and- stored-in-—80 C{C The
r emai ni ng VE% ther aveiRgsd WRPTedias Feached el-SQrIBWt’haI&HH‘IS T@rﬁﬁ?@&ml}’tayﬁsﬁe e
anti -t umgeit%%gg%%ﬁ Mﬂg@ﬁﬁ‘to%é&ivé‘eihﬁ? LefieR A tedt BhbBuRPhsifE SidfbelRi €

sacrifice asd tunors ‘col l ected 20 Groups: Vehicle, ( iv, every
day i.p Restiord duseregimsntJhesestiaciclper vghiolgpvaseadmismtared indeadenouBlyo@d) and

tumor ?0 Couae‘\tﬁé ?a(ill vein in a volume of 0.1 mL over approximately 10 seconds (sec). The animals

were sacrificed after 38 days and tumor volumes compared.
Mice: Female SCID/NOD mice n=8/group
Dosing groups:
1. Compound 221 50 mg/kg i.v.(3 Consecutive Days MTW)
15 2. Compound 221 50mg/kg i.v.(Every Other Day MWF)
3. Compound 221 50mg/kg i.p. (Daily 7x/ week MTWRFSSu)
4. Vehicle i.v.(3 Consecutive Days MTW)
Vehicle: 10% cyclodextrin in 0.1MNaPhO3 pH 6.0
Dosing Schedule:
20 M -—Monday
T — Tuesday
W — Wednesday
R — Thursday
F - Friday
25 S —Saturday

Su - Sunday



G oups: Vehicle, (MAF) iv, every day i.p. 25 The results fromthe

bi ol ogi cal activity analysis of the conpounds of the invention are

pr esent edworzodeiogesee 1. WO 2006/ 009869 PCT/ US2005/ 021524 pC28B20050015p0r at i on
by Reference Al of the U S patents 22nd U S. patent application
publications cited herein are hereby incorporated by reference.

Equi valents 5 Those skilled in the art will recognize, or be able to

alents 5 Those skil . | recogr able
the specr Fedibife SPmgh B 2oL o 558 WAL R e PR e R Ak T

[ | ' I28ises. 281 W
Claim 1 A Romseund T ormie LR T N T B PR RT U R Ry n RS G m

or a phar nRGRUT bR HiAE MRE AR Eindehhtel REE & ne MBS (ST witll theShumbdrotliculaX |'S
-N(Ri 1)-; Xrepresents independently for each occurrence 0, N(Rlo), or S;

mis 1; nlyeprossecelkling RR (2hald’ chids F:drmaitigel) bnto Arezdoxgal side-qfihy yightResREe n

lcs cl \32? rk;:uglng%Gz‘{ § urggsneegcrﬂ%. J\N%%r? Ql?tplgl%r}'[egldleé % a%gr%ge e 61" 51950|_r|hma,| al§1¥r|nals
were randomly assigned to one of the treatment groups. Animals are divided into 4 groups

~ (n=-8-mice_per group).-The animals were. carefully monitored for 30 min after dosing and. . .
observed daily for clinical signs. Tumors and bodyweight were measured and recorded 2 X
per week. Tumor dimensions were measured twice weekly with digital calipers and tumor

10 volumes were calculated with the formula (width® x length)/2. Mice were followed until

tumor volumes in the vehicle group reached IACUC guidelines.

Study Duration: Animals were dosed for 4 weeks or until the vehicle reached 3500 mm”.
At this point 50% of the surviving animals were euthanized and tumors were removed,
flash frozen and stored in -80 °C. The remaining 50% were used to evaluate re-growth and

15  durability of the anti-tumor response.
Take down
Post 4 hour dosing:
4 mice per group were sacrificed
Blood and tumors collected
20  Groups: Vehicle, (MWF) iv, every day i.p
Post 24 hour dosing:
4 mice per group were sacrificed.
Blood and tumors collected
Groups: Vehicle, (MWF) iv, every day 1.p.

25  The results from the biological activity analysis of the compounds of the invention are

presented in Figure 1.



het erocycl oal kyl, aryl, aral kyl, halide, hydroxyl, alkoxyl, aryl oxy,

acyl oxy, am no, alkylam no, arylam no, acylam no, aral kylam no, nitro,
acyl t hi o,woantmmosssbde, carboxyl, nitrite, -COR o, -CO2RCO/US206R13RL02R10,
-OC(ON(Ri0)2, -N(Rla)502Rto, or 28280 N(R o)C(X )N(RI 0)2i wherein any two
i nstances of R16 may be connected by a covalent bond to forma ring;, Ar2
represents independently for each occurrence nonocyclic or bicyclic aryl

with 6- 14 ring atons; X1 repr (?mﬁo{;%gge KondLPresents i ndependent | y
for each occurrence halide, aryl oxy, acyl oxy, am no,

al kyl am no, ar o no It l.t hi g, :
car boxam de, &b@@‘? U% ﬁ’?&% aﬂdcgg &fcatf% h‘?‘%ﬂ@% Fé]%g herein are

- 0O N( %}l?y incol¥oRIQ) SGRRkenceN( R10) O X' ) N(R10) 2, or - CH20 heterocycl yl ;
and g represents independently for each occurrence 1, 2, 3, 4, or 55 R2 and
R7 are independently hydroxyl, al koXglyyag#s0. alkylanlno or acyl am no;

R3, R4, RS and R6 represent |ndependently for each occurrence H or al kyl;
R8 is H a bra , lno more than
heterocycloalk?ﬁmﬁqg?%dg QB gﬁhﬁﬁﬁgbﬁ%ggyc gg%ﬁgykgﬁgfﬁ#?ﬁﬁgg
aral kyl gfomtipe e@perhamtatiml frmmyué@n_fed:ents tq tﬂel@)e@lﬁi;c?erpbOdlmemﬁ@rf éh@'l lmtﬁl‘sl@n 1,

2, 3--4—5-9r 6—and.Rl7 is choal -kyl- JGaI e heter Iyl
al koxyl . fescapghien. S eguwa%%sgare ll%ﬁlﬁfg %g é’rl‘\cl(D glfrw , -“é(‘.ﬁﬂ%%;
-CXC»N(Rlo)aryI or a polycycllc ring containing 8- 14 car bon at ons;
wherein Rig is independently for each occurrence H, alkyl, aryl, aralkyl,
acyl, -A-A2-A3, or -CR9=CR9(C(R9)2)nCR9=C(R9)2; or two R g taken together
forma ring; RO represents independently for each occurrence H or al kyl;
283 RO and R, represent independently for each occurrence H, alkyl, aryl,
cycl oal kyl, aral kyl, heteroaryl, or heteroaral kyl; R19 represents

i ndependently for each occurrence H, -al kyl, aryl, cycloal kyl, aralkyl,

het eroaryl, heteroaral kyl, or -Al-A2-A3;



Al and A3 represent independently for each occurrence al kyl, cycl oal kyl,

het erocycl oal kyl, aryl, heteroaryl, aralkyl, or heteroaral kyl; A2
represents independently for each occurrence 0, N(Rlo), S, or a bond; and
the stereochem cal configuration at any stereocenter of a conpound
represented by 1 is R S, or a mxture of these configurations. 2. The
conpound of claim1, wherein R2 and R7 are hydroxyl; R6 is nethyl, ethyl, or
propyl; and R3, R4, and R5 are H 3. A conpound represented by formula 5:
R3 I OINY-XIiR8 R (RBR- RARSR6in nb5 or a pharmaceutically
acceptabl e salt thereof, wherein: Y i#1-C(O-; Xis -N(R 1)-; inis 1; n
represents 1; RL has the formula 5a: 284 R12 c:nl wz b5a wherein: Rig
repres@ﬁ%@mpﬁdependently for each occurrence H or al kyl; wherein any two

i nstances of R12, nay be connected by a covalent bond; At' is represented by

f or nul d. Beeompoghd obfprmula 1:

or a pharmaceutically acceptable salt thereof,
wherein
Y is -C(O)-;
X is -N(R11)-;
X' represents independently for each occurrence O, N(Ry), or S;
mis 1;

n represents 1;

R; has the formula 1b:
2—(—7Y—TAr2—X1—Ar2—(X2)q
Ris R/
1b
wherein

R represents independently for each occurrence H, alkyl, cycloalkyl,
heterocycloalkyl, aryl, aralkyl, halide, hydroxyl, alkoxyl, aryloxy, acyloxy, amino,
alkylamino, arylamino, acylamino, aralkylamino, nitro, acylthio, carboxamide, carboxyl,

nitrile, -CORI(), -COleo, -N(Rm)COleo, -OC(O)N(R}o)z, -N(Rl())SOleo, or -



wherein, T independently for each occurrence is H, halide, branched or
unbranched al kyl, al kenyl, allyl, alkoxy, aryl, aral kyl, hydroxyl, am no,
am noal kyl , am do, carboxam de, cycl oal kyl, cycl oal kene, bicycl oal kyl,

bi cycl oal kene, cycl oal kal kyl, heteroaromatic, heteroaral kyl, heterocyclyl,
het erocycl al kyl, hal oal kyl, ester; carboxylic, bis aryl, his aryl ether,
het erocyclic substituted aryl, or two T taken together forman aromatic or
nonaromatic ring; and pis |; Wis aryl; Zis -SR S(O2R -NRSQZR -S(OR;
-N(R 2; -C(OR -CX2R;, -C(ONR2; - C(S)%Qf; - CH2C( O) het erocycl yl ;
-NRC(O R -NRCO2R, - OC(O N(R)2; - NRC(O)( )2)"N(R) 2; -NC(O) CH(R) 2;
-C(=NR)N(R) 2; -MNiRHBIR)N{R16s;0xy0adik yhy tvway instaiue® oDR (sl a3ptl dofinérted by d@ivalefadiond ,
or heterocyclyl; wherein: 285 R is independently for each occurrence H,
branched or unbP&EheHNGl kyl , al kenyl, allyl, al koxy, hal oal kyl, acyl,

nmesyl ate, tosylate, aralkyl, ester, tﬁvo R9)2)" T,- CH((C(R9)2)" T)2, or two
R taken together forAn presenffrindepengen eanheacewTanca gronpeyckindr Reydicary! with 6-
i ndependent |y hpadrrinoxax(l S_aI koxyl, am no, or al kylam no; R3 and R6 represent

i ndependent |y for B2 Sccurrence H, al kyl, or perhaloal kyl; R4 and R5

r epr esent independen%ll% for each occurrence Hor alkyl; Rg is H a branched
or unbranched al kyl “or BIFRERA PS¢l oal kyl, heterocycl oal kyl, bi cycl oal kyl

a branched or unbranghed am noal kyl, or heterocycl oal kyl substituted with an
aral kyl group; RO, N repressits ‘W%Peg‘éeﬁ‘ﬂ@%"‘&rﬂad? m&gmiﬁ% by Qox Bat kOB PBhce
H al kyl, aryl, a3 Kine, aﬁ&ﬁf{ﬂr%?{),kﬁwrgﬁl\é)?%%n?%,ka}‘érlkyl%hﬁ[ RiBbYdoylthib,

het er oar al kyl ; pfovidi ng tha may be further substituted with
one or nore grocupwxawidectarkbxyl, nignile, HEOR o} 1GhRng -NRab)CheRi0arGC(O)N(ka)yi -no,

am do, al koxy, - h , - N r.-CN hat, where applicabl e
Ar', W and Z, Tﬁé{}%&%mﬁwg‘g@ﬁ%h% ﬂ&%ﬁ"?%@omﬂbﬁndmt a, or para
positions; and the stereochem cal configuration at any stereocenter of a
conpound r epr esent ed Ispresentssindependentlyforcagh qeaurrencstl, hddeotdnf i gurati ons. 4.
The conpound of claim3, wherein R2 is OH.

R; and Ry are independently hydroxyl, alkoxyl, amino, alkylamino, or acylamino;

R3 R4, Rs and R¢ represent independently for each occurrence H or alkyl;

Rg is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocycloalkyl,
bicycloalkyl, heterocycloalkyl substituted with an aralkyl group, or has the formula 1c:

g_(C(R9)2>'R17
P

1c
wherein
pis0,1,2,3,4,5, or 6; and

Ry7 is aryl, cycloalkyl, cycloalkenyl, heterocyclyl, alkoxyl, heteroaryl, -OR 3, -SR3, -
N(R1g)2, -N(R;0)CO;-alkyl, -COzR g, -C(O)N(Rjg)aryl, or a polycyclic ring containing 8-14
carbon atoms; wherein Rg is independently for each occurrence H, alkyl, aryl, aralkyl, acyl,

-A-A%-A3, or -CRs=CRo(C(Ro)2)sCRs=C(Ry)y; or two Rz taken together form a ring;

R’ represents independently for each occurrence H or alkyl;



5. The conmpound of claim3, wherein R6 is nmethyl or ethyl and R7 is
hydroxyl. 6. The conpound of claim3, wherein Rs is bicycloalkyl. 7. The
conpound of claim3, wherein Rig is Hor nethyl. 8 The conpound of' claim
3, wherein Ar' is a benzene ring. 9. The conmpound of claim3, wherein Wis
a benzene ring. 10. A conpound represented by forrmula 5d: 286 NR, O OV H
HO' '/- OH 5d wherein: R has forrmula 5f: 5f wherein: Lis CR Wis
aryl; Zis -SR, -S(O2R, -NRS(ZR;, -S(OR -NR2;, -C(OR -CR2R -C(ONR) 2;
- C(SYN(R) 2; -CH2C(O) heterocyclyl; -NRCLQ,R -NRCORZR -OC(ONR)2; -

NRC(O) (C(R9)2)"N(R 2; -NC(OCHR2; -C(=NR)N(R)2; -C(=NR)R; hydroxyal kyl ; or
nmono or bi cycRisandRy] reptestre imiepatdentby foh edchroocyrednge H, alkydl, &yl, cyclnakyleandikgl, | v
for each occurien%e H, lﬁ{ nched or unbranched al kyl, al kenyl, allyl,

al koxy, REFHANk hetgrogralkyfosy| ate, tosylate, aralkyl, ester, -(C(R9)2)" T, -
CH((C(R9)2)nT)2, or two R taken together forman aromatic or nonaromatic
ring, provideBistpRiesepfsendapendenttyforzachsoccamrencrdRplkyl, @) eycloplkyl, argtioto R

-OC(O N hefeMRAIQI( L RN AN(R) 2. 11. The conpound of claim 10,
wher ei n Ii&tlgrsoa@i,he%l S l@lbgl?‘grfg IIrQi’ng, and Zis -CCONR2. 12. The conpound

of claim 10, i | i , i n j | S -
AONR 2 el T etnelehy itdepdhgbidy ol Githop irefe falbD ARSI ier Aol
benzene afyhdetepoatlyl Zarakkyl, Of Rdtédohalkyl; 14. The conpound of claim 10, wherein L
is COEt, Wis a benzene ring, and Zis -C(ONR) 2.

A? represents independently for each occurrence O, N(Ryo), S, or a bond; and

the stereochemical configuration at any stereocenter of a compound represented by 1 is R, S,

or a mixture of these configurations.

2, The compound of claim 1, wherein R, and R; are hydroxyl; Rs is methyl, ethyl, or propyl;
and Rj3, Ry, and R5 are H.

3. A compound represented by formula 5:

or a pharmaceutically acceptable salt thereof,
wherein:

Y is -C(O)-;

X is -N(R;1)~;

mis1;

n represents 1;

R, has the formula 5a:



15. The compound of claim 10, wherein L is COCH2(cycl opropyl), Wis a
benzene ring, and Z is -C(ONR) 2. 16. A conpound of formula 5g: H Rl O

ON,\~LH- H HO" 't OH 5g I|i ,n, I~ ~ i ON ~ ON- O I//IN-H~r~
wherein RLis ~N, N -N ' ~ ~ ~~1ti ~" -01lc n\I ONH ~-N* ONH O
NH O NH ~0 | "Jnn fit. THNJ ~. N~ .N~O ~ | | [ s" I~ \ I~~~ I~ ~\
l~,n. 0Oi "~ ONHONHONH ON " ONH~"~NNLN,N, U L1, ,N (//
288 VVONHONHINZTIO r~1 i N~ NJ N
284
ijﬂ—w—z
R12R12n
Sa
wherein;

Ry2 represents independently for each occurrence H or alkyl; wherein any two

instances of R, may be connected by a covalent bond;

Ar' is represented by formula Sc:

é—@i

Tp)

Sc
wherein,

T independently for each occurrence is H, halide, branched or unbranched
alkyl, alkenyl, allyl, alkoxy, aryl, aralkyl, hydroxyl, amino, aminoalkyl, amido,
carboxamide, cycloalkyl, cycloalkene, bicycloalkyl, bicyéloalkene, cycloalkalkyl,
heteroaromatic, heteroaralkyl, heterocyclyl, heterocyclalkyl, haloalkyl, ester;
carboxylic, bis aryl, bis aryl ether, heterocyclic substituted aryl, or two T taken

together form an aromatic or nonaromatic ring; and
pisl;
W is aryl;

Z is -SR; -S(0)2R; -NRSO;R; -S(O)R; -N(R),; -C(O)R; -CO2R; -C(O)N(R),; -
C(S)N(R),; -CH,C(O)heterocyclyl; -NRC(O)R; -NRCO,R; -OC(O)N(R);,; -
NRC(O)(C(Ro9)2)aNR)2; -NC(O)CH(R)z; -C(ENR)N(R)z; -C(=NR)R; hydroxyalkyl; or

mono or bicyclic aryl, heteroaryl, or heterocyclyl;

wherein:



285

R is independently for each occurrence H, branched or unbranched alkyl,
alkenyl, allyl, alkoxy, haloalkyl, acyl, mesylate, tosylate, aralkyl, ester, <(C(Ro)2)aT,-

CH((C(Ro)2)aT),, or two R taken together form an aromatic or nonaromatic ring;
R; and Ry are independently hydroxyl, alkoxyl, amino, or alkylamino;
R3 and Rg represent independently for each occurrence H, alkyl, or perhaloalkyl;
R4 and R; represent independently for each occurrence H or alkyl;

Rg is H, a branched or unbranched alkyl or alkenyl, cycloalkyl, heterocycloalkyl,
bicycloalkyl, a branched or unbranched aminoalkyl, or heterocycloalkyl substituted with an aralkyl

group;

Ry, Ryg, and Ry; represent independently for each occurrence H, alkyl, aryl, aralkyl,

cycloalkyl, cycloalkalkyl, heteroaryl, or heteroaralkyl;

providing that Ar', W and Z may be further substituted with one or more groups selected

from the following: halide, aryl, alkamino, amido, alkoxy, ether, -NO,, hydroxyl, -NR,, or -CN;

that where applicable Ar', W, and Z, may be bonded to each other at the ortho, meta, or para

positions; and

the stereochemical configuration at any stereocenter of a compound represented by 5 is R, S,

or a mixture of these configurations.
4. The compound of claim 3, wherein R; is OH.

5. The compound of claim 3, wherein Rg is methyl or ethyl and R; is hydroxyl.

6. The compound of claim 3, wherein Ry is bicycloalkyl.

7. The compound of claim 3, wherein R;; is H or methyl.

8. The compound of claim 3, wherein Ar' is a benzene ring.
9. The compound of claim 3, wherein W is a benzene ring.

10. A compound represented by formula 5d:

NHn rO ONH\NI I~ HNI NN/~N OLID, O ~l no ONH.r~ 0NH
ANt s HNN_N~N~HN, SOz | P--1 NONHIT O1 ~I I~ N ,rO02N
,n. NO, O~ , LN, HN/.Nt; N .n. CONONN 0 ~OO0 H 289 /
Ok | Ot I / O | OBt 7ONHONONO NH, I/NO INNIN INNI N
/ nOM O UM OONH I OI / 11 I/ " NN-1 / ~/] 1 O



HOIN, H INIT V1T NNNNCNDN- NHNHHNC" Y\ VN I \ H\-I~ I~ 1 I/ lo
~t) \I~p\l HHOHN O\ O /v Qn, niN. n. ~N /I oHIrv Nl \ ~I HNO
O NH N ~H NNI /7291 I I'l N, r~-NCNDNN)NH/ _/"NH HNC U /NH NH
0gO0OOIl i 0O glottt\ I V1T \VI1IO0O\VIO CN CNNHNH'NH ~I I~""H
o~ /eNO-N H>o0or ON NHO 17. A conmpound selected fromthe group
consisting of: 291
286
R ﬁ\
N \Y
: N
A
HO—\\. Y
OH
5d
wherein:
R, has formula 5f:
|\
=W L/
[VaVa)
5f
wherein:
LisCR;
W is aryl;

Z is -SR; -8(0)2R; -NRSO;R; -S(O)R; -N(R),; -C(O)R; -CO2R; -C(O)N(R),; -
C(S)N(R),; -CH,C(O)heterocyclyl; -NRC(O)R; -NRCO,R; -OC(O)N(R),; -
NRC(O)C(Ro)2)aN(R)z; -NC(O)CH(R),; -C(=NR)N(R)2; -C(=NR)R; hydroxyalkyl; or

mono or bicyclic aryl, heteroaryl, or heterocyclyl; and

R is independently for each occurrence H, branched or unbranched alkyl, alkenyl,
allyl, alkoxy, haloalkyl, acyl, mesylate, tosylate, aralkyl, ester, -(C(Rg)2)nT,-
CH((C(Rg)2)nT)2, or two R taken together form an aromatic or nonaromatic ring,

provided that when L is CH, Z is -C(O)N(R)2, C(S)N(R),, -NRCO;R, -OC(O)N(R),,
or -NRC(O)(C(Rg)2)aN(R),.

11.  The compound of claim 10, wherein L is CH, W is a benzene ring, and Z is -C(O)N(R).

12. The compound of claim 10, wherein L is CR, R is alkoxy, W is a benzene ring, and Z is -
C(O)N(R),.
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13.  The compound of claim 10, wherein L is COMe, W is a benzene ring, and Z is ~-C(O)N(R),.
14.  The compound of claim 10, wherein L is COEt, W is a benzene ring, and Z is -C(O)N(R),.

15.  The compound of claim 10, wherein L is COCH,(cyclopropyl), W is a benzene ring, and Z
is -C(O)N(R);.

16. A compound of formula 5g:
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17. A compound selected from the group consisting of:
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