TITLE OF THE APPLICATION ANTIFUNGAL AGENTS JOINT RESEARCH AGREEMENT

The claimed subject matter was made as a result of activities undertaken within 5the scope of a joint
research agreement between Merck & Co., Inc. and Scynexis, Inc. FIELD OF THE INVENTION

The claimed subject matter relates to novel compounds and pharmaceutically acceptable salts,
hydrates and prodrugs thereof, compositions containing such compounds, synthesis of such
compounds, and use of such compounds as antifungal agents and/or inhibitors 100f (1,3)-13-D-glucan
synthesig. I TheecOmddBASRIASHOBAd Gérein are derivatives of enfumafungin. The novel compounds of

this diSCIRW?FﬁN?& Rﬁﬂ@déﬁﬁﬁica"y acceptable salts, hydrates and prodrugs, and compositions
comprising such compounds, salts, hydrates and/or prodrugs, are useful for treating and/or preventing

antifungal infections and associated diseases and conditions. 15 BACKGROUND OF THE
INVENTRSNNT RESEAiaHMéeR&FN Ebjor healthcare problem, and the incidence of

hospital-acquired fungg) dispaRRs CAMRLE IR v RACHRIBSUSI SIS SiRSRIdSTGRHRRAR S0 SRS (such

as candidiasis, aspergillosis, histoplasmosis, blastomycosis and coccidioidomycosis) is commonly
seel?in fBEtRGORENRE PABBY ERARIFharREMBINIEPYCaRIEE 6Pt NG ParRss Wikh 20 immune

suppression, in patients who are immune-compromised due to Acquired Immune Deficiency Syndrome
(AIDS) caysethhyH\HipfEQiENRNA M patients in intensive care. Systemic fungal infections cause
-25% of infection-related deaths in leukaemics. Infections due to Candida species are the fourth most

important cause of no tiort: u ~¥0% of
Jd% AR RIe ShMARS S A8 8 A8 ROHF GRTIHRERKhR ALY _EkIECE! W

deaths imﬁeépfaﬂérﬁféﬁ@mpgr&m,my@@ﬁ@sa %ié@[d@ﬁﬂ@{&@ﬁmnm@_?gﬁﬁ@gﬁibﬁaﬁcﬁﬁ still

very common with all systemic MYyCOSesS. secondary r sistance also arises, us, there remains an

nereasirty RSP PLEHEH DR I a0 SyGhk £aBEt AU TUNGa] agshals ARG RDIDTOrS

herﬁdlzacetﬁ: axi,teypq?egmluaﬂsy;qﬂtmms Wﬁémﬂd@d%@@@iﬁ%@@h&é’@éﬁvaﬁ?& P. associatgd

with livin aves of Juniperus communis (U.S. Pat, No. 5,756,472: Pelaez et al., Systematic an

Applicd BRIEBHIRG N3 5819H8] SHpthosads At Grodaseels phargacadiiea bopecaRagis s2lis €.

Expert Opjieneyahdesepguiis Patenisnigdsitods ebmpraichedmboliivefgagis isyomnstes tedgeveral

entumar G B S AP RCr AT B oS Ibhe LR B b T st fbreapes

fungal cedhaabgliiians.

15 BACKGROUND OF THE INVENTION
Fungal infection is a major healthcare problem, @nedincidence of hospital-
acquired fungal diseases continues to rise. Seystemic fungal infection in hospitals (such as
candidiasis, aspergillosis, histoplasmosis, blagtmsis and coccidioidomycosis) is commonly
seen in neutropaenic patients following chemotheeaql in other oncology patients with
20 immune suppression, in patients who are immune-comised due to Acquired Immune
Deficiency Syndrome (AIDS) caused by HIV infecti@amd in patients in intensive care.
Systemic fungal infections cause ~25% of infectielated deaths in leukaemics. Infections due
to Candida species are the fourth most importamteaf nosocomial bloodstream infection.
Serious fungal infections may cause 5-10% of deatpatients undergoing lung, pancreas or
25 liver transplantation. Treatment failures ard sgry common with all systemic mycoses.
Secondary resistance also arises. Thus, therengm@aincreasing need for effective new
therapy against mycotic infections.
Enfumafungin is a hemiacetal triterpene glycoska# ts produced in

fermentations of &lormonema spp. associated with living leaves @diniperus communis
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synthesis by their specific action on (1,3)-13-D-glucan synthase (Onishi et al., Antimicrobial Agents
and Chemotherapy, 44:368-377, 2000; Pelaez et al., Systematic and Applied Microbiology,
23:333-343, 2000). 1,3-13-D-Glucan synthase remains an attractive target for antifungal drug action
because it is present in many pathogenic fungi which affords broad 10 antifungal spectrum and there
is no mammalian counterpart and as such, these compounds have little or no mechanism-based
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little or no mechanism-based toxicity.
Various enfumafungin derivatives have been disdpsey., in International
Patent Publication Nos. WO 2007/126900 and WO 2A0¥012.

SUMMARY OF THE INVENTION

15 The present invention relates to enfumafungin @érres. These compounds, or
pharmaceutically acceptable salts thereof, araulisethe inhibition of (1,33-D-glucan
synthase and are useful in the prevention or treatiof mycotic infections caused by one or
more of various pathogens including, but are moitéd to,Aspergillus, Cryptococcus, Candida,
Mucor, Actinomyces, Histoplasma, Dermatophyte, Malassezia, Fusarium, andPneumocystis

20 carinii. In particular, the present invention includeapound of Formulg, or a

pharmaceutically acceptable salt thereof:
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Additional aspects of the invention relate to compositions comprising the compounds of the invention,
optionally in the presence of a second therapeutic agent. In addition, aspects of the invention relate to
methods of preparing a compound of the invention, to methods of preparing compositions of the
invention, to methods of treating or preventing fungal 15infection in patients using a compound of the
invention, and to methods of controlling fungal infection in patients using a compound of the invention.

Other embodiments, aRpectS(@)NFRtwes ofiieniiersitiny ériieroargl ¢jibap fusheiegaibed in or
will be apparent from the ensuing, description, examples and appended claims. 20 DETAILE
DESCRIB TSR AR E S e el o2 L0 CEHPA HEBR PR L 150 SR IR i
(), and phanfiacevtizathiaccepsble salihitretref wivheein; 25X is 0 or H, H; R is C(O)NRfRg or a
6-membered ring hete | ggou ntaining,1.or 2 nitrqgen atoms wherejn the heteroaryl group is
optionally mono-substﬁgfg%’& a'fﬂch @é%%ﬂ%%ﬁﬂ%fb%%&%’%ﬁ%%%%?ﬁa%%bgen with oxygen;
Rf, Bg, R6 and R7 areRfastGnagpéydl e hydoasehyd bECAS; aeio&RA-alIgl;-C4 alkyl, C3-C4
cycloalkyl or C4-05 cyﬂgalk l-alkyl: RO is methyl or ethyl; R8 and R9 are optionally taken

together to form a 6-menid Rrrgltgéflring containing 1 oxygen atom. The present
invention also relates RfcamipRundsoptibnatutakin) tagetiOptiaforacalGicadynbesagtatee saits thereof:

la ..
containing 1 oxygen atom.

These compounds are potent antifungal agents usgdiinst pathogens
10 associated with human and agricultural fungal inbes.

Additional aspects of the invention relate to cosipons comprising the
compounds of the invention, optionally in the preseof a second therapeutic agent. In
addition, aspects of the invention relate to meshaidbreparing a compound of the invention, to
methods of preparing compositions of the inventiormethods of treating or preventing fungal

15 infection in patients using a compound of the iri@n and to methods of controlling fungal

infection in patients using a compound of the irti@n
Other embodiments, aspects and features of therdresention are either

further described in or will be apparent from tins@ng description, examples and appended

claims.

20 DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to compounds of Ftarfly and pharmaceutically

acceptable salts thereof:
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wherein the substituents are as provided for the general formula I. In a first embodiment, X is
H, H, and the other substituents are as provided for the general formula I. 15In a second embodiment,
Re is either pyridyl or pyrimidinyl optionally mono- substituted on a ring carbon with fluoro or chloro or
on a ring nitrogen with oxygen, and the other substituents are as provided in the first embodiment or
the general formula I. In a third embodiment, Re is 4-pyridyl and the other substituents are as

provided in the first enfisidiDED)NORIf0generaidemruktlridg hadm i ergrioantiriayia C(0)NH2 or
C(O)NH(C1-C3 alkyl) and the ather substituents are as proyjded in the first embodiment or the general
formula [ RS SSOARERL FIS DR e P RIS R A 21 8 RN hro s
providedvitithgutist &e éilotio embedimegisivbten gateggeiormula |. In a sixth embodiment, R8 is
t-butyl, R9 is methyl; and the aqther substituents.are 25ag provided in the first to fourth embodiments or
the general formula I.alg ’ ,H& R Ir‘?%ﬁ/@%’?@ﬁ&b’%ﬁﬁ?&@éﬁ&f@ %9%‘?@ @ﬁﬁﬁ#@f pendently hydrogen
or mgthyl and the otheR%ighstitOg atkyAr€AS prorwidatkyh heficst docsdéikgraliodiments or the general
formula I. In another e .odimﬁt of myention, the compound of the invention is 5selected from

theexemplary species eﬁ(% |¥| X es 37 through 262 shown below (as the free base or a
pharmaceutically acceRtaine Fakh thensiihherkem bagtithents 66 the peaenhinseniiareinclude the
following %Nhere reference to a compound of formula () encompasses the various embodiments and
aspects g QE%BH@%%X?SQ %&m’;\s their pharmaceutically acceptable salts): 10(a)A composition
comprising a compourithef gresantareatidraalaorieslates to compoundohula (la), and

10 pharmaceutically acceptable salts thereof:
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wherein the substituents are as provided for tmeige formula .
In a first embodiment, X is H, H, and the otherdithents are as provided for the
general formula 1.

15 In a second embodiment{ R either pyridyl or pyrimidinyl optionally mono-
substituted on a ring carbon with fluoro or chlorcon a ring nitrogen with oxygen, and the
other substituents are as provided in the first@fithent or the general formula I.

In a third embodiment, Bs 4-pyridyl and the other substituents are as igea\/
in the first embodiment or the general formula 1.

20 In a fourth embodiment, & C(O)NH: or C(O)NH(G-Cs alkyl) and the other
substituents are as provided in the first embodtroethe general formula |.

In a fifth embodiment, Ris G-C, alkyl and R is methyl; and the other
substituents are as provided in the first to foertibodiments or the general formula .
In a sixth embodiment,Rs t-butyl, R is methyl; and the other substituents are

25 as provided in the first to fourth embodimentsha ¢ieneral formula I.



adjuvant, or vehicle; (b) A pharmaceutical composition comprising a compound of Formula (1)
and a pharmaceutically acceptable carrier, adjuvant, or vehicle; (c) The pharmaceutical
composition of (b), further comprising a second 15therapeutic agent; (d) The pharmaceutical
composition of (c), wherein the second therapeutic agent is an azole, a polyene, a purine or pyrimidine
nucleotide inhibitor, a pneumocandin or echinocandin derivative, a protein elongation factor inhibitor, a

chitin inhibitor, a mannaraiskilioth araodircitaf ratréabdivaictlinieg ¢RBENELOkSIOrDHRILGE By
immunomodulating 20agent; e) The pharmaceutical compositign of (d), wherein the secon
therape AL LE DL SUBRRE S B SO OB T SR R Bh 3% RE BB Bl O,
amphotericin B, flucytosine, anidulafungin, micafungin, or caspofungin; (OA pharmaceutical
combination which is (1) a compound of Formula (1) 25 and (2) a second therapeutic agent, wherein
the compound of Form 14T BRARHCE LR AL AR M B CToHPBR B R E T AA Bnount tht
rencers teanathinatiomeitseiipléoy spatiug aapiewanimplen 3 tvaotgyalbteshions; kg)dhweas the

oyrimicir R A B S AN E R Pl S SRR clrivaive, 3ba protei elongation

factor inhibitor, a chitirOttgpitonba divaends of ithizitpre sdba dtercitial hechhesfliyvindueuhg (B P1) protein

product, or.an imn_1 nomodulating a Ont' | h) The combination of é/vherei the sg ond
therape e e AR GG AE AR SRR A N BHAASIE Fonazole,
gmphqtedeﬁcméml@nosmeiﬁmmkaéuhginph@afaqgmianﬁmabfensgim): N 0] A.method of

et an cftbcive arkBnt of & SOIRBOLIRE SPESHIRING Gy THOH S o DM BrLOGhng

mycotic infipatiants or aehibject in need thereof comprising administering to the subject an effective

amount of a compoun(ab?f Fow&%#%;aceutical composition comprising a coammbof Formula (1) and
a pharmaceutically acceptable carrier, adjuvanigbicle;

(c) The pharmaceutical composition of (b), furtbemprising a second

15 therapeutic agent;

(d) The pharmaceutical composition of (c), whetemsecond therapeutic
agent is an azole, a polyene, a purine or pyrimeidincleotide inhibitor, a pneumocandin or
echinocandin derivative, a protein elongation fagtbibitor, a chitin inhibitor, a mannan
inhibitor, a bactericidal/permeability-inducing (BProtein product, or an immunomodulating

20 agent;

(e) The pharmaceutical composition of (d), whetkasecond therapeutic
agent is itraconazole, ketoconazole, miconazalepfiazole, voriconazole, posaconazole,
amphotericin B, flucytosine, anidulafungin, micagum or caspofungin;

() A pharmaceutical combination which is (1) a qguund of Formula (1)

25 and (2) a second therapeutic agent, wherein thgpoond of Formula (1) and the second
therapeutic agent are each employed in an amoantehders the combination effective for
treating or preventing fungal/bacterial infections;

(9) The combination of (f), wherein the second dipeutic agent is an azole, a
polyene, a purine or pyrimidine nucleotide inhibjta pneumocandin or echinocandin derivative,

30 a protein elongation factor inhibitor, a chitin ibitor, a mannan inhibitor, a

bactericidal/permeability-inducing (BPI) proteiropiuct, or an immunomodulating agent;



10(k)The method of (j), wherein the compound of Formula (1), is administered in combination, either
sequentially or concurrently, with a second therapeutic agent effective against fungal/bacterial
infections; (1)The method of (k), wherein the second therapeutic agent is an azole, a polyene, a purine
or pyrimidine nucleotide inhibitor, a pneumocandin or echinocandin derivative, 15a protein elongation
factor inhibitor, a chitin inhibitor, a mannan inhibitor, a bactericidal/permeability-inducing (BPI) protein

product, or an immunqmpdulgtigcagebination of (@) Wireeihind o&bhdupessio tieaerond
therapeutic agent is itraconazole, ketoconazole, miconazole, fluconazole, voriconazole, posaconazole,
ampote AR BRI SR LGP 4 e M GRS TaR O, DETARR NGt G AP
(1h,3)-13-9;?&&21,&0§M@U%ﬁddmafajbﬂ@memic;glmsﬂﬁagiﬁherafﬁmnglbp_risipg adfmgﬂste)ring rgo thedsuk;j;zct ath ;
pharmaceutical compasition C , Or (e) or nation of (f), (g) or (h); and (0)A metho
of treating or preventi myc%li&%wqi(gﬁéﬂéq(ﬁ'é’@ﬂ%jéﬁ%ﬁpﬁné%f CanRYPEARR mp?%la%&} IS ing to
the Subjebrciliaunauesiigeadoinisteitiog ©f ¢he, {ahjédi HucESteavioinet cdmbioatipunt (Bf korou().
The present invention also includes a compound of the present invention (i) for use in, (ii) for use as a

medicament for, or (iii) for use in the preparation of a medicament for: (a) inhibiting (1,3)-13-D-glucan
synthase in a subject i(j)needXhaetbbcbofinetigatng preveranting yoytioticfiviecitoasubjdoese nses,
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bacterial(ipfections. In the embodiments of thg compound as provided aboye, it is to be

extbll:that suich a contBiatoh B DVHEh G e BeTFo UG dor LIS L BACEBLh of

the embadicoenténditisrfueitiesrtedmpientalistood dhatthentiitit eciments theappotdiagertrefeciheds
against fungal/bacterial infections;

()] The method of (k), wherein the second therapeagdent is an azole, a
polyene, a purine or pyrimidine nucleotide inhibjta pneumocandin or echinocandin derivative,

15 a protein elongation factor inhibitor, a chitin ibibor, a mannan inhibitor, a
bactericidal/permeability-inducing (BPI) proteiroguct, or an immunomodulating agent;

(m)  The method of (l), wherein the second therapegent is itraconazole,
ketoconazole, miconazole, fluconazole, voriconazmdsaconazole, amphotericin B, flucytosine,
anidulafungin, micafungin, or caspofungin;

20 (n) A method of inhibiting (1,3p-D-glucan synthase in a subject in need
thereof comprising administering to the subjecharmaceutical composition of (b), (c), (d), or
(e) or the combination of (f), (g) or (h); and

(0) A method of treating or preventing mycotic ictiens in a subject in need

thereof comprising administering to the subjecharmaceutical composition of (b), (c), (d), or
25 (e) or the combination of (f), (g) or (h).

The present invention also includes a compounti@ptesent invention (i) for
use in, (ii) for use as a medicament for, or {or use in the preparation of a medicament for: (a)
inhibiting (1,3)$-D-glucan synthase in a subject in need thereg)treating or preventing
mycotic infections. In these uses, the compourdiseopresent invention can optionally be

30 employed in combination, either sequentially oraanently, with one or more therapeutic

agents effective against fungal and/or bacterfalciions.



5 provided as (a) through (0) above are understood to include all embodiments of the compounds,
including such embodiments as result from combinations of embodiments of the compound. In
addition, it is understood that, in the description of embodiments of the compounds as set forth above,
indicated substitutions are included only to the extent that the substitutents provide stable compounds
consistent with the definition. 10Additional embodiments of the invention include the pharmaceutical
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gypseum), Mucor, Paracoccidioides f"e.g., aracocciaioides brasi mns@f%‘emcﬁ“u}/m ?e.g., nicillium
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dermatitidis), Blastoschizomyces (e.g.,Blastoschizomyces capitatus), Candida (e.g.,Candida
albicans, Candida glabrata (Torulopsis glabrata), Candida guilliermondii, Candida kefyr,
Candida krusei, Candida lusitaniae, Candida parapsilosis, Candida pseudotropicalis, Candida
stellatoidea, Candida tropicalis, Candida utilis, Candida lipolytica, Candida famata and
25 Candidarugosa), Cladosporium (e.g.,Cladosporium carrionii andCladosporium trichloides),
Coccidioides (e.g.,Coccidioides immitis), Cryptococcus (e.g.,Cryptococcus neoformans),
Curwularia, Cunninghamella (e.g.,Cunninghamella elegans), Der matophyte, Exophiala (e.qg.,
Exophiala dermatitidis andExophiala spinifera), Epidermophyton (e.g.,Epidermophyton
floccosum), Fonsecaea (e.g.,Fonsecaea pedrosoi), Fusarium (e.g.,Fusarium solani),
30 Geotrichum (e.g.,Geotrichum candiddum andGeotrichum clavatum), Histoplasma (e.qg.,
Histoplasma capsulatum var. capsulatum), Malassezia (e.g.,Malassezia furfur), Microsporum

(e.g.,Microsporum canis andMicrosporum gypseum), Mucor, Paracoccidioides (e.g.,
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10 infections such as Trichoderma sp. and other Candida spp. The compounds of the present
invention are particularly effective against Aspergillus flavus, Aspergillus fumigatus, Candidct albicans,
Candida parapsilosis, Oyptococcus neoformans, Saccharomyces cerevisiae, and Trichophyton
mentagrophytes. In view of their antifungal activity, compounds of Formula (I) are useful for the
15treatment and/or prevention of one or more of a variety of superficial, cutaneous, subcutaneous and

systemicrayeiiei dits oo beaks ki SEYRaridili urai{eqjaPeticitisangastreifés smpdlspbr aronchus, lung,
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to, A phioeaime B andt@tiordimdanalfamklipidiormnsithenaof supkerdisiABELWGRToUSYIRIBQINMBcand

AMPHOGH, Examples.laing ecpyrimiding pudieofde nhibiiors 2k ma peeed;in ppfination
with the preseX?compOL%qos IanUCFe, ut are not ﬁ%lte(ﬁ“ , ﬁucy osine or %o?yxms(i such as’
nikkomydires; hin g duingy len diddanmiyein dozaor, midanyes) eyiosjaont vagohad p ofttberapalitavayents that
may be u In,combination with. the present compounds i Iua1 chiininqi? itors, Examples of
clongati o L RIS Pt N b LAt Eon AR org SRl oA e b
are not lipdtadasakoaditynspielemdilozys hypaddrBahtigiespdt guet, gasiaoidite stires dntcaation,
deré\qativ%ugggnac? (P%Uﬁﬁgrgiﬁapﬁf' %Hg%g\”tmﬁk&%@{ﬁ?eﬂdlggodﬂpounds include, but are not limited
to, Cilofungin, anidu aﬁJHgln, micafuhgin, an ' ’
Therefore, compounds of the present invention aedulifor preventing and
treating one or more of various infectious diseasesh as dermatophytosis (e.g., trichophytosis,
ringworm or tinea infections), athletes foot, parma, pityriasis versicolor, erythrasma,
intertrigo, fungal diaper rash, candida vulvitiandida balanitis, otitis externa, candidiasis
25 (cutaneous and mucocutaneous), chronic mucocasdid&g. thrush and vaginal candidiasis),
cryptococcosis, geotrichosis, trichosporosis, agpesis, penicilliosis, fusariosis, zygomycosis,
sporotrichosis, chromomycosis, coccidioidomycadsistoplasmosis, blastomycosis,
paracoccidioidomycosis, pseudallescheriosis, mycatanycotic keratitis, otomycosis,
pneumocystosis, and fungemia. The present comgauag also be used as prophylactic agents
30 to prevent systemic and topical fungal infectiokkse as prophylactic agents may, for example,
be appropriate as part of a selective gut decomi@ion regimen in the prevention of infection

in immuno-compromised patients (e.g. AIDS patiep#tients receiving cancer therapy or
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caspofungin. Examples of mannan inhibitors that may be used in combination with the present
compounds include but are not limited to predamycin. Examples of bactericidal/permeabilityinducing
(BPI) protein products that may be used in combination with the present compounds include but are
not limited to XMP.97 and XMP.127. Examples of immunomodulators that may 20be used in
combination with the present compounds include, but are not limited to, an interferon, (e.g., IL-1, IL-2,

IL-3 and Ma@p@@fﬁp&tt@ﬂsyam&m@mba@@&l (Eraguineyiaccalmiciimidating e eier). ssoused
herein, t ‘alkyl refe to any linear or branched chain alkyl group having a number of carbon
atoms in ﬁé'?%géafféa%ﬂ?g ISPAGS, %Pgmﬁﬁéﬂ @%’%Wfor 25"C1-C6 alkyl") refers to all of the
hexyl alkyl and pentyl ElkaInmneismweltra@tmﬂay@e md&n@bbﬁﬁaﬂmipﬁwenybmﬂmm

thyl. As anoth le, "C.14 alky]" refers t d t-but d |, ethyl and
metiyl, IRCey B e RO 2l oy R o i G TR & B of carbon

atonss inthiessreofgdaangendivle, tistesanyyele Qﬁé{ﬂgﬂ@ﬂ@/bd@ﬁc@&i@@ommm pfefengeites
cyclopropyl and ¢ cobut The term "cycloalk ivalently "alkyl-cycloalkyl") as
et morbIAL R DR ) e R A A )P ST s BRLOEe R LrEhR des o
cycloalkﬁnnmbmlamcEscyﬁedmhmzxsa@whtaicﬂmmielmltbfarfngmwbalbﬂ A(IEL&HE/TC)}KWHKSD’I\)IE]ay be
through eith kyl or th ortion. Thes CIfI number of. carb natom .
eycloa AT SR LA B 7 5 TR T Bl BBy Rg e in
cycloalky:lqmttmﬁwmthsm 6Fb§6mwdnqibylrmlkyhnmhimldnhutcm‘mmmdlmmtéldud:gtt‘:mnﬁwlcpolmrmyl,
hylcyclopro I methylcyclobutyl eth Ic C Ime y clopropylethyl and

cy Ut Iy B B S S e CARSITE! BTGRRIAD anc ocine
(alternatmmetreagems fﬂnaxrmainlbewmdmocalmﬂbmmﬁnthe presemsusmbhadsmncthﬁj&smhrtm
as used her. ut10denl%tes aI ern Fs th ¥ Wher Q&W ro rla e, be cqomblne tH
expressly%t? ted 30 Xamnf?gry,g g'é)sncg ere| are’inc u¥|vg e %%'I]e'ré 'g{él\"g)’cyc crlng
describegrasauntamipguinols it livdé Hete sratomtsimieaddaeiniagd analogs thereof. Examples of

pneumocandin or echinocandin derivatives that neayded in combination with the present

15 compounds include, but are not limited to, cilofim@nidulafungin, micafungin, and
caspofungin. Examples of mannan inhibitors thag beused in combination with the present
compounds include but are not limited to predamyé&ramples of bactericidal/permeability-
inducing (BPI) protein products that may be usedambination with the present compounds
include but are not limited to XMP.97 and XMP.1Z&xamples of inmunomodulators that may

20 be used in combination with the present compounclside, but are not limited to, an interferon,
(e.g., IL-1, IL-2, IL-3 and IL-8), defensines, tatmus and G-CSF (Granulocyte-colony
stimulating factor).

As used herein, the term “alkyl” refers to any &ner branched chain alkyl group
having a number of carbon atoms in the specifiedea Thus, for example, G alkyl” (or

25 “C;-Cg alkyl”) refers to all of the hexyl alkyl and pehstkyl isomers as well as n-, iso-, sec- and
t-butyl, n- and isopropyl, ethyl and methyl. Aso#trer example, “€4 alkyl” refers to n-, iso-,
sec- and t-butyl, n- and isopropyl, ethyl and methy

The term “cycloalkyl” refers to any cyclic ring ah alkane having a number of
carbon atoms in the specified range. Thus, fomgte, “G;.4 cycloalkyl” (or “Cs-Cy

30 cycloalkyl”) refers to cyclopropyl and cyclobutyl.

The term "cycloalkyl-alkyl" (or equivalently "alkydycloalkyl") as used herein,

refers to a system that includes an alkyl portisl@scribed above and also includes a cycloalkyl
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can contain 1, 2, 3 or 4 heteroatoms. It is also to be understood that any range cited herein includes
within its scope all of the sub-ranges within that range. Thus, for example, a 15heterocyclic ring
described as containing from "1 to 4 heteroatoms" is intended to include as aspects thereof,
heterocyclic rings containing 2 to 4 heteroatoms, 3 or 4 heteroatoms, 1 to 3 heteroatoms, 2 or 3
heteroatoms, 1 or 2 heteroatoms, 1 heteroatom, 2 heteroatoms, and so forth. Any of the

varir?us qy@i?afkﬂsad@sbﬁtﬁdcwdioélemttaarvhéngsoamda)nﬂb%bmwncsﬂ%ﬂmdzpatﬁmwwmaj@dchfd
to the rest o co nd at any ring atom (i.e., an on 2Q_atom or any heteroatom) provide
that o ScABI BN U DB HORIHAEI S B E BB AR SR B HENEER AL CHHERINE e Ao not
limited togwﬁialkmb&lnﬂywmdhwksptxlzfitﬂ@Zio;%Imthﬁzxdvbon atorgéxlrstﬁhmhmmmmimb
compoun [ an be prepa olated a e st e and properties remain or can be
causped t6% fyel/ﬂ?jm %ﬁtizl%lﬂﬁglm %%ﬁqé F’o?y§ @E%f ?\rtet%'%fﬁ Lt the compound
for tbe pmemeﬂmrﬁmﬂ M@clﬁm@wummmwbmmmwmsmw to a subject).
Reference to a co also mclude the compound such as a stable hydrate.
As a resﬁpﬁi)? @?@éi%ﬂ o‘%&%‘%‘iﬂﬂz %&@1’&% rns certain of the compounds of the
present invention can maweetawn*hia&wememerh@ln@ cafecctflasrinetilodseyb3Osigrecindritgtineor as
mdmduz:ﬂ cﬂa ste eomer or gpanto ers. Uq}f qnherm e |§O icated, all isomeric forms of these
compou gee %%Vl'é%%{ee (5? if %ﬁfpesc PEANVRAABAR 'C6He of the present invention. Also
included within the scoqsmurfettjehpreserthmvemmdorarastausemlaeneiontesrmmaﬂesemhaomapuwtlem
n riable occurs more than one time in any constituent or in Formula (I) or

Q/ otﬁgp 8%\/\{ ff:éémg'gﬁ ‘describing compounds of the invention, its definition on 5each
occurrence is mdependbﬂﬂessf &xmfe&stsl&csteﬂbd\termetbenuaqarmhmqﬁdmecremtmnammiamf/e For
substltuents and/or ar ables ISSIb|e only if such comb nations esul in stable co oun

f Bg@‘a)’ A !L S

The term "SubBttufd ﬁc?&é(&s MOND %%{ 3 Gy 1 Ran S LSR5 AR Wid r{%uch
single artdamuttrp:mrsllbﬁt,utatmm(hmﬂemag)msltlmﬂsaiﬁwmnderatdnuhba&amgz sie) esoifeenhiesdin
allowed. Unlleg V\Hess statedt fe ontr%r asub ltul[or} b%wa na ﬁd SlbetItuen cjs permitted on

any aton! In & 1ing (€.9., an-ar eaacyc ARy 3 HElEroanT, or & n&erocycﬁ/l) provided Suh ring

suldsitutiostes adyahoaaty dthswelnieamsreentmmmg $taivlé Bameperoatoms” is intended to include as
aspects thereof, heterocyclic rings containing 2 bh@teroatoms, 3 or 4 heteroatoms, 1 to 3
heteroatoms, 2 or 3 heteroatoms, 1 or 2 heteroatbimsteroatom, 2 heteroatoms, and so forth.
Any of the various cycloalkyl and heterocyclic/vet@ryl rings and ring systems
defined herein may be attached to the rest of dhgpound at any ring atom (i.e., any carbon
20 atom or any heteroatom) provided that a stable cumg results. Suitable 5- or 6-membered
heteroaromatic rings include, but are not limitedpyridyl, pyrazinyl, pyrimidinyl, pyridazinyl
and triazolyl.
A “stable” compound is a compound which can be areg and isolated and
whose structure and properties remain or can bgeckto remain essentially unchanged for a
25 period of time sufficient to allow use of the corapd for the purposes described herein (e.qg.,
therapeutic or prophylactic administration to ajeat). Reference to a compound also includes
stable complexes of the compound such as a stgbtate.
As a result of the selection of substituents arx$stwent patterns, certain of the
compounds of the present invention can have asynmeeiters and can occur as mixtures of
30 stereoisomers, or as individual diastereomerspangomers. Unless otherwise indicated, all

isomeric forms of these compounds, whether isolated mixtures, are within the scope of the
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A bond terminated by a wavy line is used herein to signify the point of attachment 150f a substituent
group or partial structure. This usage is illustrated by the following example: A= _(=\\//N

The compounds of this invention are also useful in the preparation and execution of screening assays
for antifungal compounds. For example, the compounds of this invention are useful for isolating
mutants, which are excellent screening tools for more powerful antifungal 20 compounds. All

compounstesdrihinpepsiont inveotinoluaay betaiimiistemitie ihe sem inlépliamaectticayerecrpiable

salts" or h %ri%tes as appropriate. Other salts may, however, be useful in the preparation of the
compouﬁgg Bé?&ﬁ{&fgofﬁ%%%i%% %‘?%ﬂﬂgir pharmaceutically acceptable salts. For example,

when the compounds vfitlee pigpeatikhienticturSaaniaith anbasts taniracgimstputieyomayHeemula (1)
convenientl; isolate% as triflugroacetic. acid salts (e.q.. following HPLC purification). Cpnversion of the
ifluoroaCbi SR e SR T RS PBRH, SE RS e g baion of
accanplisheldl bycamentess oh stputatdnmetisdsckinivoanarinothgr bocwxemple, A8 opiiae 08 of
exchange resin may be lo ePg?Io generate theﬂgfsi &% alt. Alternatively, conversion of a
fluoroeeHOR HHE Cotng le BLAR  SLECERHRIS TG BERMEASABNHBHA SExtibga s known in
the art (ecgmmadralization with an appropriate inorganic base such as NaHCO3). Other desired amine
salts may then be prepared in a,conventional. manner by reacting the free base with a suitable organic
ot inorganic acid. RepieltARve ST WA T S o b A R PR AT e el the
followingsinystingirhotiol ¢hs wiatat gucspsiatie Gabonalsplasetationtérichtel it natgtipial st stivotiorate,
Iac&ade, the same site) is chemically allowed. Unless esglyestated to the contrary, substitution by a
named substituent is permitted on any atom in@ (eng., an aryl, a cycloalkyl, a heteroaryl, or a
heterocyclyl) provided such ring substitution igishcally allowed and results in a stable
compound.
A bond terminated by a wavy line is used hereisignify the point of attachment
15 of a substituent group or partial structure. Tdgage is illustrated by the following example:
\

/

The compounds of this invention are also useftihepreparation and execution
of screening assays for antifungal compounds.ekample, the compounds of this invention are
useful for isolating mutants, which are excellearesning tools for more powerful antifungal

20 compounds.

All compounds of the present invention may be adstened in the form of
"pharmaceutically acceptable salts" or hydratespgsopriate. Other salts may, however, be
useful in the preparation of the compounds accgrtbrthe invention or of their
pharmaceutically acceptable salts. For exampleyvhe compounds of the present invention

25 contain a basic amine group, they may be convdgieatiated as trifluoroacetic acid salts (e.g.
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10stearate, fumarate, hippurate, maleate, gluconate, ascorbate, adipate, gluceptate, glutamate,
glucoronate, propionate, benzoate, mesylate, tosylate, oleate, lactobionate, laurylsulfate, besylate,
caprylate, isetionate, gentisate, malonate, napsylate, edisylate, pamoate, xinafoate, napadisylate,
hydrobromide, nitrate, oxalate, cinnamate, mandelate, undecylenate, and camsylate. Many of the
compounds of the invention carry an acidic carboxylic acid moiety, in 15 which case suitable
pharmackuisodty aceepighlgfzalti thereohmersine ot aftt oaeiet salitd sgts SoditmaosgRiassium

salts; alkaline earth metal salts, ., calcium or magnesium salts; and salts formed with suitabl
organic OENHTS B R o A AR 8 PR AL A RS RO e
prodrugseétihedecknpounitsthé this. ifsmaicamisl e enre egl patisib prexsbga gl dsirfunatiara bagsivgides of
the compounds of this 20invention which are readily convertible in vivo into the required compound.
Thus, in SRORGIRJHE SPLSEHTNk GhUee HGE: LA ReTorasale ASid k00 SRR
the Beata@niohibg varmtspagylthedhgesarbacdwiibtiwiskivpiwndrspegfinallirelzcidsadivdth a
compound which converts ta the specified ¢ in viyo after administration to the patient..
Comvon PR RSB SSRGS SEH LEH AT G oy Tt ATD e apeEbarec
25describeshrios tkamap ieainn & dsige adtiy diedecedoh de. abituittgsiaror falsievigrintdganislzchulis
incorporated by reference herein in its eptirety. Metabolites of these compounds inclyde active species
orocuce BRI B T U A ReE SL e AN RN RE 1S ol e ER Ao
"administrpticothéoritieasalfts éh presd{eage, ‘catvoniateritgéatrampaitratyimiefere eectiratm iguated of
the inventjon mean providing the compound or a 30 prodrug of the compound to the subject in need of
e Aot SR AUl R RS HED L IR LS e eV R 2 e AT A s ome
or more gtheoasiate agenis e, odneoatd|funeRlatd|esiséistaguts bsefatdplanedtofate,
fungal/bacteri Itinfectior'sg "adrpinis ration"t.an its variants are each urlldterstood totinclud<? cqncurrent
and sequental p‘?ro%"f‘ﬁ%ao?tﬁ%ec'é)r%%guﬁ&%#sﬁgdrwaggr’?%ﬂear SysrteYIate, PamQali RS the
term commapsitisylasantsoiiedrtoredepnipats axyatadectimmzp nsangl éhetspecdec)/iagetdjentd, as well as
any product which results, di,rﬁ%l)éor indire tl%f%rgm combinin theiapceggir%%

ingredients. By .
"pharmaggm%gﬁyeacceapqgtﬂe IS HeanC At the mgr'é](yi%rﬁqgmo\f e%%armaceut)fgﬁFc%%dp@sq{%X’r'nnust
be tbmpuafilidd witbeeswitabiegrtaardactdetztityiausdpttide dedyeoft teyentlude alkali metal salts, e.g.,
sodium or potassium salts; alkaline earth metés salg., calcium or magnesium salts; and salts
formed with suitable organic ligands, e.g., quaaeyrammonium salts.
The present invention includes within its scopedpugs of the compounds of this
invention. In general, such prodrugs will be fuoical derivatives of the compounds of this
20 invention which are readily convertible in vivoanthe required compound. Thus, in the
methods of treatment of the present inventiontehm "administering” shall encompass the
treatment of the various conditions described wWithcompound specifically disclosed or with a
compound which converts to the specified compouandvo after administration to the patient.
Conventional procedures for the selection and petioa of suitable prodrug derivatives are
25 described, for example, in "Design of Prodrugs,"tdBundgaard, Elsevier, 1985, which is
incorporated by reference herein in its entirdletabolites of these compounds include active
species produced upon introduction of compoundkisfinvention into the biological milieu.
The term “administration” and variants thereof (€:gdministering” a
compound) in reference to a compound of the ine@mnean providing the compound or a
30 prodrug of the compound to the subject in needeatinent. When a compound of the invention
or a prodrug thereof is provided in combinationhwohe or more other active agents (e.g., other

antifungal/antibacterial agents useful for treafunggal/bacterial infections), “administration”
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The term "subject” (alternatively referred to herein as "patient") as used herein 10 refers to an animal,
preferably a mammal, most preferably a human, who has been the object of treatment, observation or
experiment. The term "effective amount" as used herein means that amount of active
compound or pharmaceutical agent that elicits the biological or medicinal response in a tissue, system,
animal or human that is being sought by a researcher, veterinarian, medical doctor or 150ther clinician.
In one emh@disEiriaiite afteetich amoeritsdd tthierdndeiineih efectvguantaingtdofsioa afienetion of
the symptoms of tl(ae disease or condition being treated. In another embodiment, the effective amount
isa "proﬁﬁﬁm% f@ﬁé%ﬂsvégﬁﬂgm%ﬁg? ylaxis of the symptoms of the disease or condition
being prevented or foraedissachtheilikelieaethof cosipoeitisn Tiséntemimdsompriesdpredudte amount
of active compound sufficient to jnhibit 20(1,3)-13-D-glucan synthase and thergp elicit the respgnse
being SoBETIY BN BT AR So o) AR SR LR e ke ben
is adininisterecoasdintsaihe efseeifieesityitbdiamount of active ingredient are to the free acid or free
base form of the compgund. For the purpose of in iBitir,) (1,3)-13-D-glucan .synth or preventing or
treating 25fungal infec Hn,pﬁ%r%@r%%%%%@’&%%"g‘? gee ?imv%?ﬁﬁ)w,atﬁ%ﬁam%ﬁ fﬁit?f&m of a saltor a
hydrate, pharbeasdmivcistesedoogidoy mesnbdéhasmpediite édhtathiaf dine aci\dergenbdustiottieeagent's
site of action..They can be administered by conventional means available for use in conjunction with
pharmacreelﬁ'i@'ﬁgF ﬁlﬂ&o s individual therapeutic agents or in a combination of therapeutic agents.

They can be administeThd sdome’sibjdypicalty aratiadipirettered witheeaBOipaaiene§esticabddrgesin
selected on the basis of the chosen route of admipistration and standard pharmacgutical practice. The
oS Sy A R e A e e e et
parenteraibatinehidioigssnbatiteneocesppj@ci@ons, intravenous, intramuscular, intrasternal injection or

infusion techniques), b}/ in alatian()ée.g. nasal or buccal in ﬁllation spra erosc%ls rom metered dose
Sl Gkl o
r), by

inhalator, and dry powde?inef{gllat %eebrﬂﬁ?grt 8‘(§ulllasﬁy, tc%%&f}‘, e?HQiII?/, 3 re%tally, in the
form of aconipdosaper ¢fte phateaiiealt@ge nbthposiints colibicahgramediesiala esponstadhthdissue,

compound.aad, S.eanveationglnenioxic pramacsylicallcaqeptablecamers, adiuvantaand, o
vehicles.sﬁﬁqwd ‘preparations sui abﬁ]e OF Oral ddniistraton €.g.,’suspensions; syrups, elixirs and the

like)Tan dibgrepaicdractoahegio bedmigpie sHanefieciivdoe alr i a.ad tbenapaplioa e tisoal enadiasutth

as water, glycols, ils, alcohqls and the like. $qglid preparations. suitable for oral. administration (e.g.,
owdiers S B Bl o B BB ol R R AR Toart o
can empyizodimsolidtbrogiiecty asstawcties astpap) Wadljoe fidniivanssnbimdefer gisiptegexisgfabents
and the like, Parent: ompasitions can,! epare in hnj kpown,in the art and
Sypically S e R P St a B BRI BETE, i
Injectablecnlutinte carhied ¢nmapal sedirdooielriete iméthcalsdivmime re tnepant nehsudiicidre tarmbibit

: i Wt | i . , - : ) : q
s B A B R e A BB s o
the p_reseaﬁlla'at'vwﬁmoamm’_’))f M@di@r@tasﬂmw i(eetiick dogrpdsitivnis iaqmbnislkemgd as the
Remingtays RARMARAGEVHS R S EIRatRR SPH AU SHEH e R RN A MaRK L RN DG

2000.
compound.

For the purpose of inhibiting (1,BHD-glucan synthase or preventing or treating
25 fungal infection, the compounds of the present o, optionally in the form of a salt or a
hydrate, can be administered by any means thatipesdcontact of the active agent with the
agent’s site of action. They can be administegeddmventional means available for use in
conjunction with pharmaceuticals, either as indmaldtherapeutic agents or in a combination of
therapeutic agents. They can be administered abuteypically are administered with a
30 pharmaceutical carrier selected on the basis oftibbsen route of administration and standard
pharmaceutical practice. The compounds of thentiee can, for example, be administered by

one or more of the following: orally, parentergligcluding subcutaneous injections,
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The compounds of this invention can be administered, e.g., orally or 20 intravenously, in a dosage
range of, for example, 0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in a single
dose or in divided doses. An example of a dosage range is 0.01 to 500 mg/kg body weight per day
orally or intravenously in a single dose or in divided doses. Another example of a dosage range is 0.1
to 100 mg/kg body weight per day orally or intravenously in single or divided doses. For oral
administiatfaRet.soMpasiicias eaniheadbprioyideddbshefieionabtiriaey) copsntegammrigwigg, for
example, 1.0 to 500 milligrams of the active ingredient, particularly 1, 5, 10, 15, 20, 25, 50, 75, 100,
A R e e e R A
the dosag&deiioe) peiierstializerreatadr e sicatifiacpserialy] anttedyencynef desagbdamny
particular,patient g1ay e varied and will de(%%nd ulgdon a variety af factors inclyding the acti\iji(%/ %Hhe
0 f GMthe

specific OMPBt 23 St GRICHTRRBHE SRR IR ECINA BRI Ch i TR
age%bodgomewhhtogah@mi-tfmﬁwmmma:ﬁemm@me_ _ mrémﬁloﬁﬂgndd{jatraﬁmamemiebeyethu@kr#g
Ination, the severit { articular condition, gnd the host undergoin erapy. . e
et P e o S A e L R S e T Bl the k) e
the presdnt prepation avay toingr epésenrmgaesdingimtiretfatianiag eagtion thehasues mediexsuchles, or
dificati th f f tarti terial enf 1gin. Epf f ini tural praduct.
oroduced AT SHRLR L S ADOI . UERats T U e ah QLRLF s AR
culture cgdlertipowdths, pittericans gz dod tatd «o) egtidsparsd assigraid preessivmiquas kaoARGCthe
74360) that isolated f livi .of identified shrub collected i i
o T SR G BRI o Sl s PSR o KT G, B P ovnee
incorporaiis@tggratﬁgragemétammm}ikéhmmmmglmmmmnma&wm;ab_eretjmx_sxzsﬁem@timname
(15, 4nin g R e B S R S R B W38T e cpgier and Sptionaly bife?
dimethylprgpdiéritSAsDedlasoppainbiifioaid- 116jéct Ak it 0s1 Canlitb [dreiaréd acutetaiyo methods

A-hydroga L B8 B el e R PSRRI R S BRI B Bo TP SR Sl el
(common name: en umafunglnei

15 containing a mixture of saline and glucose. Furtiescription of methods suitable for use in

preparing pharmaceutical compositions of the preis@ention and of ingredients suitable for
use in said compositions is provided in Remingtdthisrmaceutical Sciences2édition,
edited by A. R. Gennaro, Mack Publishing Co., 2000.

The compounds of this invention can be administezegl, orally or

20 intravenously, in a dosage range of, for examp@)Dto 1000 mg/kg of mammal (e.g., human)
body weight per day in a single dose or in dividedes. An example of a dosage range is 0.01
to 500 mg/kg body weight per day orally or intrawesly in a single dose or in divided doses.
Another example of a dosage range is 0.1 to 10@grupddy weight per day orally or
intravenously in single or divided doses. For @adinistration, the compositions can be

25 provided in the form of tablets or capsules contagnfor example, 1.0 to 500 milligrams of the
active ingredient, particularly 1, 5, 10, 15, 28, 20, 75, 100, 150, 200, 250, 300, 400, and 500
milligrams of the active ingredient for the sympttm adjustment of the dosage to the patient to
be treated. The specific dose level and frequencpsage for any particular patient may be
varied and will depend upon a variety of factorduding the activity of the specific compound

30 employed, the metabolic stability and length ofactbf that compound, the age, body weight,
general health, sex, diet, mode and time of adtnatien, rate of excretion, drug combination,

the severity of the particular condition, and tlestrundergoing therapy.
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-(aminoethoxy)-8- R1R)-1,2- dimethylpropyfl -14-
(1H- 1,2,4- triazol- 1 -y1)- 1, 6, 6a,7, 8,9, 10,10a, 10b,11,12,12a- dodecahydrol,6a, 8, 10a-
tetramethyl-4H- 1,4a-propano-2H-phenanthro[ 1, 2- c]pyran-7- carboxyli ¢ acid. Scheme A

Scheme A illustrates a method for deglycosylation of the natural product enfumafungin and additional
modification to prepare the molecule for further elaboration. In a first step, the lactol group of

enfumafungin is reducwéameannen/temtbr&aﬂgﬁahw@@blpmmﬁ Mmmwmﬂiawenmd&na

|ve com 10 A2. vaI of cose moiety

acidic conditi é trlflu cetic acid EIF
oy o Aleo AT PR O L  TE SEab ONGT o B ARICERLE RO EOG S0 e S B fore nci
Under thmﬂon@bheméb@ﬁd%%mesptﬂﬁﬁd@ﬂ&@tﬁ@ﬂﬁ@l&@ﬂﬁd brariathmotéoiaredtioadnengiathyl
ether co%ﬁﬁi 3. Other methﬂfs for de caf%l%sil%n of A2 and relat%d com nds re als? nown
(Internatfon G BAMREB IBIR RS 9 SHENY P”HO ERPANEY B:
Enzgmati;mahel Bludup dsiZirety Nakie salamté/eqml@i&bﬂwmmmwpﬂlcanw@b%%nwmand
accomplished by treatment with benz the resen ofa uitable base ucha
o e Ve R T RN T e AT
also be eghnjbymileaelnlemel&valquej|go$plnewm$33tw5dmmwmd‘émﬂﬂaeﬂlmrudscmgtlhe R2
substitu oxy group. Additjonal meth ds are alsp described in International Patent
B ubroat SO 2ol LT B BT St PRt B TS B g S Bahemes
the variables R6, R7, R&@fmllaﬂmget\ae pvéanmlely|daﬁtlatéahareyptemm&m@mtd)auhmetmgAdditional
varjgples are as defined i | the dividual scheme Aﬁg ep\@(n in S heme B, reaction of A4 with an
St dh 05 A

Ns ony?%Q}’r?&IHSQ%ESTIR QLS BFPRHR ﬂgﬁe& Bgtassmm hydride, sodium hydride

or potassium tert-pentylate and optionally in the presence of an 8 propggte cation

(1S4aR 685 7R,8R,10R,10R,12R,14R,15R)-14-(acetyloxy)-8-[(R)-1,2-
dimethylpropyl]-15-3-D-glucopyranosyloxy)-1,6,6a,7,8,9,10,10a,10b,11 A&-dodecahydro-
4-hydroxy-1,6a,8,10a-tetramethyH4l,4a-propano4a-phenanthro[1,2-c]pyran-7-carboxylic

15 acid (common name: enfumafungin).
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10complexing agent such as 18-Crown-6 or 15-Crown-5, gives intermediate B2. Aziridines B1 are
prepared by methods known in the art (see e.g. Acc. Chem. Res. 2006, 39, 194-206; Tetrahedron
2004, 60, 2701-2743; J. Am. Chem. Soc. 1998, 120, 6844; Org. Lett. 1999, 5, 783-786; Chem. Soc.
Rev. 2002, 31, 247; Synthesis 2000, 1347; ARK1VOC 2007, 4, 304-311; Tetrahedron: Asymmetry
1997, 8, 1693; Chem. Commun. 2006, 1833-1835) and as exemplified further below. 15Removal of

the N-sulfonyl group of BAisReGsR nRSRTESHRY 0iFS 0RARd ARet SR)cTEIG B vodirendi e [(R)ith um in

a0 contUEPIRBHISAESThd AR S irod e boAAraOR AR A

intermediata B31 davidticeraphyidiaiad-pyopaa silpHan dhenss| thachiherposstox growgisirategies
may also be employed. Further substitution of the 20 amino group of B3 may be carried-out at this
point by Sehstiaedhmethods known in the art such as alkylation or reductive amination to give

compound B4. Scheme C Scheme C illustrates an alternative method of substituting the
amino group by alkylating the N- SLﬂ’FenWmtermema’%e B2 with an appropriate aIkyIat‘ﬂ#g/a@ent such as
methyl 5iodide, ethyl iodide amally braF the presence of a suitable base s as.S hydride
to give Cl. Dissolving inetal rgd as described PréViously for B2 then gi synthesis of

Scheme C |s partlcularly seful for in roducmg a smc]fﬁe substltutlon on the @ 21 nitrogen. In

' > roneskilled in the art that
Ip. Schemg D Scheme
D describes afd tloﬁ‘éll meggggngqrnbr};)roducmg the R2 group. "Rea
cyclic sulfamidate reagent DI gives intermediate D3. This reaction

Step 2: OxOH_ Step 3: O, 0B
deglycosylation - = - = protection - _ =

MeoH Meo,,, @‘ BnBr MeO,,, @‘
(0] (0]

5 HO : A A3 : A A4

Scheme A illustrates a method for deglycosylatibthe natural product

enfumafungin and additional modification to prepidu@ molecule for further elaboration. In a
first step, the lactol group of enfumafungin isueeld by treatment with a suitable reducing
agent such as triethylsilane under acidic conditi@ng. trifluoroacetic acid) to give compound

10 A2 Removal of the glucose moiety may be accomptisgheheatingdA2 in methanol in the
presence of a strong acid such as sulfuric acidedthese conditions, the acetoxy group at C14
is also replaced by methoxy to produce the mettindrecompound\3. Other methods for
deglycosylation oA2 and related compounds are also known (Interndti®atent Publication
No. WO 2007/127012; and Shafiee et &lMolecular Catalysis B: Enzymatic, 2001(16), pp.

15 27-32). Next, selective protection of the carbaxgkid ofA3 may by accomplished by
treatment with benzyl bromide in the presence sifitable base such as sodium bicarbonate or
potassium carbonate to gig&. Other suitable protecting groups known in thenzay also be

employed.
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15is carried-out under conditions analogous to those described in Scheme B for coupling with aziridine
Bl. An acidic aqueous work-up is carried-out which cleaves the initial N-sulfated product to give the
amine D3. The cyclic sulfamidate reagent DI is prepared by methods known in the art (e.g.
Tetrahedron 2003, 59, 2581-2616; J. Org. Chem. 2002, 67, 5164-5169) and as exemplified further
below. While in Scheme D the synthesis of D3 with R6 substitution on the nitrogen of the aminoether
is illustragzethe/l be apparent to one skilled in the art that the method would work equally well for the
synthesis of a D3 compound with R7 substitution on the nitrogen of the aminoether by employing the
appropriately substituted DI com ound Sghefe E Scheme E |IIustrates additional methods
for introduction of the R2 su&fltutlon on the ?PS hydroxy group. Alkylatlon%f ,&4 with an allylic halide
or other suitably activated>glytic-species ivas the allylic ether E2 e"bases for this reaction
are sodium hyeside-of patassium hydride add the likesQxidative cledvad

standard 10condi @@, 0s04/Nal04)gives-the corrg,g,p%ndln @@ 3. ConversionofE3 to the
sulfinylimine E¥is acgomplished by reactictivith an alk marylsuﬁlnylam;'ge in the presence of a
dehydrating agent such as titanium ethoxitewReagtian o E% with an alkyllithium reagent (e.g. R9Li /
Me3A1l) or alkyl Grignard reagent (e.g. R9MgBr) followed by acid treatment (e.g. HC1/MeOH) to cleave
the N-sulfinyl group gives EG6. Furﬂweroﬁubstltutlon of the amino group of 15E6 raaxae carried-out at
this point by standard methods known i the art such as alkylatlon or reductive amlnatlon In one

reagent for this seqiﬁfé‘hf e how control ouﬂﬁféﬁmchenﬂstrﬁf@f he<substifution ajacent to the
amine in E6 (see.g cc/Sher Res 2002, ®5ed98\4e 995). J seful variation of this
Scheme, the rolgé \gf R8 antl R9 angIustrated r&eme ERma;%;g reverﬁed Schemes G-J illustrate
methods for introducing R1 heterocyclic groups. In the 5Schemes the various methods are exemplified

by starting with intermediageria4, mm iEifllusderstordibas thiiisaotk ohedfbes et et ytveed skarting
inermed MU AHITIHN cARHOLRAL HECRURATh RS AS TSI LR OB A B VRSB0 e 7012
may5alsma\2®a$/$w0mg rhatenalaéorpotméddﬁpmeﬁéﬁhdvetequhc mrmmsalseﬂﬁesrthed/a‘nables
e G Eeomes LSRRG RS S S R B! S PAadRsRlY dafnstker
are as deflned in the individual schemes. As shiov8cheme B, reaction &4 with anN-
sulfonyl aziridine B1) in the presence of a suitable base such as potakydride, sodium
hydride or potassium tert-pentylate and optionallthe presence of an appropriate cation
10 complexing agent such as 18-Crown-6 or 15-Crownvgsgintermediat®2. AziridinesB1 are
prepared by methods known in the art (seeAeg.Chem. Res. 2006, 39, 194-206; Tetrahedron
2004, 60, 2701-2743;J. Am. Chem. Soc. 1998, 120, 6844; Org. Lett. 1999, 5, 783-786; Chem.
Soc. Rev. 2002, 31, 247; Synthesis 2000, 1347; ARKIVOC 2007, 4, 304-311; Tetrahedron:
Asymmetry 1997, 8, 1693; Chem. Commun. 2006, 1833-1835) and as exemplified further below.
15 Removal of theN-sulfonyl group oB2 is accomplished by dissolving metal reduction with
sodium or lithium in liquid ammonia employing atsilole co-solvent such as dimethoxyethane
or tetrahydrofuran. This step also convenientigrdeects the carboxylic acid when it is
protected as a benzyl ester, giving intermed&&e It will be appreciated by one skilled in the
art that other protecting group strategies may lbésemployed. Further substitution of the
20 amino group 083 may be carried-out at this point by standard metHaown in the art such as

alkylation or reductive amination to give compouBw
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Scheme G Scheme G illustrates the introduction of a 1,2,4-triazole heterocycle at the C14
15position. The displacement reaction between B4 and the triazole derivative G1 is promoted by a
Lewis acid reagent. Suitable Lewis acid reagents include boron trifluoride diethyl etherate, copper
trifluoromethansulfonate, zinc trifluoromethanesulfonate and the like. The reaction is conducted in a
non-coordinating aprotic solvent such as 1, 2-dichloroethane at a temperature of between about 20C
and abogchelfe.d his displacement reaction generally occurs with retention of configuration at C14,
possibly due to participation by the proximal bridging ether oxygen.. In addition to the desired
compound G2, the regioisomeric prad®éts G3 and G4 may also be formed in this éisp%eement
reaction. When undesired isomersare formed, |t is often 5p055|ble and desirable to separate them

S 4
substltuentgrouﬁﬁe De dnthe desired R Buibstituent, the star 7ole compounds G1
are generally re8dijy avl ... ee herl'gfzrom commergisd source&c?’ tgh preparation by known
literature method&® Sthemeé P 0 R® R® -

O M.
S G = halogen, mesylate, triflate or
reduction MeO,, ~] other suitable leaving group
— o S5
/N z
R K0T c2
RS R9 =

Scheme C illustrates an alternative method of #ukisg the amino group by
alkylating theN-sulfonyl intermediatd2 with an appropriate alkylating agent such as niethy
5 iodide, ethyl iodide or allyl bromide in the preserof a suitable base such as sodium hydride to
give C1. Dissolving metal reduction as described prewiote B2 then givesC2. The
synthesis of Scheme C is particularly useful féraducing a single substitution on the
aminoether nitrogen. In Scheme C introductionroRagroup is illustrated, but it will be
apparent to one skilled in the art that the synshesuld work equally well for introduction of

10 an KR group.

Scheme D
Ox,-0Bn Q\S,P O, 08BN
- T - = RO~ 7N - I oz =
= - = = N (o) T Z T :
5 S D]_ B 5
R8"‘
MeO, | RO MeO,, ]
HO & base 67 0 -
7 A4 R R?(Rg\ 7 D3

Scheme D describes an additional method for intipguthe R group. Reaction
of A4 with the 5-membered cyclic sulfamidate readehigives intermediat®3. This reaction
15 is carried-out under conditions analogous to thteseribed in Scheme B for coupling with
aziridineB1. An acidic agueous work-up is carried-out whitdages the initial N-sulfated
product to give the aminie3. The cyclic sulfamidate reagdbi is prepared by methods known
in the art (e.gTetrahedron 2003, 59, 2581-2616;J. Org. Chem. 2002, 67, 5164-5169) and as
exemplified further below. While in Scheme D tlyathesis oD3 with R® substitution on the
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NNR e H2 A 10 OR Me2N-K 00 H2N.A.R'OR ".... ... RTINS L. A1 H2 Scheme H illustrates an
alternative method for installing a substituted 1,2,4- triazole group. Reaction of intermediate B4 with
anhydrous hydrazine promoted by a Lewis acid such as boron trifluoride diethyl etherate yields the
hydrazine intermediate HI. The reaction is conducted in a non-coordinating aprotic solvent such as
1,2-dichloroethane at a temperature of 15between about 20C and 100C. Alternatively, a protected

hydrazinaiﬁu@@@@bwahﬂaﬁmatas{mluénméuldxyﬁarbppw)em teoond eRliter atalil art that the
t-butyloxycarbonyl d in this reaction, Wit rotectl s deprotectio

ocours RIS SR oY B R R 0 EIRHb by T b S Hpn the
deprotectiprpgtepdiaing atﬁﬂuueme@wyeemplapiﬁgoméeapﬁmem@pbman@m benepapiagied which
require a separate deprotection 20step (e.g. phthalimido). Cyclocondensation reaction of H1 with an
acyl amidicreegmrizative H2 by heating in acetic acid or another suitable solvent at a temperature
between about 20C and about 120C yields the triazole product H3. This method of triazole synthesis is

well known in the art (e.g. J. C@crg‘DBChem 1979, 44, 4160-4164; Smenc@h@f@ﬂmthe&s 2004, 13,
603-639). By this method a.Sing ole ggjblsomer H3 is produced: While method of synthesis

|S nOt Meo’/, RS MeO,, [O]
—_—
HO =z base B
: A4 \/\o : E2
= RS =
Ox,-0Bn Oy 0Bn
-z - = Il - - =
T A3 S. FAG
' T RS NH;
MeO,, ~{| R% __.O MeO 4
|
o SO o
() - (o) z E5
Y\ :H E3 RC = t-Bu or p-tolyl W/\ = H

1. R%-M

_—
2. deprotection H,N

5 RS R9 =

Scheme E illustrates additional methods for intatidu of the R substitution on
the C15 hydroxy group. Alkylation &4 with an allylic halide or other suitably activataitlylic
specieskl) gives the allylic etheE2. Suitable bases for this reaction are sodiumitgdor
potassium hydride and the like. Oxidative cleavaigine alkenyl group under standard

10 conditions (e.g. Osg&NalO,) gives the corresponding ketoB8. Conversion oE3 to the
sulfinylimine E5 is accomplished by reaction with an alkyl- or atyfinylamide in the presence
of a dehydrating agent such as titanium ethoxRleaction o5 with an alkyllithium reagent
(e.g. RLi / Me3Al) or alkyl Grignard reagent (e.g.’RgBr) followed by acid treatment (e.g.
HCI/MeOH) to cleave the N-sulfinyl group giveés. Further substitution of the amino group of
15 E6 may be carried-out at this point by standard nathaown in the art such as alkylation or
reductive amination. In one useful variation a§tsynthesis Scheme, use of an enantiomerically
pure alkyl- or arylsulfinylamide reagent for thegsience allows for control of the

stereochemistry of the substitution adjacent tcathéne inE6 (see e.gAcc. Chem. Res. 2002,
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S5appropriate for all desired Re groups, it is especially useful for compounds in which Re is heteroaryl.
Acyl amidine compounds H2 are conveniently synthesized as shown in Scheme H by treating the
requisite primary amide compound with dimethylformamide diethyl acetal or an equivalent reagent at a
temperature between about 20C and about 120C (cf., J. Org. Chem. 1979, 44, 4160-4164; J. Am.
Chem. Soc. 2006, 128, 16406-16409). 10 Scheme | P = protecting group ID = hydrogen or
protectingsy g8y 995). InSahetmer ldesaribasaaivaidtibihaivee teitbrsioifrihe RaSubemdd which is
useful iné(%r?tain instances. In this case the R1 heterocyclic group is introduced prior to installation of
the R2 ethei<llf 'tm.bﬁn%e\éﬁiﬁ point for this mode of synthesis is 15 intermediate li which may
be synthesized according to Scheme A. Steps 1 and 2 in Scheme | are analogous to Steps 1 and 2 in
Scheme H. Thus, reactjon of li with_hydrazine or a protected form of hydrazine promoted Lewis
2t sueh as boron ETRRERAT) HATALE GoCBe Ay ar U ate AR Besdhses
previpusi§chéthes than hyidaz ne thisis ciegege phfigddoiraibatimid®rmddipnddctinn stigp may be
required at this staaemin trhe f%/nthetic ié:hﬁme. 0 Reaction of 12 W'H] an a%lﬁmidige derjvative H2 as
described1BPEPY INBLREHRTFYREINGHE HaZoRii R Y3 PUARe PEISh ST ONE5 A8 F0 a
final compolniinspichtam i Hmiey B8, BRceshadEd dingHddiiemeaithagofidseiitediediahewsdBirnal D
and E. In Scheme |, protection .of the carboxylic acid gro The protection ste

ca be cBRIBHUAAS aTairate t B ot r e R e B et o
the art may starsinitablatarialsding ireoayttibmet Rexylamyziit giyLpschthddiaiiepertiohg oretha-oxact

et o e Iesy, 2 VIR HE O SR IRAE AS TR SO HE RIS Hhe SRR bs

thereto.
Scheme G
ie OxOH_
N? “NH R £z
\=NI Gl N:< : :
\N/N"’
ROR'N Lewis Acid RN 0 : =
TR e
R® R° A R R°
+
Oy, OH_

Nﬁ 7 :
Re’<\ N, @‘
N o
ROR'N :
7<\O -

:H

G3
R8 R®

OYOH-

R® =z ¢
N:< : :
/
N%/N",
o
R6R'N .
7<\o 7 G4

R® R®

Scheme G illustrates the introduction of a 1,2idztile heterocycle at the C14
15 position. The displacement reaction betwBdrand the triazole derivativ@1 is promoted by a
Lewis acid reagent. Suitable Lewis acid reagamthide boron trifluoride diethyl etherate,
copper trifluoromethansulfonate, zinc trifluorometiesulfonate and the like. The reaction is

conducted in a non-coordinating aprotic solvenhsag 1, 2-dichloroethane at a temperature of
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Or Het-BF3K Pd(0) Re = heteroaryl Additional compounds of the present invention may be prepared
by further elaboration of a R1 heterocyclic group once introduced at C14. Examples of this method of
synthesis are illustrated in Scheme J. In Scheme J, a bromotriazole compound J1 is employed as 10 a
versatile intermediate. Compound J1 may be synthesized according to the method of Scheme G.
Palladium catalyzed cross-coupling reactions between J1 and a variety of heteroaryl boronic acid and

b0f0nateo@ﬁ%éh?Hb@ﬁY%@@%ﬁiDleiV?mmgplmﬁﬂad?eﬂ' perer@RcHensrargigenerally
carried-out in the presence of a base bé}‘g cesium carbonate) a palladlum catalys g%a palladlum (1
B

acetate) SEHIPRGE HAREAYRHANE QRIS B REEERRRIONP Y thesRiR B ShGISE an
elevateddﬁg@ﬁéeratuw%ﬂmo‘ip@ tAcl dBGle§ YOMpOERFAMPlBgIdRATHERE ArBdVRBRNMYIGU hg/art and

are generlc eferred to as Suzuki couplings. Many suitable heteroaryl boronic acid and boronate

ester defV3RRE PRSI AIRHIRC AR SRARLPH ol WIBPESBH 450 REAEIR/ BrQBRIEE: Hy kAERA
meﬂsodSp&ieﬂlé%latede“é@aﬁtéqumﬁmfﬁe@tﬂﬁ@mt@mmmgmﬁ} 6PBYPEtHYISIERIS, A% RafsIDIEtRICh

as a Stille cross-coupling reaction 20between J1 and a het géroaryl stannane derivative qr by reaction of

J1 with dFRIRGCARPHMADr SRR IBAR essHRSHIPSAbFRLAREAYPE At tBBEESIRA Sat).

The antlfsunwita@wtyh@fé@mg&ﬂat@mwupaémwg&mmgr@m|ly>avanauﬁa@ﬁ%ﬂ@iﬁwn in the
art, for example, by their glucan synthesis inhibitory act|V|t%/M|C50) 25 m|n|mum inhibitory

concentr‘éﬂWf@l%ﬂ PRt AR R IR EWIRLYE MethiRdS easts and minimum

effectlveé%ncen ration (MEC) against filamentous moulds and dermatophytes in a broth microdilution
assay, 0 nti-Candida activity in a mouse

H
P-N-NH, Oy OH

or

'ioe
Lewis Acid R6R7N><\o .
: A

: H1
A RS R° -
(P = protecting group)
o]
Rt
A
OEt O\/OH

HNT TRE — Iil N~ TRe @‘
5 - @"
RRN
H2

10 R® R9
Scheme H illustrates an alternative method foraifisg a substituted 1,2,4-
triazole group. Reaction of intermedi&4é with anhydrous hydrazine promoted by a Lewis acid
such as boron trifluoride diethyl etherate yiels hydrazine intermediatél. The reaction is
conducted in a non-coordinating aprotic solvenhsag 1,2-dichloroethane at a temperature of
15 between about 2C€ and 100C. Alternatively, a protected hydrazine such awlgecarbazate
(P = benzyloxycarbonyl) or t-butyl carbazate (Rbutyloxycarbonyl) can be employed in this
reaction. With these protecting groups, deprod@cticcurs under the conditions of the
displacement reaction to giv€l directly with no separate deprotection step beaugiired.
Other suitable protecting groups may also be engglayhich require a separate deprotection

20 step (e.g. phthalimido). Cyclocondensation reactiftH 1 with an acyl amidine derivativd2
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(TOKA). Compounds provided in the Examples were generally found to inhibit the growth of Candidct
spp. in the range of <0.03-32 jig/mL or to give an MEC against Aspergillus fumigatus in the range of
<0.03-32 jig/mL Glucan Synthase Inhibition 5The in vitro evaluation of glucan synthase inhibitory
activity of compounds was measured in a polymerization assay in 96-well format. Each well contained
100 jiL of 3HUDPG at 0.5 mM (6000 to 8000 dpm/nmol), 50 mM HEPES pH 7.5 (Sigma), 10% w/v

glycerol 6yigiaating mraeénit auine saodnepHuHANE SigtARRAErdtaF< ABINEEN, afo nddsd (Fisher),
1 mM EDTA (Gibco ULTRAPURE), 25 jiM GTP-7-S, enzyme sufficient to give 3 to 6 nmoles 10

incorpora@RMWHLARG ¥elds itz aamsAdEi3c Thimalhedmp Hifrp R iests e hkoama serial
dilutions jhc19Q% Y Sf(eabiveYrol hg reastiom wasHAepeRyiaiadsiianef 08 36y 28%

trichloroacetic acid. Plates were chilled for a minimum of 10 min, and precipitated glucan colleCted by
filtration BHSGRA PRSI 14 kard UNIPU pEs@bES 65, Riadreedily Bileyklissraetha PlayburaskaLignal
eacts oy hakiharkn des I BTYAIES! R RARKESTIFRoADidrelnpibiHalondyig ackard
ULTIMA GOLD TM-XR) was added and the sealed plates counted in a WALLAC BETA counter in
top-counfiRiSFABHE. af\GH| SMRBCEOMRPatERAtaIFADgRNIeNtly SySihEs et fsnshRure Sisreesa o

mg/mL ihPMSAR] 170 Fedinsied iﬂ%%%ﬁ)ﬁ@%@ﬁﬁ@(ﬁﬁﬁ\ﬂiﬁ#@ﬂ%i?@#ﬁé[ﬁ#@@ ariiymee eipsiesat 1
mg/mL, which was prepared by 20 making a 10-fold dilution in DMSO (5 jiL to 50 gL). 40 jiL of this

stock waSgslEenhreaenh atadeanreliadur e e A At derahrutpldi®. (h jil. ONaseheras added
to COlumrﬂé?b,t%]ﬂf%ﬁlﬂf@ﬁﬂf Méﬂ%?%?f%éqﬁ, @Mw_ﬁggggf_med, by transferring 20 jiL from
column 12 to column 11 etc., with 4 mixings before each transfer. No test compound was transferred
to fjgm celgned to column 1. Duplicate aliquots of 1 jiL of all 12 dilutions were then transferred to the
25side walls of a 96-well Bioblock 1.1 mL plate (Fisher brand) to create two rows. Graphs of the
primary data were created in PRISM softy. [(NaH(the average of two determinations) using PRISM' s
curve fitting program (sigﬁ\t_/ogdal dose respops.e2 non-linear regressio %ﬁ\e amount of mpound
required to inhibit gl r@ gse activity EMHSO% in this assay (I€E ﬂ; Wa§“pa1€iuldteed.2
30Routine affd iﬁ* performed with glican synthaseG ‘aq P ) _

MY1055 by the-fol Qwirlg procedure: MY 1953awas grown ind84tters YED medium (10 § yeast extract,
20 g tryptone, 20 g glucose per liter) with vigorous shaking at 30C, to early stationary phase. Cells
were harvested by centrifugation, the pellet was washed and frozen at -70C until breakage. Thawed
pellets were shaken with an ggual volume of breakage buffer (50 mM HEPES pH 7.4, 10% glycerol, 1
mM EDTA, 1 mM PMSF,ﬁ;ﬁ;M DTT) and 4 times their weight 0f.0.5 mm @E(dgwashed glass beads for 2

hours at 4CMExtent .@ REgE Bwasassesseddsually at 46x mag . After low speed

separate membra#e Iuslgibosomes from cytoplasmic€d SETHS M

two additional timés with breakage buffer using the samereentrifugation conditions and finally
suspendeddn.breakage Quffer at 25 to 30 mg/mL protein (Biorad) for storage at -70C. Extraction of GS
activity frompolGyanesalsanesnggdaerformed at a protein concentration of 5 mg/mL in extraction buffer
(50mM NaPO4 pH 7.5, 0.1 M KC1, 0.1M Na citrate, 20% glycerol, 5 jiM GTP-7-S, 1ImM DTT, 1 mM
PMSF, 3 jig/mL pepstasichgius 0025%ibés hyvgeatiemiXitig: alyhthéiiduonnSthimvwe tHhyrienhtiifugation

R B s R b e e gl conese

installation of the Rether substituent. The starting point for thisdmof synthesis is

15 intermediatd 1 which may be synthesized according to Schemet8psSl and 2 in Scheme |
are analogous to Steps 1 and 2 in Scheme H. Téatjon ofl 1 with hydrazine or a protected
form of hydrazine promoted by a Lewis acid such@®n trifluoride diethyl etherate gives the
hydrazino intermediatE2. As described previously, with certain hydrazmmetecting groups
(e.g. phthalimido) a deprotection step may be reguat this stage in the synthetic Scheme.

20 Reaction of 2 with an acyl amidine derivativd2 as described for step 2 in Scheme H yields the
triazole intermediaté3. Further elaboration @8 to a final compound such & may then

proceed according to the methods described in Sef&nC, D and E. In Scheme |, protection
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15 membranes above it. Trapping was initiated immediately by 5-fold dilution in trapping buffer
(50 mM HEPES pH 7.5, 10 mM ICE, 1 mM EDTA, 2 mg/mL BSA) plus 2.5 mM UDPG and IORM
GTP7-S. After incubation at 25C for 60 to 90 minutes, glucan was harvested by low speed
centrifugation (3,000 x g, 10 min). The soft pellet was washed 3 times with wash buffer (50 mM 20
HEPES, 20% glycerol, 1 mM EDTA) plus 2.5 mM UDPG and 5 jiM GTP-7-S, once without UDPG, and

suspendefltiteatarbboR\iel vitiesypd HErextlr aeline dugéar S BroctidrPEiSp 380 Igycenvkdient EBTiBd20
JIM GTP-7-S, 0.4% CHAPE, 0.08% cholesterol hemisuccinateéusin%(? DOUNC ho%enizerblThe
suspensiB RhY R IRAGIERIG Rt af 2968S SA RIEHRAHIEEQHRBBBY ™ '§ fgﬁlﬁ - SHiavle,
post-cenindigdifigrosupgrnataTstngs ieren asligliandtshkel 70SppidinsUbs e @xaas sy ail Susdeptibility

Testi T h Il of a 96-well plate 100 j.t1 ., of iate test di le:
R SIS B AP B8 TP e G b ot or a 1640

containi .165 M MOPS + 3 g/L glutamine w/o sodium bicarbonate with 3.2% DMSO or 30 2X
RPMI-1640 €01t ining 0.33 M MOPS + 6 g/L glutamine w/o sodium bicarbonate with 6.4% DMSO for
the plates with final concentration of 50% serum) wag added. The test compound was
dissolved at concentration of 10 figffL in DMSﬁ)taBidﬁuted 1:78 into appropriate’test'medium with
no DMSO or 1.92%@{’5!'80 0r-5:12% Mmpo

solution to 1925 pi-‘qf/'R MI-162 nt ining 0.1,60:MMOPS + 3 g/L @Lu't ey

bicarbonate witil.92% _ O’ The 5 test compound concentratien i s 128 pg/m1 and
DMSO concentration.of 32%. To the first well of e%ich row of approgriate testmediuf plate 100gL of
the compound stock solutions (128 pg/mL) were added. Compounds were serjally diluted two-fold
across the plate to column 11 (column 12 was the'§fowth control well) and the last 100rygL was

discarded yielding co d concentrations of 64 to 0.06 pg/mL..For plates with dermatophytes the
st 10001 1owere piat R NCRE STy 15 Qe SRR AP ELPE FRREERH Yo LT cimg
compourglatmnadotraticnRioé @4e@ e pgioncarmiwtadeth & and ca&smmhpfginsthetwdrot
compounds, were prepared as a stqck solution of 10 ma/mL in DMSQ and pre d in micro-titer plate
e oo R R AT ES LB e B 1SRRG o LBy o Byt o
mickOorgamisreatilamaransoiat €O ypmopouit menfdensyrst v 266 2r eod Bgachidre mpthe d efeletiae
(MY2255) were selected by streaking a yeast culture, on SABQURAUD Dextrose Agar (SDA ,
incubati 1o SRt AR S0e RN AGL N O LK oy TG P ERIg E o
fresh platzianahidddratiateuester dameativasition possimaibepredumytordgoundilonies secresstiented

and 20suspended in 5 mL .of sterile normal saline (BBL) and adjusted to maitch the turbidity of a 0.
el it e e S e L
rlei.ultgq (B.géqélﬁi;lllm]ﬁtzfmidl‘) @amﬂzﬁng%m&pmc?ggﬁ@%hﬁ;ﬁhQnﬁ;dmelmaamgﬁumhfrldjﬁjteq )

. INto - : conrtainin + m 0 UM bicarbonate wit
3 28 oM ah A S F e A S o Tt S R R S TG, 0 165
M MOP Seagt@hsgiutamétekwoasoiditing Ricaahdrate ydititpcdte idd 3© asede tbkncoaplitred Mihyl 00
pt/well of this

(Téution of cu!;[gre. This r?ﬁulte in a final organism concentra’ﬂon of ? x 102 to 2.5 x 103

crU/mL SHIFRIGESFORM QYNGR digh BP%t%%q%’ CHPLAARRNC2UIRRISTRIY 1055)

was alsoceste:with beatdesdivatedgddigyrepabés) ydusmetods. Whihbrvekfditeddwiceupsing 0.22
i GP EXPRESS .PLUS 30 MILLIPORE filtrati t This standardjzed iof;

Cuted 118609 o VS-PLRHE LR RS BBy A St TR G 115 PrC b BApBor

corgaininget2R M IMOB 3 hddabagiistarinand aendativebicdrp oaattfditivitidhetdearylere then

InOCUI"jlt(_:‘tglf u'(t)r#o %(%aﬁél\éva p (e.g. 5-fluoropyridine-2-trfbroborate potassium salt).

O. Example:added 25 pi- 610 mg/mispmpound stock

The antifungal activity of the present compounals be demonstrated by
various assays known in the art, for example, kyr tjlucan synthesis inhibitory activity (3},
25  minimum inhibitory concentration (MIC-100) or minum prominent inhibition (MIC-50)
against yeasts and minimum effective concentrgfitBC) against flamentous moulds and

dermatophytes in a broth microdilution assay, ariwo anti-Candida activity in a mouse
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of this dilution of culture. This resulted in a final organism concentration of 5 x 102 to 2.5 x 103
CFU/mL and final compound concentration of 32 to 0.03 Rg/m1 and 50% mouse serum. Plates were
incubated at 35-37C and MICs were read at 24 hours for Candida and 48 hours for Oyptococcus
neoformans. S5Filamentous fungi In the microbroth dilution assay for filamentous fungi
Aspergillus fumigatus (MF5668) and dermatophyte Trichophyton mentagrophytes (MF7004) these

microorganizkmg Wekshgiowndspilidedand ieriiantrganchdedalsldoimattg nbitsi ivreAnpargilbis
fumigatus and at 30C. for Trichophyto tagrophytes for 7 days prior to use. Inoculg for filamentous
fung 1OWEIS IR DRI B30 et NoH Bl CAHE S ARRTSASRS) S TS Bing the
surface g strckaslgotsfatowd-8ath g/isierile DACRON swab suspending the spores (conidia) in saline.
Each spare suspension was then transferred to another tube and adjusted to match the turbidity of a
0.5 MCFM%MBADE/BEHRING turbidity meter (preferred OD of 0.06-0.09) for A.
fumigatus and (preferrgdedvitt 6 Svialiailo hosfdsitvatophyiieate ibhihdtotgosoafjesmpuaridsulias in a
concentration of approximately 1-5 x 106 CFU/mL. A spore count w. erforme each culture
cospens IS A TSR R rane S TESRn el EARGHIER Lrension for A
fumigatus RS ditudes! HP0G 10 & RV AGTnNtaininG0. hid MEERBS.5- (35 gfing)ut0otne/wig y&setisim
bicarbonate with 3.2% DMSQ. This standardjzed suspensio T es jjJuted 1:500
i oM eS8 B R BT D2 RR PRI BBt A AL o R dres
previously titk& D T IiGdst c o pEUNEIIIRETh26 RRMETH4AD, ertaimengufit EmMJIDRSB ta3ayfimoles
glutamine w/o sodium hicarbgonate with 3.2% DMSO or RPMI-1640 containing 0.165 M MOPS. + 3 g/L
o minE AP SO IR R LR WP Ao b SRR R QA i MRllon
fumigatus-(M&5e6d) diatials® ite 3E@WDIMBRL(Ihadtiivadiineureactiser wasdtmbped H2 SHatadditamcef
using 0. icron PRESS PLUS M|L RE filtration system. This s ardized suspension
ot R RL CeENS o KB b et ek oo e
RPMI-164@ cipittztedhglcad cwlacteDRsiHtratgih ghutamibeew /(@ ackanh b HEFROraRAe8% thashed

inoculated. with 100 R1/well of:(hi dilution, of cylture, Plates were.incub t%cil MICs were
oo A e e Rt B B e e R P RS AR T RATE e et at o6
houss foHPMRVESPERe 20 metadropimyiltation fluid (RahkatioViVASGERL, DiditieXR) nasmsdezte
performed an,0.5 McFarland samples to verj t[;ff erial iIu:[ionsrél:lo with the 0.5

Por ara e B AR S ABEd o WALPAC HERa SR0R OB iG BILAPER° L o

SABOU RAldle magxifcaepfgam@Bix poiutes v_vhich were then !ncubated for 24 to 48 or 96
e ik s A RS SAE A oo
containsemggnﬁ&ammamﬂmm. memmauammnrmummamq (ﬂ’gﬂ;ﬂ\i’t{;ﬁlﬂf,mmmpsmdmdways
oot ompag LIS BRI Trus A D L B SR B b
visible grbdviii as@aomaplodio noeghOG+ivelb miotatitoplated 4o MBSO dvahaddiedhiomorommand 11 in
inhibiticmtl%"ls%fme row and ten 3-fold serial dilutions perfed, by transferring 20 pL from column 12 to

column 11 etc., with 4 mixings before each transféo test compound was transferred to from

column 2 to column 1. Duplicate aliquots of 1 pflath 12 dilutions were then transferred to the

25 side walls of a 96-well Bioblock 1.1 mL plate (Festbrand) to create two rows.

Graphs of the primary data were created in PRISKvaoe (the average of two
determinations) using PRISM'’s curve fitting progrésigmoidal dose response non-linear
regression). The amount of compound requiredhinglucan synthase activity by 50% in this
assay (IG— ng/mL) was calculated.

30 Routine analysis was performed with glucan syntli@s prepared from
Candida albicans MY 1055 by the following procedure: MY1055 was gromm 10 liters YPD

medium (10 g yeast extract, 20 g tryptone, 20 gage per liter) with vigorous shaking at 30°C,
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1080) in growth is indicated as 80% inhibition in growth compared to growth control without test
compound. For Aspergillus and dermatophyte T. mentagrophytes minimum effective concentration
(MEC) was determined as narly morphology of hyphae both macroscopic and microscopic. In Vivo
Anti-Candida Activity 15A disseminated Candida infection is induced in DBA/2 mice by the I.V.
inoculation of 0.2 mL of a yeast cell suspension containing 3.0 x 104 CFU of C. albicans MY1055 into

the laterabtaii Weistalibesapyitaisdtiatss witlireITaio S aripyiiespitenc i guet Wes R iehtattwith
test compound, either (1) I.P., b.i.d. for a_total of 2 days, or (2) P.O., b.i.d. for a total of 2 days. For
ach rouO B AT G R WA G SRS HER SO SHbNGTo SR Rrleape
Kidneys fraffee(Bbanivied BREsS (8+H/nmur)arglyeatovet ravr ER TR \afig ravialie iga MO seRtid
techniques, weighed and placed in sterile WHIRL PAK bags containing 5 erile saline. Kidneys
ove homAgIS R LB e, A RS B A s & ater bEr) Sh oA
Plates awascadsisskalt iSGaindenmmeradeitiafivs 30 Abdds pestsdonZihiyaalbicamserntonty deliming
units (CFUs).. Means from CFU/g of paired kidney ted groups are compared to the means from
sham-tre ontrols. stetilizat a e
nam e SO L EETE AR R SR RO e S PR AR AR
yeast, whigisstradisriitonh dgteplmsnilecangmnéihs. dWdinbrectrndea)tischQvpshsiicrils pddipamalftimes
kidneys. For data from individual mice where no detectable yeast are recoyered from paired kidneys,
0.8 1 ol DT P HEISO SPo BaE CSoR  HBL R a FSAD oSy RSk
kidney wieidfd)|ss@8had Bterngimts protachl(Bionadpfsr thigectite-NOitCof Heteadtion(40G6llaqueitpdront
kidneys). Mean logio yeast CFU/g of paired kidneys are,compared tg .the sham treat
cortihr (ASTRPEAEE e PTG LLa AR <t SH T e it DR
deemed NigRificpHt 26t p M 605 R1dl Neaitrpty c20%safyotidi iMCETRg-&, damedXidn ey snldr treated
groups at 4 days.follgwing challenge relative t rol are computed. A linear trend is Stypically
evident av]\tlbh'\é%%’éél g%fg%%ﬁﬁlg%ﬁf@%é%&ﬁ% gg%egég\@ﬁ%%%:séorré%?e@slpdﬁo(gcfvl\éeé?}%equently
used to esinrdteyBMP0AaADEDOO xajfes c0afimmed Afdnediogasoimglkg) haierthiaad was nembeeof
CPU per.organ b and 99%. r ctively. ompouynds provided in the Example nerally
nave GelTob o EL SRl RN es e AR R G ol e R atie
<0.03-32nrbig riesadwa@re it.
Trapping was initiated immediately by 5-fold diloti in trapping buffer (50 mM
HEPES pH 7.5, 10 mM KF, 1 mM EDTA, 2 mg/mL BSA) pl2.5 mM UDPG and 1M GTP-
v-S. After incubation at 25°C for 60 to 90 minutglican was harvested by low speed
centrifugation (3,000 x g, 10 min). The soft pelieas washed 3 times with wash buffer (50 mM
20 HEPES, 20% glycerol, 1 mM EDTA) plus 2.5 mM UDPGI&nuM GTPy-S, once without
UDPG, and suspended in about 5 volumes of PE eixtrasuffer (50 mM HEPES, 30%
glycerol, 1 mM EDTA, 20 uM GTR-S, 0.4% CHAPS, 0.08% cholesterol hemisuccinat@gus
a DOUNCE homogenizer. The suspension was frozemmg at —70°C, and then centrifuged
at 100,000 x g for 10 min. The post-centrifugasmpernatant was frozen as aliquots at —70°C
25 for subsequent assays.

Susceptibility Testing

To each well of a 96-well plate 100 pL of approfeitest medium (example:
RPMI-1640 containing 0.165 M MOPS + 3 g/L glutamw® sodium bicarbonate or RPMI-
1640 containing 0.165 M MOPS + 3 g/L glutamine wéalium bicarbonate with 3.2% DMSO or
30 2X RPMI-1640 containing 0.33 M MOPS + 6 g/L gluta@iw/o sodium bicarbonate with 6.4%

DMSO for the plates with final concentration of 5@&um) was added.
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10 some compounds may have an IC50 in the range of from about 500 to more than 10,000 ng/mL
Compounds provided in the Examples generally display prominent inhibition of growth in vitro (MIC-50)
in the range of <0.03-32 Rg/mL and MECs of <0.03-32 Rg/mL As for activity in the disseminated
Candida infection, useful compounds will lower the number of fungal CFU/g kidney by greater than 1
logio unit compared to sham treated controls and compounds that lower 15the CFU/g by 2 logio units

are especially useful. Exrmese dmpuwrscasesiiesvedhs esacunesiesaionsh inithe sanmes
section. Gt tod s approprats st madtont with AR of 2 5598 BMSC of 51206 B 2
Example: added 25 pL of 10 mg/ml compound stocltgmi to 1925 pL of RPMI-1640
containing 0.165 M MOPS + 3 g/L glutamine w/o sadibicarbonate with 1.92% DMSO. The
5 test compound concentration achieved was 128 pagichDMSO concentration of 3.2%. To the
first well of each row of appropriate test mediulate100uL of the compound stock solutions
(128 pg/mL) were added. Compounds were serialljeti two-fold across the plate to column
11 (column 12 was the growth control well) and st 100 L was discarded yielding
compound concentrations of 64 to 0.06 pg/mL. Hateg with dermatophytes the last 100uL
10 were placed in the first row of a second plate semial diluted two-fold and yielding compound
concentrations of 64—0.00004 ug/mL. Amphotericiar8l caspofungin, the control compounds,
were prepared as a stock solution of 10 mg/mL ind@vand prepared in micro-titer plate as
stated above for test compounds.
Yeasts
15 In the microbroth dilution assay for yeasts, micgamismsCandida spp.,
Cryptococcus neoformans (MY2062) andSaccharomyces cerevisiae (MY 2255) were selected by
streaking a yeast culture on SABOURAUD DextroserA&DA) incubating for 24-48 hours at
35-37°C, thereafter selecting 1 characteristic mpland transferring to a fresh plate and
incubating under same conditions. From the redip@to 5 colonies were selected and
20 suspended in 5 mL of sterile normal saline (BBLJ adjusted to match the turbidity of a 0.5
McFarland standard using DADE/BEHRING turbidity mrefpreferred OD of 0.06 to 0.12).
This resulted in a concentration of approximately 1 CFU/mL. The inocula were further
diluted 1:1000 into RPMI-1640 containing 0.165 M M9 + 3 g/L glutamine w/o sodium
bicarbonate with 3.2% DMSO. Assay plates previptisiiated with test compound in RPMI-
25 1640 containing 0.165 M MOPS + 3 g/L glutamine wéalium bicarbonate with 3.2% DMSO
were then inoculated with 1QQ/well of this dilution of culture. This resulted a final
organism concentration of 5 x4® 2.5 x 16 CFU/mL and final compound concentrations of 32
to 0.03 pg/mL. In additiof. albicans (MY1055) was also tested with heat inactivatetddur
at 55°C) mouse serum which was filtered twice uirf& micron GP EXPRESS PLUS
30 MILLIPORE filtration system. This standardized passion was diluted 1:1000 into mouse
serum. Assay plates previously titrated with drugX RPMI-1640 containing 0.33 M MOPS +

6 g/l glutamine w/o sodium bicarbonate with 6.4% SO®lwere then inoculated with 1Q0well
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of this dilution of culture. This resulted in adil organism concentration of 5 x°16 2.5 x 16
CFU/mL and final compound concentration of 32 @3Qg/ml and 50% mouse serum. Plates
were incubated at 35-37°C and MICs were read &to?ds forCandida and 48 hours for
Cryptococcus neoformans.

5 Filamentous fungi

In the microbroth dilution assay for flamentousdiAspergillus fumigatus

(MF5668) and dermatophyifeichophyton mentagrophytes (MF7004) these microorganisms
were grown on Sabouraud Dextrose Agar (SDA) slang85-37°C forAspergillus fumigatus and
at 30°C forTrichophyton mentagrophytes for 7 days prior to use. Inocula for filamentdusgi

10 were prepared by adding 5 mL of sterile normaingaio slant followed by gently scraping the
surface of stock slants growth with a sterile DAQRSWwab suspending the spores (conidia) in
saline. Each spore suspension was then transferagtbther tube and adjusted to match the
turbidity of a 0.5 McFarland standard using the BABEHRING turbidity meter (preferred OD
of 0.06-0.09) forA. fumigatus and (preferred OD of 0.13-0.17) for dermatophiyte

15 mentagrophytes. This resulted in a concentration of approximateb x 16 CFU/mL. A spore
count was performed on each culture suspensionanigimocytometer to insure the correct
inoculum. This standardized suspensionAdiumigatus was diluted 1:500 in RPMI-1640
containing 0.165 M MOPS + 3 g/L glutamine w/o sadibicarbonate with 3.2% DMSO. This
standardized suspension farmentagrophytes was diluted 1:500 in RPMI-1640 containing

20 0.165 M MOPS + 3 g/L glutamine w/o sodium bicarltenaAssay plates previously titrated
with test compound in either RPMI-1640 containingg® M MOPS + 3 g/L glutamine w/o
sodium bicarbonate with 3.2% DMSO or RPMI-1640 earihg 0.165 M MOPS + 3 g/L
glutamine w/o sodium bicarbonate were then inoedlatith 100uL/well of this dilution. In
additionA. fumigatus (MF5668) was also tested with heat inactivated dnuserum which was

25 filtered once using 0.22 micron GP EXPRESS PLUS IMAORE filtration system. This
standardized suspension was diluted 1:500 in hisearm. Assay plates previously titrated
with test compound in 2X RPMI-1640 containing Or88lar MOPS + 6 g/L glutamine w/o
sodium bicarbonate were then inoculated with 1id@ell of this dilution of culture. Plates were
incubated at 35°C and MICs were read at 48 hour&duer gillus fumigatus, and plates

30 incubated at 30°C and MICs were read at 96 hourBéomatophytdl. mentagrophytes.

In the above testing, viable cell counts were pené on 0.5 McFarland samples

to verify the CFU/mL. Serial dilutions (1:10) withe 0.5 McFarland were made in saline. One-
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190 3202 0.2 208 0.7 2411 256 5 261 2 The following examples serve only to illustrate the
invention and its practice. The examples are not to be construed as limitations on the scope or spirit of
the invention. Abbreviations 5 Boct-Butyloxycarbonyl CbzBenzyloxycarbonyl (also CBz)
CDC13Deuterio-trichloromethane CH3CNAcetonitrile

hundredul of each dilution (16 1, 1¢f) was spread onto a SABOURAUD Dextrose Agar
(SDA) plates which were then incubated for 24 t@#86 (dermatophytes) hours at 35°C or
30°C. After incubation colonies were counted awbrded. Growth and sterility controls for
each organism were also carried out. Column 12tlagrowth control and contains no test

5 compound. Row H was not inoculated with organisrtest compound and was used as sterility
control for each plate.

The minimum inhibitory concentration (MIC-100) fall test compounds is
determined to be the lowest concentration of comgat which there was no visible growth as
compared to growth control without test compouiitie minimum prominent inhibition (MIC-

10 80) in growth is indicated as 80% inhibition in gt compared to growth control without test
compound. FoAspergillus and dermatophyt&. mentagrophytes minimum effective
concentration (MEC) was determined as narly mompdwbf hyphae both macroscopic and
microscopic.

In Vivo Anti-Candida Activity
15 A disseminatedCandida infection is induced in DBA/2 mice by the I.V.

inoculation of 0.2 mL of a yeast cell suspensiontaming 3.0 x 1HCFU ofC. albicans
MY 1055 into the lateral tail vein. Therapy is iated within 15 to 30 minutes after challenge.
Mice are treated with test compound, either (1) bR.d. for a total of 2 days, or (2) P.O., b.i.d.
for a total of 2 days. For each route of admiaisbn and diluent, an appropriate sham-treated
20 control group is included.
Kidneys from euthanized mice (4-5/group) are renddeeir days after challenge
using aseptic techniques, weighed and placed ites¥HIRL PAK bags containing 5 mL
sterile saline. Kidneys are homogenized in thespsgrially diluted in saline and aliquots are
plated on SD agar plates. Plates are incubat@s°@t and enumerated after 30 to 48 hours for
25 C. albicans colony forming units (CFUs). Means from CFU/gpaired kidneys of treated
groups are compared to the means from sham-treatdgrbls. Percent sterilization is indicated
by the number of mice with no detectable yeast,revkige limit of detection (because of the
dilution scheme) is 50 yeast cells per pair of kg1 For data from individual mice where no
detectable yeast are recovered from paired kidrge§ss entered into the MICROSOFT EXCEL
30 spread sheets formula [lRg5 x raw count)/paired kidney weight)] so that doeints would be

one less than the limit of detection (49 cells pegr of kidneys).
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DCEDichloroethane 10 DCMDichloromethane DMACDimethylacetamide
DMAPA4-Dimethylaminopyridine DMFDimethylformamide DMSODimethyl sulfoxide 15 EtEthyl EtOAc or
EA Ethyl acetate Et3SiHTriethylsilane H2Hydrogen or hydrogen atmosphere H20Water 20
HOACcAcetic acid HPLCHigh pressure liquid chromatography H2S 04Sulfuric acid HC1Hydrochloric
acid K2CO3Potassium carbonate 25 LAHLiIA1H4 LDALithium diisopropylamide

Mean logo yeast CFU/g of paired kidneys are compared tcliaen treated
controls using Student’s t-test (two tailed, unpdjron MICROSOFT EXCEL. Comparisons are
deemed significant at the p = 0.05 level. Mearc@atrreduction in CFU/g of paired kidneys for
treated groups at 4 days following challenge redato control are computed. A linear trend is

5 typically evident when dose and CFU are both exg@@sn logo scale. Inverse regression (2) is
subsequently used to estimatedgBnd EQg values, defined as the doses (mg/kg) that reduced
the number of CFU per organ by 90 and 99%, respdyti

Compounds provided in the Examples generally hasd@ values less than
500 ng/mL and MIC-100 values against one or mogamisms of <0.03-3gg/mL; however,

10 some compounds may have agg® the range of from about 500 to more than 100§@nL.
Compounds provided in the Examples generally dysptaminent inhibition of growth in vitro
(MIC-50) in the range of <0.03-3&y/mL and MECs of <0.03-32g/mL. As for activity in the
disseminateandida infection, useful compounds will lower the numbérfungal CFU/g
kidney by greater than 1 Iggunit compared to sham treated controls and congsotirat lower

15 the CFU/g by 2 log units are especially useful.

Example Numbers correspond to the examples desdanlthe Examples section.

EXAMPLE NUMBER Candida Albicans GS g
(ng/mL)

38 13
40 18
43 11
44

46

50

53 31
89 8

93 15
101 13
112 7
173 0.6
174

181

182
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MCPBAmeta-Chloroperoxybenzoic acid MeMethyl MeOHMethanol
MOPS3-(N-morpholino)propanesulfonic acid 5 NaC1Sodium chloride NaHCO3Sodium bicarbonate
NH4C1Ammonium chloride Na25 04Sodium sulfate NMO4-methylmorpholine N-oxide 10
PMSFPhenylmethanesulphonylfluoride PTABPhenyltrimethylammonium tribromide RT or r.t.Room
temperature, approximately 25C 5i02Silica LEATriethylamine 151PATrifluoroacetic acid

Uridine-diphosphate glucose

THETet rahydofura{ba' LCThin layer chromato%raphy UDGP
PREPARAHON1

202 0.2

208 0.7

241

256

261

10

15

20

25

The following examples serve only to illustrate theention and its practice. The

examples are not to be construed as limitationkhescope or spirit of the invention.

Abbreviations

Boc t-Butyloxycarbonyl

Cbz Benzyloxycarbonyl (also CBz)
CDCl; Deuterio-trichloromethane
CH;CN Acetonitrile

DCE Dichloroethane

DCM Dichloromethane

DMAC Dimethylacetamide

DMAP 4-Dimethylaminopyridine

DMF Dimethylformamide

DMSO Dimethyl sulfoxide

Et Ethyl

EtOAc or EA Ethyl acetate

Et;SiH Triethylsilane

H, Hydrogen or hydrogen atmosphere
H>O Water

HOAc Acetic acid

HPLC High pressure liquid chromatography
HoSOy Sulfuric acid

HCI Hydrochloric acid

K.COs Potassium carbonate

LAH LiAIH 4

LDA Lithium diisopropylamide
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2-isopropy1-2-methy1-1-1(4-methylphenyl)sulfonyllaziridine To a solution of 2, 3-dimethyl
butene (300 ml, 2.42 mol) in 7.8 L of dry acetonitrile was added Chloramine-T (749.9 g, 1.1 eq)
portionwise over 90 min. The temperature was maintained at approximately 20 C. To this reaction
mixture was added 25 phenyltrimethylammonium tribromide (91.4 g, 0.1 eq) in 10 g portions over 90
min. The temperature increased to 26 C during the addition. The reaction mixture was stirred at room
temperaMEePe@A2 daysméle Cractsierokjybenneis aertentrated down to approximately 15 % of the
initial volume and was thewiltered, washing the solid with 1 L of acetonitrile. The organic liquid
phase w CconcentratdFAM the residue dissolved in 2.5 L of EtOAc. The resulting solution was
washed twi@Hvith watetethiigtbpver MgSO4, and concentrated to give a solid. The crude was purified
on a large plug of Celite ysing gradient elution 5% to 25% EtOAc/ heptanes to afford 317 g of

o isoprob L ety -1 JABRALALI ELBHARGRAUPAIRESY & sold. SPREPARATION 2
(2R)B2-isnpopyl-2-metBgditdil dhioedylphenyDsulfonyllaziridine Step 1 (R)-a-methylvaline (8.05 g,
61.4 mrrrﬂ%ﬁl@mdde indjmalbpor ions Eo a cold 10(0C) solution of LiA1H4 in THE (1M, 123 mL, 123
mmol), inmg the L= (o 11 Mtfire below 15C. The reaction was stirred at 0C for a few
minutes tiepGieated aprafhonionddhldiigereaction mixture was cooled to RT and quenched by addition
of sodiur&s fate dec\aﬁﬁéaratel I{'te (1:1 by weight) until gas evolution ceased. The reaction mixture

was filte ? shing HTESRNE fethanol. The filtrate was concentrated under reduced pressure to
provide AR@150f aminaradtioyini@plactioefesxicie Step 2
10 PMSF Phenylmethanesulphonylfluoride
PTAB Phenyltrimethylammonium tribromide
RT orr.t. Room temperature, approximately 25°C
SIO, Silica
TEA Triethylamine
15 TFA Trifluoroacetic acid
THF Tetrahydofuran
TLC Thin layer chromatography
UDGP Uridine-diphosphate glucose

PREPARATION 1
O
chloramine, PTAB \ /©/
o=3
N
CH5CN f
20

2-isopropyl-2-methyl-1-[(4-methylphenyl)sulfonylji@zine
To a solution of 2, 3-dimethyl butene (300 ml, 2mMal) in 7.8 L of dry

acetonitrile was added Chloramine-T (749.9 g, fi)lpertionwise over 90 min. The temperature

was maintained at approximately ZD. To this reaction mixture was added

25  phenyltrimethylammonium tribromide (91.4 g, 0.1 &q)0 g portions over 90 min. The
temperature increased to 26 during the addition. The reaction mixture wasexd at room
temperature for 2 days. The reaction mixture vaecentrated down to approximately 15 % of

the initial volume and was them filtered, washihg solid with 1 L of acetonitrile. The organic
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To a solution of the amino alcohol product from Step 1 (4.70 g, 40.1 mmol), Et3N (22.36 mL, 160
mmol) and 4-dimethylaminopyridine (0.490 g, 4.01 mmol) in anhydrous CH2C12 (200 mL) at OC was
added p-toluenesulfonyl chloride (22.94 g, 120 mmol) in portions during 2010 min. The reaction
mixture was stirred at room temperature overnight. The volatiles were evaporated in vacuo by rotary
evaporation and the residue was partitioned between CH2C12 and 1N HC1. The organic layer was
washed Viditid BHa€d wad coiecenverdinahf4hd hesiolustewas 2eaporae0 and The residitiagvas
chromatographed on silic | using 1:1 CH2C12/hexane as eluant to remove excess TsC1 a dﬁBen
100% CROMIST AR WARBST NS I WalkLo s el st canss MEalR e AR A5G s 6.
1H NMRd@e Mg yuRetBo® & 184yl plxrp a0 iteS Unghitdh{d| Ja6r88%izo 259 EtdA(EUiahtdness
Hz, 1 H), 1.59 (s ), 2.20 (s, 1 H), 2,43 (s, 3 H), 2.60 (s, 1 H), 7.31 (d, J=8.0 Hz, 2 H), 7.83 (d, J=8.0
e, 2 1 PO SO Y R R DS IR &2 i
Chlcgamine-T trinydrate (10.19g, 36.2 mmoqb\ﬁé | %[j g7 high vacuum for 515 hours and the
remaining material (8.3g) was suspended ianL) at room temperature under nitrogen.
To this suspension was added 2, 2, 3-trimethylbut-1-ene (50.6 mL 3&zmmol) followed by Ts
phenyltrimethiAadmob@yn tribromidei33.6 g, 3’_@2@ mmgjyin two ﬁ:@?% %\clyal portion§. Aﬁer twenty
hours the reactiory@ re was caoncentraged to ha\i ii}(ume an ’ hrough a siftered glass
funnel. The filtrate was concentrated tp-half volumeYl0again which ¢seised further pregu{%ﬁon. This
suspension was filtered washing with acetonitrile ahd the filtrate concentrated. The resulting material

was dissolved/suspended in dichlog%me#hane, filtered and the result'gg?eofi trate was concentrated to an
orange oil. This oil was diluted with eﬁ?y acetate and washed with watér. The organic phase was dried

with Mg SR, filterplciil 2aneemnjrata s -ha sriie MASIR NeBsHuidied by column chromatography

Step 1
(R)-a-methylvaline (8.05 g, 61.4 mmol) was added in $ipaitions to a cold

10 (0°C) solution of LiAIH, in THF (1M, 123 mL, 123 mmol), maintaining the cgdan temperature
below 15C. The reaction was stirred &@for a few minutes then heated at reflux for 4Tihe
reaction mixture was cooled to RT and quencheddijtian of sodium sulfate decahydrate /
Celite (1:1 by weight) until gas evolution ceasédhe reaction mixture was filtered, washing
with THF and methanol. The filtrate was concertlainder reduced pressure to provide 4.7 g

15 of amino alcohol as a colorless oil.

Step 2

To a solution of the amino alcohol product from®Big(4.70 g, 40.1 mmol), Bt
(22.36 mL, 160 mmol) and 4-dimethylaminopyridine4@D g, 4.01 mmol) in anhydrous &,
(200 mL) at OC was added p-toluenesulfonyl chloride (22.94 @, di2nol) in portions during

20 10 min. The reaction mixture was stirred at roemperature overnight. The volatiles were
evaporatedn vacuo by rotary evaporation and the residue was pamngtiobetween C¥Cl, and
1IN HCI. The organic layer was washed with 1N H@& dried over Ng&5O,. The solvent was
evaporated and the residue was chromatographeticangel using 1:1 CkCl,/hexane as eluant
to remove excess TsCl and then 100%Clkito elute the product. The title compound was

25 obtained as an off-white solid (5.40 g).

'H NMR (400 MHz, CDCJ) 5 0.94 (d, J=6.88 Hz, 3 H), 0.98 (d, J=6.88 Hz, 3 H)
1.49 (quint, J=6.88 Hz, 1 H), 1.59 (s, 3 H), 2.201(H), 2.43 (s, 3 H), 2.60 (s, 1 H), 7.31 (d,
J=8.0 Hz, 2 H), 7.83 (d, J=8.0 Hz, 2 H).
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15using a Biotage 65i column eluting with (0-100% EtOAc/hexane) to give 2-(1,1-dimethylethyl)-
2-methy1-1-1(4-methylphenyesulfonyflaziridine as a colorless solid (5.2 g). 1H NMR
(CDC13, 500 MHz, ppm) 8 0.92 (s, 9H), 1.72 (s, 3H), 2.33 (s, 1H), 2.43 (s, 3H), 2.51 (s, 1H), 7.30 (d,
J=8.1 Hz, 2H), 7.83 (d, J=8.1 Hz, 2H) PREPARATION 5A
(2R)-2-(1,1-dimethylethyl)-2-methy1-1-1(4-methylphenvOsulfonyllaziridine Step 1 To
(R)-p-toluenesulfinamide (2.00 g, 12.89 mm@RBRADATIONIaISKk under argon were added
dichloroethane (50 mL), t-butylmethylketone (8.1 mL, 644 mmol) and Ti(OEt 4 (13.5 mL, 644 mmol).
The stirred reaction solutlﬁn was heated at;ﬁ%mv@rmlgi‘mg\fter 21h the yel OW solution was cooled to

RT and poured into a vi y stirred s 00 m hexane, rinsing the
flask with dichloromethane. To the stirred stespénsiéd was added 15 mL of I—ﬁaropwse After several
minutes, the mixture became very thick. 5Stirring was continued for 5 min. The|resulting thick slurry
was filtered throuh a 350 mL coarse |nt red filter funnel. The solid was washed twice with 50 mL of
10% dicl netndnnamlioavliaZidine, spatula and then filtering.
The two-phase fltrate wmﬁ@rremﬁwr%@@@wqrgdm@ mﬁdbm&gmgﬂmeermg%msmd fajith
water and brin E}zat O‘E)ui%ueous NaC1l) an d:ﬁ% er Na2504, Filtration a oncentration by rotary
10 evapdra o1 frigl 8@3%%#8@%*@6 EJ%Jra@ijr)s? {Qﬁ’%mg

snllc;a geltéﬂipﬁtmmsa%@riﬁﬁ;?ggléhlhm sl peadionaddbthR/miB-tetestigat-A56rMba®/mE.49
of a ellow ic i n storage at -20 NMR (CD2C12,
S oon eSO TGPy b R ST NG 48093316 ) 36 GAHONS, TN

15Step Zoughly equal portions. After twenty hours thectéan mixture was concentrated to half volume

and then filtered through a sintered glass funiiéle filtrate was concentrated to half volume
10 again which caused further precipitation. Thiggemsion was filtered washing with acetonitrile
and the filtrate concentrated. The resulting nalteras dissolved/suspended in
dichloromethane, filtered and the resulting fikratas concentrated to an orange oil. This oll
was diluted with ethyl acetate and washed with waléde organic phase was dried with
MgSOQ;, filtered and concentrated. The crude materia pified by column chromatography
15 using a Biotage 65i column eluting with (0-100% BtZhexane) to give 2-(1,1-dimethylethyl)-
2-methyl-1-[(4-methylphenyl)sulfonyl]aziridine asalorless solid (5.2 g).
'H NMR (CDCk, 500 MHz, ppm)» 0.92 (s, 9H), 1.72 (s, 3H), 2.33 (s, 1H), 2.43
(s, 3H), 2.51 (s, 1H), 7.30 (d, J=8.1 Hz, 2H), 1@31=8.1 Hz, 2H)

PREPARATION 5A

N

o h)\ s@ cl® \©\S'o MCPBA \©\ 0

14, /1,
Ti(OEY), n-BuLi 7<ﬂ 1N NaHCO5 7<Q
DCE, 70C 0T

20 0T to RT
(2R)-2-(1,1-dimethylethyl)-2-methyl-1-[(4-methylphefsuilfonyl]aziridine
Step 1

To (R)-p-toluenesulfinamide (2.00 g, 12.89 mmol) in & 25L flask under argon
were added dichloroethane (50 mL), t-butylmethyket (8.1 mL, 64.4 mmol) and Ti(Okt)
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A mixture of the trimethylsulfoxonium chloride (2.37 g, 18.6 mmol) in THE (35 mL) was sonicated
briefly to break-up lumps and then cooled to OC and BuLi/hex (2.5 M) was added dropwise. The
stirrred reaction mixture was heterogeneous. After 25 min., a solution of the ketimine product from
Step 1 (1.45 g, 6.11 mmol) in THE (5+1 mL) was added dropwise to 20the stirred suspension during
15 min. The resulting white suspension stirred at OC for 3h and then allowed to warm to RT overnight.

The reac(titzwfrnhq_u&\mamwﬂzﬁcmaé gﬁthe@ateb&ﬂiéﬁls@mmuﬁméd hetrgeerosetnigHd CAfend etyl
acetate. The or%amcgﬁ) ase was wa UP water and émne dried pver. Na 504 and eva ni tedfto
ale'y ‘%p 897

give 1.539%% ER6WBH. S5%ie poured my{ioRiQEs SO
(s, 9H), CobttsirBH)0A2dhékbng, 2&1@5@,tawla&mmr&b+brﬁeaaa(deanalmézwr@dsatpbr&rbwz).

Step3 The 539 lved jn EA (20 mL dh (40 mL)
i nadiE BN e R Es AT ey e Attt YRR IRy stirred
and sooledtitngGvasocomémaied goa@erhmz%(&é&@:gﬂd&%myrwawatea@tﬂﬂdmgb\ee@mmtons
during 5 min. The reactio it by TLC (30:7Q EA/he T=4 eaction was
e SR AR I S e R AR
neg atl_ve/h@rahedwwgaspma:h m@mwuaﬂw seattigraidpdtumwns distetiwihgthyhacaatprese the
o R WA R LR BRI st MRl
(CD2C1rbe0fdatz apnoedds. lé((}t) aht), driddl (s4e380n 2 Bifti(sti diiandl 46 cenidliod. by, (stdfy), 7.36 (d,
PAR

o ARl A e el Eramymmne a0 A0SR SmPFash SYSeR 4405

(3R,5R)-8H{dalgdinnetbiet i) e 56 phded i phiedje2t, 40 mL/min, detection at 254 nM)
gave 2.49 g of a pale yellow oil which solidifiedan storage at -20°C.
'H NMR (CD,Cl,, 500MHz, ppm) 1.16 (s, 9H), 2.33 (s, 3H), 2.43 (s, 3H), 7.35
(d, J=8.1 Hz), 7.63, (d, J=8.1 Hz).
15 Step 2
A mixture of the trimethylsulfoxonium chloride (Z.8), 18.6 mmol) in THF (35
mL) was sonicated briefly to break-up lumps andhtbeoled to 0°C and BuLi/hex (2.5 M) was
added dropwise. The stirrred reaction mixture heterogeneous. After 25 min., a solution of
the ketimine product from Step 1 (1.45 g, 6.11 mmollHF (5+1 mL) was added dropwise to
20 the stirred suspension during 15 min. The resyilvhite suspension stirred at 0°C for 3h and
then allowed to warm to RT overnight. The reacturture was quenched with sat. MH and
partitioned between sat. NI and ethyl acetate. The organic phase was washledvater and
brine, dried over N&O, and evaporated to give 1.539 g of a pale yelldw oi
'H NMR (CD,Cl,, 500MHz, ppm) 0.97 (s, 9H), 1.53 (s, 3H), 1.82 (s, 1H), 2.28
25 (s, 1H), 2.43 (s, 3H), 7.33 (d, J=8.1 Hz), 7.61 J6B.1 Hz).
Step3
The product fron Step 2 (1.539 g, 6.2 mmol) wasaliged in EA (20 mL) and
hexane (40 mL). After addition of 1 M NaH@®plution (30 mL) the two phase reaction
mixture was vigorously stirred and cooled to 0@hmmercial grade MCPBA (2.11 g, ~9
30 mmol) was added in several portions during 5 mihe reaction was monitored by TLC (30:70
EA/hex). At T =45 min, the reaction was quenchgdddition of 5% Nz5,03 (30 mL) and the

mixture was stirred for several minutes until aateg starch-iodide test was obtained. The
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one (Harwood, L. M. et al. Synlett 1996, 1051; 17.3 g, 70 mmol) in THE (1 L) at OC was added LiA1H4
(70 mL of a 2M solution in THE, 140 mmol) dropwise. The mixture was heated at 45C for 3 h. The
reaction mixture was cooled to 0C and quenched carefully by sequential addition of 6 mL of water, 6
mL of 15% aqueous NaOH, and 18 mL of water. The slurry was stirred 15vigorously. The solid was
removed by suction filtration, and the filter cake was thoroughly washed with ether and CH2C12. The

filtrate wasaetioeemisatad wadeditethicativassieetaalfembibe arid pelde’ Wag, WasPkedasith\eagous oil.
1H NMR (400 MHz, €DC13) 8 0.96 (s, 3 H) 1. ,9H)3.09(d, J=11.32 Hz, 1 3,39 - 3.46 (m,
1) 3 40 R GBS 6D g RS BB And6Vane) 288 Y erb 00,3 HEdU 1 i) 7 0s
- 7.44 (mednipoiriéme an off-white argetativie elolite product from Step 1(17.0 g, 70 mmol) in MeOH
was added HOAc (5 mL ggm?lladium hydroxide (5 g of 20 wt% on carbon). The flask was evacuated

and filled with hydroge GibEL2 REOMIdpePRGR (24 dSrral htrddntteRiBeattfd iridéh 10

25(bsllogs, 31N far @ hHereggtonsgixtHe)\wasliered thygugh a pad of Celite, the filter cake was
washed with additional MeOH, and the filtrate was concentrated under reduced pressure. The residue

was purified by flash chromatography, elutigZREFARAIOM&H in CH2C12with 1% HOACc followed by
100% MeOH with 1% HOAC, to provide 8.84 g of the product as an acetic acid salt. Anhydrous K2CO3
(50 g) was added to a solution of the acetate salt (7.03 g, 38.0ymmol) in CH2C12 (5(%@2@
resulting sudpensiorPivasistired urﬁ&jﬂﬂ n ovesnight afELj&Mz theTismrganic saliS-we ./ gemoved
by suction filtzation. The fittrate"was caohcentrated underreduced pressare and the residug;—;;éﬁs dried

0

azeotropicaffy uSing PhCH3 until a @nstant Qéight 5was obtdfhed to ghvd'8% &ino alcohgproduct
(4.98 g, 66% overall). 1H NMR (400 MHz, CDC13) 8 0.93 (s, 9 H) 1.05/(s, 3 H) 3.34

) ERA; ol Qffs ,91 alcohol from Step 2

= 76 2

(4.98 g, 38C j 12200 s 6 mL, 190 mmol) followed
by a solution of p- tolu&itegudlfonyl chloride (8.7 g, 45.6 mmol) in CH2C12 (50 mL) over 40 min. The

reaction mixture was sti re for [ which
S (6.5 mL 60 5 mi0s) OMRER BRI, b R SR Mo
mixture wae $titaedaEid)@ fod.4eh alByrdetﬁaé%mrﬁBau fervéag, ﬁ(ﬁurmuhdlh)ch_mTl-iE ifliXty e @inidssatidatbd
aqueous gt T A e A S RS e HaG S dee IR YR Ya% s heated aras

for 3 h. The reaction mixture was cooled t€@&nd quenched carefully by sequential addition of

6 mL of water, 6 mL of 15% aqueous NaOH, and 18ahwater. The slurry was stirred
15 vigorously. The solid was removed by suctiondtiion, and the filter cake was thoroughly
washed with ether and GEl,. The filtrate was concentrated under reducedspresto afford
the product (17.0 g, 100%) as a viscous oil.
'H NMR (400 MHz, CDC4) 50.96 (s, 3 H) 1.02 (s, 9 H) 3.09 (t:11.32 Hz, 1
H) 3.39 - 3.46 (m, 1 H) 3.46 (d=11.32 Hz, 1 H) 3.62 (dd=10.52, 4.71 Hz, 1 H) 4.02 (dd,
20 J=9.22,4.69 Hz, 1 H) 7.08 - 7.44 (m, 5 H).
Step 2:
To a solution of the product from Step 1 (17.0@nmol) in MeOH was added
HOAc (5 mL) and palladium hydroxide (5 g of 20 wt carbon). The flask was evacuated and
filled with hydrogen several times. The suspensias stirred at room temperature under H
25 (balloon, 1 atm) for 3 h. The reaction mixture Vifiered through a pad of Celite, the filter cake
was washed with additional MeOH, and the filtraessweoncentrated under reduced pressure.
The residue was purified by flash chromatographytjan with 0-10% MeOH in CkCl, with
1% HOACc followed by 100% MeOH with 1% HOACc, to pide 8.84 g of the product as an
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washed with saturated aqueous NaCl1, dried (Na2504,) filtered, and concentrated under reduced
pressure. The residue was purified by flash chromatography, elution with 0 - 50% EtOAc in heptane, to
provide the title compound (5.88 g, 58%) as a white solid. 1H NMR (400
MHz, CDC13) 8 0.93 (s, 9H) 1.73 (s,3H) 2.34 (s, 1 H) 2.44 (s, 3 20H) 2.52 (s, 1 H) 7.31 (d, J=7.96
Hz, 2 H) 7.84 (d, J=8.35 Hz, 2 H). PREPARATION 9
1-114-meidutiphesyisuifonyhlfrougelcazasniolhbladwne td\sebitinordf the acetate( 5418 g, 38.0

it i DIBRAE G SOR Anhol M- 5B Y e e ESa G AP o0
mg, 12. 2whiohihaniterrgiiregealtélierepprayiredtbly sitttireoat robe fikrapevadsreotive neacsdnineier
chromat GRS S SLLege LA DR e o TN heRUATL B3I RO IELL2 )
as agvhitgsolthtained to give the anil NWR OIS Q@ NBS20 B)al)1.92 (M, 2H), 2.08 (m, 2H),
PREPARATION 14 SURBRLTBAMERGRIGS oty W 108 (€T i dhad g1z ™
H) 3.45 (d,J=10.05 Hz, 1 H).
Step 3:
A solution of the amino alcohol from Step 2 (4.988.0 mmol) in CHCI, (200
10 mL) at @C was treated with Btl (26 mL, 190 mmol) followed by a solution pf
toluenesulfonyl chloride (8.7 g, 45.6 mmol) in &, (50 mL) over 40 min. The reaction
mixture was stirred at room temperature for 4 te mixture was cooled tdQ after which
EtN (8.50 mL, 60.8 mmol) and methanesulfonyl chloi@€&8 mL, 76.0 mmol) were added.
The mixture was stirred afO for 4 h. The reaction mixture was poured infolamixture of
15 saturated aqueous NaCl and water and was extrattte€H,Cl,. The organic layer was
washed with saturated aqueous NaCl, drie¢$p) filtered, and concentrated under reduced
pressure. The residue was purified by flash chtography, elution with 0 — 50% EtOAc in
heptane, to provide the title compound (5.88 g, b88%@ white solid.
'H NMR (400 MHz, CDCY) 30.93 (s, 9 H) 1.73 (s, 3 H) 2.34 (s, 1 H) 2.443(s,
20 H)2.52 (s, 1 H) 7.31 (d=7.96 Hz, 2 H) 7.84 (d]=8.35 Hz, 2 H).

PREPARATION 9

0]

o)
Eg/ TsCl, DMAP ;g
OH >
H,N N

TEA, DCM Ts

1-[(4-methylphenyl)sulfonyl]-6-oxa-1-azaspiro[2.6tane

A solution of 4-aminotetrahydr@H-pyran-4-methanol (16 g, 122 mmol) in
25 dichloromethane (700 mL) was treated with triethyilze (85 mL, 610 mmol), p-toluenesulfonyl
chloride (69.8 g, 366mmol) and DMAP (1490 mg, l2:20l) under nitrogen. After
approximately 18 hours at room temperature, theti@awas filtered through a pad of silica gel.
The filtrate was concentrat@a vacuo then purified by chromatography on silica gel (B4

EtOAc/hexane) to afford intermediate the title camnpd (12.5g) as a white solid.
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-N 0 EtN(iPr)2,S=0Nal104 c NSIC 0(:) (Step 3)(Step 4) S
(4R)-4-(1,1-dimethylethyl)-3,4-dimethy1-1,2,3-oxathiazolidine 2,2-dioxide Step 1: To a
solution of compound (3R,5R)-3-(1,1-dimethylethyl)-3-methy1-5- phenylmorpholin-2-one (100 mg, 0.40
mmol) in MeOH was added formaldehyde (1 40 mL, 37 10 wt% in water, 16.2 mmol), HOAc (0.14 mL,
24 mmol), and sodium cyanoborohydride (100 mg, 1.60 mmol). The reaction mixture was stirred at

room temperature ovetpigiiuRNC helsPuenvWaspempved 2indenigduced presadie? UreEegeye was
partitioned between EtOAc and saturated agueous NaHCO3, and the Iaéérs were separated The

organic Igy@ {FaLtihshél (fﬁlh%’élu%?@d(%@é&s? Naless i'@at%\’ﬁte?:l ded
(Na2504), and concentrated under reduce 15pressure to provide the product (99.7 mg 95%) asa
viscous oil. 1H NMR (4003%5%—@5911408 (s, 9 H) 1.30 (s, 3 H) 2.28 (s, 3 H)
3.97 (d, J=2.54 Hz, 1 )41?(dd J=1{98, 2.37 Hz, MH)489(dd J=10.88, 366N|z 1H)7.13-7.41
(m, 5 H). Step 2: 20 o \mrocgggg@é_pna g sito thnsd.déAlittibed for gy ud and 2 of
Preparation 5B, the desir d ahino alcoholwas prepared from theproduct of Step 1.

1H NMR (400 MHz, C 1.08 ($9H) 1.17 )3 1.99¢sH3 H) 2.63 (s

Hz, 1 H) 3.84 (d, J=12.30 Hz, 1 H) 5.32@t. s, 4 H) Step3:  Pd(OH),

H) 3.53 (d, J=12.35

(Step 1) (Step 2)
socl, _ Me RuCls _ Me
. : N\ : N\ /O
EtN(iPr), S=0 NalO4 s
/ / \O
0] 0]
(Step 3) (Step 4)

(4R)-4-(1,1-dimethylethyl)-3,4-dimethyl-1,2,3-oxath@line 2,2-dioxide
Step 1:
To a solution of compound RHBR)-3-(1,1-dimethylethyl)-3-methyl-5-
phenylmorpholin-2-one (100 mg, 0.40 mmol) in MeOHsradded formaldehyde (1.40 mL, 37
10 wt% in water, 16.2 mmol), HOAc (0.14 mL, 2.4 mmahd sodium cyanoborohydride (100 mg,

1.60 mmol). The reaction mixture was stirred amaemperature overnight, and the solvent

was removed under reduced pressure. The residaipavationed between EtOAc and saturated
aqueous NaHC#®and the layers were separated. The organic \@gemwashed with saturated
aqueous NaHC#) saturated aqueous NaCl, dried £§8@,), and concentrated under reduce
15 pressure to provide the product (99.7 mg, 95%)\ascus oil.
'H NMR (400 MHz, CDCY) 5 1.08 (s, 9 H) 1.30 (s, 3 H) 2.28 (s, 3 H) 3.97 (d,
J=2.54 Hz, 1 H) 4.45 (dd}=10.91, 2.37 Hz, 1 H) 4.89 (dd10.88, 3.66 Hz, 1 H) 7.13 - 7.41
(m, 5 H).
Step 2:
20 Employing procedures analogous to those descrifire8téps 1 and 2 of
Preparation 5B, the desired amino alcohol was peeifaom the product of Step 1.
'H NMR (400 MHz, CDC4) 1.08 (s, 9 H) 1.17 (s, 3 H) 1.99 (s, 3 H) 2.63(s,
H) 3.53 (d,J=12.35 Hz, 1 H) 3.84 (d=12.30 Hz, 1 H) 5.32 (br. s., 4 H)
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To a solution of the amino alcohol product from Step 2 (59.4 mg, 0.29 mmol) in CH2C12 (3 mL) at0 C
was added N,N-diisopropylethylamine (0.15 mL, 0 87 mmol) and thionyl chloride (21.0 RL, 0.29 mmol),
and the resulting solution was stirred at 0 C for 45 min. The 5 reaction mixture was diluted with
CH2C12 and washed with saturated aqueous NaC1, dried (Na2504), and concentrated under reduced
pressure. The residue was purified by flash chromatography to provide two diastereoisomers (22.1
mg, 40%) as white sol@s QSOMER A: 1H NMR (400 MHz, CDC13) 8 ppm 1.05 (s, 9 H) 1.24 (d,

J=0.63 Hz, 3 H) 2.87 (s, 3 H) 4.12 (d, J=8.88 H 487 d, J=8.88.0 1 H); OISOMER B:
1H NMR %400 Mtz COB 2550 UUTioR o & (Q"é‘rl‘ﬁz’)i Etﬁ’@@ﬁg ‘h;"(%r 02 TH)

4.59 (d, £19,28 tkznﬂ_)'é)t gtepvas added R, m&tmﬂfﬁmmwadwqumermm)%ﬁa ﬁufdﬂsﬁyﬁ mg,
0.08 mmol) in CH3CN (0.5 mL) was added to a solution of ruthenium trichloride (1 mg, 0.0008 mmol)

and 15 seiRRRéAbdle L3MPMPDoaNhBIRiFERAIEG SAMYMWas-Rital BGrTo] #RdactBR mixture
Was§t'rr?@a@hU?Pmlﬁﬁjm@@ﬁgjﬁﬁ]u%d‘-\bltﬁl'@@Qdﬁﬁmmﬁﬁ@n%éﬂtﬁdﬁﬁ%s%qaﬁ@Hs layer

was extracted with EtOAc. The combined organic layers were dried (Na2504), and concentrated under

reduced {¥aeSGkd RNGBORRSIHENRR LBRMiCERYGed DRRs R FERERRa PUTIRALYIIREPO1H NMR
(400 MHéh%ilé’grﬁEhQQd Srovibe tab @a%t@ke%éé&%r&%/ﬁé@ a5 WhidiZofds) 4.55 (d, J=9.32

Hz, 1 H) ISF())RI\/EIEER il NNMlFIQS SOCI2 EtN(iPr)2 éStep 2 er >=9 0
(400 MHz, CDC)) & ppm 1. 05 (s, 9 H) 1.24 (d70.63 Hz, 3 H) 2.87 (s,
3 H)4.12 (dJ=8.88 Hz, 1 H) 4.87 (dd)=8.88, 0.68 Hz, 1 H);
10 ISOMER B: *H NMR (400 MHz, CDCJ) 8 ppm 0.92 (s, 9 H) 1.38 (s, 3 H) 2.72 (s, 3 H) 4di2
J=9.27 Hz, 1 H) 4.59 (d]=9.23 Hz, 1 H)
Step 4:
A solution of the two diastereoisomers from Stga=2 mg, 0.08 mmol) in
CH3CN (0.5 mL) was added to a solution of rutheniachtoride (1 mg, 0.0008 mmol) and
15 sodium periodate (19 mg, 0.09 mmol) in water (1 byl CHCN (1 mL). The reaction mixture
was stirred at room temperature for 1 h, dilutethw&@tOAc and washed with water. The
aqueous layer was extracted with EtOAc. The cosatborganic layers were dried (}Dy),
and concentrated under reduced pressure to prtheditle compound (13.9 mg, 84%) directly
as a white solid.
20 'H NMR (400 MHz, CDC4) 51.00 (s, 9 H) 1.31 (s, 3 H) 2.81 (s, 3 H) 4.03 (d,
J=9.32 Hz, 1 H) 4.55 (d=9.32 Hz, 1 H).

PREPARATION 15

(EozEt _ Me Me
= NH LiAIH, = NH socl, : N
EtN(iP :S:O
07 “oH (Step 1) HO (iPr)2 o
(Step 2)
RUC|3 - l/\/le
NalO, i
g ©
(Step 3)
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RuCI31 N"0 Na104 (Step 3) (4R)-3 4-dimethy1-4-(1-methylethyl)-1 2 3-oxathiazolidine 2 2-dioxide
Starting with (2R)-2- f Rethyloxy)carbonyflamino)-2,3-dimethylbutanoic acid (prepared as described in
J. Org. Chem. 2007, 72, 7469-7472 but employing D-tartaric acid for the resolution step) and
employing procedures analogous to those described for Preparation 5B 5Step 1 and Preparation 14
Steps 3 and 4, the title compound was prepared and isolated as a waxy solid. 1H

NMR (4Qamjt3z4-QpEetRy|81413hednyletByd) Hz2 Bk atifiadchd = B-8itkidad H), 2.65 (s, 3 H), 1.85 (m, 1
H), 1.32(s, 3 H), 0.94(d, J=.6.9 Hz, ) 9(d, J=6.9Hz, 3H OPREPARATION 20
CF3S03S1(CH2CH3) %meéﬁfﬁ@%?ﬁﬁwwrﬁ%aﬁwﬁf@% Sepgthylbutanoacid
N-(triethy|sibgdaréd lad debdribza@drepdiaxanoly, 72, 7469-7472 but employing-tartaric acid for

the resolution step) and employing procedures goal®to those described for Preparation 5B

5 Step 1 and Preparation 14 Steps 3 and 4, thetitipound was prepared and isolated as a waxy
solid.
'H NMR (400 MHz, CDCY) &: 4.38 (d,J =8.8 Hz, 1 H), 4.06 (d] = 8.8 Hz, 1 H),
2.65 (s, 3 H), 1.85 (m, 1 H), 1.32 (s, 3 H), 0.84J(= 6.9 Hz, 3 H), 0.89 (d] = 6.9 Hz, 3 H)

ppm.
10 PREPARATION 20
o CF3S0;3Si(CH,CH3)4 o
N7/Z< 2,6-lutdine N7/Z< _
(/ /) NH, > (/ / N-Si(CH,CH3)3
HN-N , HN-N  H
1,2-dichloroethane
50C

N-(triethylsilyl)-1H-1,2.4-triazole-3-carboxamide

A stirred mixture of H-1,2,4-triazole-3-carboxamide (500 mg, 4.46 mmol) i
1,2-dichloroethane (4.46 mL) treated at room temoee with 2,6-lutidine (2.08 mL, 17.84
15 mmol) and triethylsilyl trifluoromethanesulfonat® @3 mL, 13.38 mmol) and heated under a
nitrogen atmosphere at 50°C. After 4 hours ofingahe reaction solution allowed to cool to
room temperature and diluted with dichloromethaterqiL), washed with water (25 mL), 0.5M
hydrochloric acid (25 mL), water (25 mL), dried owgSQ,, filtered, and evaporated to solid.
The solid was flash chromatographed (silica gel64% ethyl acetate:hexane) to give the
20 product as a white solid (683 mg).
'H NMR (CDCk, 500MHz, ppm) 0.89 (q, J=8Hz, 6H, @H1.03 (t, J=8 Hz, 9H,
CHg), 6.77 (s, 1H, NH), 8.63 (s, 1H, triazole H-5).
LC/MS m/z (positive ion scan) M+1=227.20

PREPARATION 21

O

N isopropylamine N7/[<
rXove iy
HN—N H

25 50C

Y
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A stirred mixture of 1H-1,2,4-triazole-3-carboxamide (500 mg, 4.46 mmol) in 1,2-dichloroethane (4.46
mL) treated at room temperature with 2,6-lutidine (2.08 mL, 17 84 15mmol) and triethylsilyl
trifluoromethanesulfonate (3.03 mL, 13 38 mmol) and heated under a nitrogen atmosphere at 50C.
After 4 hours of heating the reaction solution allowed to cool to room temperature and diluted with
dichloromethane (25 mL), washed with water (25 mL), 0 5M hydrochloric acid (25 mL), water (25 mL),
dried ovey-Mobixthiilterstand evapisatad-B colibxBnsidelid was flash chromatographed (silica gel,
10-65% ethyl acetate:hexane) to give the 20product as a whi lid mg). ... . . 1H
NMR (CDC13, 500M ngﬁm;l'&égé(é:tﬁ@éﬁ’%%ﬁ?&%ﬁT.%g%( ,%%%%dﬂ%@ﬂﬁ?@%@@lﬂ% H),
8.63 (s, 11 wiazoks Irhimo ) GAIS cofaifprsitivea @0 snhnblted 2 hite GESPeRABRA TTON V4l was
N-(1-methylethyl)-111-1.2 4-triazole-3-carboxamide Methyl 111-1,2 4-trjazole-3-carboxylate. (3.53 g,
7.8 ST AR ELATE, & SEa I AFCHbFBINGS 1Fd D5 RTORRGRE e
susensiPhe Vi wiakwasledaiedowm feeapeddndend\lind oy stiel wastidissoivtd inhadtheoomend
translucent salid. 5The vi as goole room temperature and unsealed. The solid was digsolved in
methancl 818 PARCHEH A0y 3085 1508 SN GBI B R e (R PFESEL SR aER e and
the resultewguidsidresicae sieppedepesavisresimids ethiarol to removed excess isopropylamine. The
residue was stripped with toluene and placed under high vacuum overnight to give, the title co und
(4,07 6) 108 THIL E A S0P R b AL SR B S v BB
CONCH)x @i (sdL . 0Tagp ey . aalsseSgasictrum: (ESI) raiz = 155.14 (M+H).
10 'H NMR (CD0D, 600 MHz, ppmp 1.25 (d, 6H, 2Me), 4.15-4.22 (m, 1H,
CONCH), 8.38 (s, 1H, triazole).
Mass Spectrum: (ESiWz = 155.14 (M+H).

PREPARATION 26

OEt

O MeN— O
| AN NH, OEt |
N N~ |
120C

15 [cf. Y. Lin, et al.J. Org. Chem. 1979, 44, 4160]
N-[(1E)-(dimethylamino)methylidene]pyridine-4-carboxamide
Isonicotinamide (2.00 g, 16.38 mmol) and N,N-dinyftrmamide diethyl acetal
(2.8 ml, 16.38 mmol) were combined and heated 832 A short path distillation apparatus

was used to collect the ethanol that was liberdtethg the reaction. The reaction mixture was
20 an orange solution. After 15 minutes, additiondlldimethylformamide diethyl acetal (1.0 ml,
5.83 mmol) was added to the reaction mixture. rAft& hours, the reaction mixture was cooled
to room temperature. The reaction mixture sokdifupon cooling and was placed under high
vacuum overnight to give the title compound (2.92648 mmol) as a yellow solid.
'H NMR (CDs;0D, 500 MHz, ppm}p 3.28 (s, 3H, NMe), 3.29 (s, 3H, NMe), 8.10-
25 8.12 (m, 2H, ArH), 8.66-8.68 (m, 2H, ArH), 8.70 1&{).
Mass Spectrum: (ESiwz = 178.19 (M+H).
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PREPARATION 26 OEt Me2N-K NH20Et 120C 15|cf. Y. Lin, et al. J. Org. Chem. 1979, 44, 4160]
N-[(1E)-(dimethylamino)methylidenelpyridine-4-carboxamide Isonicotinamide (2.00 g, 16.38
mmol) and N,N-dimethylformamide diethyl acetal (2.8 ml, 16.38 mmol) were combined and heated to
120C. A short path distillation apparatus was used to collect the ethanol that was liberated during the
reaction. The reaction mixture was 20an orange solution. After 15 minutes, additional
N,N-dimethylformamide diethyl acetal (1.0 rPREBARMTIOMN@Yadded to the reaction mixture. After 1.5
hours, the reaction mixture was cooled to room temperature The r(ﬁ=act|on mixture solidified upon
cooling and was placedounder high vacuum overnight to gjy, ,(he itle compound3(2 92 g, 16.48 mmol)
as a yellow SO|Id CDS@QO§OO MH N6 3. 28 (s 3 é\lMe) %NMe) 8.10-
258.12 (m, 2H, [H) 668" .68m,2HrArH), 8.0 (s, FfH)—I’v‘Iﬁﬁ&Speetru ( SI) raiz ¥ 178.19 (M+H).
PREPARATION 29" N-[(1E)- (dlmethylamlno ethylldenelpwgmdlne -5-carkoxamide Step 1:

N-[(1E)-(dimethylamino)methylidene]pyrimidine-5-carboxat®i

Step 1:
5 Ethyl 5-pyrimidine carboxylate (0.26 ml, 1.982 miahd ammonium hydroxide

(2.8 ml, 20.13 mmol) were combined in a 25 ml flaskjive a hazy solution. The reaction
mixture was stirred at room temperature. AftendiButes, a white precipitate formed, which
turned the reaction mixture into a white suspensiafier 2.5 hours, LMCS antH NMR
showed complete conversion of starting materidde fieaction mixture was filtered, rinsing over
10 with water (3 x 1 ml). The filtered solid was dnied overnight to give the product (199.8 mg)
as a white solid.
'H NMR (CDs;0D, 500 MHz, ppmp 9.21 (s, 2H), 9.29 (s, 1H).
Mass Spectrum: (ESiWz = 124.12 (M+H).
Step 2:
15 The product compound from Step 1 (199.8 mg, 1.6&8®MHMand N,N-
dimethylformamide diethyl acetal (0.39 ml, 2.276 ai)were combined and heated to 320
A short path distillation apparatus was used ttecbthe ethanol that was liberated during the
reaction. The reaction mixture slowly changed fragellow suspension to an amber solution.
A yellow precipitate formed. After 1.5 hours, tleaction mixture was cooled to room
20 temperature. The reaction mixture solidified uponling and was placed under high vacuum
for about an hour to give the title compound (284¢) as a yellow solid.
'H NMR (CDsOD, 600 MHz, ppm} 3.26 (s, 3H, NMe), 3.27 (s, 3H, NMe), 8.70
(s, 1H), 9.23 (s, 1H, ArH), 9.41 (s, 2H, ArH).
Mass Spectrum: (ESiWz = 179.20 (M+H).

25 INTERMEDIATE 1
Benzyl (1S4&R,6e57R,8R,10eR,10R,128R,14R,15R)-8-[(1R)-1,2-
dimethylpropyl]-15-hydroxy-14-methoxy-1,6,6a,7,8,9,10a,10b,11,12,12a-dodecahydro-
1,6a,8,10a-tetramethyH-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carbaeyla
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5Ethyl 5-pyrimidine carboxylate (0.26 ml, 1.982 mmol) and ammonium hydroxide (2.8 ml, 20.13 mmol)
were combined in a 25 ml flask to give a hazy solution. The reaction mixture was stirred at room
temperature. After 15 minutes, a white precipitate formed, which turned the reaction mixture into a
white suspension. After 2.5 hours, LMCS and 1H NMR showed complete conversion of starting
material. The reaction mixture was filtered, rinsing over 10with water (3 x 1 m1). The filtered solid was
air dried overnight to give the proda¢t(+99.8 mg) as a white solid. 1H NMR (CDBO[D{;WMHZ ppm) 6
9.21 (s, 2H), 9.29 (s, 1H). Mass Spectrum: (ESI) réisSiHL24.12 (M+H). Step 2: 15The i
compound from Step, 1 199 : 3 mmol) andTRAN- dlmethylformamlde [ @ al (0.39 ml,
2.276 mmol) were combi 60 cated to 120CPHﬁ,Iesg g path dlstlllat|on A aé dwas used to
collect the ethagol ghatgwadiiberated during the reaction. The reactientmixture-slewly changed from a
yellow suspéfsioh to[an arber solution. A yellow pré@pltate ¥8rmad. After 125 hours, the reaction
mixture was cedlet fo aom 26 \é’ﬁ‘i‘ﬁ@%ﬁure The reaction mixtie sgfidified upon cooling and was
placed under high Ydcuum for about an hour to give the title compoutid (284.9 mg) as a yellow solid.
1H NMR (CD30D, 600 MHz, ppm) 6 3.26 (s, 3H, NMe), 3.27 (s, 3H, NMe), 8.70 (s, 1H), 9.23 (s, 1H,
ArH), 9.41 (s, 2H, ArH). Mass Spectrum: ‘ZES‘??;auz =179.20 (M+H). 25INTERM &r&% 1 Benzyl

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14 3 [(1 Byerl,2-
dlmethylpropyllﬂ%ydromﬂA- d 6,6a,7,8,9,18,C0g,10b b, 1
8,10a- tetrametﬁyI-ZIH -T/4a- pro AP -henanthrom;% I_clgé{één -7-carb@
(Step 2) (Step 3) 2 H Intermediate 1
Step 1:

To a slurry of enfumafungin (90.0 g, 126.9 mmolB#6 ml of toluene with
mechanical stirring at room temperature was addgsitlt (202.2 ml, 1269.5 mmol) in one
5 portion. Trifluoroacetic acid (202.4 ml, 2627.8 wijnwas then added dropwise at a rapid rate.
Once the trifluoroacetic acid addition was compléte resulting amber colored solution was
allowed to stir at room temperature for 2.5 houfhe TFA/toluene solution was then
concentrated to dryness. Fresh toluene (300-50@ad added and the mixture was once again
concentrated to dryness. The toluene strippinggatoe was repeated two additional times. The
10 crude solid was then dried overnight on a high uatline to yield 120 g of a purple brown
solid. This material was carried on to the negpstithout additional purification.
Step 2:
To a solution of the solid from above (120 g cradgerial, ~126.9 mmol) in
MeOH (1.27 L) with mechanical stirring,,BO, (31.2 ml, 585.3 mmol) was added dropwise at a
15 fastrate. Once the addition was complete, thaltireg solution was warmed to 65 deg C and
was allowed to stir for 4.5 hours. During the ceuof the reaction a white solid precipitated.
The reaction was cooled to room temperature andttiee solid was isolated by filtration. The
solid was then washed with MeOH (2x200 ml) anckCN (2x200 ml). After drying, 47.91 g
white solid was recovered.
20 Additional material was isolated from the initidtrite and subsequent washings
as follows. The total liquid volume was reduced A® by evaporation in vacuo. An excess of

water was added and a purple white solid precgiitaflhe solid was filtered, washed with 3:7
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, 0 IP.TFA AcOb AcOb HNIP.PhMe, 3B0CHHO 0-0.-0-0: H(Step 1)HO_ HO"..flOH _
EnfumafunginHO".flOH OHOH OOH _  Step 1: To a slurry of enfumafungin (90.0 g, 126.9 mmol) in
846 ml of toluene with mechanical stirring at room temperature was added Et3SiH (202.2 ml, 1269.5
mmol) in one

MeOH:water (2x100 mL) and GEN (2x100 mL) and dried to give an additional 7g306f
product as a brownish white solid. The combinedidyof product was 55.21 g (86.5%).
Step 3:
The product from Step 2 (55.21 g, 109.8 mmol), N&&s(d47.5 g, 1756.8 mmol)
5 and benzyl bromide (65.29 ml, 549.0 mmol) were codbin 550 ml DMF with mechanical
stirring. The mixture was warmed to 65 deg C aiad allowed to stir for 4.5 hours. The DMF
was removed in vacuo and the resulting crude nzteas dissolved in 1 L of 3:2 water/MeOH.
The mixture was vigorously stirred for 2-3 houBuring this time a brownish white solid
formed. The precipitate was filtered and washet additional 3:2 water/MeOH (2x250 mL).
10 The solid was then rinsed with heptane and wasvallicto air aspirate to initial dryness. The
white solid recovered was then transferred to eystallizing dish and placed in a vacuum oven
at 30°C for four hours to give 52.2 g of white solid.
Additional material was isolated from the water:M¢@nd heptane filtrates as
follows. The combined solutions were extractechiitOAc. The combined EtOAc washings
15 were dried over N&O, and concentrated to dryness. The resulting mateas purified by SiQ
chromatography (3:7 EtOAc:DCM) to yield an addiabb.42 g of product as a white solid. The
total combined yield of Intermediate 1 was 57.88,.%%).
'H NMR (400MHz, CDC4, ppm)3 0.71-0.74 (m, 6H), 0.78 (d, J=6.83Hz, 3H),
0.80-0.83 (m, 6H), 1.15 (s, 3H), 1.16-1.21 (m, 1HP3 (s, 3H), 1.24-1.29 (m, 2H), 1.32-1.53
20 (m, 4H), 1.56-1.62 (m, 1H), 1.70-1.81 (m, 3H),7£B95 (m, 1H), 1.99-2.04 (m, 1H), 2.07-2.16
(m, 1H), 2.30 (d, J=2.25Hz, 1H), 2.40-2.47 (m, 1488 (s, 1H), 3.18 (d, J=8.88Hz, 1H), 3.31
(d, J=11.76Hz, 1H), 3.40-3.42 (m, 2H), 3.43 (s,,3H)7 (d, J=11.81Hz, 1H), 4.09-4.19 (m,
1H), 4.98 (d, 1H), 5.12 (d, 1H), 5.39-5.43 (m, 1&Hd 7.32-7.39 (m, 5H).

INTERMEDIATES 4 &5

25 Benzyl (1S4&R,6a57R,8R,10aR,10R,12R, 14R,15R)-15-[[(2R)-2,3-dimethyl-2-
[[(4-methylphenyl)sulfonyllamino]butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-methoxy-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylate (INTERMEDIATE

and

30 Benzyl (1S4aR,6a57R,8R,10aR, 10R,12aR, 14R,15R)-15-[[(29)-2,3-dimethyl-2-

[[(4-methylphenyl)sulfonyllamino]butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-methoxy-
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5portion. Trifluoroacetic acid (202.4 ml, 2627.8 mmol) was then added dropwise at a rapid rate. Once
the trifluoroacetic acid addition was complete, the resulting amber colored solution was allowed to stir
at room temperature for 2.5 hours. The If A/toluene solution was then concentrated to dryness. Fresh
toluene (300-500 ml) was added and the mixture was once again concentrated to dryness. The
toluene stripping procedure was repeated two additional times. The 10 crude solid was then dried

overnight @) igh /ac. e, lirsh 11y 220d 0é cabytrisshBanct cliche TigHmaiesaroparearied on to
the next step without additional pyrification Step 2: TQ a solution of the solid from above (120
g crude M%%%Ehﬁétg'ﬁjﬂ%ﬁqh%ﬂﬁ i‘i’.’%‘f“‘l.@'ﬁt’ﬁwé%%ﬁ?ﬁgl stirring, H2504 (31.2 ml, 585.3
mmol) was added dropwiseoqt 208bfast rate. Once the addition was complete, the rgsultigg solution
was warmed to 65 deg C ard:was:allowed to stir for 4.5 hours. During the course og‘}u/e: reaction a
white solid precipitated actionywas coeded to room temperature and the white-selid'was isolated

by filtration.MERe, solid v ashed xith MeOH (2x200 ml) and4e53C . @ After drying,

47.91 g white so ecOvered. 20Additibral material was isolated froe itial filtrate and
subsequent WaShiiigs &S follows. The total liquid volyme waS'T8gucegto-4/3:by-evaporation in vacuo.
An excess of watef was added and a purple fthite solid precipit4ted. The solid was filtered, washed
with 3:7 MeOH:water¢2%ten L) and CH3GRE2X100 mL) and dried to give Sf88¢ffhal 7.30 g of
product as a brownish white solid. The combined yield of product was 55.21 g (86.5%). Step 3: The
product from Step 2 (55.21 g, 109.8 mmol), NaHCO3 (147.5 g, 1756.8 mmol) 5 an@8eRBYl bromide
(65.29 ml, 549.0 mmol) were combined in 550 ml DMF with mechanical stirring. The mixtgre was
warmed to 65 deg C and was allowed to stir for 4.5 hours. The DMF was rerpo fn vacuojand the
resulting crude material was dissolved in 1 L of 3:2 water/MeOH. THni 0 2. ously stirred for
2-3 hours. During this time a brownish white solid formed. Thgprecipitate was filtered and washed with
additional 3:2 water/MeOH (2x250 mL) 10The solid was then tinsé&q with hegtane and was allowed to
air aspirate to initial dryness. The white solid recovered was theh transferred teatggrystallizing dish
and placed in a vacuum oven at 30C for four hours to give 52.2 g of white solid. Additional

material was isolated ffoh? FiE RSP VIRILCLIRtRRpEdasIt dissAveaRvE reus dspeiosyeibRRens

were ext(3o@ehvjtiv i eliethescersinas! (BAG WBsSh B asadt) e rsopregypreridaid 4 and
concentrated to dryness. The resulting material was purified by 5i02 chromat_o?raphy (3:7 EtOAC:DCM)

to yield AHHRAIRBAIYESII G Bt At S PR REI WY InbINE P 6 R FHERR I HSTas

57.6 g (&8itkGgkn for 10 min until all solids were dissolvelotassium hydride (30% in oil, 17.0 g, 127.5

mmol, 2.5 equiv) was added portionwise (ca. 1 gipas) over a period of about 30 minutes.

JO

After the completion of the addition, the resultsigspension was stirred at room temperature for
10 about 3 h. The reaction was carefully quenchethbydropwise addition of methanol (40 mL).
The reaction mixture was then diluted with waté€d(Q(3nL) and extracted with EtOAc (300 mL).
The organic solution was washed with water (2x2Q@) amd dried over anhydrous MgaOThe
drying agent was removed by filtration and the arga@olvent was removed under reduced
pressure to afford the desired compound (67.4 g)rascture of diastereomers. Separation of
15 the diastereomers was accomplished by chromatog@philica gel (0-15% EtOAc/heptanes)

to give the faster eluting isomer, Intermediatar the slower eluting isomer, Intermediate 5.

INTERMEDIATE 4:
'H NMR CDCk & (PPM) 7.81 (d, 1H, ArH); 7.38 (m, ArH); 7.34 (mrHA); 7.26
(m, ArH); 6.65 (s, NH); 5.44 (m, 1H, H5); 5.12 @H, CHAr); 4.99 (d, 2H, CHAr); 4.23 (m,
20 1H, H14); 3.69 (d, 1H); 3.65 (d, 1H); 3.47 (s, 3bMe); 3.38 (m); 3.26 (d, 1H); 3.21 (d, 1H);
2.89 (s, 1H, H7), 2.83 (d, 1H); 2.49 (dd, 1H, H1B}2 (s, ArMe); 2.12 (m, 1H); 2.02-2.08 (m);
1.90-1.94 (m); 1.66-1.78 (m); 1.44-1.51 (m); 1.3891(m); 1.14-1.30 (m); 1.25 (s, 3H, Me);
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1H NMR (400MHz, CDC13, ppm) 6 0.71-0.74 (m, 6H), 0.78 (d, J=6.83Hz, 3H), 0.80-0.83 (m, 6H), 1.15
(s, 3H), 1.16-1.21 (m, 1H), 1.23 (s, 3H), 1.24-1.29 (m, 2H), 1.32-1.53 20(m, 4H), 1.56-1.62 (m, 1H),
1.70-1.81 (m, 3H), 1.87-1.95 (m, 1H), 1.99-2.04 (m, 1H), 2.07-2.16 (m, 1H), 2.30 (d, J=2.25Hz, 1H),
2.40-2.47 (m, 1H), 2.88 (s, 1H), 3.18 (d, J=8.88Hz, 1H), 3.31 (d, J=11.76Hz, 1H), 3.40-3.42(m, 2H),
3.43 (s, 3H), 3.77 (d, J=11.81Hz, 1H), 4.09-4.19 (m, 1H), 4.98 (d, 1H), 5.12 (d, 1H), 5.39-5.43 (m, 1H),
and 7.3217139(¢BBHYIN TERMEDIATIIS) 4RI R5BENMESS (d, 3H, Me); 0.82 (d, 3H, Me); 0.78

A ek e R S one AR U TR D OO
1,2-dime&ﬁg%&l§roxy-l,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramet

hy1-4H-T, =2H=phenanthro[1,2-c]pyran-7-carboxylate (INTERMEDIATE 4) and 30Benzyl
(1S,4aR,6a5,7R,8R,106R\MRRC DR I#R NS R) 715¢d [ (BH)-ArBtgimethyh2ArH); 7.33 (mriA); 7.27

[1[(g gge;héﬁlﬁgii%m?@nl %{Ué)gﬁél_@a%%éagl 2 ;r%:fgmg) jﬁ%ﬁg%%aaUQthenant
hro[1,2-ofysAry: 74czrtexyiade HNHERVERIATHD;53.683@n1 18y80adie; B BIHN) HaIBE(g)e3kate 5 To a
stired sQfey A 4'CEMEHR do SRR, MBI BT IR Y51 (s, ArMe); 2.11 (m, 1H);
2.00-2.04 (m); 1.89-1.94 (m); 1.70-1.79 (m); 1.4881(m); 1.35-1.39 (m); 1.14-1.27 (m); 1.23
(s, 3H, Me); 1.15 (s, 3H, Me); 1.00 (s, 3H, MeB®(d, 3H, Me); 0.86 (d, 3H, Me); 0.82 (s, 3H,
10 Me); 0.81 (d, 3H, Me); 0.78 (d, 3H, Me); 0.73 (d4,3Vle) and 0.72 (s, 3H, Me).

INTERMEDIATE 4
(ALTERNATIVE SYNTHESIS)
Benzyl (1S 4aR,6a57R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-
[[(4-methylphenyl)sulfonyllJamino]butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-methoxy-
15 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylate

O 08BN

OO0
TS .

N

Mf

H _—

. OK ;
Intermediate 1 />< Intermediate 4

18-Crown-6
DMAC

To a solution of Intermediate 1 (8.0g, 13.49mmolIDMAC (50mL) under a
nitrogen atmosphere was addeR)2-isopropyl-2-methyl-1-[(4-

20 methylphenyl)sulfonyl]aziridine (6.15g, 24.29 mmahd 18-crown-6 (3.57g, 13.49 mmol). A
solution of potassium tert pentoxide in toluene. T~, 9.53 mL, 16.19 mmol) was added in one
portion. The mixture was stirred at room tempumtior 16 hours and partitioned between
EtOAc and 1N HCI. The organic layer was washed Wwithe and dried over N8O,. The
solvent was evaporated and the residue was chrgnagioed with an ISCO Combiflash using

25 15-30% EtOAc/ hexanes as gradient to afford Inteliate 4 as a pale yellow solid. 7.50g
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5(400 mL) was added 18-crown-6 (33.7 g, 127.5 mmol) and 2-isopropy1-2-methy1-1-[(4-
methylphenyesulfonyl]aziridine (21.4 g, 84.6 mmol, 1.66 equiv). The mixture was stirred under nitrogen
for 10 min until all solids were dissolved. Potassium hydride (30% in oil, 17.0 g, 127.5 mmol, 2.5 equiv)
was added portionwise (ca. 1 g portions) over a period of about 30 minutes. After the completion of the
addition, the resulting suspension was stirred at room temperature for 10 about 3 h. The reaction was
carefully quenched by the dropwise additionof FRIMEMIAME 61L) The reaction mixture was then

diluted with water (300, mL) an ed wit A 0 i¢ solution_was washed with
water (2x200 mL) and &%&%ﬁmﬂ%l&é@%ﬂé%@%ﬁ?jﬁ%é@%%@ea%y filtration and
the orgamiiergaiwgbiyAsXEngoj(ar) un dedirecigdor ppsiistderie ditxd 16 Gle 789 aar1pobid (67, 42@) as
a mixture,of diastereomers. Separation of e diastereomers was accomplished b romatography
s e AN SRk B e bR R o
elutibg isaieer, Intermediate 5. INLIERMEDIA 1E 4: 1H NMR CDC13 8 (PPM) 7.81
(d, 1H, ArH); 7.38 (m, ArH); 7.34 (m, A%%; 7.26 (m, ArH); 6.65 (s, NH); 5.44 (m, 1H, H5): 5.12 (d, 2H,
CH2Ar); 4.99 (d, 2H, CH2Ar); 4.23 (1, 201H, H14); 3.69 (d, 1H); 3.65 (d, 1H); 3.477\,/3J—FI'gOMe); 3.38
(m); 3.26 (d, 1H); 3.21 (d, 1H); 2:89.4s,: H7), 2.83 (d, 1H); 2.49 (dd, 1H, H13);2:42(5,A

(m, 1H); 2.02-2.08 (); 1.90 , | 66/1.78 (m); 1.44-1.51 (m);, 1 35-1.3
(s, 3H, Me); 1.18 (s, 3H,de q (d, 3H, Me); 03 (s, 3H, Me); 0.88 (d,a

0.78 (d, 3HT); 0:7340, Bk Me); 0.72 (s, 3H, Me)-and 0.6 7H&:3H: Me)- JAHERMEDIA IL 5: 1H
NMR CDClT%F%) 7.27%d, 1H, ArH): 7.37 (RMBANH); 7.33 (mf ArH): 7.27 B(s, ArH): 7.26 (d, ArH);
5.41 (m, 1H, H5): 5.19 (s, NH)i&idd(gle 2H, CH2A): 4.98 (d, 2H. CH2AT); 4.22 (Rierkldaibtad); 3.72 (d,
1H): 3.68 (d, 1H); 3.50 (d, 1H): 3.39 m): 3.37 (s, 3H, OMe); 3.30(d, 1H): 2.89 (s, 1H, H7), 2.82(d, 1H):
2.42-2.45 (m); 2.41 (s APRRYNe 1aURd diom fask wemepaledin a4 HaeatatePan@)d 1 44-1.58
(M); 1.3%pptdximatbiy4dd2m (ndf dnd dpidlaMaistids (Eedtthdde)T Aok Wids VaHdVE8 (dmdithe
Me); 0.86 (d, 3H, Me): 0.82 (s, 3H, 10Me); 0.81 (d, 3H. Me): 0.78 (d, 3H, Me): 0.73 (d, 3H, Me) and
0.72 (s, Bt RlaehEDNRFE ip reflix. Sodium (5. 795 added to give & deep blue solution.

10 DME (15 mL) was added followed by the dropwise &ddiof Intermediate 4 (5 grams) in DME

(20 mL) over 6 minutes. The deep blue color pedisver the addition and the next 1.5 hours.
At 1.5 hours, LC/MS analysis of an aliquot showethplete conversion to the product. Workup
was as follows: The dropwise addition of methgd80 mL) (with a stream of nitrogen blown
over the surface) produced a heavy white suspendiba nitrogen stream was continued an
15 additional 30 minutes. Ethyl acetate (800 mL) asder (400 mL) were added and the aqueous
layer was re-extracted with more ethyl acetate (2Q). The combined ethyl acetate was dried
with magnesium sulfate, filtered and evaporategive Intermediate 6 as a white solid (3.18
grams). No purification was necessary.
'H NMR CD30D3 (PPM) 5.52 (dd, 1H, H5); 4.23 (m, 1H, H14); 3.70)13.38
20 (s, 3H, OMe); 3.28-3.34 (m); 2.71 (s, 1H, H7), 2(84, 1H, H13), 2.29 (m); 1.98- 2.08 (m);
1.54- 1.84 (m); 1.44-1.50 (m); 1.34-1.41 (m); 1(&73H, Me); 1.19 (s, 3H, Me); 1.15-1.24 (m);
1.10 (s, 3H, Me); 0.99 (d, 3H, Me); 0.96 (d, 3H,M&89 (d, 3H, Me); 0.83 (d, 3H, Me); 0.79
(s, 3H, Me); 0.77 (d, 3H, Me) and 0.76 (s, 3H, Me).
LC/MS nvz (positive ion scan) M+1= 602.62

25 INTERMEDIATE 8
(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-methoxy-
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(ALTERNATIVE SYNTHESIS) Benzyl (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[R2R)-2,3-dimethy1-2- [[(4-methylphenyesulfonyflamino]butyfloxy]-8-[(1 R) -
1,2-dimethylpropy1]-14-methoxy-
151,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2H-
phenanthro[1,2-c]pyran-7-carboxylate 18-Crown-6 DMAC To a solution of Intermediate 1 (8.0g,
13.49mmgb, B‘aDM:?&Ql(SQOﬁ-IOBCielr axiregaodyntsphestBasavser (A2t iaeppppyadarpthyl- -[(4-
20methyl ﬁe{% oéﬂ@é) ziridin (6 1 §I .29 mmol) and 18-crown-6 (3.57g, 13.49 mmol). A solution
of potas ?H Yﬁ%lue?%rg 'E/IagI 3 mL, 16 19 mmol) was added in one portion. The
mixture was stirred at room tempueatwesfor 16 hours and partitioned between EtOAc armeBiN HC1. The
organic layer was washed with brlne and drled over Na2504 The solvent was evaporated and the
residue was chromatograph i
to afford Intermedi&k®4 2
(1S,4aR,6ap,(R,8R,104
()

1,2- dlmethylp@f@ 4-m ;hxy 1,6, 6a 7, 8 9, 10 10a 10b, 11 a Zadbde ;ahyro 1,6a,8,10a-tetramet
hy1-4H-1,4a-propano-2H- phenmtﬁhm[ﬂa&a]pyraan}F-carboxyllc acid 0 OBn _ OOH _

O -OH_

Na

DME, NH; |
Step 2 NH o N
\g? ) Intermediate 8
Step 1
5 Sodium hydride, a 60% dispersion in mineral oil (8@, 1.3 mmol), was added to

a suspension of Intermediate 4 (1.1 g, 1.3 mmal)raathyl iodide (0.81 mL, 13 mmol) in
anhydrous dimethylformamide (2.6 mL). The suspmmngias heated in a 50 degree oil bath for
1.5 hours, whereupon additional sodium hydrident@j/ 1.2 mmol) was added. After an
additional 1.5 hours, the mixture was cooled tamdemperature, ethyl acetate (50 mL), water
10 (50 mL) and 2N hydrochloric acid (7 mL) were ad@ed the organic layer was washed with
water (4 x 50 mL), brine (1 x 20 mL), dried with gmesium sulfate, filtered and evaporated to
give 2 as a foam (1.1 grams).
SelectedH NMR (CDCk, 600MHz, ppm) 2.42 (s, 3H, PhMe), 3.06 (s, 3H,
NMe); 3.28 (s, 3H, OMe); 4.14 (m, 1H, H14); 5.0@dn14 (2d, 2H, CkPh), 5.22 (dd, 1H, H5),
15 7.25(d, 2H, ArH), 7.75 (d, 2H, ArH).
Step 2
A solution of the product from Step 1 (1.1 g, 1.28a0t) in anhydrous
dimethoxyethane (6 mL) was added dropwise overrtutas to refluxing ammonia (ca. 20 mL)
containing dimethoxyethane (4 mL) and sodium (3683.4 mmol). Additional ammonia (ca.
20 10 mL) was added and the deep blue colored mixtasestirred an additional 80 minutes.
Dropwise addition of methanol (30 mL) produced awewhite suspension over which a stream
of nitrogen was passed for approximately 20 minutethyl acetate (200 mL) and water (100

-47 -



Oire Na TsHN H2N DME, NH3 Intermediate 4Intermediate 6 A 500 mL round bottom flask was
cooled in a dry ice acetone bath and approximately 100 mL of ammonia was distilled into the flask.
The flask was removed from the bath and allowed to warm to reflux. Sodium (5.7 g) was added to give
a deep blue solution. 10 DME (15 mL) was added followed by the dropwise addition of Intermediate 4
(5 grams) in DME (20 mL) over 6 minutes. The deep blue color persisted over the addition and the

next 1.5 hayraeté hddkol thelieivtd anlysisohancabgtantihdrd ecnypiaietaanyexsiomio) thedoresluct.
Workup was as follows: The dropwise addition of methanal (130 mL) (with a stream of nitrogen blown
over the COMRRS VL AEE BRI NG SR FHBHR Y AT Lt A L ARALE R FOe
additionah@shménlites 3By foatat® (8@).mL) and water (400 mL) were added and the aqueous layer
was re-extracted with more et t The combin thyl acetat ied with
magnesium sulfate, fng?i%"&%%mggéé&%@@ Wﬁ%ﬁ&@tgd@%g%@%ﬁ%ﬁsg S?M\ﬁ)
purificatiarp@dmpeeessany, SHNMR TR3PH).8 (PPM) 5.52 (dd, 1H, H5); 4.23 (m, 1H, H14); 3.70 (m);

3.38 20(s, 3H, OMe); 3.28-3.34 (m); 2.71 (s, 1H, H7), 2.54 , H13), 2.29 (m); 1.98- 2.08 (m);
1.54- 1.84 (m); 1.44-1. ”1‘/%2 A )R FA ,"jﬁimgfﬂ. (s, 3H, Me); 1.15-1.24 (m); 1.10 (s,

3H, Me); 0.99 (d, 3H, Me); O.é6 (d, 3H, £ ﬁ/ﬁtﬁlgﬁiéﬂﬁ gi% (d, 3H, Me); 0.79 (s, 3H, Me); 0.77

(d, 3H, Me) and 0.76 (s, 3H, Me). LC/M +1=602.62
Benzyl (1S4&R,6e57R,8R,10eR,10R,128R,14R,15R)-8-[(1R)-1,2-

dimethylpropyl]-14-methoxy-15-[[[R)-2,3,3-trimethyl-2-[[(4-

10 methylphenyl)sulfonyllJamino]butyl]oxy]-1,6,6a,7,819,10a,10b,11,12,12a-dodecahydro-
1,6a,8,10a-tetramethyH-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylate
(INTERMEDIATE 12)

and
Benzyl (1S4aR,6a57R,8R,10eR,10R,12&R,14R,15R)-8-[(1R)-1,2-

15 dimethylpropyl]-14-methoxy-15-[[(@-2,3,3-trimethyl-2-[[(4-
methylphenyl)sulfonyllJamino]butyl]oxy]-1,6,6a,7,819,10a,10b,11,12,12a-dodecahydro-
1,6a,8,10a-tetramethyH-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylate
(INTERMEDIATE 13)

KH, 18-crown-6

TsHN A
707 Y
- Intermediate 12

DME, 0C - r.t.
Intermediate 1
* O, OBn
O T
N - Intermediate 13
20 Intermediate 1 (5.00 g, 8.43 mmol), 18-crown-6 {blg, 42.2 mmol), and 2-(1,1-

dimethylethyl)-2-methyl-1-[(4-methylphenyl)sulforjgkiridine (4.51 g, 8.67 mmol) were
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25INTERMEDIATE 8

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2,3-dimethy1-2-
(methylamino)butyl]loxy]-8-[(1 R) - 1,2-dimethylpropy1]-14-methoxy-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2Hphenant
hro[1,2-c]pyran-7-carboxylic acid OBn OOH Step 1 5Sodium hydride, a 60% dispersion in mineral
oil (52 m@ssl;@vnmmxommgdﬁ&ﬂd@r&@hﬁaemm:@fdnammd@ha/éc{&mm 3 ue!) Bingl rmstinhg

iodide (0 81 mL, 13 m nhydrous dimethylfor The suspension was heated in a
50 deoreD B RS B O T e R O A 9GRS AR P bicec,
Aftfr alnoadsdlédlr_t)ala°f;§v@§iﬂamwumw§md@b) mmmwd d&fméﬁ{]ame @ttay?sll mﬁmm\@.ﬂaﬁu%d "
water an ocnlo mL) w ed an e anic erwa eqa wi

wator (4 3 bR CBHHR EUASOARY SR AIREL AL QI BRRRRE AL tr gt DV TR 1o e 2

as ajoanegktlopraras)allowed to Stledieddirh I‘ttMBdKﬁ w@ﬁﬁﬂﬁmwzmmpm R $saddiitibthaVz)( 1306

(s, 3H, NMe)

4 1H, H14): 5.00 and 5.14 H, Ph dd

SN L SR S TR T G R
1.28mmatisr anmra{ddmmdirheﬂnuxbeetbao&o(@ wis mmﬂﬁﬁﬁ@bchdawm ofwereﬁmmuh‘eﬂ doveefloyingN
ammonia cont |n|n ethox eth L) a 73.4m Additional
A moni 2 G018 TR A A HCH AR o B 16 SEHGHEA W ARG Gl Br bR B
minutes. dﬁtcmvmbwddmtbrylczicmmttaaslr(éﬁas&érproﬁh@dmilmgawwbihawsmdmdwmwmma
S O e A RS R e AR ey S T R B R RS A2R e ish A e da O

on Biotage 65i columns (0-100% ethyl acetate/hexasgch resolved the two diastereomeric

products; the faster eluting Intermediate 12 (1&88g) the slower eluting Intermediate 13 (3.09).

INTERMEDIATE 12
'H NMR (CDCk, 500 MHz, ppm) 0.63 (s, 3H), 0.71 (s, 3H) 0.72 (d, 3H,

15 partially obscured), 0.78 (d, J=5.8 Hz, 3H), 0.81J=5.7 Hz, 3H), 0.96 (s, 3H), 1.02 (s, 9H),
1.14-1.3(m), 1.2 (s, 3H), 1.25 (s, 3H), 1.328-(in), 1.92 (m, 1H), 2.04 (m, 1H), 2.12 (m,
1H), 2.41 (s, 3H), 2.52 (m, 1H), 2.72 (d, J=9.0 H4), 2.88 (s, 1H), 2.98 (d, J=10.9 Hz, 1H),
3.25 (d, J=11.2 Hz, 1H), 3.35 — 3.4 (m, 2H), 3.493H), 3.63 (d, J=11.9 Hz, 1H), 3.85 (d,
J=10.8 Hz, 1H), 4.25 (m, 1H), 4.98 (d, J=12.4 H1#),5.12 (d, J=12.4 Hz, 1H), 5.44 (m, 1H),

20 6.89 (s, 1H), 7.25 (d, 2H, partially obscured),27-37.4 (m, 5H), 7.84 (d, J=8.3 Hz, 2H).

INTERMEDIATE 13
'H NMR (CDCk, 500 MHz, ppm) 0.71 (s, 3H), 0.72 (d, 3H, partially obscured),

0.77 (d, J=6.7 Hz, 3H), 0.81 (d, J=6.6Hz, 3H), Q833H), 0.97 (s, 9H), 1.02 (s, 3H), 1.12 -

1.28 (m), 1.14 (s, 3H), 1.24 (s, 3H), 1.34 — 1.6, (68 — 1.8 (m), 1.92 (m, 1H), 2.02 (m, 1H),
25 2.11 (m, 1H), 2.40 (s, 3H), 2.45 (m, 1H, partialscured), 2.77 (d, J=8.2 Hz, 1H), 2.87 (s, 1H),

2.96 (d, J=9.6 Hz, 1H), 3.29 (d, J=11.7 Hz, 1H343- 3.41 (3d, 3H), 3.35 (s, 3H), 3.6 (d, J=11.6

Hz, 1H), 4.25 (m, 1H), 4.98 (d, J=12.3 Hz, 1H),8%(6, 1H), 5.10 (d, J=12.4 Hz, 1H), 5.41 (m,

1H), 7.25 (d, 2H, partially obscured), 7.3 — 7.4 &GH), 7.78 (d, J=5.8 Hz, 2H).
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mL) were added, the aqueous layer was re-extracted with more ethyl acetate (1x50 mL) and the
combined ethyl acetate layers were dried with magnesium sulfate, filtered and evaporated to give

Intermediate 8 as a foam (0.8 g). Selected 1H NMR (CDC13, 600MHz, ppm) 2.64 (s, 3H,
NMe); 3.32 (s, 3H, OMe); 54.22 (m, 1H, H14), 5.57 (dd, 1H, H5). LC/MS m/z (positive ion scan) M+1=
616.60 IN IERMEDIA IES 12 & 13 Benzyl (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-

[(1 R) - 1,2- dimethylpropy1]-14-methoxy-1NTRRMEB B ITEnELhy1-2-[[(4- 10methylphenyesulfonyl]

amino] butyl] oxy]-1,6,6a,7,8,9,10,10a,100 L 42 , 1,64,
8,10a-tetramethy1-4H-1,4a-propano- 30 pHeRndidE. S ENLHESIS) (hoxylate (INIERMEDIATE 12)
and Benzyl @&xgRE85IR, 6551 PRBRIMRRZEDRARARRNE, [HHFS-1,2-

é)t—'()g]ln11egfgﬁciﬁﬁdréa&?%%ﬁ%%%ig)@igg&@%ﬁ%&(ﬁ( Xgethylphenyesulfonyl] amino] butyl]
Inermeclats 13201 orme e 1500 90 B3 minen Ao ctontb (1115 3. 43,2 mmob. and 2-(L.1
Int aje rme : , 8. , 18- - . , 42, , -(1,1-
ety R P R AN L R S 8 AT cissonved i
toluene and concentrated thgg/pla;ced under high vacuum for 1 hour. The resultingo\/OBQ

\
N

. o” Y
_ oK )
Intermediate 1 />< Intermediate 12

18-Crown-6
DMAC

A solution of Intermediate 1 (21.26 g, 35.9 mmaB;crown-6 (11.37 g, 43.0
mmol), and (R)-2-(1,1-dimethylethyl)-2-methyl-1-[(4-methylphenstilifonyl]aziridine (9.59 g,

10 35.9 mmol), in toluene (25 mL) was evaporated unvdeuum to azeotropically dry the reagents.
The resulting oil was dissolved in N,N-dimethylaratde (200 mL) and the solution was cooled
under nitrogen in an ice bath. To the ice coldeti solution was added over a 2 minute period a
solution of potassium 2-methyl-2-butoxide in tolagd.7 M, 25.3 mL, 43.0 mmol). The
reaction was slowly allowed to warm to room tempeeand monitored by TLC. After the

15 reaction was judged complete, the reaction wasapeshwith 2N hydrochloric acid (22 mL),
diluted with dichloromethane (500 mL), and the mietwas washed with water (3 x 300 mL).
The organic phase was dried over magnesium sufitideed, and evaporated to an oil which
was flash chromatographed (silica gel, 5-60% edlogitate:hexane) to give Intermediate 12 as a
white solid (24.04 g).

20 INTERMEDIATE 14
(1S4aR 685 7R,8R,10R,10R, 12 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutylJoxy]-8-[(1R)-1,2-dimethylpropyl]-14-methoxy-1,6,6a,7,8,9,13110b,11,12,12a-
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic

acid
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mixture was dissolved in dimethoxyethane (84 mL) placed under nitrogen atmosphere and cooled to
0C. Potassium hydride (30% dispersion in mineral oil, 3.38 g, 25 mmol) was added and the reaction
evacuated and charged with nitrogen (repeat evac./charge three times). The 5 reaction was allowed to
slowly warm to room temperature and after two hours additional 2-0,1-
dimethylethyl)-2-methy1-1-[(4-methylphenyesulfonyflaziridine (0.43 g, 0,83 mmol) was added. After an
additional hour the reaction was@yerrehed by the addition of methanol followed by 10N a@i HC1. The

reaction mixture was partitioned=bétween ethyl acetate and water and the aqueou ex'asct d with ethyl
acetate as necessarél Th @. organic phasennas dried over §804 10 f
concentrated. The'& it was purified by myltiple flash chrom Byraphie , B tage 65i

columns (07800% ¢ etate/hexane) which resolved the two dial e

eluting Interrmediate 12 (;’L*39) and the slower eluting Intermedlatejge(geOg) 3!\'I1ERMEDIA1E 12 1H
NMR (CDC13, 500 MKz, bpm) 8,0.63 (s, 3H), 0.71 (s, 3H) 0.72 (d, 15partially o %scured) 0.78 (d,
J=5.8 Hz, 3H), 0.81 (d, J=5.7 Hz, 3H), 0.96 (s, 3H), 1.02 (s, 9H), 1.14 - 1.3 (m), 1.2 (s, 3H), 1.25 (s,
3H), 1.32- 1.8 (m), 1.9ArMoNHp, (2102r ¢, 159) n2L.) vvas coryiensad §)ter) Iefeskreauipped aritial aJ=9.0

Hz, 1H), ﬁ?f{ﬁ éﬁ%o%t?@n r‘]ar?rﬁ)ﬁ)mﬁnjr@mrag% rzﬂgl%]]rq) va 498f48%ﬁ%%85.}% ua49 (s,

3H), 3.63(d P92, 1H3, 385 (d. J=10 12.4 Hz, 1H), 5.12 (d,
J 12.4 Hiolmngns 4Ip(th|81$gluzge w@ati@gd ﬁwlwlmﬂaﬂ@mbgem@mammw@gsm 57.84

d, J58.3h514, ?HA am&wga&haﬁégm and the reatis e (AL 200 Y3, B8 0-71 (s,
H, partially o 77

3H) 0.72 (d, scured), 67 Hz, 3H), 0.81 (d, J=6.6Hz, 3H), 0.83 (s, 3H), 0.97
(s, 9H), Tbe (sastipnwes quershay MWJQSCQ{HMlaMl(@TM)am@lfOﬂO@/@ﬁ)bK \gster gnihfhe 92 (m,

1H), 2.0Z4ibAhwas a white slurry. The solvents wergerated by a stream of nitrogen overnight.
After approximately 18 hours methanol (approx. 50nvas added and the resulting white
slurry/partial solution was stirred for about 1(hories to ensure that all solids were in
10 suspension (as opposed to fixed to the flask walh)s mixture was partitioned between ethyl
acetate and water and the aqueous extracted tvilcethyl acetate. The combined organic
phase was dried over Mgga@iltered then concentrated to give Intermediat€9.8 g) as an off-
white solid.
'H NMR (CDs;0D, 500 MHz, ppm}p 0.77 (s, 3H), 0.78 (d, J=7.4 Hz, 3H), 0.81
15 (s, 3H), 0.85 (d, J=6.9 Hz, 3H), 0.89 (d, J=6.8 Bi1), 1.05 (s, 9H), 1.19 (s, 3H), 1.20 (s, 3H),
1.32 (s, 3H), 1.18 — 1.36 (m), 1.4 (m, 1H), 1.48 (i), 1.56 — 1.86 (m). 2.05 (m, 1H), 2.23 (m,
1H), 2.55 (dd, J=13.3 Hz, 6.7 Hz, 1H), 2.71 (s, 1325 (m, 1H), 3.30 (m, 1H, partially
obscured), 3.4 (AB, 2H, partially obscured), 3.43d), 3.67 (d, J=11.9 Hz, 1H), 3.74 (d, J=11.3
Hz, 1H), 3.92 (d, J=11.2 Hz, 1H), 4.24 (m, 1H),5(&, 1H)
20 m/z = 616.34 (M + H)

INTERMEDIATE 16
(1S4eR,6857R,8R,10aR,10R,12&R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
methoxy-15-[[(R)-2,3,3-trimethyl-2-(methylamino)butyl]oxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]1®m-tetramethy#H-1,4a-propan@H-
25 phenanthro[1,2-c]pyran-7-carboxylic acid
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252.11 (m, 1H), 2.40(s, 3H), 2.45 (m, 1H, partially obscured), 2.77 (d, J=8.2 Hz, 1H), 2.87 (s, 1H), 2.96
(d, J=9.6 Hz, 1H), 3.29 (d, J=11.7 Hz, 1H), 3.34 - 3.41 (3d, 3H), 3.35 (s, 3H), 3.6 (d, J=11.6 Hz, 1H),
4.25 (m, 1H), 4.98 (d, J=12.3 Hz, 1H), 5.08 (s, 1H), 5.10 (d, J=12.4 Hz, 1H), 5.41 (m, 1H), 7.25 (d, 2H,
partially obscured), 7.3 -7.4 (m, 5H), 7.78 (d, J=5.8 Hz, 2H). INIERMEDIALE 12 (ALTERNATIVE
SYNTHESIS) Benzyl (1S ,4aR,6aS,7R,8R,10aR,10bR,12aR,14R,15R)-8- R1R)-1,2-
dimethylpropy11-14-methoxy-15-9R288:2,3,3-trimethy1-2-W4- 5methylphenyesu|f0md}<mm|no] butyl]
oxy]-1,6,6a,7,8,9,10,10a,10b,11,X2:12a-dodecahydro- 1,6a, P&
8,10a-tetramethyl- A,{/Hol 4da phenanthr[¥L2-c]pyran-7- cq\ﬂngyla
A solution of Intermedia eo g, 35.9 mmol)pi8-wrewn-6 (11. B79,430
(2R)-2-(1,1- dﬁ%wre Z2n thyl 1-R4-methylphenyesulfonyffRzjridic -

toluene (25 mL)YWas evaporated under vacuum to azeotropically dry fhe reagents The resultlng 0|I
was dissolved in N,N-dimetlyiacetamide (200 mL) and the solution was cooled under nitrogen in an
ice bath. To the ice cold stirred solution was added over a 2 minute period a solution of potassium
2-methyl-2-butoxide in toluene (1.7 M, 25.3 mL, 43 0 mme))oifhe reaction was slowly allowed to warm
to room temperature and monitored by TLC. After the 15 reaction was judged complete, the reaction
was quenched with 2NNayéttochloric acid (22 mL), g |I [
mixture was washed witbmwater (3 x 300 mL) T [} c@ It phase was dried over magnesium sulfate,
filtered, and evaporated to an oil which\yas fteleh/chromatographed (silica gel, 5-60% ethyl
acetate:hexane) to give Intermediate ﬁef; white ‘solid (24.04 g). 20INLERMEDIA 1E 14
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R}eipRE2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1 R)
- 1,2-dimethylpropyl] . , .
-14-methoxy-1,6,6a,7,§,%?i%8¥?1r%?1(?9%{fﬁsapcﬁ)rag)cna ydr (?Lr%l ?g,l%aeg’te ramet%g/fv 2&“1"" ah%?opan
0-2H-phevitintresfh2-afpltha-Tezarmrvimated. |fiesme devdaiXiepeated @te 1de/emaniaddmxaxe
150 mL) n t f i %? 4 %

(approx. %ﬁ%ﬁ(g@orlﬁr% %vlé]agrg d§§e tgv é%ﬁeéé? gégpa Pg/g?)ﬁ%&g &?ﬁ%s&s?é:ljst‘?\gré%\?aasqﬁ& a solution
of inﬁermsrolmemrméllmedmelimﬂe(lz 29) 8553 mmol) in BNL3 mL) was added. Methyl iodide (1.45

mL, 23 mmol) was added and the reaction mixture &eé5°C under nitrogen for 90 minutes.

After cooling to room temperature the reaction waditioned between ethyl acetate and

saturated aqueous bicarbonate. The organic preseashed with brine, dried (Mg®O

filtered and concentrated in vacuo. Column chragaphy (Biotage 40+M column, 5-100%
10 EA/Hex) yielded the product (1.95 g)

The product from Step 1 was subjected to sodium/anmereduction by a
procedure analogous to that described for the paéipa of Intermediate 14. The product thus
obtained was lyophilized from MeOH/benzene to dntermediate 16 (1.4 g) as an off-white
solid.

15 'H NMR (CDsOD, 500 MHz, ppm}p 0.76 (s, 3H), 0.77 (d, 3H, partially
obscured), 0.82 (s, 3H), 0.84 (d, J=6.8 Hz, 3H91@Qd, J=6.7 Hz, 3H), 1.06 (s, 3H), 1.07 (s,
9H), 1.16 — 1.3 (m), 1.15 (s, 3H), 1.22 (s, 3H3 +.1.5 (m), 1.6 (m), 1.64 — 1.84 (m), 1.96 — 2.1
(m, 2H), 2.31 (m, 1H), 2.57 (m, 1H, partially obesd), 2.57 (s, 3H), 2.74 (s, 1H), 2.93 (d, J=8.5
Hz, 1H), 3.35 (m, 1H, partially obscured), 3.3638), 3.41 (br s, 2H), 3.62 (d, J=11.6 Hz, 1H),
20 3.8 (AB, 2H), 4.23 (m, 1H), 5.53 (m, 1H).
m/z = 630.59 (M + H)
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5mmol) in dimethoxymethane (130 mL) and the reaction was refluxed at -33C for 1.5 hours. The
reaction was quenched by the careful addition of methanol followed by water until the reaction was a
white slurry. The solvents were evaporated by a stream of nitrogen overnight. After approximately 18
hours methanol (approx 50mL) was added and the resulting white slurry/partial solution was stirred for
about 10 minutes to ensure that all solids were in 10suspension (as opposed to fixed to the flask wall.)
This mixture was partitioned between ethyl |aceER &8 AREEP@Nd the aqueous extracted twice with

T raedicte 14 (0.5 o PROAY) Ui B R R R A R b e 77 (e 3k O 3e
T 2 B o e
,1.20 (s , S 18- 4 (m . .1.56-1.86 (M m, ,
> 25 (o bt ede % Joa i b2 maa Reeteto(T e b Sortainetiihsr ol
obs@ureq)cpér(édBi-BHe pantiatty DRsclppdn-I448b3k)at6 7 (d, J=11.9 Hz, 1H), 3.74(d, J=11.3 Hz,

1H), 3.92 (d, J=11.2 Hz, 1H), 4.24 (m, 1H), 5.54 (m, 1H) 20m/z = 616.34 (M + H) INIERMEDIALE 16
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15@[(1 R) - 1,2-dimethylpropy11-14-

methoxy-15-[[(2R)-2,3,3-trimethy1-2-(methylamigo)butyfloxy1- o
1,6,6a,7,8,9,10,10a,10b,11¢1Z, 0Ba-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-p
25phenanthro[1,2-c]pyran-Z-caebgxylic acid -OBn e Intermediate 12 :

KH, 18-crown-6 MeO,, @‘

Intermediate 1 o Intermediate 26

pato-2H-

e
Y

DME, 0T - r.t.

Intermediate 1 (0.38 g, 0.641 mmol), 18-crown-608.g, 1.92 mmol), and 1-[(4-
methylphenyl)sulfonyl]-6-oxa-1-azaspiro[2.5]octg0e257 g, 0.961 mmol) were dissolved in
toluene and concentrated then placed under higinwvador 1 hour. The resulting mixture was

10 dissolved in dimethoxyethane (10 mL) placed undeogen atmosphere and cooled to 0°C.
Potassium hydride (30% dispersion in mineral oil,7Q g, 1.28 mmol) was added and the
reaction evacuated and charged with nitrogen (tepeze times). After an additional hour the
reaction mixture was treated with aqueous ammomlloride carefully, and the mixture was
extracted with dichloromethane (2x 20mL). The corall organic phase was dried over

15 MgSQ,, filtered then concentrated. The crude product pified by flash chromatography
(10-50% ethyl acetate/hexane) to yield Intermed2#&t€0.5 g) as a white foam.

'H NMR (CDCk, 500 MHz, ppm)» 0.74 (s, 3H), 0.75 (s, 3H) 0.80 (d, J=6.9 Hz,
3H), 0.84 (d, J=6.7 Hz, 3H), 1.14 — 1.3 (m), 1.493H), 1.26 (s, 3H), 1.32 - 1.8 (m), 1.84 —
1.98 (m), 2 —2.18 (m), 2.45 (s, 3H), 2.47 (m, 1489 (d, J=9.4 Hz, 1H), 2.90 (s, 1H), 3.29 (d,

20 J=9.3 Hz, 1H), 3.35 - 3.45 (m, 5H = C2 MeO+2H%43m, 2H), 3.57 (m, 2H), 3.64 — 3.72 (m,
2H), 3.79 (d, J=10.1 Hz, 1H), 4.20 (m, 1H), 5.0Jd12.1 Hz, 1H), 5.14 (d, J=12.1 Hz, 1H),
5.44 (m, 1H), 5.85 (s, 1H), 7.30 (d, J=9.2 Hz, ZH}2 — 7.4 (m, 5H), 7.81 (d, J=8.2 Hz, 2H).

INTERMEDIATE 28
(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
25 methoxy-15-[[tetrahydro-4-(methylamino)-2H-pyran#methoxy]-
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0 OH e HN EH Intermediate 16 Sodium hydride (60% dispersion in mineral oil, 930 mg, 23
mmol) was washed with hexane and the hexane decanted. This procedure was repeated and the
remaining hexane removed in vacuo. This pre-washed sodium hydride was suspended in DMF (10
mL) and a 5solution of Intermediate 12(2.0 g, 2.3 mmol) in DMF (13 mL) was added. Methyl iodide
(2.45 mL, 23 mmol) was added and the reaction mixture heat at 65C under nitrogen for 90 minutes.

After coaliigyae, 7089, 1%@@@%@&1@2&8&@@&&&@@%@1&@%&&&% acpigbeopatheaurated
aqueous bica at orga as washed with brine, dried (Mg504) filtered and
concentrBLt{Fd1 {B{&EJ)ECCSRX%{] Iﬁrg‘?ﬁ?& Vr'é?péw Biotage 40+M column, 5-100% 10 EA/Hex) yielded
the product (1.95 g) The preduetfrom Step 1 was subjected to sodium/ammgrigreduction by a
procedure analogous to that descrbed for the preparation of Intermediate 14. Thezpfoduct thus

enzéne to giveMatermediate 16 (1.4 g 3 wh| e solid.
151H NMR (CD30D"8b 8 0.76 (s, 35852/ (d, 3H, paflfa ~0.82 (s, 3H), 0.84

(d, J=6.8 Hz, BHY,.0.91.4t), / Hz 3H), 1.06 (s, 3H), 1.07 (TS <5=g."\ m), 1.15 (s, 3H), 1.22
(s, 3H), 1.3-1.5&( )j 1.6 (M), 1.64 - 1.84 (m), 19681 (m, 2H)(2.31 (m, 1H), 2.

57(m, 1H, partially
obscured), 2.57 )s SulA(SikH) 2.93 (d, J=8.5 Hz, 1H), 3.35 (o7, 1H, partially obscured), 3.36 (s,
3H), 3.41 (br s, 2H), 3.62 (d, J=11.6 Hz, 1H), 203.8 (AB, 2H), 4.23 (m, 1H), 5.53 (m, 1H). m/z = 630.59
(M + H) INIERMEDIALE 26 Benzyl (1s,4aR,6a5,7R,8R01\%|3,10bR,12aR,14R,15R)-8- [(1R)-1,2-

Na, NH;
—_—

DME
(Step 2)
0o Intermediate 28
Step 1
5 Sodium hydride (60% dispersion in mineral oil, 8¢,1®.1 mmol) was washed

with hexane and the hexane decanted. This proeedas repeated and the remaining hexane
removed in vacuo. This pre-washed sodium hydride suspended in DMF (1 mL) and a
solution of Intermediate 26 (0.18 g, 0.21 mmolpPiMF (1 mL) was added. Methyl iodide
(0.131 mL, 2.1 mmol) was added and the reactiorturexheat at 60°C under nitrogen for 60
10 minutes. After cooling to room temperature thectiea was partitioned between ethyl acetate
and saturated aqueous bicarbonate. The organse ptes washed with brine, dried (Mg$O
filtered and concentrated in vacuo to give the podd0.18 g, 98%)
Step 2
The product was subjected to the sodium/ammoniactaxh by analogy to the
15 preparation of intermediate 27 then lyophilizedhirteOH/Benzene to give intermediate 28
(0.16 g) as an off-white foam.
'H NMR (CDsOD, 500 MHz, ppm}p 0.78 (s, 3H), 0.79 (d, 3H, partially
obscured), 0.80 (s, 3H), 0.86 (d, J=6.6 Hz, 3H91@Qd, J=6.6 Hz, 3H), 1.21 (s, 3H), 1.18 — 1.42
(m), 1.50 (m, 1H), 1.56 — 1.96 (m), 1.98 (m, 1#2 (m, 1H), 2.08 (m, 1H), 2.10 (m, 1H), 2.26
20 (m, 1H), 2.55 (s, 3H), 2.57 (m, 1H, partially obsal), 2.80 (s, 1H), 2.99 (d, J=8.7 Hz, 1H), 3.31
(s, 3H), 3.43 (s, 3H), 3.58 (m, 2H), 3.68 (d, J¥14z, 1H), 3.82 (d, J=10.5 Hz, 1H), 3.84 —
3.9(m, 2H), 4.02 (d, J=10.7 Hz, 1H), 4.23 (m, 15IK5 (m, 1H).
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dimethylpropy11-14-methoxy-15-[[tetrahydro-4-[[(4-methylphenyesulfonyfl amino]-2H-pyran-4-
methoxy]
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a5propano-2H-phena
nthro[1,2-c]pyran-7-carboxylate Olntermediate 26 Intermediate 1(0.38 g, 0.641 mmol),
18-crown-6 (0.508 g, 1.92 mmol), and 1-[(4- methylphenyesulfony1]-6-oxa-l-azaspiro[2.5]octane
(0.257 g, 0.961 mmol) were dissolved in tolpenerRME DoaTENg2ted then placed under high vacuum for
1 hour. The resulting dj placed der nitrogen
atmosphere and cooled%ﬂ%\géégéhi%d%% qo@i%??%rﬁ&%}eéaﬁmf g “g, 1.28 mmol)
was addadmdymtyapgtrqree[\(mpmgcﬂmdtnpm@wlyvmh nymggrm(fepeat three times). After an
addition g tio with a mmoniy ride careful nd the
ixture 1 R R ol BRGSOV e B B e i SE R el over
15 Mg SQheltiterendfien-cipyrantaiesrbbrglicradil product was purified by flash chromatography
(10-50% ethyl acetate/hexane) to é/le|q) termediate 26 (0.5 g) as a white foam. 1 (CDC13, 500
MHz, ppm) 8 0.74 (s, 3H), 0.75 (s, §¥f) 80 (d, J=6.9 Hz, 3H), 0.84 (d, J=6.7 Hz, 3 4 1.3 (m),
1.19 (s, 3H), 1.26 (s, 3H), 1.3 ), 1.84- 1.98,(m), 2- 2.18 (M), 2.45 (s, 3F 2471 H), 2.89
@@ 2HPR), 3.54 (m,

(d, J=9.4 Hz, 1H), 2,90 (s, ] =9.3 Hz, 1iq),3.35 - 3.45m, 5
2H), 3.57 (m, 2H), 3.64-3.7 79 (d,B1910. ) Hz, 1H), 4120 (miy ) 5.01(d, 3=12.1 Hz, 1H),

5.14 (d, =124 ’H)585(sir|=|)ﬂ%o(dﬂ W7 74(m 5H), 7.81 (d,
J=8.2 Hz, ngp : H  INIERMEDIALE 35Ot \ﬁ?m@ A
(1S,4aR,6a5,7R,8R,10aR, 10BTSERIUR, 15RPEFEPR) - 1,2- |methy|propyﬂ"19fm2%'a‘e 32

methoxy-15-Rtetrahydges-Az(eihytarmate e Pwigh 1 AN athey Ime@®EH.CH,), (0.53 ml, 4.18
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a- gropano 2Hphenant

hrol1,2- El'b‘;ﬂjaﬁ"?rﬁeﬁf%ﬁgl|@:§C'ﬁi'UQ§'§?ﬂ?b§9{Ut'on ofrmtediate 6 (251.7 mg, 0.418 mmol) in 1,2-

dichloroethane (4.2 ml). The reaction mixture &adsazy solution that was heated t6G0

10  After 2.5 hours, LCMS antH NMR showed complete consumption of Intermediatd e
reaction mixture was cooled to room temperatureparttioned between ethyl acetate (75 ml)
and water (40 ml). The aqueous layer was extragtddethyl acetate (2 x 40 ml). The organic
layers were combined, dried over sodium sulfatd,fdiered. The solvent was evaporated under
reduced pressure to give a light yellow residube flesidue was dissolved in methanol and

15 purified using four HPLC runs (~63 mg / run) on@3150 mm Sunfire Prep C18 OBD jith
column by eluting with acetonitrile/water + 0.1%A.FThe total flow rate was 20 ml/min and
the HPLC method employed a 17 minute 20%-100% adete/water gradient followed by a 2
minute acetonitrile flush. The product fractionsrezcombined, the solvent was evaporated
under reduced pressure, and the residue was lyogahirom ethanol and benzene to give

20 Intermediate 32 (146.4 mg) as a white solid (TF®)sa

'H NMR (CDsOD, 500 MHz, ppmp 0.78 (s, 3H, Me), 0.79 (d, 3H, Me), 0.85 (s,
3H, Me), 0.88 (d, 3H, Me), 0.92 (d, 3H, Me), 1.@ll 8H, Me), 1.04 (d, 3H, Me), 1.20 (s, 6H,
2Me), 1.23 (s, 3H, Me), 1.24-1.36 (m), 1.41-1.55,(in59-1.68 (m), 1.74-1.91 (m), 1.96-2.03
(m), 2.09-2.15 (m), 2.18-2.28 (m), 2.55 (dd, 1H3H®R.88 (s, 1H, H7), 3.17 (d, 1H), 3.42 (d,

25 1H), 3.49 (abqg, 2H), 3.78 (d, 1H), 3.80 (d, 1HR13(dd, 1H), 4.17-4.25 (m, 1H, H14), 5.58 (dd,
1H, H5).

Mass Spectrum: (ESiWz = 602.73 (M+H).
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Na, NH3 DME (Step 2) Intermediate 28 Step 1 5Sodium hydride (60% dispersion in mineral oil, 84
mg, 2.1 mmol) was washed with hexane and the hexane decanted. This procedure was repeated and
the remaining hexane removed in vacuo. This pre-washed sodium hydride was suspended in DMF (1
mL) and a solution of Intermediate 26 (0.18 g, 0.21 mmol) in DMF (1 mL) was added. Methyl iodide
(0.131 mL, 2 1 mmol) was added and the reaction mixture heat at 60C under nitrogen for 60 10
minutes. After cooling to room temperature|NiEFRASEOAVES Rartitioned between ethyl acetate and

d bi . i ' ine, dried filtered and
concentrated in vacuo AR 0 FolALIO IS S 30 Lo T subjoeto o
the sodiunnastpiis/esyFsoiiRy)-ammdigyetd ye dsyreparpticriviontermediate 27 then lyophilized
f M ive i late 28 (0.16 f-white f . 1H NMR
(30D B L D Lk oSS DB Tat OABt SRR Joo 6
Hz, 8H), ph@h&atkefl62-tpgtan-TZ-2hisooiis acl@- 1.42 (m), 1.50 (m, 1H), 1.56- 1.96 (m), 1.98 (m,

1H), 2.02 (m, 1H), 2.08 (m, 1H), 2,10 (g, 1H), 2.26 20(m, 1H), 2.55 (s, 3H), 2.57 (W, 1H, partially
obscured), 2.80 (s, 1H), 2.99 (d, J::Eﬁ: Z, 1H), 3.31 (s, 3H), 3.43 (s, 3H), 3.58 (m,};ﬁ)% 68 (d,

J=11.7 Hz, 1H), 3.82 (d, J=10,5Hz, 1), 3.84 - 3.9¢m, 2H), 4.02 (d, J=10.7 Hz 3, AH), 5.55
(m, 1H). INIERMEDJA 1E 82 N, i
iz o BnO H HZN/ K

H,N o ! — ~  HN o .
%ﬂ - BF3OEt, %ﬂ SR
~ Intermediate 14 DCE, 50C ~ Intermediate 33

A suspension of Intermediate 14 (2.98 g, 0.048 nbahzyl carbazate (2.55 g,
0.015 mol) and boron trifluoride etherate (6.15 01048 mol) in 1,2-dichloroethane (50 mL)
was blanketed with nitrogen and heated in %56l bath for 4.5 hours. The mixture was cooled
10 to room temperature, and partitioned between etbgtate (400 mL) and water (200 mL). The
agueous layer was extracted with more ethyl acédate0 mL) and the combined ethyl acetate
layers were dried with sodium sulfate, filtered avaporated to a solid (6.0 g). The solid was
purified by reverse phase HPLC using a 19 x 150%umfire Preparative C18 OBD column.
Fractions containing the product were combinedpesated and freeze-dried from a mixture of

15 ethanol and benzene to give the title compoundTdsfasalt (2.0 g).

INTERMEDIATE 33
(ALTERNATIVE PROCEDURE)
(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-hydrazino-
20 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-

phenanthro[1,2-c]pyran-7-carboxylic acid

Ox,-OH_

Ox-OH_

HyNNH,

H,N o : — H,N o !
%A BF1OEt, \/gﬂ S h
"~ Intermediate 14 DCE, 70C B Intermediate 33
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-11(2R)-2-amino-2,3- dimethylbutylloxy1-8-1(1 R) -
1,2-dimethylpropy11-14-hydrazino-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetram
ethyl-4H-1,4a-propano-2H-phenanthroll,2-clpyran-7-carboxylic acid OOH Benzyl carbazate
(208.9 mg, 1.257 mmol) and BF30(CH2CH3)2 (0.53 ml, 4.18 mmol) were added to a stirred hazy
solution of Intermediate 6 (251.7 mg, 0.418 mmol) in 1,2- dichloroethane (4.2 m1). The reaction

mixture was a hazy solgogpbatiwasnaatEathiedRe .110(Abeg, D0BeUTEhEvisuamy did ARG ewed
complete con tion of Infermediate 6. The reaction mixture cooled to 1o emperature
ooy o AU R R L N R R e
ethyl acataty 2y BRunkkredheitrainie éay argiwers eo MIGDRA, hited@ve heeaInTheliatgaed fbtered.
The solvent was evaporated under reduced pr re to giv ight yellow resjdue. The residue was
iseonrol T IO B R DT T AL AR T Wb e e e e
Pres C19veXBéyapdranechlorapgrg e hiting yw2h iate ety etasit@snil. ] UntilsAtuFhie tose v saiediian
20 ml/mip.and the HPL C method employe 17 minute 20%-100% acetqnitrile/water gradie
Folowo B A DA O AT e 15 BB 3 L oA ACIE A D LAY 40
evaporated padéernthedtmedipeasetigl aoekie kpgios everasdyiep i egpaekiom aihidene!, filtdreenaede to
give 20Intermediat ?2%1%?.4@%? s a white solid (TEA salt). 1H NMR (CD30D, 500
MHz, pp%‘jaé’BT?Ee?s,% SIS (898, 3H, Me), 0.85 (s, 3H, Me), 0.88 (d, 3H, Me), 0.92 (d, 3H, Me),
AP eyl s g gt Lok by e st 2
.59-1.68 (m), 1.74-1.91 (m), 1.96-2, , 2.09-2.15 (m), 2.18-2.28 (m), 2. .88 (s,
1H1P7), MR 2443t '%B‘SFB;%Q@’(QBH,'\Q?)),%%’, Mf§; 3.46 ;?ZH)M%](&’& %ﬁq?H
4. 17-4-%5/@91,, 15 F('é,‘@l—ﬁ-ﬁ%lplﬂ.,ZB%.BE)(-M@&&S%&B;@%(ESBSE@)‘T 92139 erHh). 11DAR2RIIEDIA
1E 33 (1S,4aR.6a5,7R.,8R,10aR,10bR,12aR,14R,15R)-15- IR2R)-2-aminQ-2.3,3-
ety BTy 2 R AT 216 AU Ao 8th A AT R 5. 1A, 1. 258 (d, 1H), 3.38 (@,
1,6,6a,7,8r9,10 403 B i), R AP theadeenhgiso-ldba g toiatianiethylad Hr DA roppre sidmhena
nthro[1,2-c]pyran-7-carboxylic acid OOH A suspension of Intermediate 14 (2.98 g, 0.048 mol),

benzyl carba (2.55 g, 0.015 mol) and boron trifluoride etherate (6.15 mL, 0 048 mol) in

1,23dichloroethane (50viak} wpsdifankei@bnith-ngi@eo guehpated in a 50C oil bath for 4.5 hours.
The mixture was cooled

INTERMEDIATE 34
(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
hydrazino-15-[[(R)-2,3,3-trimethyl-2-(methylamino)butyl]oxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
20 phenanthro[1,2-c]pyran-7-carboxylic acid

HN o | — = HN o ;
%A E BF3OEt, %A CF
"~ Intermediate 16 DCE, 50T B Intermediate 34

Intermediate 16 (700 mg, 1.11 mmol) and benzyl@zalte (554 mg, 3.33 mmol)
were combined then diluted with dichloroethaner{il), then treated with BOEL (1.4 mL, 11
mmol) and this mixture was heated td6Qinder nitrogen. After 1.5 hours moresBEL (1.4
25 mL, 11 mmol) was added. After 4.5 hours the r@actvas cooled to room temperature then
concentratedn vacuo to give a brown slurry. The crude reaction migtuas suspended in

methanol (8 mL) then filtered. The filtrate wagifiad by multiple runs on a preparative LCMS
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10 to room temperature, and partitioned between ethyl acetate (400 mL) and water (200 mL) The
aqueous layer was extracted with more ethyl acetate (4 x 50 mL) and the combined ethyl acetate
layers were dried with sodium sulfate, filtered and evaporated to a solid (6.0 g). The solid was purified
by reverse phase HPLC using a 19 x 150 mm Sunfire Preparative C18 OBD column. Fractions
containing the product were combined, evaporated and freeze-dried from a mixture of 15ethanol and
benzene(EpgiMGOtAeiING AePRIBDUARK 8T InA R IEIR Qrak PN BRMERI AdER3N(AL LEGWATIVE
PROCEDURE (Ils 4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- IR2R)-2-amino-2,3,3-
trimethy MRS AL *RS)-%%’-Jiﬁq“ef?ﬁﬁﬁr%%ﬂ'ﬂ-‘i‘@%&bﬁmﬁnx software). The product
201,6,62568i9A9 i Wlrd kA tiRad ane g ENg- ¢ ekl B eRIVEN ed ok 4A-RRengBpiited
phenanthro[_l,2-C]E)yran-7_-carboxgic acid A suspension of Intermediate 14 (3.0 g, 0.048 mol),

anhydrol@ HYGARRENeRE it (GXLMENGH YN HMARISHAE ethéra@Y%12.36 mL, 0 098 mol) in
1,2-gjichloroethane (2444 NiRv@SRBDKE60 Wit NBREED a7d Segied in7a (83l Egpﬂgqyz hours.

The mixture was cooled to room temperature, methanol (30 m g and water (20 mL) were added and

the mixt?eSSWEL)ePaPorisedHd Qppfddindiile RSN TR LSl (928 B HZaksalutdiés Rleous
sodium bicgghenaig)(4891mk) weie Added, tha)aquessisyayen was r Q'Q@We@%tzrﬁthﬁj%@?r{ﬁ X

40 mL) and the combined ethyl acetate layers were dried with magnesium sulfate, filtered and

evaporattdioZalsol® (3 g2 aH (R RTEDA61F, dokirizZBh{s 9De & B8HSndY) 02730 hHMe),

0.81 (s, %Oﬂgd',\/'ﬁﬁ:?ﬁl(ﬂ’ﬁ%g Mok @&02642,33%'7 1588451 B M8, (&, et A Melyl 2045BH.
Me), 1.25 (s, 3H, Me), 1.23'1.34' (m), 1.41-1. mb 148-1.65 (M), 1.70-1.90 (m), 1.90-2.00 (m),

2.0 02.13?%%;42%-3@1(%9,42(2{9 ; BHPHIB) BI85 (s, 1H, H7), 2.96(d, 1H), 3.38 (d, 1H), 3.40-3.60

(m), 3.49 (br d, 1H), 3.GAéd, IhDctPB9: 3%25,63@@5@@1}@_, 1H), 5.56 (dd, 1H, H5). 15Mass
spectrum: (ESI) raiz = 616.40 (M+H) INIERMEDIALE 34

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR, 14R JAFRIFMEDRA T & . 2edimethylpropy11-14-
hydrazino-15-[[(2R)-2,3,3-trimethy1-2-(methylaming)butylloxy1- i
P tat 8,910,101 0 BRI REHA DRy GO A B R Lk cimat eyl
20phenanyiieldircl Byt aopihexylin agigidnipapeigtendd-ylimethoxy]-

15 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-

phenanthro[1,2-c]pyran-7-carboxylic acid

| I
NH
Bno~ N7 2 2
| H |
HN o > _ HN o >
: BF;0Et,
"~ Intermediate 28 DCE, 50C B Intermediate 36
O O

A solution of Intermediate 28 (1.58 g, 2.57 mmalyichloroethane (25.8 mL)

was treated with benzyl carbazate (1.28 g, 7.7 mtheh BROE® (3.25 mL, 25.7 mmol) and

20 this mixture was heated to 55°C under nitrogenter® hours the reaction was cooled to room
temperature then concentraiad/acuo. The crude product mixture was suspended in metha
(5 mL) and filtered through a sintered glass funniie filtrate was purified by preparative
HPLC (19x100 mm Waters Sunfire colummpund, UV-detection, 30-100% MeCN/water with
0.05% TFA over 20 minutes). The product fractisese combined and partially concentrated

25 Dby rotovap then frozen and lyophilized to give tntediate 36 (800 mg) as a white amorphous
solid (TFA salt).
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MeO,"N"..NH2 | H2N HN BF30Et2 2.1\1" 0 I-11\r DCE, 50cC Intermediate 16 (700 mg, 1.11
mmol) and benzyl carbazate (554 mg, 3.33 mmol) were combined then diluted with dichloroethane (11
mL), then treated with BF30Et2 (1 4 mL, 11 mmol) and this mixture was heated to 50C under nitrogen.
After 1.5 hours more BF30Et2 (1.4 25 mL, 11 mmol) was added. After 4.5 hours the reaction was
cooled to room temperature then concentrated in vacuo to give a brown slurry. The crude reaction
mixture was suspendetHinmethermtB mopthetfiles 0.he ﬁgr@ﬁ)wg%gqafigmbym&qiple runs on a
preparative LCMS %0x100 mm Waters Sunfire column, 5Rm, Electrosré)ray positive detection, 0-100%

MeCN/wERSCHiRD. 8538 (5= &oU}-88 (HinliT8S Wn&hﬁ%@gwﬂx%f% jTAeBritiitirdctans from

were comspjyedandpagiaihy congemiated by sotavan thepdozen, anddyephiiged e Meimwrmadlate
34 (310 mg)_as a white amoéphous solid (TEA salt). S1H NM }_éCDBOD 500 MHz, ppm) 8 0.77 (s

3H), 0.789a3H. farfall Boscdfteas 6 85s 45by, D Bo BB HaRiAly bR (BY 20 B3P 7=3:

3H) 5L. 145, B4, 4 0B (8, 3H), 4.4 (41 3WQml . 2BYs5 $d) iR 3- 1.67 (m), 1.73- 1.90 (m) 1.98 (m, 1H)
2.10 (m, 1H), 2.19 (m, 1H) 2.61 (dd, J=13.4 Hz, 6 5 Hz 1H 2.80 (s, 3H), 2.86 (s, 1H), 2.90 (m, 1H),

3.44 (d, J=11.9 Hz, 1HY12$3SRECHLY: SENF 3680 -3.83 (d, J=11.4 Hz, 1H), 3.94 (d,
10J=11.4 Hz, 1H), 4.04 (m, 1H), 5.57 (m, 1&%@% (ESI) raiz = 630.35 (M+H).
IN IERMEDIA 36 (1S,4aR,6a5,7R,8R,10a 5R)-8- [(1 R) - 1,2-dimethylpropy11-14-

hydrazino-15-Rtetrahydg 466 e a8 10):R R, alzemmmaxa:[(m) 1,2-dimethylpropyl]-14-
151,665, B T s DR Oty d 8 G BN UR TR A el A L e e R R Rty -

10 4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

(0]
O OH O OH
Y CEéNNHz ﬁ Y
PG o o) AN
0 \
HN

BF;OEt,
) DCE, 50C HO” -
: : H
- (Step 1) B
Og, -OH_
H,NNH,
EtOH
(Step 2) HO : A Intermediate 37
Step 1:

Boron trifluoride diethyl etherate (12.3 mL, 97.9nol) was added slowly to a
solution of (154aR,6a57R,8R,10aR, 10bR, 12aR, 14R, 15R)-8-[(1R)-1,2-dimethylpropyl]-15-

15 hydroxy-14-methoxy-1,6,6a,7,8,9,10,10a,10b,11,12d&lecahydro-1,6a,8,10a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid (prodoecmpound from Step 2
in the synthesis of Intermediate 1; 5 g, 9.96 mrant) N-aminophthalimide (1.94 g, 1.20 mmol)
in 1, 2-dichloroethane (112 mL) at room temperaturke reaction mixture was heated
overnight at 50C and allowed to cool to room temperature. Thetiea mixture was

20 partitioned between EtOAc and water, and the layen® separated. The aqueous layer was
extracted with EtOAc. The combined organic layeese dried (Ng50O;) and concentrated
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phenanthro[1,2-c]pyran-7-carboxylic acid OOHOOH _ A solution of Intermediate 28 (1.58 g,
2.57 mmol) in dichloroethane (25 8 mL) was treated with benzyl carbazate (1.28 g, 7.7 mmol) then
BF30Et2 (3.25 mL, 25 7 mmol) and 20 this mixture was heated to 55C under nitrogen. After 2 hours
the reaction was cooled to room temperature then concentrated in vacuo. The crude product mixture
was suspended in methanol (5 mL) and filtered through a sintered glass funnel. The filtrate was

purified ynpeepatibedhhre$s (1OX N0 ruvidViateraslibiskeh omo bt gkibtigteritsh 304100960%

MeCN/water with 0.05% TEA 0 minutes), Th fracti bined and partiall
concont GBS TBIB0G G DB DI Ui R TEAFISHLAE (300 mg) 2t a white

amorphous solid (TEAIBBRIMR (400 MH SNBRDSIR. DEM 7. 2P 86 [ 658 Hi B84)(d, 3,
partially obscured), 0.83 (s, 3?&] 0.88 (d, J=6.6 Hz, 3H), 0.92 (d, J=6.8 Hz, 3H), 1.20 g( 3H), 1.23 (s,
B 1 2D BEIdb Skt LI 2GRdn1012 b0 HY SAcklE L1\ Haptokiz Xl 13,0811 7
Hz, 8H), 344 B)67 0o (dih13.68 -8.82 (12, 2H)) 2.26 (82 1m7 2618 Br8b 1350 "By 9%Ed,
1H),4.04 - 4.14 (m, 2H), 5.60(m, 1H). Mass Spectrum: (ESI) raiz = 630.54 (M+H). INLIERMEDIA 1E 37
(L AR SR BR 4 OArS 20uR, ok A8 e el RS bl o DBl AU 69, 5.5,

hydrazing-48-Rygmoxy-5.6:66:1-8.86 1871 Qa1 91581, Bo82ardadgyahydro-1,6a,8,10a-tetramethyl104H-
1,4a-propano-2H-phenanthro[ 1, 2- c]pyran-7- carboxylic acid Step 1: Boron trifluoride diethyl etherate
(12.3 mL, 97 9 mmol) ded slowly to a solution of

(1S,4aR,6a5,7R,8R, 1¢aRi&Rh FRefokdRrdfR)8 -1 RB T Aeite it serididiStion of the
10 product from Step 1 (4.16 g, 6.58 mmol) in EtOHQ1dL) at room temperature, and the
reaction mixture was stirred overnight. The reactixture was poured into a mixture water
(ca. 200 mL) and EtOAc (250 mL), and saturated agséNaCl (100 mL) was added to generate
a white precipitate. The solid was collected bgtisun filtration, washed with water, and dried
on the funnel. The remaining water was removeduaporation with methanol under reduced
15 pressure. Excess solvent was remawegcuo to provide Intermediate 37 (3.24 g, 100%) as a
white solid.
'H NMR (400 MHz, CROD) 5 0.70 - 0.81 (m, 12 H) 0.84 (:6.64 Hz, 3 H)
0.91 (d,J=6.78 Hz, 3 H) 1.24 (d}=13.76 Hz, 19 H) 1.98 - 2.13 (m, 2 H) 2.28 - 2.85 { H)
2.38 (dd,J=13.40, 6.37 Hz, 1 H) 2.73 (s, 1 H) 3.144d9.47 Hz, 1 H) 3.35 (dI=11.67 Hz, 1 H)
20 3.46 (s, 2 H) 3.62 (ddd=11.62, 9.54, 6.32 Hz, 1 H) 3.70 11.71 Hz, 1 H) 5.55 (dI=5.71
Hz, 1 H).

INTERMEDIATE 38
(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-15-
hydroxy-14-[5-(4-pyridinyl)-H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11]1P2-
25 dodecahydro-1,6a,8,10a-tetramethid-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic

acid, (4-methoxyphenyl)methyl ester
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IShydroxy-14-methoxy-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-
4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carboxylic acid (product compound from Step 2 in the
synthesis of Intermediate 1; 5 g, 9.96 mmol) and N-aminophthalimide (1.94 g, 1.20 mmol) in 1,
2-dichloroethane (112 mL) at room temperature. The reaction mixture was heated overnight at 50C
and allowed to cool to room temperature. The reaction mixture was 20 partitioned between EtOAc and
water, and the layers were sgpajated. The aqueousolayer was extractedAvith EtOAco\bem:omblned

organic layers were dried (Na 94) and conc d_under reduced pressure. The residue was
purified by flash chroma ' Hon WItf‘NO- O%'\'Eto,&'c in hep [ TOYUCT 416 g,
66%) as a aler\y ' ' NMR (400 MHz, DAVZ: (m; 9 H) 0.86
(d, J=6.69 2, 3 , 3=6.78 Hz, 3 H) 1.20 (d, J=15.72 Hz, 20 H) =17.67 Hz, 1 H) 2.10

(d, J=12.89 BHd?, 1) 220 (dlt, J= 1361 6.84 P95 2.29 (dd, J=1857,649Hz, 1 H) 2.85 (s, 1 H)
3.26 (d, J=9.52 Hz,1 1) 3/8 r@e?arf’) 42 (s, 2 ¥Bt&pa9 (d, J=11.67 Hz, 1H)405(ddd J=11.69, 9.49,
6.49 Hz, 1 H) 5.47 (d, J=5.86 Hz, 1 H) 7.58 - 8.08 (m, 4 H). Step 2: Hydrazine monohydrate (13 mL,
267 mmol) was added to a solution of the 10 product from Step 1(4.16 g, 6.58 mmol) in EtOH (140 mL)
at room temperature, and the reacgoniinixture avaswstiteed overnight. The reaction mixture was poured
into a mixture water (ca. 200 mL) tOAC (250 mL) and saturated aqueous NaC1 (100 mL) was
added to genefdf&® white pre Fp\\;@;he i

and dried on thefuppel. The r sun ngdvater was removed by evaporation with methanol under
reduced 15pressure Excess solve oved in vacuo to provdaeMﬁter‘HB‘EHéfféy%e?”@ 24 g, 100%)
as a white sofig'eP 2) HO"TR/NIMR (400 MHz:.=D30D) 8 0.70- 0.81 (m, 12 H) 0.84 (d, J=6.64
Hz, 3 H) 0.91 (d, J=6.78 Hz, 3H)124(d J=13.76 Hz, 19H)198 2.13(m,2H) 2.28-2.35(m, 1 H)
2.38 (dd, J=13.40, 6.33tdp,1: H) 2.73 (s, 1 H) 3.14 (d, J=9.47 Hz, 1 H) 3.35 (d, J=11.67 Hz, 1 H)

D INIERMEDIALE agt Sotationgury8fnsdalar et ) ds Tty o-°° (¢ 4= 7 He 4
R1R)-1,Adiimetiytpropy ihetbyligemekyylidie-(depybiokayhjder6 12 Zitiauniel)yyii-HOAC (100 mL)
a,7,8.9,10,10a,10h,

PR A e gae fishad i irooen. Jhg PeRS e RlRe HIYSS BiRGRER ALEES dic

h. The solution was allowed to cool to room terapge, and the acetic acid was removed under

reduced pressure. The residue was partitioneddeet\&tOAc and saturated aqueous NaklCO
and the layers were separated. The aqueous lageextracted with EtOAc. The combined
organic layers were washed with saturated aquea, dried (NaS(O,), and concentrated
10 under reduced pressure. The residue was purifi¢ih&h chromatography, elution with 0% -
10% MeOH in CHCI,, to give the product (2.71 g, 68%) as a whitedsoli
'H NMR (400 MHz, CROD) & ppm 0.74 - 0.83 (m, 9 H) 0.87 (#6.69 Hz, 3
H) 0.91 (d,J=6.78 Hz, 3 H) 1.08 - 1.72 (m, 15 H) 1.71 - 2.0Q &) 2.06 - 2.26 (m, 3 H) 2.26 -
2.42 (m, 1 H) 2.85 (s, 1 H) 3.41 (#11.81 Hz, 1 H) 3.45 - 3.57 (m, 2 H) 3.72 - 3.93 pH)
15 5.48 (d,J=5.66 Hz, 1 H) 5.62 (ddd=11.68, 9.82, 6.47 Hz, 1 H) 7.90 - 7.93 (m, 2 H)1§(s, 1
H) 8.74 (ddJ=4.61, 1.49 Hz, 2 H).
Step 2:
To a solution of the product from Step 1 (2.71.¢04mmol) in DMF (30 mL)
was added potassium carbonate (12.0 g, 88.0 mmaol¥-anethoxybenzyl bromide (0.64 mL,
20 4.40 mmol). The mixture was stirred at room terapge overnight. The reaction mixture was
poured into water (ca. 300 mL) and extracted wilDAc. The combined organic layers were

washed with saturated aqueous NaCl, drie¢g$08), and concentrated under reduced pressure.
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acid, (4-methoxyphenyl)methyl ester PMB = 4-methoxybenzyl Step 1: A solution of Intermediate 37
(3.24 g, 6.45 mmol) and N-R1E)- (dimethylamino)methylidenelpyridine-4-carboxamide (1.26 g, 7.10
mmol) in HOAc (100 mL) 5was evacuated and flushed with nitrogen. The solution was heated under
nitrogen at 90 C for 1 h. The solution was allowed to cool to room temperature, and the acetic acid
was removed under reduced pressure. The residue was partitioned between EtOAc and saturated

aqueousWaH@@:a;@ﬂ&&pdﬂﬁ@&byer@sﬁew@MOﬁf@pm@Wﬁﬂawymzs RIG@ELGE @HDISOAC. The
combined. or anlc géeév Iihe?ﬁﬁ%}satura us NaCl, dried (Na2504), and
concentr%é% § & RS RYal purlfled by flash chromatography, elution
with 0% - 10% MeOH IWQJ@o@ 1giMe tb@@p@t@v@@bg?wfﬂzﬁsswbltms@]da 78 Hz, 3 H)

1H NMR (400 MHz, CD30 % H?&)fﬁ%(ﬁj 3 0.83(m, 9 H%O .87 (d, J=6.69 Hz, 3 H) 0.91 (d, J=6.78 Hz, 3

H) 1.08- 9-95 (3599 Hz7 8642 3y ﬁ}jé% L9, 4 bH5 (2,288 41
(d, I511.8 k2,50 3=62273-f! {"H)2H13921-13) B4R 1) ﬂ§51£f81(¢-l 33:543@5"'2 H) )42, (dg4),
J=11.68,9.82, 6.47 Hz, 1 H) 7.90 -7.93 (m, 2 H) 8.11 (s 8.74 (dd, J=4.61, 1.49 Hz, 2 H). Step 2:
Toa ot i B L 08 0] 527 Sinch b e (oDP s Tekdis oo
carbonatg=(1L gbd- 2810HN MY @dﬂEiE’rGBQ#iOEYH?'SZYBt{[@Iﬂ[F@&‘@ AL 201 4-AGrem ad=4T B2 PFiXtZre

was stirreq at room temperature overnight. The reaction mixture was poured into water (ca. 300 m
and extraStddanif 2T Tize 26 gl'r?égd@%a‘}*lé“la}edrg Wére WBshdf (et é@t@rgt%@déqé@&'u% RIaCl,

dried (Nap04), and concentrated under reduced pressure.

10 EXAMPLES
Unless otherwise indicated, compounds describédeifiollowing examples
which contain a basic amine group were isolatettifagoroacetic acid salts. Thus, where
applicable, reference to a reaction "to give ttle tompound " or "to provide the title
compound”, "to give" a particular Example Numbéit/é' compound was prepared”, and similar
15 language, refers the title compound as a TFA satdinversion to the parent free amines may be
accomplished by standard methods known in theeagt Geutralization with an appropriate
inorganic base such as NaHgOOther desired amine salts may be prepared¢ongentional
manner by reacting the free base with a suitalgaroc or inorganic acid. Alternatively, a
desired amine salt may be prepared directly froenttifluoroacetic acid salt by employing an

20 appropriate ion exchange resin.

EXAMPLE 6 (PROCEDURES)

(1S4eR,6857R,8R,10aR,10R,128R,14R,15R)- 15-[[(2R)-2-amino-2,3-

25 dimethylbutyl]loxy]-14-(3-bromatH-1,2,4-triazol-4-yl)-8-[(R)-1,2-dimethylpropyl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]1®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid (EXAMPLE)6

and
(1S4eR,6857R,8R,10aR,10R,128R,14R,15R)- 15-[[(2R)-2-amino-2,3-

30 dimethylbutyl]oxy]-14-(5-bromatH-1,2,4-triazol-1-yl)-8-[(R)-1,2-dimethylpropyl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]1®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid (EXAMPLB)6
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The residue was purified by flash chromatography, elution with 0 - 10% MeOH in CH2C12, to give
Intermediate 38 (2.60 g, 80%) as a white solid. 1H NMR (400 MHz, CDC13) 8 0.71
(d, J=7.17 Hz, 6 H) 0.78 (d, J=6.78 Hz, 3 H) 0.81 (d, J=6.69 Hz, 3 H) 0.87 (s, 3 H) 1.04- 1.57 (m, 11 H)
1.68-1.92 (m, 4 H) 1.97- 2.28 (m, 53 H) 2.59 (d, J=5.27 Hz, 1 H) 2.81 (s, 1 H) 3.41 (d, J=12.15 Hz, 1
H) 3.44 (s, 2 H) 3.79 (s, 3 H) 3.89 (d, J=12.01 Hz, 1 H) 4.04 (dd, J=9.37, 5.27 Hz, 1 H) 4.86 (d,
J=11.96 Hz, 1 H) 5.034AdJ=11.96 Hz, 1 H) 5.28 (d, J=5.66 Hz, 1 H) 5.73 (td, J=10.30, 7.17 Hz, 1 H)

6.85 (g, J=4.82 Hz, 2 H) 7.25 (d, J=8.74 Hz 7,75 (dd. _J=4.54, 1 4 2 H) 7.98 (s, 1 H) 8.74 (d,
J=5.86 Hz, 2 H). 10E>4ié%ﬂ§§§' 6% 'i%%%iéﬁ;]%%ggdg@ggéﬁ B8rmine following
examplediwittyonidiong] bpsiCaniradgrouvetedsolatey a8 [(iR)Qroadietistagigrepld)- Thus, where
applicable, referenc eaction "tg give the tjitle compaoynd” or "to rolyeiaﬁtire title compoynd", "to
give" a pirﬁéﬂa?%éﬁp?eéﬂrmg}iﬁ&%%rﬂ%éﬁﬁ%@oé r &rarﬁ% (Fhirer BRI , refers the
title sompoendmth@[IEAGpilr dPenvrigiorictheipdEXAVERL@Ynes may be accomplished by standard
methods known in the art (e.g. neutralization with antppropriate inorganic base such as NaHCO?3).
Other desired amine salts may beoﬁgef[?glged in a conventional manner by reacting the fr€e base with a
suitable organic or inorganic acid, Akernatively, a Jegired amine salt pfay be pre pared directly from the
trifluoroacetic acid salt by e 20appropriage ion exchagge resimn, k @@

MeO,,, SN i 4]
(PROCEDURES) ,6a5,7R,8R,;10aR;10bR, 123R 147 15

[RZR)-Z-amin?w?mé,}\% ikt utylioxy1-14-(3-m4H-1%uaz ~4:Y1)<8-R1R) -
1,2-dimethyl yik S H DCE, 50C B
1,6,6a,7,8,9,10,10a,10b,11.12 123-dodecahydro-1,6a,8,10a-tetr methyl-éH-l 4a Rropano-ZH-
phenanthro,2pyran-7-carboxylic acid (EXAMPI F 6A) and =
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [R2R)-2-amino-2,3-
30dimethylbutylioxy1-14-(5-bromo-/H-1,2,£tia208]-1-y1)-8-R1R)-1,2-dimethylprop{ik,CH_
1,6,6a,7,8,9,10,10a,10b,11,12 d2a-dodecahydro-1, 8,10a-tetladﬂethy1-4H-éL,a—prpﬁa?o-Z -

Pl e DIV

\

henanthro,2pyran-7-carboxylic aci
p py b@?ﬁ/}ﬁ% 0

N

EXAMPLE 6B EXAMPLE 6C

3-bromo-1H-1,2,4-triazole (32.1 mg, 0.217 mmol) &k OEL (54 ul, 0.426
mmol) were added to a stirred solution of Intermagsl6 (26.0 mg, 0.043 mmol) in 1,2-

10 dichloroethane (0.43 ml). The reaction mixture &aight yellow solution that was heated to
50°C. After 1.75 hr, LCMS antH NMR showed complete consumption of Intermediatd be
reaction mixture was cooled to room temperature stilvent was evaporated, and the resulting
residue was placed under high vacuum. The resudgadissolved in methanol and separated
using a single HPLC run on a 19 x 150 mm SunfiepR218 OBD 1Qum column by eluting

15 with acetonitrile/water + 0.1% TFA. The HPLC fracts containing the fastest eluting
regioisomer were combined, the solvent was evapdnatder reduced pressure, and the residue
was lyophilized from ethanol and benzene to giveARIRLE 6A (3.6 mg) as a white solid. The
HPLC fractions containing the second eluting respaorer were combined, the solvent was
evaporated under reduced pressure, and the resatuophilized from ethanol and benzene to

20 give EXAMPLE 6B (13.1 mg) as a white solid. TheltdPfractions containing the slowest

eluting regioisomer were combined, the solvent exaporated under reduced pressure, and the
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and (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-
dimethylbutylloxy1-14-(3-bromo-1H-1,2,4-triazol-1-y1)-8-[(1 R) - 1,2-dimethylpropyl]- 1,6,6a,7,8,9,
10,104, 10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H5
phenanthro[1,2-c[pyran-7-carboxylic acid (EXAMPIF 6C) EXAMPLE 6A

3-bromo-1H-1,2,4-triazole (32.1 mg, 0.217 mmol) and BF30Et2 (54 p1, 0.426 mmol) were added to a
stirred sokgidnehatayvetinted ftomkinandlGrimealpigike’E XAt Geh@e gt dsnd white
reaction mixture was a light yellow solution that was heated to 50C. After 1.75 hr, LCMS and 1H NMR
showed cOiplete consumption of Intermediate 6. The reaction mixture was cooled to room
temperature, the solvent was evaporated, and the resulting residue was placed under high vacuum.
The residue was dissaofedNMPpEtBANOl and separated using a single HPLC run on a 19 x 150 mm

actions containing the 1AAEL GROACAPteRBger ALY DorRmess (D Soilel s EuABlefbi e

T el oo i prhe o

combia b1l shRv A R PRt S Doty Wbk i rebr b G et et o

ethan_ol_ qm,t@naenem(ap_,mqhm@ UEl,G]EB-I(Hl:BmW whitel sati@4Tse HHP LT fraguon@l, 1H),

C g A b o 1999 B IR, 176,56 T 5 £ AP B9 Mkt fgeshipe
10 m 1H, H14), 9.29 (broad s, 1H, triazole).

Mass Spectrum: (ESiwWz = 717.32 (719.32) (M+H).

EXAMPLE 6B:
'H NMR (CD;OD, 600 MHz, ppmp 0.75 (s, 3H, Me), 0.76 (d, 3H, Me), 0.79 (d,
15 3H, Me), 0.83 (d, 3H, Me), 0.84 (d, 3H, Me), 0.833H, Me), 0.89 (d, 3H, Me), 0.91 (s, 3H,
Me), 1.13 (s, 3H, Me), 1.19 (s, 3H, Me), 1.22-1(8%, 1.39-1.43 (m), 1.46-1.56 (m), 1.58-1.64
(m), 1.72-1.95 (m), 2.09-2.21 (m), 2.30 (dd, 1H3H®R.83 (s, 1H, H7), 2.85 (d, 1H), 3.48 (d,
1H), 3.48 (d, 1H), 3.54 (dd, 1H), 3.60 (d, 1H),8(8, 1H), 3.95 (d, 1H), 5.47 (dd, 1H, H5),
5.71-5.77 (m, 1H, H14), 8.10 (s, 1H, triazole).
20 Mass Spectrum: (ESiWz = 717.32 (719.32) (M+H).

EXAMPLE 6C:

'H NMR (CDsOD, 600 MHz, ppm} 0.76 (s, 3H, Me), 0.77 (d, 3H, Me), 0.82 (d,
3H, Me), 0.85 (d, 3H, Me), 0.86 (s, 3H, Me), 0.86 3H, Me), 0.89 (d, 3H, Me), 0.92 (s, 3H,

25 Me), 1.16 (s, 3H, Me), 1.20 (s, 3H, Me), 1.22-1(89, 1.39-1.44 (m), 1.48-1.65 (m), 1.76-1.96

(m), 2.11-2.22 (m), 2.41 (dd, 1H, H13), 2.72 (d) 184 (s, 1H, H7), 3.47 (d, 1H), 3.50 (d, 1H),
3.52 (dd, 1H), 3.58 (d, 1H), 3.72 (d, 1H), 3.91%H), 5.48 (dd, 1H, H5), 5.51-5.57 (m, 1H,
H14), 8.52 (s, 1H, triazole).

Mass Spectrum: (ESiWz = 717.32 (719.32) (M+H).

30
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residue was lyophilized from ethanol and benzene to give EXAMPI F 6C (5.8 mg) as a white solid.
EXAMPLE 6A: 51H NMR (CD30D, 600 MHz, ppm) 6 0.76 (s, 3H, Me), 0.76 (d, 3H, Me), 0.81 (d, 3H,
Me), 0.84 (d, 3H, Me), 0.85 (d, 3H, Me), 0.88 (s, 3H, Me), 0.89 (d, 3H, Me), 0.94 (s, 3H, Me), 1.16 (s,
3H, Me), 1.20 (s, 3H, Me), 1.22-1.35 (m), 1.40-1.44 (m), 1.46-1.65 (m), 1.73-1.96 (m), 2.11-2.22 (m),
2.43 (broad dd, 1H, H13), 2.79 (broad d, 1H), 2.84 (s, 1H, H7), 3.49 (d, 1H), 3.53 (d, 2H), 3.60 (d, 1H),
3.73 (broad d, 1H), 3.94 (d, 1H), 5.5@¢ddMEH.EHE), (IVEER ME(Dragg LOm, 1H, H14), 9.29 (broad s,
1H, triazole). Mass Spectrum: (ESI) raiz = 717.32 (719.32) (M+H). EXAMPLE 6B: 1H NMR (CD30D,

600 MHz, ppm) 6 0.75((s;, 24, 648)7F) 8F6 { dR3 HOMAe) 2 R/ 331G -NI@RPBArtih 814, 3v), 0.84 (d, 3H,
Me), 0.88 (s, 3H, Me). 0.89 (d, 3H, Me), 0.91 (s, 3H, Me), 1.1 H, Me), 1.19 (s, 3H, Me), 1.22-1.34
(m), 1.3drmftwﬁngw?s@(%%ﬁ%—i&% ti'ai@&ébﬁ}ﬁ%ééwé%ﬁw@é%p@i 1H, H13),
2.83(s, 116,66)7,8,851( 1 061 GodBl(d2 11 2k-dlddechHyd) 081 3@ e riihe (huabi(d, 4dproRh@H1H), 3.95
(d, 1H), 5.47@(%1 1 I—é|5% 5.71-5.77 ‘ 1H, H14), 8.10 (s, 1H, triazole). 20Mass Spectrum: (ESI) raiz
= 717327055y Ak £ RY AN [@EREIE acd” 1 R (CD30D, 600 MHz, ppm) 6 0.76 (s, 3H,
Me), 0.77 (d, 3H, Me), 0.82 (d, 3H, Me), 0.85 (d, 3H, Me), 0.86 (s, 3H, Me), 0.86 (d, 3H, Me), 0.89 (d,
3H, Me), 0.92 (s, 3H, 25Me), 1.16@@&4, Me), 1.20%s, 3H, Me), 1.22-1.34 (m), 1.39@1\\44)+(|m),
1.48-1.65 (m), 1.76-1.96 (m), 2.11-2.22m), 2.4%4dd, 1H, H13), 2.72 (d, LH), 2.84 (s, 1H, H7), 3.47 (d,

1H), 3.50 (d, 1H), 3.52 (dd, 358+d ,S.ﬂﬁ\d‘le,3.9l d, ,[5.48 dd HS), 5:51-5.57
)()(_ &)(%((

ass Spectruni (ESI) raiz = 7 14739132 30

H2N 8 BF30Et2 H2N
O - O 15 Y =
:H DCE, 50C S H

Intermediate 14

10 By a procedure analogous to that described in El@Bdut starting with
Intermediate 14, the title compound was preparedismiated as a white solid.
'H NMR (CD;OD, 500 MHz, ppmp 0.77 (d, 3H, partially obscured), 0.77 (s,
3H), 0.86 (d, 3H, partially obscured), 0.86 (s, 98190 (d, 3H, partially obscured), 0.90 (s, 3H),
0.93 (s, 3H), 1.15 (s, 3H), 1.21 (s, 3H), 1.22674(m), 1.78 — 1.98 (m), 2.14 (m, 1H), 2.19 (m,
15  1H), 2.32 (dd, J=13.5 Hz, 6.4 Hz, 1H), 2.84 (s, 1491 (d, J=10.1 Hz, 1H), 3.51 (d, J=11.8 Hz,
1H), 3.56 (dd, J=11.7 Hz, 1.9 Hz, 1H), 3.62 (d,161Hz, 1H), 3.65 (d, J=9.8 Hz, 1H), 3.93 (d,
J=9.8 Hz, 1H), 3.99 (d, J=11.9 Hz, 1H), 5.49 (m),15478 (m, 1H), 8.08 (s, 1H).
Mass spectrum: (EShwz = 733.58, 735.57 (M+H).

20 EXAMPLE 37

(1S4aR,6857R,8R,10aR,10R,12&8R,14R,15R)- 15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminogrbonyl]1H-
1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,PA-Hodecahydro-1,6a,8,10a-tetrametiyh

25 1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid (EXAMPBEC)
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EXAMPLE 11 (INTERMEDIA1E) (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[R2R)-2-amino-2,3,3- trimethylbutyll
oxy1l-14-(5-bromo-M-1,2,4-triazol-1-y1)-8-[(1R)-1,2-dimethylpropyl]-
51,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
phenanthro[1,2-c[pyran-7-carboxylic acid 10By a procedure analogous to that described in Example
6, but starting with Intermediate ©4, the title compoung,was prepared afd isplated axa aite solid.

1H NMR (CD30D, 500 MHz, ppm) 8 6.77 (d, 3H,mpartially gbscured), 0. ﬁ ~3H), 0:86 (d,Z3H, partially
obscured), 0.86 (s, 9H), 0.90 partially obsc red)N0.90 (s, 3H%=0.934(s, 3H), 1715Ys, 3H), 1.21

(s, 3H), 1.22- 1.67e@n]
1H), 2.84(s, AH), 2.91

18, zZ,6.4 Hz,
.7°Hz, 1.9 Hz, 1H),

Q
O

1

,2.14 (M 1A, 2.15 (m, 15 M), 8. "-\.
1 dd @

Hz, 1H), 3.51 (dyJ511.8 Hz,, 1K), 3.56 (dd).
(d, J=9.8 Hz, 1H), 3.93 (d J=9.8 iz{ﬁo 99 (@,

.6 =11.9 Hz, 1H), 5.49

3.62(d, J=11.6/z, H),; C

(m, 1H), 5.7@@H), 8.08 (s, 1H). Mass spectrufi™(ESI) raiz = 33.58, 735.57 (M+H). 20EXAMPLE
37 (1S,4aR,6a5,7R,8RMOARIRGBIR, 12aR, 14R,15R)-15- [R2R)-2-amino-2,3:S8MeBthylbutylloxy1-8-
R1R)-1,2-dimethylpropylk 14- [5- [ [(1-methylethyl)amino]carbonyll -1H-

1,2,4-triazol-1-y11-1, 7,8,9,10,10a,10b,13,1212a-dodecahydro-1,6a,8,10a-tetrametyl-4H-251,4a
-propano-2H-phenanthroH Z2-C[pyran-7-carboxylic acid (EXAMPLE 37 I'\rll ediate 6JSOMER A

10

15

20

N— H
N1 <\N/N,,_14

HyN - H,oN !
: -, O Tz 2 e =
“ : H % : H

ISOMER B EXAMPLE 37C
N-(1-methylethyl)-1H-1,2,4-triazole-3-carboxamid (0 mg, 0.272 mmol) and

BF;OE®L (68 ul, 0.537 mmol) were added to a stirred solutiomntérmediate 6 (32.6 mg, 0.054
mmol) in 1,2-dichloroethane (1.0 ml). The reactioixture was a pale yellow solution that was
heated to 5tC. After 4.5 hr, LCMS anH NMR showed about 75% conversion of Intermediate
6 to a mixture of the three triazole regioisomar€34. After 4.75 hours, additional BPEDL

(30 ul, 0.237 mmol) was added to the reaction mixtukéier 6 hr, the reaction mixture was
cooled to room temperature, the solvent was evagahrand the resulting residue was placed
under high vacuum. The residue was dissolved itham®| and separated using a single HPLC
run on a 19 x 150 mm Sunfire Prep C18 OBDut®column by eluting with acetonitrile/water +
0.1% TFA. The total flow rate was 20 ml/min and thPLC method employed a 12 minute
20%-100% acetonitrile/water gradient followed by minute acetonitrile flush. The HPLC
fractions of the fastest eluting regioisomer wesmbined, the solvent was evaporated under
reduced pressure, and the residue was lyophilioed &thanol and benzene to give Isomer A
(4.3 mg) as a white solid. The HPLC fractionshef second eluting regioisomer were
combined, the solvent was evaporated under reduessdure, and the residue was lyophilized
from ethanol and benzene to give Isomer B (2.5 asg@ white solid. The HPLC fractions of the
slowest eluting regioisomer were combined, theediwas evaporated under reduced pressure,
and the residue was lyophilized from ethanol antzbee to give EXAMPLE 37C (10.5 mg) as

a white solid.
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ISOMER BEXAMPLE 37C N-(1-methylethyl)-1H-1,2,4-triazole-3-carboxamide (42.0 mg, 0.272
mmol) and BF30Et2 (68 p1, 0.537 mmol) were added to a stirred solution of Intermediate 6 (32.6 mg,
0.054 mmol) in 1,2-dichloroethane (1.0 m1). The reaction mixture was a pale yellow solution that was
5 heated to 50C. After 4.5 hr, LCMS and 1H NMR showed about 75% conversion of Intermediate 6 to
a mixture of the three triazole regioisomers at C14. After 4.75 hours, additional BF30Et2 (30 p1, 0.237
mmol) was added to tiEXxamMPIDE BWgure. After 6 hr, the reaction mixture was cooled to room
temperature, the solvep nd the resu re was pl igh vacyu

The residue was dlssolbugﬁar@ﬁéﬁé %93’4\4!3%&88“% E}QZ; #&b ﬁﬁfcﬁéj @2%%5&% am
Sunfire P3eip 4R @BD ($03rmMel) 0186y ¢IBH IIhcageBH|tNie)veies tH).3fg Mef 0T (aradHiow
rate was 20 .m}/min ang the HPL C methgd employe mjnute, 20%-100% acetonitrile/water
gradient @ﬂbvdergéo a%imﬁﬂ%leﬁaégzg%gﬁb YN .Xéﬁ?#ﬁ(f{f%gcﬂ%néﬁbf%ﬁf&&&léﬁ‘ﬁ@i&é ner
weré combime@n Yhe. $0He58 \(ra), avepdrasdm)der Ui @ aressas: (mnd2tid ekiduel W&Eﬁ)/@ﬁﬂized

cotond G Hcal R b A o e e b Tl (R L o3 GGt anc

the readBﬂ)Wﬁ:’k lyep)hiizasd4rRen(rtharoIGOMN Oeh)zenst(dgly &1 508161 B @95 mg) Fs lahjte.80lid, The
HPLC fr s of fh)wg Ege@ ti%\%@%oisomer were combined, the solvent was evaporated under
reduced G NPt philized from ethanol and benzene to give EXAMPLE 37C
(10.5 mg) as 20a whitéviealglS feSAMRLE SHz = 724.35 M+NDMR (CD30D, 500 MHz, ppm) 6 0.78 (s,
3H, Me), 0.79 (d, 3H, Me), 0.81 (d, 3H, Me), 0.82 (s, 3H, Me), 0.86 (d, 3H, Me), 0.88 (d, 3H, Me), 0.89
(s, BB, Me), 0.92 (d, 3H, Me), 1.16 (s, 3H, MeEXARIA.BB8Me), 1.24-1.37 (m), 1.25 (d, 3H, Me), 1.28

Hi3), 276 d, 1), 280 e PR R R LA R R s @
1H), 3.961(wsthiAnAinG)auRE] oy ]38+ (€D N i s/ lokbd piA; H45p-flE1r6ca0yath g haRDChre @/ (s, 1H,
(15 aa BB A EOA S0 L0 e O A SRy 6t & Yhtertmetny

(methyladhindybartyfopanBrRnn2tlioidiPytivemyificabdKilienatit/lethyeamino]carbonyl1-
1H- 132 4-triazol-1-y11-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl4H-1,4a

-propano-2H-phenanthro[1,2- c]pcyrarbﬁ carboxylic ac:|d 15 Intermediate 8 Oy OH
N-(1-methylethy0-111-1,2,4- trlazcﬂé 3 carboxam‘g img 4.88m oI) _: L

<\N14

HN . BF;0Et, HN o !
f = H DCE, 50C f = H

Intermediate 8

N-(1-methylethyl)iH-1,2,4-triazole-3-carboxamide (753.1 mg, 4.88 mraok)
BF;OE®L (1.3 ml, 10.26 mmol) were added to a stirred smfudf Intermediate 8 (602.2 mg,

20 0.978 mmoal) in 1,2-dichloroethane (14.0 ml). Thaation mixture was a white suspension that
was heated to 8. After 6 hr, LCMS andH NMR showed complete consumption of.
Intermediate 8. The reaction mixture was coolemton temperature and partitioned between
ethyl acetate (100 ml) and saturated NaHC3D ml). The aqueous layer was extracted with
ethyl acetate (1 x 50 ml). The organic layers wemrabined, dried over magnesium sulfate, and

25 filtered. The solvent was evaporated under redpcesisure to give a light yellow residue. The
residue was dissolved in methanol and purifiedgué® HPLC runs (~40 mg / run) on a 19 x
150 mm Sunfire Prep C18 OBD ifn column by eluting with acetonitrile/water + 0.I%A.

The total flow rate was 15 ml/min and the HPLC noetlemployed a 12 minute 20%-100%
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BF30Et2 (1.3 ml, 10.26 mmol) were added to a stirred solution of Intermediate 8 (602.2 mg, 200.978
mmol) in 1,2-dichloroethane (14.0 m1). The reaction mixture was a white suspension that was heated
to 50C. After 6 hr, LCMS and 1H NMR showed complete consumption of. Intermediate 8. The reaction
mixture was cooled to room temperature and partitioned between ethyl acetate (100 ml) and saturated
NaHCO3 (50 m1). The aqueous layer was extracted with ethyl acetate (1 x 50 m1). The organic layers

were corabieditdlepd aree igrarinesiont weliaty, anchhtereditiikefissentheas ryaeaatshgnder

e 15 MBI AL Gl 105 SR O or ohek R U G g
P oytate ot etk eyl A bR
?ractions containing th ei_ht@\ﬂtgc?gm %@%ﬁﬂeﬁ*\ lﬂﬂgﬁg\, ﬁ%&g«@éﬁéﬂ?@vgﬁi/%%céﬁe@ﬁ&e?g (J’)
Riﬂ;@ed 3|;ass¢|w)e moegi\(d,ttag ,tilslmh;,o(m@mﬂ:{igwmgnmﬁiplmﬁss.ﬂsii((m%ﬁm&)ﬂ B.&%@(@,Q%}:' ,6ooe)
0.5 (0. B 180 10 AP B Py 210 e . ST ey 552 37
i.sg_(zdbab(uma)),ng_zzmm,smme),.5%3%54411@;341(93,@. B .215&1).3,65. QT)z.Maﬁg.,gz. g(mxdd,

a7 3, 1 B ek SERel 3 &5 A gt S g sf o Snc e
l\CﬂgNCSHIL5)15-@(%?H?5§87®gm5&4€'\)ﬂ65.02,(?;HAJIL\AHQ,@MOZ@, TH, OQIRQE), S5 (@d HHCABYH).
(100 638 PROGR 0k, [ LR i a5 0 1, G 1

(methylamino)butyfloxivag @pvetr2natirtiEShytpropg 8] 784 M-{H)L-methylethyl)amino]carbonylk
151H-1,2,4-triazol-1-y11-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-6-
o0x0-4H-1,4a-propano-2H-phenanthro[1,2-c]pyE¢AMEdrba3§lic acid

20N-(1-methylethy0-11]<1 adstriazole3; carbpyamide( 8,3 fag 9534 ROl and i o-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminc&rbonyl]-
15 1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,111PA-dodecahydro-1,6a,8,10a-tetramethyl-6-
0x0-4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

o) OYOHE

o)
( // N
HN—N H
HN ,
oL BF;OEt,
g :H DCE, 50C

20 N-(1-methylethyl)iH-1,2,4-triazole-3-carboxamide (82.3 mg, 0.534 mraok)
BF;OEtL (200ul, 1.578 mmol) were added to a stirred solution of
(1S4aR,6857R,8R,10aR,10R,12&R,14R,15R)- 14-(acetyloxy)-15-[[(R)-2,3-dimethyl-2-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,111P2a-
dodecahydro-1,6a,8,10a-tetramethyl-6-aké-1,4a-propandH-phenanthro[1,2-c]pyran-7-

25 carboxylic acid (free base form of Example 152ntetnational Patent Publication No. WO
2007/127012, herein incorporated by referencesieritirety, 70.2 mg, 0.107 mmol) in 1,2-
dichloroethane (1.5 ml). The reaction mixture \wdght amber solution that was heated to 50
°C. After 50 hours, the reaction mixture was codtecbom temperature, the solvent was
evaporated under reduced pressure, and the restdsidue was placed under high vacuum.
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BF30Et2 (200 p1, 1.578 mmol) were added to a stirred solution of
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-14-(acetyloxy)-15- [R2R)-2,3-dimethy1-2-
(methylamino)butyfloxy1-8-
R1R)-1,2-dimethylpropy11-1,6,6a,7,8,9,10,10a,10b,11,12,12adodecahydro-1,6a,8,10a-tetramethy1-6-
0x0-4H-1,4a-propano-2H-phenanthro [1,2-c]pyran-7- 25carboxylic acid (free base form of Example
152 in IntvpatienaldatentiRubligedion MethAldI2A0T BTk heoePInCOrpesatesshingefereenia 19

entirety, 70.2 mg, 0,107 mmol) in 1,2- dichloroethane (1.5 m1). The reaction mixture was amber
colution e A REHBATE S AR B AT O BB O SRR B RS 1 e erature,
the solveThavasvhnorated urdes nedusadpeegseie P ikl bipgirasidusivas Pleosed 00wer high
vacuum. The residue was dissolved jn methanol and purified.using two HPLC runs (-35.mg / run) on a
10 x 150STTIFABIGh 8 e 5 L b TIAPER A R et FRAIBIGENSE B s TEA. Thes
totalFlowfrata omasiérenttnibiaed tiieeHidhvenmethe @ vapplaield ar d duvdtlipee3vrd 884 the residue
acetonitrile/water gradient folloyed by a 7 minute acetonitrile flush. The pr t HP actions were
combinel SO E 0 BB AR BB Ve D PEE O AP U et 8 e RbHOE o
ethanol aneiteesulzhe to give the title compound (24.2 mg, 0.028 mmol) as a white solid.
1H NMR (CD30D, 600, pm).6.0.75 (s, 3H, Me), Q.76 (d, 3 ), 0.80_(s, ), Q. ,,.3H,
Me), 0.86 (d, 3H, Me), g{lg\wg @3%9%3 %@z'\f'{'%r?,%%?o?&?&%%&ﬁ@&@%ﬂﬁ?ﬁﬁq.(54
(d, 3H, M), M2, @I82HdMBH, M2§-0.88 (o) 3H 36H) 48.8MEH, 52e)] GOZn(y, 316Mey 20099, (,63H(s, 3H,
Me), 1.74-1.81 (m), 1.87-2.04 ( )02 3H 3 (dd,. 14, H13), 2.68-2.73
S oG T o MO Slo e M) 3 8, SR iy bl 2R o 7 2,
4.06 (d, 196 4rin-4.88-(n¥,2L{dn)C ORT (), 3 M), TH7 HE)BH. 6486 - 2208 (nDiH2 H 84), Bo0dn(s 214 (s,
triazole), 8.5 , CONH), 15 p  (ESI) raiz =752 73 (M+H) LE 4
(1S,4aR. aﬁ}@%ﬂ%&@ﬁogé1’%%%3%@%%1@%%1%%%92 y%-'i’-ﬁ% @ th), 3.60
(methylamh:1®bbtﬁlﬁwai8&mFB)GIZZdiim‘dlhsll@rzbWllﬂﬂﬂélcﬁhlémhthmmlﬁ&ﬁmbmmﬂ@l\lﬂh | -H), 5.74
1,2,4-tri -1-y11-1,6,69,%, 0,104, ; 2a:dode -1.6a,8,10a-tetramethyl-6-oxo- 20
4H-1,4a- “?o%]'gh@-gpﬁghéﬁgFi”lé%ﬁc%%%é]ﬁ% Fook |8i;e§ic}§%% (23, OB
15 Mass Spectrum: (ESiVz = 752.73 (M+H).
EXAMPLE 40
(1S42R,685, 7R 8R, 10aR, 10bR, 12:R, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[(methylamino)carbonylH-
1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,P2-Hodecahydro-1,6a,8,10a-tetramethyl-6-oxo-
20 4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

/1, N ‘1))
HN , BF,OFEt HN ,
-, O = e -, O .
“ = H DCE, 50C 2 B

By a procedure analogous to that described for px@i0, but employing N-
methyl-1H-1,2 4-triazole-3-carboxamide, the title compouraswrepared and isolated as a
25  white solid.
'H NMR (CDsOD, 600MHz, ppmp 0.73 (s, 3H, Me), 0.76 (d, 3H, Me), 0.80 (s,
3H, Me), 0.81 (d, 3H, Me), 0.85 (d, 3H, Me), 0.8l 8H, Me), 0.93 (s, 3H, Me), 0.94 (d, 3H,
Me), 1.08 (s, 3H, Me), 1.30 (m), 1.40 (m), 1.46 (tp2-1.56 (m), 1.67 (s, 3H, Me), 1.68-1.80
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By a procedure analogous to that described for Example 39, but employing N-

methy1-111-1,2 4-triazole-3-carboxamide, the title compound was prepared and isolated as a 25white
solid. 1H NMR (CD30D, 600MHz, ppm) 8 0.73 (s, 3H, Me), 0.76 (d, 3H, Me), 0.80
(s, 3H, Me), 0.81 (d, 3H, Me), 0.85 (d, 3H, Me), 0.87 (d, 3H, Me), 0.93 (s, 3H, Me), 0.94 (d, 3H, Me),
1.08 (s, 3H, Me), 1.30 (m), 1.40 (m), 1.46 (m), 1.52-1.56 (m), 1.67 (s, 3H, Me), 1.68-1.80 (m),
1.84-2.03ti)1. 822 (08) (Y} 2 (52 3) NM#) (2, 43H(daBi{ 2HAS) 1H5H () 1615 L (@0 m),, 290 (1)31.90

CONMe) 5 ( 0 H 9(d H dd, 1H), 3.64 (d 8 (d )3 4(d
1H), 4. oés(dg 1H§(§@gﬂ?3b fégﬂl% 1g)71?’( 1&1&&&%@ od“_fjH%t gégé F—‘&h géé E}En?

raiz = 7267 0K 8-YSEXAMPUID3 1d, 1H), 5.74 (d, 1I—5)H6 74 (m, 1H, H14), 8.02 (d, 1H, triazole H)
o MBS R g o L2

triazol-1-y Magsi y - iImethylpropy1]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a- dodecahy%@%ﬁ&-tetramethylAH-1,4a—propano-2Hphenant

hro[I,2-c]pyran-7-carboxylic acid OOHO 0 cr,; N-N H BF30Et2 DCE, 60C
N-(triethylsily1)-111-1,01 8 4R 4848 -BrERADRNI0IER(T 3R, m@a 0SBR)-1 MrfBe(peuntbB&RQEW K30, 8- 1.026

mmol) were_added solution.of Inter i t 6 g in 1 -dichloroethane
(1.15 m1§r %iie Ié@o%wpﬁjremg% é\% gusp?eﬁ sﬁnr%{a %sq@ %é%témgh (o R%(e]r 2 hr, LCMS
and 1H NN\6FEahh8Eclohijalettel b hsl aniRiad of donydrdRiHE - EhansettydH rhjda e apan Gbdled to
room tem eratHER t fol]ve%\r/]v SYABY ﬁegc%nd the resulting residue was placed under high
vacuum.'The resi Was Be8oved I methano! and purified using a single HPLC run on a 19 x 150
mm Sunfire Prep Cl8 OBD 109:m@blumn by eluting wyth acetonitrile/watep+ 0.1% 11- Wtotal

flow rate was 15 ml/min and the HPLC p
{ / N/SlEtg
HN-N  H

BF;0EL,
DCE, 50C

10 Intermediate 6

N-(triethylsilyl)-1H-1,2,4-triazole-3-carboxamide (78.6 mg, 0.347 mraok)
BF;OE® (130pl, 1.026 mmol) were added to a stirred solutiomnéérmediate 6 (41.6 mg, 0.069
mmol) in 1,2-dichloroethane (1.15 ml). The reattioixture was a tan suspension that was
15 heated to 5. After 2 hr, LCMS andH NMR showed complete consumption of Intermediate
6. The reaction mixture was cooled to room temipeeathe solvent was evaporated, and the
resulting residue was placed under high vacuurne rébkidue was dissolved in methanol and
purified using a single HPLC run on a 19 x 150 munf8e Prep C18 OBD 1@m column by
eluting with acetonitrile/water + 0.1% TFA. Thedbflow rate was 15 ml/min and the HPLC
20 method employed a 12 minute 20%-100% acetonitrdegwgradient followed by a 7 minute
acetonitrile flush. The HPLC fractions containthg desired product were combined, the
solvent was evaporated under reduced pressuré¢hamdsidue was lyophilized from ethanol
and benzene to give the title compound (9.0 m@) akite solid.
'H NMR (CDs;0D, 600 MHz, ppmp 0.76 (s, 3H, Me), 0.77 (d, 3H, Me), 0.80 (d,
25 3H, Me), 0.80 (s, 3H, Me), 0.84 (d, 3H, Me), 0.853H, Me), 0.87 (s, 3H, Me), 0.89 (d, 3H,
Me), 1.14 (s, 3H, Me), 1.20 (s, 3H, Me), 1.22-1(8§, 1.39-1.44 (m), 1.47-1.55 (m), 1.58-1.65
(m), 1.73-1.95 (m), 2.09-2.21 (m), 2.39 (dd, 1H3H2.80 (d, 1H), 2.84 (s, 1H, H7), 3.45 (d,

-70 -



20 method employed a 12 minute 20%-100% acetonitrile/water gradient followed by a 7 minute
acetonitrile flush. The HPLC fractions containing the desired product were combined, the solvent was
evaporated under reduced pressure, and the residue was lyophilized from ethanol and benzene to
give the title compound (9.0 mg) as a white solid. 1H NMR (CD30D, 600 MHz, ppm) 6 0.76 (s, 3H,
Me), 0.77 (d, 3H, Me), 0.80 (d, 253H, Me), 0.80 (s, 3H, Me), 0.84 (d, 3H, Me), 0.85 (d, 3H, Me), 0.87
(s, 3H, Nm)o:asg](@d 3tH)VI8)5 1. (cH(SLHBH3Me)(d, 201 B RH.IME) 31082l 351111545 29ell. 1M, (F5),
1.47-1.5 1.65(m), 1.7 (m), 2.09-2.21 (m), 2.39 (dd, 1H, H13), 2.80 (d, 1H), 2.84 (s,
1H, H7), %3%35% 14 & 1"1#’&%63 231 Ejﬂr 4187080 (d, 1H), 3.93 (d, 1H), 3.95 (d, 1H), 5.46 (dd,
1H, H5), 6.64-6. 71 (m MébsHIEc8\07: (6 Shv Aragete Y. IMRBa-Spectrum: (ESI) raiz = 682.71 (M+H),
EXAMPLE 42 5(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-14-15-(aminocarbonyl1)-111-1,2,4-
triazol-1-y11-15-IR2R)-2-(dimethylamino)-2,3- Xy ldaRoxy1-8-R1 R) - 1,2-dimethylpropy11-

1,6,6a,7,8,9,10,10a,1 e -t y -4H-1.43-pro henant
hro[I,2-c]pyran-7- (:arbé1 %c acéa]ﬁ%& f&@'f %éﬁg} %Sgg%tn orB r}grrir%aqg }@ﬁq %%gln
water (5 t4l@ZDIG)l@s?ll’rIEHDEQBR)iIdmmlwmﬁﬂqvmdmwmwllomﬁ-@ p- Gl%ﬂhyim«ﬂ@were
added to rr utl 57R.8R,1 0, R 12a R R) 14-
(ammoca?n%%y?d'g]qzll)@,ﬁ rlazo@%(g)&?fﬁﬁﬁdaﬁ%% met ut;l/lf%xy 080 -
1,2-dimegindpeoyiigho[1,2-c]pyran-7-carboxylic acid
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2Hphenant
hro [1,2-0 pyran-7-carboxylic acig (Egsgmple 41, 13.3 mg, 0.017 mmol) in methanol (0.33 M1). The
reaction mixture was\a hazy solutbn _After 6 hr, LCMS showed comple consumptm}\(of startlng

material. The re rﬁdhktur WAS ed with methanol the solveRr Wt evapots
!@ﬂ& wa

reduced pressufe, d re esidlie wad Bis duunder highvaguum, &
dissolved in metﬁ\bnol m'. d Using a sm@"ﬁ?*F%@l’d%n ond 19X 150 @ fire Prep C18 OBD

10 j.tm coldie gting With acetonitrile/watef,3,0. 4%, TEA. The totalffowrate was 15 ml/min and the
HPLC methe%moyed & 12 minute 20%-100% acetonitrile/watér gradient Bllowed by a 7 minute
acetBnitrile flush. The product HPLC
Acetic acid (2ul, 0.035 mmol), formaldehyde 37% in water (5140.073 mmol),
and sodium cyanoborohydride 1.0 M in THF (6870.067 mmol) were added to a stirred hazy
solution of (I54&R,6a57R,8R,10aR,10R,12aR,14R,15R)-14-[5-(aminocarbonyltH-1,2,4-
15 triazol-1-yl]-15-[[(2R)-2-amino-2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]1®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid (Example #3.3 mg, 0.017 mmol) in methanol (0.33

ml). The reaction mixture was a hazy solutionteAB hr, LCMS showed complete
consumption of starting material. The reactiontome was diluted with methanol, the solvent
20 was evaporated under reduced pressure, and tHenmgsesidue was placed under high vacuum.
The residue was dissolved in methanol and puriiidg a single HPLC run on a 19 x 150 mm
Sunfire Prep C18 OBD 1fim column by eluting with acetonitrile/water + 0.I%A. The total
flow rate was 15 ml/min and the HPLC method emptogel 2 minute 20%-100%
acetonitrile/water gradient followed by a 7 minatetonitrile flush. The product HPLC
25 fractions were combined and the solvent was evaégarander reduced pressure to give the title
compound as a colorless residue.
'H NMR (CDs;0D, 600 MHz, ppmp 0.75 (s, 3H, Me), 0.76 (d, 3H, Me), 0.85 (d,
, 3H, Me), 0.86 (s, 3H, Me), 0.89 (d, 3H, Me), 0(823H, Me), 0.93 (d, 3H, Me), 0.94 (d, 3H,
Me), 1.12 (s, 3H, Me), 1.19 (s, 3H, Me), 1.21-1(8¥, 1.39-1.43 (m), 1.46-1.54 (m), 1.58-1.64
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25fractions were combined and the solvent was evaporated under reduced pressure to give the title
compound as a colorless residue. 1H NMR (CD30D, 600 MHz, ppm) 6 0.75 (s, 3H,
Me), 0.76 (d, 3H, Me), 0.85 (d, , 3H, Me), 0.86 (s, 3H, Me), 0.89 (d, 3H, Me), 0.92 (s, 3H, Me), 0.93 (d,
3H, Me), 0.94 (d, 3H, Me), 1.12 (s, 3H, Me), 1.19 (s, 3H, Me), 1.21-1.34 (m), 1.39-1.43 (m), 1.46-1.54
(m), 1.58-1.64 (m), 1.71-1.94 (m), 2.08-2.13 (m), 2.14-2.21 (m), 2.24-2.31 (m), 2.37 (dd, 1H, H13),
2.64 (s, 3y NV, 2971 ((8), 3HOBIMIER PhB3 25144, H7)mP A2 @ L), 3.39 (dd L), 3438 dzl6BH3, 3180
(d, 1H), d ), 3.7 (MI%} .06 (d, 1H), 5,43 (dd, 1H, 63-6.7 ,1H, H14), 8,05 (s, 1H,
razole) N2t b D) 223 (LB ik Tl b 44T, 358 9 B0
(1S,4aR 68, 681 a8, BOnR(#2aR)14R8 3R ) 1), 15amind aas) 06)63-6 H L (Ad1 Haraldl - 81355 (1
R) - 1,2-di etdh%/flpro y11-15-11(2R)-2-(ethylamino)-2,3-dimethylbutylloxy1-
1,6,6a,7,3, ,fLr ) 8!;?, '0b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
10plsenanthroll,2-c1pyieas Goechexili¢ESii COHO®HE (MNHFIEL3 HN-N H BF30Et2 DCE, 50C (Step
2)
EXAMPLE 43
(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-14-[5-(aminocarbonyl}H-1,2,4-
triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-15-[[(R)-2-(ethylamino)-2,3-dimethylbutyl]oxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
10 phenanthro[1,2-c]pyran-7-carboxylic acid

Oy, OH_ O OH._

acetaldehyde
NaBH;CN / THF

HOAc, MeOH

- (Step 1)
Intermediate 6

0

N
¢ ﬂN/SiEtg

HN-N  H

\J

BF;OEt,

DCE, 50C
(Step 2)

Step 1:
Acetic acid (65ul, 1.135 mmol), acetaldehyde (0.41 ml, 7.26 mmenj sodium

15 cyanoborohydride 1.0 M in THF (2.3 ml, 2.30 mmobre added to a stirred solution of
Intermediate 6 (338.0 mg, 0.562 mmol) in methabd (nl). The reaction mixture was a
colorless solution. After 4 hours, LCMS showed ptete consumption of Intermediate 6. The
reaction mixture was partitioned between ethyl @ee{100 ml) and water (100 ml). The
agueous layer was extracted with ethyl acetate5Q ml). The organic layers were combined,

20 dried over magnesium sulfate, and filtered. Theewl was evaporated under reduced pressure
and the residue was lyophilized from ethanol antzbee to give the product (337.5 mg) as a
white solid.
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Step 1: Acetic acid (65 p1, 1.135 mmol), acetaldehyde (0.41 ml, 7.26 mmol), and sodium
15cyanoborohydride 1.0 M in THE (2.3 ml, 2.30 mmol) were added to a stirred solution of Intermediate
6 (338.0 mg, 0.562 mmol) in methanol (5.6 m1). The reaction mixture was a colorless solution. After 4
hours, LCMS showed complete consumption of Intermediate 6. The reaction mixture was partitioned
between ethyl acetate (100 ml) and water (100 m1). The aqueous layer was extracted with ethyl

acetate (1 x 50 m1). The MgRN(CBRYE wete\tam ipedh B0TBies arEVIRYIOSIU, IHfatee prodgiltesed.
The solvent was evaporated under reduced pressure residue lyophilized from ethanol and
ponzone 15 oL ioAuaL (oS g 40 Mot &4 W83 o kR A5, S ks bpm) 6
0-7§5 (s, Je)MELD(EIFH, Bhb)MERD(E23H, Bib)MERDRBYA1H3, MSHQ.Q)?AGJI:LS% Mﬁ),%,MJ(.@SBH, )
Me), 1.0 , e) 1.1 H, Me), 1.19 (s, 3H, Me , 3H 24-1.3 . 3H),
401 46y POy e L) 952 D L BN 2ol 2 B0 e 2 o
(m),Q.ZD%%QM]):LEZJ@Q:{)J@&H($—]Jl3), 2(18] (2598|'ddH@lm.%](ﬂ,(ﬂ;iﬂlﬁ,.WlS.%1ﬂBE NCH2), a
3.28-3.35 (obscured m 7 1H), 3,38.(s, e), 3,44 A 3.72 (d,
1H), 3.93‘(%,5%5?@1@2-1%;@%}?&ﬂﬁ#%}sg%&ﬁﬁﬁqw%&%ﬁ%&ﬁmgﬁ'gﬁé&%sa
(M+H). SI(ﬁp,Z%.QﬁDM;(tti&)h;llQ;Bfﬂ)Zlle;ﬂ,,ZH;Halg),I&B-T:,QmHDxam%i)jﬁ (220a0 mg, 0.972 n;r?ol) and
BF30Et2 (0.37 ml, 2.92 mmal) were ac a sfi tion of the product compound from Step
1(122.8 mg, 0.195 m Fﬁ %%8‘5%%Tg§%'ﬁﬁ_(§%8§%?wﬁ eaction mixture was a light tan
suspension that was hgapd®to 50C. After 2.5 hr, LCMS and 1H NMR showed complete consumption
of starting material. The reaction mixt s,cooled to_room temperat the 15 t was
cvalbrated, and the U LS S KL B ECr RO ORRLA: (a0 L BhD A2 BRERp in
methanoB&p0 B 031t g2 itensnis)) ensieradaeditte restifdetbsoion £ vine gpeddier) beigue leinfgopurified
using three HP -41 run a 19x mm ire Prep C18 OBD 10.|.tm column b
cliting Wi RcL a2 TRER SRSl el T etion b ReRt ™ ighe
tan suspension that was heated tC50After 2.5 hr, LCMS andH NMR showed complete
consumption of starting material. The reactiontoni& was cooled to room temperature, the
15 solvent was evaporated, and the resulting resicdageplaced under high vacuum. The residue
was taken up in methanol and the resulting whigpension was filtered (0.46n syringe filter)
before being purified using three HPLC runs (~41/mgn) on a 19 x 150 mm Sunfire Prep C18
OBD 10um column by eluting with acetonitrile/water + 0.I%A. The total flow rate was 15
ml/min and the HPLC method employed a 12 minute -20%% acetonitrile/water gradient
20 followed by a 7 minute acetonitrile flush. The gwat HPLC fractions were combined, the
solvent was evaporated under reduced pressuré¢hamdsidue was lyophilized from ethanol
and benzene to give the title compound (21.6 m@) ahite solid.
'H NMR (CD;OD, 600 MHz, ppmp 0.73 (s, 3H, Me), 0.75 (s, 3H, Me), 0.76 (d,
3H, Me), 0.79 (d, 3H, Me), 0.85 (d, 3H, Me), 0.88 8H, Me), 0.88 (s, 3H, Me), 0.89 (d, 3H,
25 Me), 1.12 (s, 3H, Me), 1.20 (s, 3H, Me), 1.21-1(B89H, 1.26 (t, 3H), 1.39-1.44 (m), 1.46-1.54
(m), 1.58-1.65 (m), 1.74-1.95 (m), 2.01-2.07 (mP&22.13 (m), 2.14-2.22 (m), 2.38 (dd, 1H,
H13), 2.66-2.73 (m, 1H, NCHi 2.80-2.87 (m, 1H, NC}), 2.83 (s, 1H, H7), 2.96 (d, 1H), 3.48
(d, 1H), 3.51 (dd, 1H), 3.60 (d, 1H), 3.65 (d, 1BIB7 (d, 1H), 4.06 (d, 1H), 5.44 (dd, 1H, H5),
6.64-6.72 (m, 1H, H14), 8.03 (s, 1H, triazole).
30 Mass Spectrum: (ESiWz = 710.66 (M+H).

-73 -



ml/min and the HPLC method employed a 12 minute 20%-100% acetonitrile/water gradient 20
followed by a 7 minute acetonitrile flush. The product HPLC fractions were combined, the solvent was
evaporated under reduced pressure, and the residue was lyophilized from ethanol and benzene to
give the title compound (21.6 mg) as a white solid. 1H NMR (CD30D, 600 MHz, ppm)
6 0.73 (s, 3H, Me), 0.75 (s, 3H, Me), 0.76 (d, 3H, Me), 0.79 (d, 3H, Me), 0.85 (d, 3H, Me), 0.88 (d, 3H,
Me), 0.88 (s, 3H, Me), 0.89 (d, 3H, 25Me), 1.1EXAMELMay 1.20 (s, 3H, Me), 1.21-1.35 (m), 1.26 (t,

211422 (), 2,56 (ALSAIHAS TR 05 S (RN, S B BRI 1

H7), 2. 96r(dzdll=ﬂ)1yiﬂf4$@(2ﬂﬁ2&4‘-ﬁln@i@ &H%r&@@f@b&ﬁ)}&ﬂ%@@ﬂ)2%8%@1)1&))@@5 (d, 1H),
006 (Habh B 105400 1T 15113 A e ah ARk AN e AP b panddy ™

(1S 8aR SiaenantBR[10248]p Oletn - V2edr Baky|itir)ol 4- 15-(aminocarbony1)-1H-1,2,4-
triazol-1-y11-15-11(2R)-2-aminp-2 3,3-trimethylbutylloxy1-8-1(1 R) - 1,2- dimethylpro%
1,6,6a,7,8,9,10,10a,10b,11, 12 ﬁﬁ -dedecahydrog1,6&;8,10a- tetramethy1%4H-1,4a prop no 2H5phena
nthro11,2-c1pyran-7-carboxytic aci-OQH000GH -NBEF30Et2 D G - Asotution of
Intermediate 14\(&20 mgf 0.8 ol) in dichi¥o8tharkk (5 7 mL) was tr at d A

N- (trlethylslﬂ)gl) -1H-1,24 zole-3-carboxamide (6 & 69 mg, 2795 mmol)'\[he gﬁ@o Ht2 (1.07 mL, 844
mmol) and ‘miztU - eated to 50C undef ﬁﬁFBgen After 2h (rsdfeveaction was cooled to
room temp tire and’ quenched with sat. NaH®ER 50 he mixture whs partltloned between ethyl
acetate and sat. NaH@&8edind the organic phase was washed with water (a small amount of methanol

was added to help dissolve a precipitate). The organic phase was dried (MgSO4) and concentrated in
vacuo to give a white ébﬁ@llﬂmi@biMﬁmW@éea&édﬁ@ﬂ]mGd%ﬁ%ﬁ@mlﬁi@ﬂm@ﬂ@ﬂ&@mmirh

Waters “i? trm r;«l ygﬁgﬂ;m 21§ &%&qe mﬁfmﬁwér 8 %zg %Q‘fﬁhiu%gﬁ{"”“te&

5runs). T epro uct actlon ed product Is t regioisom elute under the

coridltiorBslire CoRbimdd Bdd mmgl)wadﬁe&m@urgw\mdmﬂ@nﬁruz@lﬂ g AgRihilikEena give
the title GRIHPOHAL (ZRiBIPNAS BYUILE RTOSANCMT Selddiiarepeeiaifrall: NaHGOThe

mixture was partitioned between ethyl acetate andNaHCQ and the organic phase was

washed with water (a small amount of methanol vadaked to help dissolve a precipitate). The
organic phase was dried (Mgf@nd concentrateith vacuo to give a white solid. Purification

15 was accomplished by preparative HPLC (30 x 100 matev$ Sunfire column, j3m, UV-
detection, 10-100% MeCN/water with 0.05% TFA ov2miinutes, 5 runs). The product
fractions (the desired product is the third regimer to elute under these conditions) were
combined and partially concentrated by rotovap theren and lyophilized to give the title
compound (255 mg) as a white amorphous solid{oifhacetate salt).

20 'H NMR (CD;OD, 500 MHz, ppm}p 0.77 (s, 3H), 0.78 (d, 3H, partially
obscured), 0.81 (s, 3H), 0.85 (s, 9H), 0.86 (d, 3kitially obscured), 0.89 (s, 3H), 0.90 (d, 3H,
partially obscured), 1.14 (s, 3H), 1.21 (s, 3H221- 1.67 (m), 1.78 — 1.97 (m), 2.14 (m, 1H),
2.19 (m, 1H), 2.41 (dd, J=13.3 Hz, 6.4 Hz, 1H)42@&, J=9.8 Hz, 1H), 2.84 (s, 1H), 3.46 (d,
J=11.8 Hz, 1H), 3.52 (d, J=11.4 Hz, 1.8Hz, 1H)23d®, J=11.6 Hz, 1H), 3.70 (d, J=9.8 Hz, 1H),

25 3.94-4.0(m, 2H), 5.47 (m, 1H), 6.73 (m, 1H),28(6, 1H).

Mass Spectrum: m/z = 696.50 (M + H).
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201H NMR (CD30D, 500 MHz, ppm) 8 0.77 (s, 3H), 0.78 (d, 3H, partially obscured), 0.81 (s, 3H), 0.85
(s, 9H), 0.86 (d, 3H, partially obscured), 0.89 (s, 3H), 0.90 (d, 3H, partially obscured), 1.14 (s, 3H),
1.21 (s, 3H), 1.22- 1.67 (m), 1.78- 1.97 (m), 2.14 (m, 1H), 2.19 (m, 1H), 2.41 (dd, J=13.3 Hz, 6.4 Hz,
1H), 2.84 (d, J=9.8 Hz, 1H), 2.84 (s, 1H), 3.46 (d, J=11.8 Hz, 1H), 3.52 (d, J=11.4 Hz, 1.8Hz, 1H), 3.62
(d, J=11.6 Hz, 1H), 3.70 (d, J=9.8 Hz, 1H), 253.94 - 4.0 (m, 2H), 5.47 (m, 1H), 6.73 (m, 1H), 8.02 (s,
1H). Mass Spectrum: QGNVEFSIO MO X AMIN YERSTONHYB RESMPOR HBETSAHYDROCHLORIDE
SALT Example 44 1FA salt (25 315 ol) was dissolved.in methangl (1 5 mL e
solution was diluted W%@rﬂ‘ﬁfeoi{fﬁ:rﬁeﬁ@%. He@g o %W\@acd Wﬁ't% @%ﬁﬁmﬁg%x(r)
1X8 chlogine fleens afutiexohan gt iesinwith 8,mL. &eu/NleBinha nelsointbwass dedaditnicla
MeCN/H20 (-1.5 column volumes). The eluant was concentrated in vacuo to remov tihn?t f the

s%lliga

acetonitrfi8 A AERRYZER ik HUPHIE LR g &S JFHB haBcrisHie) HE'8olid.

Eéﬂg\ﬂ P%%%Meglwitz 11SMeBNIAD (R, 8Rba aih Lt R iH& elaihit SvHd Edncerdiiatvacuo
~-dimetnylpropy1.-14- . . .
[5-RmetHPIEATRIR AEShH1 ine ACqlonitif2pd iRAN feEpmkgohizedin gy 26 mg of the
(methylapyameriatasySak sba wi§8, siid Oa,
10b,11,12,12a-dodecahydro-1,6a,8,10atetramethy1-4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-ca
rboxylic acid Intermediate 16 A solution of Intermediate 16 (75 mg, 0.11 mmol) in
dichloroethane (1 1 mL) was treated with N-m%ﬂﬁ%-triamle-3-carboxamide (75 mg, 0.65
mn4(9) then BF30Et2 (&.715 20mL, 11 mmol%éand this mixture](\is\g%s hi ted to 50C under nitrogen. After
&

1.5 hours the reaction W A6 18 f5oh? rhijeRatarE dikh s YRSV RIBRAHE broduct

mixture &$(methylamino)carbonyl[tH-1,2,4-triazol-1-yl]-15-[[(R)-2,3,3-trimethyl-2-
(methylamino)butyljoxy]-1,6,6a,7,8,9,10,10a,10b1P112a-dodecahydro-1,6a,8,10a-
tetramethyl4H-1,4a-propand@H-phenanthro[1,2-c]pyran-7-carboxylic acid

15
Os,OH_ o

S U

HN—N H

N
BF,OEt HN ,

30OEL o /-
DCE, 50C “ i H

A solution of Intermediate 16 (75 mg, 0.11 mmolyiohloroethane (1.1 mL) was
treated with N-methyltH-1,2,4-triazole-3-carboxamide (75 mg, 0.65 mmodntiBROEL (0.15

Intermediate 16

20 mL, 1.1 mmol) and this mixture was heated to 50A@eau nitrogen. After 1.5 hours the reaction
was cooled to room temperature then concentiateacuo. The crude product mixture was
suspended in methanol (3 mL) and filtered througmtered glass funnel. The filtrate was
purified by preparative HPLC (19x100 mm Waters $endolumn, pum, UV-detection, 30-
100% MeCN/water with 0.05% TFA over 20 minutesheTproduct fractions (the desired

25 product is the third regioisomer to elute undes¢heonditions) were combined and partially
concentrated by rotovap then frozen and lyophilizedive the title compound (38 mg) as a
white amorphous solid.

'H NMR (CD;OD, 500 MHz, ppm}p 0.76 (s, 3H), 0.77 (d, 3H, partially
obscured), 0.80 (s, 3H), 0.85 (d, J=6.8 Hz, 3H90{d, J=7.0 Hz, 3H), 0.91 (s, 9H), 0.93 (s,
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suspended in methanol (3 mL) and filtered through a sintered glass funnel. The filtrate was purified by
preparative HPLC (19x100 mm Waters Sunfire column, 5Rm, UV-detection, 30- 100% MeCN/water
with 0.05% TEA over 20 minutes). The product fractions (the desired 25 product is the third
regioisomer to elute under these conditions) were combined and partially concentrated by rotovap then
frozen and lyophilized to give the title compound (38 mg) as a white amorphous solid.

1H NMRIGP3IOB &)BMHZ. 210 (8) 814).76. 29 3H)56. (HigRl(i3t 1pptialng obs@e€), 28X (n3HiH)0.85 (d,
J=6.8 Hz, 3H), 0.90 (d, J=7.0 Hz. 3H), 0.91 (s, 9H), O. A 13 (S, 1 , 3H), 1.22- 1.56
(m), 1.62 i’ﬂ)%%?%%gjﬁnh@?('%ﬁrﬁ?ﬂ%&ﬁ%é%;@%éﬁi@sﬁ%% jl'z‘% 12253
(s, 3H), 384, 3.12HH, 2921 B4 BhHiz3 F1)(B.I210.8)A),B.62,(dH) I3 B 4dH2=1.1 $1kz1 K13 822d,
(dd, J=11.4 Hz, 2.1 Hz .62 (d, 11,4 Hz, 1H), 3.78 (d, J=11.& H 0 3.84(d, J=11.2 H
403 (a, Jeler i, 2 Rl i o 100 G g R R Ay Fal D58 e St W -
72459 (IWH),H).65XAIVBHE 2162 0¢1 St B, 8eFMR18R, 10aR, 10bR,12aR,14R,15R)-14-15-
(aminocarbony1)-111-1.2 4- triazol- 1 -y11-8- - 1.2- dimethylpropyl1- 15- 11 tetrahydro-4-
(methylamino)-2H-pyr @)3-5 Pr%iﬁld%lﬁl]]],éﬁjj%@& MT&E
10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl1-4H-1,4apropano-2H-phenanthroll,2-c1lpyran-7-c
arboxylic acid OH_ N-SiEt3 Mea HNBF30Et2 EXAMEEEZ®B:C Intermediate 28
10 (1S4aR,6a857R,8R,10aR,10R,12&8R,14R,15R)- 14-[5-(aminocarbonyltH-1,2,4-
triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-15-[[tetrahydro-4-(methylant)t2H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-datgdro-1,6a,8,10a-tetrametii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid

Oy OH_

O
EREER= R N
: : (/ / N/S|Et3
HN-N  H

BF,0Et,
DCE, 50C

A solution of Intermediate 28 (180 mg, 0.286 mmwoldlichloroethane (1.3 mL)
was treated with N-(triethylsilyl}H-1,2,4-triazole-3-carboxamide (323 mg, 1.43 mmiodnt
BF;OEt (0.36 mL, 2.86 mmol) and this mixture was heate83° C under nitrogen. After 1

20 hour the reaction was cooled to room temperatwge tdoncentrateoh vacuo. The crude product
mixture was suspended in methanol (3 mL) and &llehrough a sintered glass funnel. The
filtrate was purified by preparative HPLC (19x10@rVaters Sunfire columnysn, UV-
detection, 30-100% MeCN/water with 0.05% TFA ov@minutes). The fractions containing
the desired product (the desired product is the tleigioisomer to elute under these conditions)

25 were combined and partially concentrated by rotdhep frozen and lyophilized to give the title
compound (80 mg) as a white amorphous solid.

'H NMR (CD;OD, 500 MHz, ppm}p 0.77 (s, 3H), 0.78 (d, 3H, partially
obscured), 0.87 (d, J=6.6 Hz, 3H), 0.91 (d, 3Htigky obscured), 0.92 (s, 3H), 1.14 (s, 3H),
1.22 (s, 3H), 1.23 - 1.58 (m), 1.64 (m, 2H), 1.7498 (m), 2.13 (m, 1H), 2.20 (m, 1H), 2.38
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A solution of Intermediate 28 (180 mg, 0.286 mmol) in dichloroethane (1 3 mL) was treated with
N-(triethylsily1)-1H-1,2,4-triazole-3-carboxamide (323 mg, 1.43 mmol) then BF30Et2 (0.36 mL, 2 86
mmol) and this mixture was heated to 55 C under nitrogen. After 1 20 hour the reaction was cooled to
room temperature then concentrated in vacuo. The crude product mixture was suspended in methanol
(3 mL) and filtered through a sintered glass funnel. The filtrate was purified by preparative HPLC

(19x100 (we) Péatiens SWatie €| urN, zlam(sww)etecésllHWzl@ﬁ%wm@qum VeIt AT EA over
20 minutes). The fractions ning. the desire e deS| ductl the ioisomer
o elute CTRAS{EEN Si it LA SRS b A A DI RSB B rot it rosen
and lyoppiized yoobiseutiee 8 es2qmmp Qw) hEROINg bbs A iekise mpmhwmlwobscured) 3.85(m, 1H
NMR (CR30D, 50 807 0.78 artially. ohscure J=6.6 Hz, 3H),
0.91 (d, %E' BATiRY éééépbﬁg (E 3%?? Hi%: (i%f”ﬁ:z%s,%%sff %3 159-(m, 2H),
1.7451.98 (m), 2.13 (nMé$$)S,?,Jé&r(Lm1 1iiz2=3B1(cel7 preirtialily.obscured, 1H), 2. 40 (s, 3H) 2.85 (s, 1H),
2.94 (m, 1H), 3.35 (t, 2H, partially obscured), 3.49 (d, 1H, partially obscured), 3.52 (dd, 1H, partially

obscured), 3.61 (d, 1H, partially obscured),3 partially obscured), 3.80 (m, 1H, partially
obscured), 3.85(m, 2H, partially obscured), ﬁl@f‘mgéﬁ?&m 5.46 (m, 1H), 6.65 (m, 1H), 8.08 (s,
1H). 5Mass Spectrum m/z = I110 67 éM + HO&H%S MPLES 47- 6 e fo t@% compounds
were prepared using &?\5‘& OXALELGBIRR g’ﬁ'@d@'é%?%rg HSI'HQ HPS&'@H%B %7RI =
Me(0S,4dBs6ebetRi8 hd presdabig, £RamRyil4R, 15R)-14-[5-(aminocarbonyl1)- R"
=H1H-1,2,4-triazol-1-y1]-8-[(1R)-1,2-dimethylpropyl11-15-[[(2R)-2,3- RIII

Hdimethyl-2-(methylamino)butylloxyl-l,6,6a,7ﬁ§,9,10,10a,10b,11,12,12a— RIV
Hdodecahydro-1,6a,8,10a-tetramethyl-4ki-1,4a-propano-2Hopheranthro[1,2-c]pyran-7-carboxylic acid

47 Rl = Me (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-14-[5-(aminocarbonyl)-
Rl = H 1H-1,2,4-triazol-1-yl]-8-[(R)-1,2-dimethylpropyl]-15-[[(R)-2,3-

dimethyl-2-(methylamino)butyljoxy]-1,6,6a,7,8,9,10a,10b,11,12,12a
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propand@H-

RIIl = H
RlV =H

phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CDs;0D, 600MHz, ppm) 0.74 (s, 3H, Me), 0.76 (s, 3H, Me), 0.76 (d, 3He)M
0.82 (d, 3H, Me), 0.85 (d, 3H, Me), 0.86 (d, , 3#k), 0.90 (d, 3H, Me), 0.90 (s, 3H, Me),
1.12 (s, , 3H, Me), 1.20 (s, 3H, Me), 1.22-1.35,(inB9-1.44 (m), 1.47-1.55 (m), 1.58-1.65
(m), 1.75-1.95 (m), 1.98-2.05 (m), 2.09-2.21 (mBX(dd, 1H, H13), 2.40 (s, 3H, NMe), 2.83
(s, 1H, H7), 2.96 (d, 1H), 3.47 (d, 1H), 3.51 (d#), 3.60 (d, 1H), 3.63 (d, 1H), 3.88 (d, 1H
4.05 (d, 1H), 5.45 (dd, 1H, H5), 6.63-6.70 (m, Hi4), 8.03 (s, 1H, triazole).

Mass spectrum: (EShWz = 696.64 (M+H).
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1H NMR (CD30D, 600MHz, ppm) 8 0.74 (s, 3H, Me), 0.76 (s, 3H, Me), 0.76 (d, 3H, Me), 0.82 (d, 3H,
Me), 0.85 (d, 3H, Me), 0.86 (d" 3H, Me), 0.90 (d, 3H, Me), 0.90 (s, 3H, Me), 1.12 (s" 3H, Me), 1.20 (s,
3H, Me), 1.22-1.35 (m), 1.39-1.44 (m), 1.47-1.55 (m), 1.58-1.65 (m), 1.75-1.95 (m), 1.98-2.05 (m),
2.09-2.21 (m), 2.39 (dd, 1H, H13), 2.40 (s, 3H, NMe), 2.83 (s, 1H, H7), 2.96 (d, 1H), 3.47 (d, 1H), 3.51
(dd, 1H), 3.60 (d, 1H), 3.63 (d, 1H), 3.88 (d, 1H), 4.05 (d, 1H), 5.45 (dd, 1H, H5), 6.63-6.70 (m, 1H,
H14), 8.03¢s, 1H driazole). Neaes £weets 7R $RIIDARIZCHR A0 54 1ARHHR) 44 -[5- (rirddar bd iI-=

RIV=H

1H-1,2 4 triazol-L R E8H(1R) - kimfiprbdyiiEdf k.8 gimeth

dimethyl

ethyl-4H
ppm) 8 0.74 (s, BHyMe) 7 §PF‘WQ5°
(s, 3H, Me), ogtlﬁj

(1S.,4aR,6a5,7R,8R|10aR,10bR,123R,14R 15R)-14-[5- amln?gr%fgﬁ]r% [(®)-2,3

-2-(pf0pqualfﬂln0)but Igawadthye-B3pf hPIdibdabLN by 2 J& slvdeoatobrmob,6a,8 2 024
1,4a-proP 1en nthro[l 204 an-7-carbox I|c a |d 1H NMR (CD30D, 500MH
RAG, 8 Sliey o

i 43PTRRANG0 (d, 3H, Me),
ﬁh@aéhtard))[llzlé]@r@ﬂﬂ?%@)b@@m%@w Me), 1.24-1.37 (m), 1.41

(m), 1.49-1.57 (¢ \1_Rn 1.73l(m). 1.78- 1.98 (m) 2.00-2.08 (m)_2.11-2.24(m), 2.39 (dd, 1H, H13),

2.70-2.8
(d, 1H),
Mass sp

H

etram
Z,
0.91

-1.46

1 FINMR (9P o I HZ4 ARmP Dot (5. B, Meb G 8, 3baMad, A9, &l eeNr) |

ectrum: SESI% raiz = 724.61 1
3H, Me 2 (s, 3H, Me), 37 (m), 1.41-1(49, 1.49-1.57 (m) 1.60-1.73 (m), 1.78-

1.98 (m), 2.00-2.08 (m), 2.11-2.24 (m), 2.39 (dd, H13), 2.70-2.81 (m, 2H, NG} 2.86 (s,
1H, H7), 3.00 (d, 1H), 3.50 (d, 1H), 3.54 (dd, 1B)63 (d, 1H), 3.69 (d, 1H), 3.88 (d, 1H),
4.08 (d, 1H), 5.47 (dd, 1H, H5), 6.66-6.74 (m, H14), 8.06 (s, 1H, triazole).

Mass spectrum: (EShWz = 724.61 (M+H).

BE81¢dlEN M8 (6, dd*@d%‘ﬂ? (\546) Bt erofiveds (n 3 idy1 96 (SHY 1 tigzele)-

3.69

N

49 Rl = H (1S4aR,6857R,8R,10aR,10R,128R,14R,15R)- 15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-
[(methylamino)carbonyljtH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

R“ =H
RIl = Me
RlV =H

'H NMR (CD;OD, 600MHz, ppmp 0.76 (d, 3H, Me), 0.77 (s, 3H, Me), 0.79 (d, 3#&),
0.84 (d, 3H, Me), 0.85 (d, 3H, Me), 0.87 (s, 3H,)M289 (d, 3H, Me), 1.13 (s, 3H, Me), 1.2

2.21 (m), 2.38 (dd, 1H, H13), 2.80 (d, 1H), 2.831H, H7), 2.90 (s, 3H, NMe), 3.46 (d, 1H
3.51 (d, 1H), 3.52 (dd, 1H), 3.61 (d, 1H), 3.931H), 3.94 (d, 1H), 5.45 (dd, 1H, H5), 6.68
(m, 1H, H14), 7.99 (s, 1H, triazole).

Mass spectrum: (ESiWz = 696.33 (M+H).

(s, 3H, Me), 1.22-1.34 (m), 1.40-1.44 (m), 1.4851(/), 1.58-1.65 (M), 1.74-1.95 (m), 2.10}

[e)

50 Rl = H (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-
Rl = H dimethylbutyl]oxy]-14-[5-[(dimethylamino)carbonyllH-1,2,4-triazol-
1-yl]-8-[(1R)-1,2-dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,111P2-
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propand@H-

RIl = Me

RlV =M
© phenanthro[1,2-c]pyran-7-carboxylic acid

-78 -



49RI=HRII=HRIlI=meRIV=H

(1S,4aR
dimethyl

,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-
butyl]loxy]-8-[(1R)-1,2-dimethylpropy1]-14-[5- [(methylamino)carbonyl]-111-1,2,4-triazol-1-y1]-

1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-
4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carboxylic acid 1H NMR (CD30D, 600MHz, ppm) 8

0.76 (d,
Me), 0.8
1.58-1.6
(s, 3H, N
(dd, 1H,

RI=HRI

[[(2R)-2-
R1R)-1,4
-1,4a-prq

BH NRIRQED{oZ3 60NN 2. ppifth GHeNE)30,8ddy, BH7 ME)3A,8Mks o3d, dhe) Mb§ 7 83H,
3H, Me), 1.20 Me

D (d, 3H, Me), 1.13 (s, 3H, Me), s, 3H, Me), 1,22-1.34 (m), 1.40-1.44 (m), 1.48-1.55 (m),

(it ML ST St MG SN 1 3N (0 9245 4 a2 00

Ne), Bdp (A B, $rpIMe), 111223152 dieh) L1 B Bl dl 1 148),13583( e, 1-H3 3L BU((hn§,H). 7845

H5 |‘—‘|6¢S$| (m, 1H, H14), 7.99%3(';5{g H, triazole). Mas pectruz?a:(ESI) raiz = 696.33 (M+H). 50
= e ,

2 BRI £ 645 TR AR 63R osre FASRITA R 5% (S, 3F1.
aNIne) 231 6liseany N 3k s4doehinzes1y (aane)saripenM 1-¥H1-8d, 1H), 3.86 (d, 1H)

:ggf@/l%rﬁé) al%?haﬁa%z&?ﬁ%é%lﬁfélﬁg}ﬁlz %-?S(?dleﬁ,atf}. adzrc?l-e ,.6a,8,10a-tetramethyi-4H

Mass spectrum: (EShyz = 710.48 (M+H).

51 Rl = Me (1S4aR,6857R,8R,10aR,10R,12aR,14R, 15R)-15-[[(2R)-2,3-dimethyl-
Rl = H 2-(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-
[(methylamino)carbonyljtH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

RIl = Me
RlV =H

'H NMR (CDs;OD, 500MHz, ppmp 0.74 (s, 3H, Me), 0.78 (s, 3H, Me), 0.79 d, 3H,)ME84
(d, 3H, Me), 0.87 (d, 3H, Me), 0.88 (d, 3H, Me), D@, 3H, Me), 0.92 (s, 3H, Me), 1.14 (s,
3H, Me), 1.22 (s, 3H, Me), 1.23-1.38 (m), 1.41-1(#, 1.49-1.57 (m), 1.60-1.68 (m), 1.77-
1.98 (m), 1.99-2.07 (m), 2.11-2.24 (m), 2.40 (dd, H13), 2.41 (s, 3H, NMe), 2.86 (s, 1H,
H7), 2.93 (d, 3H, CONMe), 2.98 (d, 1H), 3.50 (d,)1B154 (dd, 1H), 3.64 (d, 1H), 3.66 (d,
1H), 3.91 (d, 1H), 4.07 (d, 1H), 5.47 (dd, 1H, H6)66-6.73 (m, 1H, H14), 8.04 (s, 1H,
triazole), 8.80 (g, 1H, CONH).

Mass spectrum: (EShyz = 710.32 (M+H).

52 Rl = Me (1S4eR,6857R,8R,10aR,10R,12&aR,14R,15R)-15-[[(2R)-2-

RIl = Me (dimethylamino)-2,3-dimethylbutyl]oxy]-8-[@®)-1,2-dimethylpropyl]-
14-[5-[(methylamino)carbonyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-

RIIl = Me
RlV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid
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111 NMR (CD30D, 600MHz, ppm) 0.76 (s, 3H, Me), 0.77 (d, 3H, Me), 0.79 (s, 3H, Me), 0.85 (d, 3H,
Me), 0.87 (d, 3H, Me), 0.88 (s, 3H, Me), 0.89 (d, 3H, Me), 0.92 (d, 3H, Me), 1.14 (s, 3H, Me), 1.20 (s,
1.22-1.32 (m), 1.40-1.44 (m), 1.48-1.56 (m), 1.58-1.64 (m), 1.78- 2.04 (m), 2.10-2.21 (m),
2.33 (dd, 1H, H13), 2.73 (d, 1H), 2.84 (s, 1H, H7), 2.98 (s, 3H, NMe), 3.16 (s, 3H, NMe), 3.46 (d, 1H),
1H), 3.57 (d, 1H), 3.61 (d, 1H), 3.86 (d, 1H), 3.87 (d, 1H), 5.47 (dd, 1H, H5), 5.61 (m, 1H,

3H, Me),

3.51 (dd,

Me(1S,4aR,6a5,7R,8R,10aR,10bR,12aR, 14R,15R)-15- [R2R)-2,3-dimethyl- RIl = H2-
n%%lﬁ@tﬁthF)soFS?F(%l%de‘éﬂRA%?o@blﬁ'MN% .31, M@), 0.84 (d, 3H, Me), 1.1

me[(methydaminaltaybonylisLrL idytriezald 98 IV BEY F§21748.9. 49,
10b,11, 12 12a- d?gezah ?ﬂgsl 6a,8,10a-tetramet (n% (peata (FRf11.58-1.65 (m)

h
4H-1,4a &Jp‘%ﬂ%@W”Eﬂﬂé'ngﬁtilir%‘ﬁl@b]Bﬁﬁﬂﬂéé}/ﬁb)&iﬂ@%mhﬁ RIRRIE OB, BOGHAH2 Hobidys
0.74 (s, 30.94e}, B8NS 12Me) (£-3RIdN i’fk@ (8414 3Hobl@y, @@7@)!@{7163)\/'3)1@ &8 d3H,

H14), 8. }@Manm eas0)e). Stapaispespmp dizS)sat- M. 57éVaH3HP IAE Y- 0.85 (s, 3H)M

(methyl

Me), 0.92
(m), 1.49

2.41 (s, BHiHNNE), & 666,73t D 219840 8%3(%%@&@ 1l GHHB-60MHEH), 3.54 (dd, 1H),
3.64 (d, 1H), 3.66 (d, 1H), 3.91 (d, 1H), 4.07 (d, 1H), 5.47 (dd, 1H, H5) 6.66-6.73 (M, 1H, H14), 8.

(s, 1H, tni

3H, Me

) 13@%@7 w% §ch 13)2 4R (6,4 p-4%1(doh 3

éd 3H Me 092 3HM 114

89 (ﬂw)l'ﬂ 66-2% Gn)”D?

1

v_

3H, Me), 1.23-1.38 (m), 1.41-1(47

04

8RS SREBHN 1 HESHIRF) #4284 EM&Ehum: (ESI) raiz = 710.32 (M+H). 52 RI = Me RIl £ me

RIIl = me RIV =H (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [R2R)-2-

(dimethyl

amino)-2 3-dimethvlbutviloxvl-8-[(1R)-1 _2-dimethvipropy1]l- 14- [5-

[(methyla

1,6,6a,7:8,9,10,10g,10b,11, 1%3a:Rppessnydms-}¢59.8, éoﬁﬁfgfﬁwméﬂopylamlno)butyl]oxy] 14
4H-1,4a—propan( 'pI'Tlenar

iho)chRlonytPLHL {1DA4dR &7 RPHL10R 100R 126R 14R 15R)-8-[(1R)-1,2-
tPSro[El ,2-Clpyran-7- carboxyllc acid
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

methylamino)carbonyljtH-1,2,4-triazol-1-yl]-
RIl = Me

RlV:H

'H NMR (CD;OD, 600MHz, ppmp 0.70 (s, 3H, Me), 0.76 (d, 3H, Me), 0.76 (s, 3H&)M

0.76 (d, 3H, Me), 0.85 (d, 3H, Me), 0.87 (d, 3H,)M&88 (s, 3H, Me), 0.89 (d, 3H, Me), 0.99
(t, 3H), 1.12 (s, 3H, Me), 1.20 (s, 3H, Me), 1.2B8.(m), 1.39-1.44 (m), 1.47-1.54 (m), 1.58-

1.69 (m), 1.75-1.95 (m), 1.98-2.05 (m), 2.08-2.88,(2.14-2.22 (m), 2.36 (dd, 1H, H13),
2.67-2.77 (m, 2H, NC}), 2.83 (s, 1H, H7), 2.91 (d, 3H, CONMe), 2.961Hi), 3.48 (d, 1H),
3.51 (dd, 1H), 3.61 (d, 1H), 3.66 (d, 1H), 3.871H), 4.04 (d, 1H), 5.44 (dd, 1H, H5), 6.66-
6.73 (m, 1H, H14), 8.01 (s, 1H, triazole), 8.79XH, CONH).
Mass spectrum: (ESiWz = 738.50 (M+H).

54 Rl = Me (1S4aR 685 7R,8R,10eR,10R,12eR,14R, 15R)-14-[5-
[(dimethylamino)carbonyltH-1,2,4-triazol-1-yl]-15-[[(R)-2,3-

R“ =H
RIIl = Me dimethyl-2-(methylamino)butyl]oxy]-8-[([®&)-1,2-dimethylpropyl]-

v 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l16a-tetramethyl-
RV =Me

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid
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1H NMR (CD30D, 600MHz, ppm) 8 0.75 (s, 3H, Me), 0.76 (d, 3H, Me), 0.85 (s, 3H, Me), 0.85 (d, 3H,
Me), 0.89 (d, 3H, Me), 0.92(d, 3H, Me), 0.92(s, 3H, Me), 0.94(d, 3H, Me), 1.11 (s, 3H, Me), 1.19 (s,
3H, Me), 1.21-1.36 (m), 1.39-1.43 (m), 1.46-1.54 (m), 1.58-1.65 (m), 1.70-1.77 (m), 1.77-1.94 (m),
2.08-2.13 (m), 2.14-2.21 (m), 2.23-2.30 (m), 2.37 (dd, 1H, H13), 2.64 (s, 3H, NMe), 2.70 (s, 3H, NMe),
2.83 (s, 1H, H7), 2.92 (d, 3H, CONMe), 3.13 (d, 1H), 3.50 (d, 1H), 3.50 (dd, 1H), 3.61 (d, 1H), 3.69 (d,

1H), 3.76 4, KR 495,65 L6D0m#AR (§ani50 1d8) 8- 66 Bvid) (01.75Hs Fii) Va9 30T 6L{d, tlazple), 8.77
(g, 1H, GONH). Massgpfectrum (ESI) raiz = 724.47 (M+H). 53=

n-Pr(1S 12854, AR ereloQB9 (B r3Th Ate). ARIM5()-8HMRP £d, 3H, Me), 0.92 (s, 3H, Me), 1.14
(s, 3H, Me), 1.20 (s, 3H, Me), 1.22-1.35 (m), 11384 (m), 1.47-1.65 (m), 1.58-1.65 (m),

1.79-1.96 (m), 2.03-2.10 (m), 2.09-2.14 (m), 2.1%12m), 2.31 (dd, 1H, H13), 2.33 (s, 3H,
NMe), 2.83 (s, 1H, H7), 3.11 (s, 3H, CONMe), 3.863H, CONMe), 3.17 (d, 1H), 3.48 (d,
1H), 3.50 (dd, 1H), 3.56 (d, 1H), 3.77 (d, 1H),3(@, 1H), 3.96 (d, 1H), 5.46 (dd, 1H, H5),
5.64-5.70 (m, 1H, H14), 8.10 (s, 1H, triazole).

Mass spectrum: (EShWz = 724.55 (M+H).

55 Rl = Et (1S4aR 685 7R,8R,10R,10R,12eR,14R, 15R)-14-[5-
[(dimethylamino)carbonyltH-1,2,4-triazol-1-yl]-8-[(R)-1,2-

R“ =H
Rl = Me dimethylpropyl]-15-[[(R)-2-(ethylamino)-2,3-dimethylbutyl]oxy]-

Y 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
RV = Me

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid
'H NMR (CDs;OD, 600MHz, ppm) 0.54 (s, 3H, Me), 0.76 (s, 3H, Me), 0.77 (d, 3H)M
0.81 (d, 3H, Me), 0.85 (d, 3H, Me), 0.88 (d, 3H,)M&89 (d, 3H, Me), 0.91 (s, 3H, Me), 1.14
(s, 3H, Me), 1.20 (s, 3H, Me), 1.22-1.36 (m), 1(B88H), 1.39-1.44 (m), 1.47-1.56 (m), 1.58
1.65 (m), 1.79-2.05 (m), 2.10-2.22 (m), 2.30 (dd, H13), 2.82-2.89 (m, 1H, NCH), 2.83 (s|
1H, H7), 2.91-2.97 (m, 1H, NCH), 3.12 (s, 3H, CONM&16 (s, 3H, CONMe), 3.20 (d, 1H
3.50 (d, 1H), 3.51 (d, 1H), 3.56 (d, 1H), 3.791Hl), 3.84 (d, 1H), 3.96 (d, 1H), 5.47 (dd, 1H
H5), 5.69-5.75 (m, 1H, H14), 8.09 (s, 1H, triazole)
Mass spectrum: (EShWz = 738.65 (M+H).

56 Rl = H (1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-

R“ =H
RIIl = £t [(ethylamino)carbonyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®=-tetramethyl-
v
RV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid
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RIlI = Hdimethylpropyl] -15- [[(2R)-2,3-dimethy1-2- (propylamino)butyl] oxy]-14- RIll = me[5-
[(methylamino)carbonyl1]-1H-1,2,4-triazol-1-ylk RIV = H1,6,6a,7,8,9, 10,10a,
10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-
4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carboxylic acid 1H NMR (CD30D, 600MHz, ppm) 8
0.70 (s, 3H, Me), 0.76 (d, 3H, Me), 0.76 (s, 3H, Me), 0.76 (d, 3H, Me), 0.85 (d, 3H, Me), 0.87 (d, 3H,

Me), 0.88%, RN eh{o8s %MM%&)@% (teqs)3H1KE, 8HME) 3H2ME, @H?d\/(é SHhL.33
1.39-1.44 147154(%;]158 1.69 (m), 1.75-1.95'(m). 1.98-2.05 (m), 2.08-2.03 (m), 2.14-2.02

(m), 2.36 @daé {51, 3rh3Yle). 784 19, 3 MeN €138 (. 85 MRS ()30 dYIgl, BA9 COR »e')’|€2) 916%

1H), 3.48 ) 14( dj (13 7 ( S58¢h{id, 84,
H5), 6.66 &g %Erl(rﬁﬁ3 H1 g%ﬁékgﬁ@ieill}l%#atzo%} (37292% 1%\Iﬂhé&@sqs§§?:%rum (gﬂ

738.50 (M«P. (62 =i Z4vie Km)ﬂ?hh‘i) Bk (N, 2138 ( l’c'13) 2.77 (d 1H), 2.84 (s, 1H, H7

(1S.,4aR 60848, @fﬁ 3, 4@*18 1#pRalgi é|5BD+)’L43 b2, {tRimeteylgmineicartoenyd] 1H), 3.93 (d,
-111-1,2}4-triazol- 1 15- ) -2,3- dlmeth meth lamino)butyl]oxy]-8-[(1R)-1,2- dlmethylprpyl]-
1,6,6a,7 81!3'[(551‘&1 iZ@ @B&@béﬁ%’rﬂi 64; Qgﬂ@l {8gaAethy14H-1,4a-propano-2H-phenanth

ro[1,2-c]omaggsggmqmm(gg@yzkwm@ﬂmD 600MHz, ppm) 8 0.68 (s, 3H, Me), 0.75 (s, 3H,

Me),07 H Me 3 H Me). 0.89 (d. 3H Me) 090 (d. 3H. Me)._0.90 (d._3H. Me l"
3H, Me), 1.14 (s, 3H, Me), 1.20 (s, 3H, Me), 1.22-1.35 (m),
57 Rl = Me (1S4aR,6a857R,8R,10eR, 10R,12eR,14R,15R)-15-[[(2R)-2,3-dimethyl-

2-(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-

R” =H
alll =g | [(ethylamino)carbonyliH-1,2 4-triazol-1-yi]-

W 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethyl-
RIV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CDs;0D, 600MHz, ppm¥ 0.73 (s, 3H, Me), 0.76 (s, 3H, Me), 0.76 (d, 3H)M
0.81 (d, 3H, Me), 0.85 (d, 6H, 2Me), 0.89 (d, 3He)V0.89 (s, 3H, Me), 1.12 (s, 3H, Me),
1.20 (s, 3H, Me), 1.21 (t, 3H), 1.21-1.35 (m), 11384 (m), 1.47-1.54 (m), 1.58-1.65 (m),
1.77-1.95 (m), 1.97-2.04 (m), 2.09-2.14 (m), 2.1%2Xm), 2.38 (dd, 1H, H13), 2.40 (s, 3H,
NMe), 2.83 (s, 1H, H7), 2.92 (d, 1H), 3.35-3.44 @gh,, CONCH), 3.47 (d, 1H), 3.51 (dd,
1H), 3.61 (d, 1H), 3.63 (d, 1H), 3.89 (d, 1H), 4(@31H), 5.44 (dd, 1H, H5), 6.63-6.70 (m,
1H, H14), 8.02 (s, 1H, triazole), 8.83 (t, 1H, CONH

Mass spectrum: (ESiWz = 724.84 (M+H).

58 Rl = H (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-14-[5-[(diethylamino)carbonyllH-1,2,4-triazol-1-

R“ =H

alll =g | YIF8-I(AR-1,2-dimethylpropyll-1,6,6a,7,8,9,10,10a,10b,111%2-
"y dodecahydro-1,6a,8,10a-tetramethid-1,4a-propand@H-

RV = Et

phenanthro[1,2-c]pyran-7-carboxylic acid
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1.39-1.44 (m), 1.47-1.65 (m), 1.58-1.65 (m), 1.79-1.96 (m), 2.03-2.10 (m), 2.09-2.14 (m), 2.15-2.21
(m), 2.31 (dd, 1H, H13), 2.33 (s, 3H, NMe), 2.83 (s, 1H, H7), 3.11 (s, 3H, CONMe), 3.16 (s, 3H,
CONMe), 3.17 (d, 1H), 3.48 (d, 1H), 3.50 (dd, 1H), 3.56 (d, 1H), 3.77 (d, 1H), 3.82 (d, 1H), 3.96 (d,
1H), 5.46 (dd, 1H, H5), 5.64-5.70 (m, 1H, H14), 8.10 (s, 1H, triazole). Mass spectrum: (ESI) raiz =
724.55 (M+H). 55RI = Et(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-14- [5- RIl =

H_[(dimetthmr-‘e) [bg@wllsobMHzZ BRI gy 1 9H(( 10279?&! 3A&Ve), 0.82 (s, 3H)M
dimethylp ro&yq](i [(2R)-2-(eth amlno) 2 3-dimethylbutyl ox -RN =

mel,6,6a% pQ-9Q 51 35l o8l cArifE. BEM (@tr%HwéWﬁA 0.95 (d, 3H, Me), 1.17
4H-1,4a1pk é)P?rQ'OM’é;J ahepanty Fhy2-clpyranai-cavieoxyl @@H&i ww@@qs@pl@p Z1ppn) 8
0.54 (s, 3H, Me), 0 %3H Me), 077 (d, 3H Me), 0.81 (d, 3H, Me), 0.8 id 3H, Me), 0.88 (d, 3H,
Me),osaj(@%fm)vl%)s @P?s(r@}d%\ﬁ’éﬁllﬂ('@) 3%—#%71% @0?(5(% Iey] 33221@6(@11#@ 36 3H),
1.39-1.44@nLH.-#7)L-38019.28 38, 165 CuNEYE3:3423 69)r; %Z@@)mﬁs?@s(%@ A, 33 (s,
2.82-2.80 ér_na 1H NCH}BLé .83 (s, 1H H7) 2.91- 29@@( 1H NCH), 3.12 (s, 3H, CONMe), 3.16 (s, 3H,
CONMe), HD03#6r(d), BBo3@OrRty 561 d18ONSERE51E), 1#?93(§71(H) 1354519, 4 56 i) 1),
5.47 (dd} BHsHOEP(RD- 5;15;(@01@ 11%4) 130% iz ik, triazole). Mass spectrum: (ESI) raiz = 738.65

(M+H). 86 RI =H RIIl =
Mass spectrum (EShvz = 738.79 (M+H).

\—l‘-

59 Rl = H (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-

R“ =H
RIIl = n-pr [(propylamino)carbonyltH-1,2,4-triazol-1-yl]-

IV 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
RV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CDs;0D, 600MHz, ppm) 0.76 (s, 3H, Me), 0.77 (d, 3H, Me), 0.78 (d, 3He)M
0.79 (s, 3H, Me), 0.83 (d, 3H, Me), 0.85 (d, 3H,M®87 (s, 3H, Me), 0.89 (d, 3H, Me), 0.9
(t, 3H), 1.13 (s, 3H, Me), 1.20 (s, 3H, Me), 1.234.(m), 1.40-1.44 (m), 1.48-1.55 (m), 1.58-
1.65 (m), 1.74-1.95 (m), 2.10-2.21 (m), 2.38 (dd, H13), 2.78 (d, 1H), 2.83 (s, 1H, H7),
3.26-3.37 (m), 3.45 (d, 1H), 3.51 (d, 1H), 3.52,(8), 3.60 (d, 1H), 3.92 (d, 1H), 3.93 (d,
1H), 5.45 (dd, 1H, H5), 6.66 (m, 1H, H14), 8.001(Hl, triazole), 8.79 (t, 1H, NH).

Mass spectrum: (ESiWz = 724.48 (M+H).

(o))

60 Rl = Me (1S4aR 685 7R,8R,10R,10R,12R,14R,15R)-15-[[(2R)-2-
(dimethylamino)-2,3-dimethylbutyl]oxy]-8-[@®)-1,2-dimethylpropyl]-

R“ = Me
RIIl = i.pr 14-[5-[[(1-methylethyl)amino]carbonyl}H-1,2,4-triazol-1-yl]-

Y 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
RV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid
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RIIl = Et RIV = H (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-
dimethylbutylloxy]-8-[(1R)-1,2-dimethylpropy1]-14-[5- Rethylamino)carbonylk1H-1,2,4-triazol-1-y1]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-
4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carboxylic acid 1H NMR (CD30D, 500MHz, ppm)
8 0.78 (s, 3H, Me), 0.79 (d, 3H, Me), 0.82 (s, 3H, Me), 0.87 (d, 3H, Me), 0.90 (s, 3H, Me), 0.91 (d, 3H,

Me), 0.9244 NWIRNE DB SB0RMH M8, zarila B0.& &13MeMéy28:-18@(mh M) (9. 81 (dgkels> (1) 3H),
1.29 (t, 3 I}) 1.41-1.47 (m), 1.49- 1.68

1.80-1.99 (m), 201210(m 12224(m 2.27 (dd, |1H,

Hdls), 2 7H P ($13H.9dgh, QAL e 3kl @%%(ﬁé%&ﬁ@ﬁ@ 34 ﬁéeég%%ﬁiﬁ %@N@Né) 1’4;38
. 1H 1 5 4

. SRR el o 0 B A I ) e ey R S
1H, H13), 2.67 (s, 3H, NMe), 2.74 (s, 3H, NMe),®2(8, 1H, H7), 3.13 (d, 1H), 3.52 (d, 1H),
3.53 (dd, 1H), 3.62 (d, 1H), 3.71 (d, 1H), 3.781H), 4.06 (d, 1H), 4.15-4.24 (m, 1H,
CONCH), 5.45 (dd, 1H, H5), 6.59-6.67 (m, 1H, H18)7 (s, 1H, triazole), 8.58 (d, 1H,
CONH).

Mass spectrum: (EShyz = 752.66 (M+H).

61 Rl = Et (1S4aR 685 7R,8R,10eR,10R,12eR,14R,15R)-8-[(1R)-1,2-
dimethylpropyl]-15-[[(R)-2-(ethylamino)-2,3-dimethylbutyl]oxy]-14-

R“ =H
Rl = ipy [5-[[(1-methylethyl)amino]carbonyl}H-1,2,4-triazol-1-yl]-

Y 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1@a-tetramethyl-
RV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid
'H NMR (CDs;0D, 600MHz, ppm) 0.73 (s, 3H, Me), 0.76 (s, 3H, Me), 0.76 (d, 3He)M
0.77 (d, 3H, Me), 0.85 (d, 3H, Me), 0.87 (d, 3H,)M&88 (s, 3H, Me), 0.89 (d, 3H, Me), 1.12
(s, 3H, Me), 1.20 (s, 3H, Me), 1.22-1.37 (m), 1(843H, Me), 1.25 (t, 3H), 1.26 (d, 3H, Me),
1.39-1.44 (m), 1.47-1.55 (m), 1.58-1.65 (m), 1.7851(m), 1.99-2.06 (m), 2.08-2.13 (m),
2.14-2.22 (m), 2.38 (dd, 1H, H13), 2.65-2.72 (m, N€H,), 2.80-2.87 (m, 1H, NC}), 2.83
(s, 1H, H7), 2.95 (d, 1H), 3.48 (d, 1H), 3.52 (di&H), 3.61 (d, 1H), 3.66 (d, 1H), 3.88 (d, 1H),
4.04 (d, 1H), 4.14-4.21 (m, 1H, CONCH), 5.44 (dd, H5), 6.62-6.69 (m, 1H, H14), 8.02 (s,
1H, triazole), 8.55 (d, 1H, CONH).

Mass spectrum: (EShyz = 752.66 (M+H).

62 Rl = n-pr | (1S4aR,6857R 8R,10aR,10R,12&R,14R,15R)-8-[(1R)-1,2-
Rl = H dimethylpropyl]-15-[[(R)-2,3-dimethyl-2-(propylamino)butyl]oxy]-14-
[5-[[(1-methylethyl)amino]carbonyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

Rl =i-pr
R|V =H
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SO9RI=HRI=HRII=n_prRIV=H

(1S,4aR

,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-

dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropy1]-14-[5- [(propylamino)carbonyl]-1H-1,2,4-triazol-1-y1]-

1,6,6a,7

,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-

4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carboxylic acid 1H NMR (CD30D, 600MHz, ppm) 8

0.76 (s,

Me), 0.8
1.40-1.4
1H), 2.8
1H), 3.93

spectrum: ég‘l} fh4z(m)ié'44¢F8](|@5|@71)6é B=I il QTH)EWWW): i 8151%93(@) 2.0

(1S,4aR

1Qrfi$ @4@& Btedf). &g, mswﬁo, &@@ SBHAV@B3ds 31 (Mp)2389dd, 3

3 Bs2 ( daiyHiS)6
) 0 LB e i), 52 S 016, i

6ape R BR (HPaR, é@QBdQ@«RM@)@%B@? FARBREH,), 283 (s 1H, H7), 2.94 (d, 1H),

(dir?ethyI%mlno) -2 m]rggtgg{hbgut oxy]-8- [2%3&'152 dlmethgllprg;% (q] 1H) 4 02 (d. 1H), 4.14-4.22

[[(1-meth

1,6,6a,7
4H-1,4a-
0.77 (s, B

Me), 0.9
1.29 (d,

5

&% 1 3AY, %ﬂfﬁﬂioﬂqcﬂmd@@lﬁﬁ&]{ﬂ@ -gyametopls, 1H, triazole), 8.56 (d,
n

BH), 1.40-1.46 (m), 1.48-

SHH MRIRAC DO D3 BobIRH 2. sl 8thaMe) 3¢/ e, 9thoMa) :«@48%(45 dtveMs) 8im(d, 3H,
7 (s, 3H, Me), 0.89 (d, 3H, Me), 0.96 (t, 3H), 1.13 (s, 3H, Meéllzo S, 3H, Me?z'122134(m)

ME3) 0988 (a,
ST

Mass

propano- 2H phena thro[1,2-c]pyran-7-carboxylic acid 1H NMR (CD30D 500MHz, ppm) 8
I]1 N@ (d 3H, Me), 0.87 (d, 3H, Me), 0.89 (s, 3H, Me), 0.91 (d, 3H, Me), 0.94 (s, 3H,

4%@%&@&9@@%% 54-4MaHBH, Me), 1.22 (s, 3H, Me), 1.23-1.37 (m), 1.27 (d, 3H),

EXAMPLES 88-94

The following compounds were prepared using metlao@dogous to those

described in the preceding examples:

RIII

88 Rl = Me (1S4aR,6a857R,8R,10aR,10R,128R,14R,15R)-14-[5-(aminocarbonyl)-
Rl = H 1H-1,2,4-triazol-1-yl]-8-[(R)-1,2-dimethylpropyl]-15-[[(R)-2,3,3-

trimethyl-2-(methylamino)butyl]oxy]-1,6,6a,7,8,9,10a,10b,11,12,123
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propan@H-

RIl = H

R|V =H
phenanthro[1,2-c]pyran-7-carboxylic acid

l_

-85 -



1.56 (m),

1.59-1.67 (m), 1.75-1.97 (m), 2.10-2.15 (m), 2.16-2.24 (m), 2.25-2.33 (m), 2.39 (dd, 1H,

H13), 2.67 (s, 3H, NMe), 2.74 (s, 3H, NMe), 2.85 (s, 1H, H7), 3.13 (d, 1H), 3.52 (d, 1H), 3.53 (dd, 1H),
3.62 (d, 1H), 3.71 (d, 1H), 3.78 (d, 1H), 4.06 (d, 1H), 4.15-4.24 (m, 1H, CONCH), 5.45 (dd, 1H, H5),
6.59-6.67 (m, 1H, H14), 8.07 (s, 1H, triazole), 8.58 (d, 1H, CONH). Mass spectrum: (ESI) raiz = 752.66

(M+H).

61RI=EtRII=HRII=RIV=H

dimethyl
[5-[[(1-metA
1,6,6a,7
ro[1,2-c]
Me), 0.76
3H, Me),

(1S, 4aRE‘&5|\TﬁF8Ett%®b1@bBM2&RWRMs[@R ):bZ%7 gd J=7.1 Hz, 3H), 0.83 (s,,3435

Me), 1.39-1.44 (m), 1.47-1,55 (m), 1.58-1.65 (m), 1.76-1.95 (M), 1.99-2.06 (m). 208213(m)
2.14-2.2pdmHl é’ﬁ? @f hA: ‘ﬁdlﬂfl'b)égé
H7), 2.95 (#hddBpBchdifd:, YESIRB2 tdd, 2HB-BMd, 1H), 3.66 (d, 1H), 3.88 (d, 1H), 4.04 (d, 1H

rop (2R)-2-(ethylamino)-2,3-dimethylbutylloxy]-14-
b el BRRIIES.S Wardbh .S O

819201084 Gyl 1. B3 Ira-dagecataydro. Jleigmeiiy/|dh Lo Poang-gEh ghe

?_/(gn -7- carbO)gllc acid 1H NMR (CD30D \HZz pm) 8 0.73 (s %1 3H, Me), 0.76 (s, 3

814 Wre)1b)7 2 @B $51,3018) 2689530 Lk, Wloja]v d*é#h\)le? g6 (93, 3, Bl
B2 @BH=Meb LZ01(8.131, 1¥8) 3ledd, I£{mh P4 dh Bld, Mel11923 AL, 1$i‘}) 3LeBh(¢d,

(dd 4. 0418h, F=38-3 Yz (4 4.8 8P4 (RiD), 2.83 (s, 1

3 (s, 3H), 1.13 (s, 3H), 1.20 (s, 3H),

nanth
H

(d,
3H,

H,

4.14-4.20 (m, 1|—|, CONCH), 5.44 (dd, 1H, H5) 6.62-6.69 (m, 1H H14) 8 02 (s, 1H, triazole) 8.5
1H, CONH). Mass spectrum: (ESI) raiz = 752.66 (M+H). 62 =n-PrRII=HRII=RIV=H

89 Rl = H (1S4aR,6857R,8R,10aR,10R,12&aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-

R” =H
Rl = Me [(methylamino)carbonyljtH-1,2,4-triazol-1-yl]-

W 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®m-tetramethyl-
RIV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CD;OD, 500 MHz, ppm}p 0.77 (s, 3H), 0.78 (s, 3H), 0.78 (d, 3H, partially

obscured), 0.85 (s, 9H), 0.86 (d, 3H, partiallyabyed), 0.90 (s, 3H), 0.91 (d, 3H, partially
obscured), 1.14 (s, 3H), 1.21 (s, 3H), 1.22 — {8y, 1.77 — 1.97 (m), 2.13 (m, 1H), 2.19 (M
1H), 2.40 (dd, J=13.3 Hz, 6.4 Hz, 1H), 2.83 (d, pHIrtially obscured), 2.84 (s, 1H), 2.91 (d

J=4.3 Hz, 3H), 3.47 (d, J=11.9 Hz, 1H), 3.53 (dd, 117 Hz, 1.8 Hz, 1H), 3.62 (d, J=11.7 Hz,

1H), 3.69 (d, J=9.8 Hz, 1H), 3.94 — 3.97 (m, 2H}65(m, 1H), 6.75 (m, 1H), 8.00 (s, 1H),
8.77 (m, 1H).

> (d,

N

Mass spectrum: (EShyz = 710.62 (M+H).

90 Rl = H (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-14-[5-[(dimethylamino)carbonylH-1,2,4-triazol-

R“ =H

Rl = e | 1YI-8-[(1R-1,2-dimethylpropyll-1,6,62,7,8,9,10,10a,10b, 111 P2-
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propand@H-

RIV = Me

phenanthro[1,2-c]pyran-7-carboxylic acid
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8- [(1R)-1,2- dimethylpropyl] -15-
[[(2R)-2,3-dimethy1-2- (propylamino)butyl] oxy]-14- [5- [[(1-methylethyeamino]
carbonyl1]-111-1,2,4-triazol-1-ylk 1,6,6a,7,8,9, 10,10a,
10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-car
boxylic acid 1H NMR (CD30D, 600MHz, ppm) 8 0.72 (s, 3H, Me), 0.75 (d, 3H, Me), 0.76 (s, 3H,
Me), 0.75 %4, NIRNEBDBR GO0 PP (@1 35T :Mg (.3, Bieb QBSKTcariay). 099 (.
3H), 1.12 (s, 3H, Me), 120¢(s 3H, Me), 1.22-1.37 (m), 1.24 (d, 3H, Me), 1.26 (d, 3H, Me), 1.39-1/44
(m), 1.47-2256\FR1)1 B86 (Fo1rf.81HB-3Hdk G:90 {ch 261%3{&’9) 02%(% o) n9 P {5 z3b*i En}5436 (dd,

1H, H13), 35812518 4ma 13 ANGH2), @78@6 1168 (). 1@3@1@1@1)@4&@% 134522(dd, (H1)1 860 (d,
1H), 3.6 éd 1H 3871%_HlH , 4.02 (d, 1H), 4.14-4.22 (m, 1H, CO 5.44 (dd, 1H, H5 6.6116.68
m, 1H, 7 T E +H).
( tHazB1a)Ha, whzwéomﬁmgggp%am %sm 3HBE5E (1H)

EXAMP @ﬁ)g%*g:ﬁ (d,J=12.4 Jﬁqmlwaamqngmq@ MﬁgalﬁgslﬁingﬂthQ% angjog@ss to
those 5described in the precedlné; examEF_hes 88 RI=MeRIl =HRIIl =

(1S,4aR|d85 R @R TGarHoSFEYAIRITAR, 951 ims?’(%ﬁéé’édéﬁyw) S48 (m 1H), 5.79 (m,
1H-1,2,4-11ay 8- 4o/ {4;8tRLR)-1,2-dimethylpropy11-15-W2R)-2,3,3- trimethy1-2-(methylamino)butyll
oxyl
-1,6,6a,7,Y195605P65 R 1 {52 5 d6ARANTT)1 62,8, 10a-tetramethy1-4H-1,4a-propano-2H-phena

nthro[1,2-c]pyran-7-carboxylic acid

91 Rl = H (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-

R“ =H
alll =g | [(ethylamino)carbonyliH-1,2 4-triazol-1-yi]-

I\ 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l16m-tetramethyl-
RV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

Mass spectrum: (EShWz = 724.48 (M+H).

93 Rl =H (1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-[[(1-

R“ =H
Slll = iy | MethylethyhaminojcarbonylpH-1,2,4-triazol-1-yi]-

I\ 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
RV =H

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CD;OD, 500 MHz, ppm} 0.77 (s, 3H) 0.77 (d, 3H, partially obscured)0X(8,
3H), 0.85 (s, 9H), 0.86 (d, 3H, partially obscure@B9 (s, 3H), 0.90 (d, 3H, partially
obscured), 1.14 (s, 3H), 1.21 (s, 3H), 1.24 (d, d+&, 3H), 1.27 (d, J=6.7 Hz, 3H), 1.23 —
1.63 (m), 1.78 — 1.97 (m), 2.13 (m, 1H), 2.19 (i#d),12.40 (dd, J=13.2 Hz, 6.4 Hz, 1H), 2.79
(d, J=9.8 Hz, 1H), 2.84 (s, 1H), 3.47 (d, J=11.9 Ha), 3.53 (dd, J=11.4 Hz, 1.8 Hz, 1H),
3.62 (d, J=11.5 Hz, 1H), 3.68 (d, J=9.9 Hz, 1H943- 3.97 (m, 2H), 4.18 (m, 1H), 5.47 (m,
1H), 6.72 (m, 1H), 8.01 (s, 1H), 8.52 (d, 9.3 H&#) 1

Mass spectrum: (EShyz = 738.67 (M+H).
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1H NMR (CD30D, 500 MHz, ppm) 8 0.76 (s, 3H), 0.77 (d, J=7.1 Hz, 3H), 0.83 (s, 3H), 0.85 (d, J=6.6
Hz, 3H), 0.90 (d, J=6.9 Hz, 3H), 0.92 (s, 9H), 0.93 (s, 3H), 1.13 (s, 3H), 1.20 (s, 3H), 1.22- 1.56 (M),
1.63 (m, 1H), 1.74- 1.96 (m), 2.12 (m, 1H), 2.19 (m, 1H), 2.39 (dd, J=13.2 Hz, 6.4 Hz, 1H), 2.53 (s,
3H), 2.84 (s, 1H), 3.12 (d, J=11.2 Hz, 1H), 3.51 (d, J=11.7 Hz, 1H), 3.52 (dd, J=11.6 Hz, 1.9 Hz, 1H),
3.61 (d, J=11.4 Hz, 1H), 3.77 (d, J=11.9 Hz, 1H), 3.85 (d, J=11.0 Hz, 1H), 4.04(d, J=10.1 Hz 1h), 5.45

(m, 1+ AT T §04(S] R aNreasTRaR I ESRRAZER I TERA (5159 KT = HR™=H Rl

, me RIV]

trimethylbutyl]JoxyR8-EIHR)-1,
1,6,6a,7/8,9, 10,10

10b,11,12,12a- oﬁﬂkéh'yﬁfo 1,6a.8,10a- tetramet H-1,4a- henanthro 1,2-C
bosic i1 R (030D o0 L el s i oS AR i A

=H (1S,4aR,6a5,7R, S ﬁPXR 10bR,12aR,14R,15R)- (2R) -2-amino-2,3,3-
R=di

ImseomihiAhept (s 'gm as%amﬂ;ﬁemmiﬁzl@t‘}azo| 1

triazol-1-yl]-15- [[(2R) 2 3,3-trimethyl-2- (methylamlno)butyl]oxy]

P

-yl]-

nt7-car

obscured), 0.85 (s, 9H), @Ha_l—uappmqﬂan@q;@r@dar@rﬁ)@[isz%jﬁyfaar(damwmwobscured),

1.14 (s, 8H),-1.21 (s, 3H) 1921 67-(m),1.77-1.97 (m), 2.13 (m, 1H), 2.19 (m, 1H), 2.40 (dd, J=13.3

1HINYIR B RrE0R METR, BRRRRRHP £588K0; Oy 56 Bth Prrtiallyobsehres B0, 1=11.0

Hz,6.4 H
Hz, 1H),|}
(m, 2H),
(M+H).

3 Eg (86l bi£d-B Hz331n, bdn 302Kk éﬂil%,?aﬁgzj(gi)gﬁﬁ%@3~ls93$-l 21 1Bs384); B-97

(m, 1 675 (m, 1H), 800§s 1H) 877 m, lH)7 Mass spectrum: ( raiz = 710.6
1.20'(s, 3H . 1.22-1.56(m), 1.25 (d, J 2,37 (d, J=6.5 Hz, 3H)1 3(m 1H),

1.77 — 1.96 (m), 2.12 (m, 1H), 2.19 (m, 1H), 2.88,(0=13.3 Hz, 6.7 Hz, 1H), 2.51 (s, 3H),
2.84 (s, 1H), 3.08 (d, J=11.2 Hz, 1H), 3.50 (d,118Hz, 1H), 3.52 (dd, J=11.4 Hz, 2.0 Hz,
1H), 3.61 (d, J=11.5 Hz, 1H), 3.78 (d, J=11.8 Hz),13.84 (d, J=11.2 Hz, 1H), 4.00 (d, J=9
Hz, 1H), 4.18 (m, 1H), 5.45 (m, 1H), 6.57 (m, 18)93 (s, 1H), 8.58 (d, J=8.2 Hz, 1H).
Mass spectrum: (EShyz = 752.82 (M+H).

EXAMPLES 100-102

The following compounds were prepared using metlao@dogous to those

5 described in the preceding examples:

]
R O\/OH

O

2

9

100 Rl = Et (1S4aR,6a857R,8R,10aR,10R,128R,14R,15R)-14-[5-(aminocarbonyl)-
1H-1,2,4-triazol-1-yl]-15-(2-amino-2-ethylbutoxy)-8§1R)-1,2-

R“ = Et
Rl = dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,11,12,18detahydro-

Y 1,6a,8,10a-tetramethyH-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
RV =H

carboxylic acid
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90 RI=HR"=HRIII

, me RN, me (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-

[[(2R)-2-amino-2,3,3- trimethylbutyl]loxy]-14-[5-[(dimethylamino)carbony1]-1H-1,2,4-triazol1-yl] -8-
R1R)-1,2-dimethylpropy1]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H

-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carboxylic acid

1H NMR (CD30D, 500 MHz, ppm) 8

0.71 (s, 3H), 0.77 (s, 3H), 0.78 (d, 3H, partially obscured), 0.86 (d, J=6.8 Hz, 3H), 0.90 (d, J=6.8 Hz,

3H), 0.927s, AR QEB,603B00VEASp MK 6.84 (6. R 6120 3HE 0078 (3, B30 7). 8Py, 1.97

2.13 (m,|1H), 2.19 (m, 1H), 237(de 13.4 Hz, 6.5 Hz, 1H), 2.84 (s, 1H), 2.98 (d, J=9.9 Hz, 1H),

(s, 3H), 3AFally

trimethylbgity§qugy

SEUEE), (=4 27434'2'21@)")3%%&16&!['1 SHY, %Sh@ 3H); 9:88 (4, 3= @167'142,

1H), 3.85 g¢)J3 W I $i3HY ). 819 3
1H), 8.09 (s, 1H) Mass s
(1S.4aR|6at Y HBRHY

1184 @&mtidHg-en8etingtny cpuEl (#r-1pt, Wﬁ@éﬁlﬂ@)ﬂ)ﬁ@@iy(lﬂwjkﬁlﬁtwq &3

Flﬁ. HoHzy B9) (% iFfbollﬂthbﬁsrﬂﬁ e AL [, 51+71§9
ectrum: (ESI) raiz = 724.69 (VM+H). 91'RI = H RIl = H RIll = Et RIV =
80K, 132:%3 %Aﬂ?l@@) Hz, ﬁé Lahih@ardadly obscured), 2.84 (s, 1

(m),
3.14

(m,

),

1,6,6a,7/8,9 10 10a,10b,11,12,12a-dodecahydro-1,6a,8,10a- tetramet%4H -1, 4a|_Pro ano-2H- E'he nanth

ro[1,2-c] o}l%)n 3. @Q@oﬂﬂ@a&h’ﬂé@sﬁ@@tr@n%ﬁél?rﬁ@ B (@ %

6.65 (m, 1H), 8.02 (s, 1H).
Mass spectrum: (EShyz = 682.59 (M+H).

45 (m, 1

Az, 1

101

Rl = Et
Rl = Et
RIIl = Me
RIV = H

(1S4aR,6857R,8R,10aR,10R,12&8R,14R,15R)-15-(2-amino-2-
ethylbutoxy)-8-[(R)-1,2-dimethylpropyl]-14-[5-
[(methylamino)carbonyljtH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CDs;0D, 500 MHz, ppmp 0.62 (t, J=7.5 Hz, 3H), 0.76 (s, 3H), 0.77 (d, 3H,
partially obscured), 0.78 (t, 3H, partially obsalle).86 (d, J=6.9 Hz, 3H), 0.88 (s, 3H), 0.9
(d, 3H), 1.14 (s, 3H), 1.19 — 1.56 (m), 1.14 (s),3H20 (s, 3H), 1.63 (m, 1H), 1.77 — 1.96 (1
2.13 (m, 1H), 2.19 (m), 2.37 (dd, J=13.2 Hz, 6.6 H1&), 2.82 (d, J=9.9 Hz, 1H), 2.84 (s, 1H
2.92 (d, J=4.3 Hz, 3H), 3.44 — 3.47 (m, 2H), 3.8@, J=11.5 Hz, 1.7 Hz, 1H), 3.61 (d, J=11|
Hz, 1H), 3.90 — 3.96 (m, 2H), 5.45 (m, 1H), 6.65 (tH), 8.00 (s, 1H), 8.78 (m, 1H)
Mass spectrum: (EShVz = 696.53 (M+H).

=]

),

—

102

Rl = Et
Rl = Et
Rl =i-pr
RIV = H

(1S4aR,6857R,8R,10aR,10R,128R,14R,15R)-15-(2-amino-2-
ethylbutoxy)-8-[(R)-1,2-dimethylpropyl]-14-[5-[[(1-
methylethyl)amino]carbonyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid
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94RI = Me(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8- [(1R)-1,2- R"
=Hdimethylpropy11-14-[5-[[(1-methylethyeamino]carbonyll -1H-1,2,4-
Rllltriazol-1-y11-15-[[(2R)-2,3,3-trimethy1-2-(methylamino)butylioxy1- RIV

H1,6,6a,

7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-

4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-carboxylic acid 1H NMR (CD30D, 500 MHz, ppm) 8

0.76 (s,

3H)’09‘)59[§!|_|lf09353H ), 1.13 (s, 3H), 1.20 (s, 3H), 1.22- 1.56 (m), 1.25 (d, J=6.7 Hz, 3H

(d, J=6.5 Pa't

Hz, 1H),

Hz, 2.0 Hz, 1HL3 .61 (d, J=11.5 Hz, 1H

J=9.9 Hz,3H) 6fs<(rh 1m> ]57zﬁ51r%91r(j“é§7 émum%es H)) 2635544, 3=43 315 mzw,)s

Y, qbéﬁl('?ﬁdll-@ﬂﬁ ﬁ?e]]:-é {Fﬁ)

1 4%9)3 ; dyd7h19,H (94
b o ssion Mooty i S e 25 60 hk

3HD, AIMR (@ BIO 00! IV PRS i OQS?;(SJSW; 2B, @Fﬁ?ﬁ(é"Zslii b. @Q@j (BH=6.8 Hz,

27

2Qrﬁ6~i(1=f§ &Ho Gh)1 PS50 360, 3-90:(, Hz o7

Ly

spectrumHES iy ajze F5LE21 oHe EXAMPIESS 108:30 862 (dd, J= ﬂr@mzllwmgzcomnom were

prepared using methods anallggé us to those 5described in the precedl examples: 100 Rl =

RIIl H RM&HT1S. 4412 65H)7

R;1670 {6bRDAR1BAM EREA 4451 AheRAMoRYH) 802 (S,

1H-1,2,4-ay 8- e/ {dr 1 348 2aminor Rrethylbutoxy)-8-[(1R)-1,2- dimethylpropyl]

-1,6,6a,1
thro[1,2-

5

,8,9,10,10a,10b,11,12,12a- dodecahk;ldrol ,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-ph

cMassspeeiBxikSibg= 724

Et RII Et

1enan

EXAMPLES 111-115

The following compounds were prepared using metlao@dogous to those

described in the preceding examples:

111 |Rrl=H (1S4aR,6a85,7R,8R,10aR, 10MR, 12aR, 14R, 15R)-14-[5-(aminocarbonyl)-
1H-1,2,4-triazol-1-yl]-15-[(4-aminotetrahydr2H-pyran-4-yl)methoxy]-
8-[(1R)-1,2-dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,111P2-
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CD;OD, 500 MHz, ppm}p 0.77 (s, 3H), 0.78 (d, 3H, partially obscured®6(d,
J=6.6 Hz, 3H), 0.89 (s, 3H), 0.91 (d, 3H, partiallscured), 1.15 (s, 3H), 1.22 (s, 3H), 1.20
1.36 (m), 1.40 — 1.57 (m), 1.58 — 1.72 (m), 1.78B98 (m), 2.13 (m, 1H), 2.20 (m, 1H), 2.38
(dd, J=13.5, 6.6 Hz, 1H), 2.85 (s, 1H), 2.90 (m),1321(d, J=10.0 Hz, 1H), 3.31 ( partially
obscured), 3.47 (d, J=12.2, 1H), 3.50-3.63 (m,, 481Y2 (m, 1H), 3.93 (d, J=11.9 Hz, 1H),
4.01 (d, J=10.1 Hz, 1H), 5.46 (m, 1H), 6.67 (m, 18D8 (s, 1H).

Mass spectrum: (EShVz = 696.61 (M+H).

R”:H
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1H NMR

(CD30D, 500 MHz, ppm) 8 0.64 (t, J=7.5 Hz, 3H), 0.76 (s, 3H), 0.77 (d, 3H, partially

obscured), (t, J=7.8 Hz, 3H), 0.86 (d, J=6.8 Hz, 3H), 0.88 (s, 3H), 0.90 (d, J=6.6 Hz, 3H), 1.14 (s, 3H),
1.21 (s, 3H), 1.22- 1.57 (m), 1.63 (m, 1H), 1.77- 1.96 (m), 2.12 (m, 1H), 2.19 (m, 1H), 2.38 (dd, J=13.3
Hz, 6.6 Hz, 1H), 2.83 (d, 1 H, partially obscured), 2.84 (s, 1H), 3.45 (d, 1H, partially obscured), 3.46 (d,
1H, partially obscured), 3.51 (dd, J=11.4 Hz, 1.8 Hz, 1H), 3.60(d, J=11.7 Hz, 1H), 3.91 (d, J=11.9 Hz,

1H), 3.94(d, J=9.9 Hz, 1H), 5.45 (m, 1H), 6.65 (m, 1H), 8.02 (s, 1H). Mass spectrum: (ESI) raiz =

A+HD 101 RI=EtRH=FtRIHl=me RIV=H

682.59 (M

(1S,4aR

ethylbutoxy)-8-[ 1(% 6fl;/ldlm thy!psearld- %r{@tﬁ{my}wﬁmnoicarwybpyp1214[5r|azol 1-y11
1

1,6,6a,7

,100,11, 2a-d deca
ro[1,2-c]pyran-71icarbaxylic g[ eiml' RIVIRY E‘)r %b}\/ﬁ-é HAAAIE Y62 (¢, 3=7.5 Hz, 3H), 0.76 (s,
3H), 0.77 (d, 3H| partially obsquéesh, 088 G.toarmapmnaily obscruash) de & (dirds8@atatRimeth 8

2115 (. 114, .10 (m), 37 (A1 LB WA FE T D19HL 3 Sz SHp W @ 2

615{152”7'R Sﬂ T04R. 1 ﬁ%@ﬁﬂ%&}(&tg(@gﬁ‘%lm 15R)-15-[(4-aminotetrahydro-

8,9,10,1 10a- tetramethyl -1,4a-propano-2H-phe

J=4.3 Hz
3.96 (m,

13#1%@#«:[%6@5 (BRENIHS; (AP 0I78 1S Big), 1077Ur(d13l)+ DEAi My bHskarEdy B, 3-9
2H) 45 (m, 1H8 6.65 (m, 1H), 8.00 (s, 1H), 8.78 (m, 1H)
=6.6 Hz, 3H), 0.90 (s, 3H), 0.91 (d, 3H, partia@hscured), 1.15 (s, 3H), 1.17 (s, 3H), 1.20

1.72 (m), 1.80 — 1.98 (m), 2.14 (m, 1H), 2.20 (#),12.37 (dd, J=13.3, 6.4 Hz, 1H), 2.85 (S|

1H), 2.86 (m, partially obscured, 1H), 2.90 (s, 38122(d, J=10.1 Hz, 1H),3.30 ( partially
obscured), 3.47 (d, J=12.1, 1H), 3.50-3.63 (m,,481y2 (m, 1H), 3.93 (d, J=11.9 Hz, 1H),
4.01 (d, J=10.1 Hz, 1H), 5.46 (m, 1H), 6.67 (m, 18D6 (s, 1H).

Mass spectrum: (EShWz = 710.75 (M+H).

113 | Rl = Me (1S4eR,6857R,8R,10aR,10R,12aR,14R 15R)-8-[(1R)-1,2-
RIl = Me dimethylpropyl]-14-[5-[(methylamino)carbonyllH-1,2,4-triazol-1-yl]-
A=O 15-[[tetrahydro-4-(methylamindH-pyran-4-yllmethoxy]-

1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-

4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CD;OD, 500 MHz, ppmp 0.77 (s, 3H), 0.78 (d, 3H, partially obscured®70(d,

nanth

(s,
(m)l
92 (d,
0 -

J=6.6 Hz, 3H), 0.90 (d, 3H, partially obscured)92)(s, 3H), 1.14 (s, 3H), 1.22 (s, 3H), 1.23 —

1.72 (m), 1.77 — 1.98 (m), 2.13 (m, 1H), 2.20 (#d),12.38 (dd, partially obscured, 1H), 2.39

(s, 3H), 2.85 (s, 1H),2.90 (m, partially obscurgéd), 2.93 (s, 3H), 3.32-3.39 ( m, 2H,
partially obscured), 3.50 (d, 1H, partially obsaxiy, 3.53 (dd, 1H, partially obscured), 3.60
(m, 1H, partially obscured), 3.62 (d, 1H, partialyscured), 3.80 (m, 1H, partially obscured

3.85(m, 2H, partially obscured), 4.15 (d, J=10.0 H#), 5.46 (m, 1H), 6.65 (m, 1H), 8.07 (s,

1H).
Mass spectrum: (EShWz = 724.69 (M+H).
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Mass spectrum: (ESI) raiz = 696.53 (M+H). 102 RI = EtRII = EtRIll =RIV =H
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-(2-amino-2-
ethylbutoxy)-8-[(1R)-1,2-dimethylpropy1]-14-[5-[[(1-
methylethyeamino]carbonylk1H-1,2,4-triazol-1-y11-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl4H-1,4a-propano-2H-phenanth

ro[1,2-c]pyren-71garhoxylic ac{ds 43rkieab/iR GRDINRR, 1908 MR, PRIER)01G4] (8-dmifotdzabiydird- 77 (s,
3H), 0.78 (d, 3H| partially obscured), 0.78 (t, J=7.5 Hz, 3H), 0.86 (d, J=6.6 Hz, 1111) .88 (s, 3H), 0.90
(d, 3=6.9 Hz, 3H)Rll 4 ipr3tip TRy 45 eih?i%ksiﬂ}) W%‘hy'ﬁrpﬁy' F027 (d, 3=7.1 Hz,

os o 1 o 1.1.15"3‘2*2‘33;%%“‘“%“””*&*9"‘5” %F;ﬁ;%%“ﬁﬁ'*f’ LA o (S’H)
3.89 - 3.05 (m, 2H), 4.18 (m, 16084587, %é%lé@)léfb qQdegghy %@Q&lﬂzﬁ%@wﬂm ’

Mass spectrum:|(ESI) raiz = [7124- 5&%%5%@5&11&!1}[1&50] pyran-7-cafhexgiowing
compounds-were-prepared-using-methods analogous-to- those 5described-in the preceding examples:
112 RI = i RIYRHED0D, 500 MHz, ppmp 0.787(s, 3H), 0.79 (d, 3H, partially obscuredgAyd, -
J=6.6 Hz, 3H), 0.89 (s, 3H), 0.91 (d, J=6.6, 3&ttiplly obscured), 1.16 (s, 3H), 1.22 (s, 3H),
1.25 (d, J=6.3 Hz, 3H), 1.27 (d, J=6.7 Hz, 3H)$111.70 (m), 1.80 — 1.98 (m), 2.15 (m, 1H),
2.20 (m, 1H), 2.38 (dd, J = 13.4, 6.4 Hz, 1H), A851H), 2.90 (m, 1H), 3.18 (d, J=10.3, 1H,
partially obscured), 3.22 ( m, 1H, partially obssml), 3.48 (d, J = 11.7 Hz, 1H), 3.51-3.63 (m,
3H), 3.73(m, 1H), 3.93(d, J = 12.1 Hz, 1H), 3.689J=10.0 Hz, 1H), 4.18 (m, 1H), 5.46 (m,
1H), 6.62 (m, 1H), 8.07 (s, 1H).

Mass spectrum: (EShyz = 738.78 (M+H).

115 | Rl = Me (1S4eR,6857R,8R,10aR,10R,12aR,14R 15R)-8-[(1R)-1,2-
Rll = i-pr dimethylpropyl]-14-[5-[[(1-methylethyl)amino]carbgh}- 1H-1,2,4-
A=O triazol-1-yl]-15-[[tetrahydro-4-(methylamind@H-pyran-4-yllmethoxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CD;OD, 500 MHz, ppmp 0.76 (s, 3H), 0.77 (d, 3H, partially obscured®30(d,
J=6.8 Hz, 3H), 0.89 (d, 3H, partially obscured)9d)(s, 3H), 1.12 (s, 3H), 1.20 (s, 3H), 1.24
(d, J=6.6 Hz, 3H), 1.25 (d, J=6.5 Hz, 3H), 1.1370(m), 1.76 — 1.96 (m), 2.11 (m, 1H), 2.18
(m, 1H), 2.36 (dd, partially obscured, 1H), 2.393d), 2.83 (s, 1H), 2.90 (m, 1H), 3.32-3.39
( m, 2H, partially obscured), 3.48 (d, J =11.8 B4), 3.51 (dd, J =11.7, 2.1 Hz 1H,), 3.59
(d, 1H, partially obscured), 3.60 (m, 1H, partialyscured), 3.78 (m, 1H, partially obscured),
3.81(d, 1H, partially obscured), 3.86(d, J = 124 tH), 4.11 (d, J=9.7 Hz, 1H), 4.18 (m,
1H), 5.44 (m, 1H), 6.58 (m, 1H), 8.05 (s, 1H).

Mass spectrum: (EShyz = 752.80 (M+H).
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A=0 (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[(4-aminotetrahydro2H-pyran-4-yemethoxy]-8- R1R)-1,2-dimethylpropy11-14- [5-
Rmethylamino)carbony11-111-1,2,4-triazol-1-y11- 1,6,6a,7,8,9, 10,10a,
10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-car
boxylic acid  1H NMR (CD30D, 500 MHz, ppm) 8 0.78 (s, 3H), 0.79 (d, 3H, partially obscured), 0.87
(d, J=6.6 Hz, 3H), 0.90 (s, 3H), 0.91 (d, 3H, paXallMmPbscLred), 1.15 (s, 3H), 1.17 (s, 3H), 1.20 - 1.72

(m), 1.80- 1.98 (m), 2.14 ( 2 37 (dd 6.4 ), 2.85 )286(
prgrtlally obscurer(;] 1Hil§gqﬁ§|%1—|€$ %@?éj)‘ol% %—% ]1%)1;%%3(%%; %%Upe%)?’ 47 (d, J= TZ 1,
1H), 3.5QrBr@3nytbutid)oRyT-BUt1R)-, 28(931§Iﬂh9Fpldp@/IH143{5)(44@klé{h)]3ﬂ:0ﬂ,ZﬂaTtﬂJhlﬁoﬁﬂﬁllm 1H),
6.67 (m, flél)6§9%(§1]OH£0gﬂf86iqefgLiTagoScjgég Zydroéflgm etrar?lethyﬂ-l—l 1,4a-propan@H-

5 phenanthro[1,2-c]pyran-7-carboxylic acid

O O

Pd(OAC),
X- phos \ _N, 14

H-N ) H->N -
2 o) £ 032C03 2 0"t
2 : H dioxane, 150C L

A suspension of @4aR,6a57R,8R,10aR,10R,12&aR,14R,15R)-15-[[(2R)-2-
amino-2,3,3-trimethylbutyl]oxy]-14-(5-brombH-1,2,4-triazol-1-y1)-8-[(R)-1,2-

10 dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,11,12,18detahydro-1,6a,8,10a-tetramethid-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid (Example 37.2 mg, 0.044
mmol), cesium carbonate (255 mg, 0.78 mmol), 4;%454tetramethyl-1,3,2-dioxaborolan-2-
yhpyridine (129 mg, 0.63 mmol), palladium (Il) aate (14.4 mg, 0.06 mmol) and 2-
dicyclohexylphosphino-2',4',6'-triisopropylbipher{24 mg, 0.05 mmol) in dioxane (1.2 mL)

15 was blanketed with nitrogen and heated in a micveva 1560C for 45 minutes. The mixture
was cooled to room temperature, filtered and pdifly reverse phase HPLC using a 19 x 150
mm Sunfire Preparative C18 OBD column eluting veitietonitrile/water + 0.1% TFA. Product
fractions were evaporated and freeze-dried fromxéune of ethanol and benzene to give the
title compound (5.9 mg) as a white solid (trifluacetic acid salt).

20 'H NMR (CDsOD, 600MHz, ppmp 0.74 (s, 3H, Me), 0.76 (d, 3H, Me), 0.77 (s,
3H, Me), 0.85 (s, 9H, Me), 0.86 (d, 3H, Me), 0.873H, Me), 0.90 (d, 3H, Me), 1.17 (s, 3H,
Me), 1.21 (s, 3H, Me), 1.23-1.34 (m), 1.41-1.45,(in%8-1.65 (m), 1.82-1.98 (m), 2.06-2.11
(m), 2.13-2.21 (m), 2.62 (dd, 1H, H13), 2.85 (s, ¥1), 2.87 (d, 1H), 3.46 (d, 1H), 3.56 (dd,
1H), 3.65 (d, 1H), 3.68 (d, 1H), 3.82 (d, 1H), 4(@31H), 5.62 (dd, 1H, H5), 5.88 (m, 1H, H14),

25 7.96 (br d, 2H, pyridyl H), 8.21 (s, 1H, triazokm)d 8.90 (br d, 2H, pyridyl H).

Mass spectrum: (EShyz = 730.71 (M+H).
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113 Rl = Me RH me A=O (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8- [(1R)-1,2-
dimethylpropy1]-14- [5- Rmethylamino)carbony11-111-1,2,4-triazol-1-y11-
15-[[tetrahydro-4-(methylamino)-2H-pyran-4-ylmethoxy1l- 1,6,6a,7,8,9, 10,10a,
10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl4H-1,4a-propano-2H-phenanthro[1,2-c]pyran-7-car
boxylic acid  1H NMR (CD30D, 500 MHz, ppm) 8 0.77 (s, 3H), 0.78 (d, 3H, partially obscured), 0.87
(d, J=6.6 Hz, 3H), 0.90 (d, 3H, partially obscudhAN®I254,73H), 1.14 (s, 3H), 1.22 (s, 3H), 1.23 - 1.72
(m), 1.77- 1.98 (m), 2.13 (m, 1H), 2.20 (m, 1H), 2.38 (dd, partially obscured, 1H), 2.39 (s, 3H), 2.85 (s,
1H),2.90 (m, partially obscured, 1H), ZABTERNATHVE2IBOTHESIS), partially obscured), 3.50 (d, 1H,
partially obscured), 3.53 (dd, 1H, partially obscured), 3.60 (m, 1H, partially obscured), 3.62 (d, 1H,
partially obscured), 3.80<aR beIpAREHY 0832 0ige), 3r824m,12R)- Pa!fjediv)oRseHes2 4.5 (d, J=10.0

Hz, 1H), 5.46 %m 1H), 6.65 (m lH% 8.07 (s, 1H). Mass spectrum: (E_SI% raiz = 724.69 (M+H}.
5 7 trimethylbutyf]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl

1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]1®m-tetramethy#H-1,4a-propan@H-

phenanthro[1,2-c]pyran-7-carboxylic acid

OxOH_ o
_ T s PP
N._~ |
AcOH, 90T
10 A suspension of Intermediate 33 (2.83 g, 0.046 raont) N-[(E)-

(dimethylamino)methylidene]pyridine-4-carboxami@®93 g, 0.052 mol) in acetic acid (44.4
mL) was blanketed with nitrogen and heated in ®Ca8ll bath for 1 hour. The mixture was
cooled to room temperature, evaporated and puriyectverse phase HPLC using a 19 x 150
mm Sunfire Preparative C18 OBD column eluting veitietonitrile/water + 0.1% TFA. The

15 product fractions were combined, concentrated undenum and freeze-dried to give the title
compound (2.21 g) as a white solid (trifluoroaceirtd salt).

CONVERSION OF EXAMPLE 173 TO HYDROCHLORIDE SALT
A portion of the trifluoroacetic acid salt from ak®(0.90 g, 1.07 mmol) was
dissolved in methanol (9 mL) and the solution wihigted with 9 mL of 1:1 MeCN/KD. The
20 solution was loaded onto a column of Dowk%X8 chloride form ion exchange resin (48 mL,

~34 g, ~1.8 meqg/g) and the column was eluted withiMeCN/HO (120 mL). The eluant was

concentratedn vacuo to remove most of the acetonitrile and then froaed lyophilized to give

0.72 g of the hydrochloride salt as a white solid.

CONVERSION OF EXAMPLE 173 TO FREE BASE
25 A portion of the trifluoroacetic acid salt from ak®(35.2 mg, 0.042 mmol) was
dissolved in ethyl acetate (10 mL) and the solutias washed with sat. NaHG(3 mL)

followed by brine (3 mL). The separated organyefavas dried over N8O, and evaporateih

vacuo to give a glassy solid. The solid was dissolvetdenzene and a small amount of
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EXAMPLE 173 (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutylloxy1-8-[(1 R) - 1,2-dimethylpropy11-14-[5-(4-pyridiny1)-111-1,2,4-triazol-1-371]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2H5phena
nthro[1,2-c[pyran-7-carboxylic acid A suspension of
(15,4aR,6aS,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-

amino-2 atiameitayity whdleslitidd (b fesrerVaddliopiaipbding P8-Xingof 1ha-fidsivaghwpropite
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-

1,4a- pro 8“‘3 2H-phenanthro[1,2-c[pyran-7-carboxylic acid (Example 11, 37.2 mg, 0.044 mmol),

cesium carbonate (253HMMR/EDIOD), %M&@mm%x& 133| 26 xe BB QRBR, wesy line €29
mg, 0.63 mmaol) palladlum ‘_é) acetate él4 4mg,0

dlcycloheq’@iﬁﬂ dhitb &, 28 MRoPr8 m&#&%q&@@%%’o@%%%%% Fard]) 3-dit (33 as

blanketeghwjth niggeesranddeatedin, @gqmpwaa@ﬁm%@(wimwmﬂm (RaIKturewR9Lqaigd to
room tem erature filtered and purified éreverseé)hase HPLC u5|§$ a 19 x 150 mm Sunfire

Preparat D%éﬂcjl(ﬁ]n Je'ﬁl)rlr‘?g]\ﬁl ZHBhitriteAARr 1D130F Al PrHatitt HalibRdsndid
evaporauad)alzd7@e(@|zq1dyle:gumm Aot e-of ethene) @WW@%}OEB@ (hettite, Dowund iy, 9
mg) as a white solid (trlfluoroacetlc acid sal_& 201H NMR (CD30D, 600MHz 5E)pm) 80.74 (s, 3H,_Me),
0.76 (d, DPME) oHA1R) £-8%1298 68 & FiTA) /o5dddd, Bk Do B34dSai Habjasde) (8- 5%,
Me), 1.17ds2 3+ pyeay Ll (s, 3H, Me), 1 23 1.34 (m), 1.41-1.45 (m), 1.48-1.65 (m), 1.82-1.98 (m),
2.06-2.11 (m), 2.13-2.21 m) 262édd H13),2.85 s 1H, S—|7) 2.87 (d, 1H), 3.46 (d, 1H), 3.56 (dd,
1119365 (d, 1H), 3.68& iﬁPG% 53R 19)\MH)(dd, 1H, H5), 5.88 (M, 1H, H14), 257.96
(br d, 2H, pyridyl H), 8.21 (s, 1H, trlazole) and890 (br d, 2H, pyridyl H). Mass spectrum: (ESI) raiz =
730.71 (M+H). EXAMPLE 173 (ALTERNATI 1S)
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- -2-amino-2,3,3- trimethylbutyfloxy1-8-1(1
R) - 1,2-dimethylpropy{l 2aR165/7B3y3RIHYR-AMR, 124 i4R01 SRB3(1R)-1,2-dimethylpropyl]-14-

o112 R b 2 B T A 4 RPN rE AR GE<rer™

15 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid

O\/OH o)
B 5 A N/\N/
N |
AcOH, 90T
20 Intermediate 34 (166 mg, 0.22 mmol) was dissolveaicetic acid (7.5 mL) under

nitrogen. To this solution was added NEJ4(dimethylamino)methylidene]pyridine-4-

carboxamide (47 mg, 0.27 mmol) and the resultingtem heated at 90°C. After two hours the

reaction was allowed to cool to room temperatues ttoncentratech vacuo. The crude

reaction mixture was dissolved in methanol therfiggrby HPLC (30x100 mm Waters Sunfire
25 column, .um, UV detection, 30-100% MeCN/water with 0.05% Té&¥er 20 minutes). The

product fractions were partially concentrated bipvap then frozen and lyophilized overnight to

provide the title compound (128 mg) as an amorphhite solid.

'H NMR (CDsOD, 500 MHz, ppm}p 0.73 (s, 3H), 0.77 (d, J=6.9 Hz, 3H), 0.78
(s, 3H), 0.86 (d, J=6.6 Hz, 3H), 0.89 (s, 9H), A@93H, partially obscured), 0.91 (s, 3H), 1.17
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10A suspension of Intermediate 33 (2.83 g, 0.046 mol) and N-R1E)-
(dimethylamino)methylidenelpyridine-4-carboxamide (0.93 g, 0.052 mol) in acetic acid (44.4 mL) was
blanketed with nitrogen and heated in a 90C oil bath for 1 hour. The mixture was cooled to room
temperature, evaporated and purified by reverse phase HPLC using a 19 x 150 mm Sunfire
Preparative C18 OBD column eluting with acetonitrile/water + 0.1% TEA. The 15product fractions

were condiged, crrentEpdunder vaRIgm) an@eezdyiedso-gvastie litle ;ona® @B, 21.57 as a
white solid (trifluoroacetic acid salt),. CONVERS|ON O PL 3. TO HYDROCHI ORIDE T
A portiont%(fs’tiﬁf trﬁﬁf&d&c@hﬁ%&ﬁﬁ&%’%ﬁ %%%3('& ,%Zm%’) %\/i) E%Q(ﬁ%@oﬂ #ﬁwljtlﬁ'&ng%
mL) and (b, Seiution Ma2ciled wAth 9 eal(of 1=8 MeCN1BB0. (Bhe-205elufionyasgdogded-at@az,
column of RO r 1X8 chloride farm i xchang in (4 ,-34.4g,-1.8 meq/qg) and the column
was elutiﬁvi\a{ﬁg&%ﬁtﬁﬂ%ﬁ é&%@){?ﬂ’é ﬂ%ﬁﬁ@%ﬁé%%ﬁ# \}Q&@?t% %ﬁogegjﬁl@t of the
acetpnitriteipnd then frozen and lyophilized to give 0.72 g of the hydrochloride salt as a white solid.
CONVERSION OF EXAMPLE 173 TO F B/ ortion of the trifluoroacetic acid salt from
above (35.2 mg, 0.04%0%99&38@36%{{5%@?@'§?EME%O mL) and the solution was washed
with sat. NaHCO3 (3 mL) followed by brine (3 mL) The separated organic layer was dried over Na2504
and evaporated in vacuo to give a glassy soligk\J A, ,59@1%5 dissolved in benzene and a small

amount of methanol and the solution was frozen and Tyophilized to give 24.2 mg of the free base as a

white solid. (1S4aR G KRBREBBAD IR AGH4H 3 A1) 6.6-162(3)-3tar9; 2.36+d, 3H, Me),
0.794s, %M@A‘%ﬁi@i@?ﬂ@Zﬁ?ﬁ@gﬁ@@pﬁ%ﬁ*%'@‘@4” F‘r)'o@n%@lﬂamf’ib',adf'-\{‘ﬁézélzﬁ q sH,

5Me), 1.25 (s, , ,1.53(t, 1H), 1591 ,1.81-1.94 (M), 2.01
(d, 1H), 4.516@,71819, 2013021 0lprd)L 2223 2aglogacamydm8d fadtet ramet Ry -1gdas prepammt .79 (d,

1H), 3.44;3.49 (e ﬂé_@%@r%_;_wr&g%i@a&y), 3.80 (d, 1 H), 3.94 (d, 1 H), 5.63 (d, 1 H, H5),
5.83-5.92 (m, 1 H, H14), 7.81 (d, 2 H, pyridyl H), 8.18 (s, 1 H, triazole), 8.79 (d, 2 H, pyridyl H).

10Mass spectrum: (ESI) raiz = 730.70 (M+H). EXAMPLE 174
(1S,4aR,6a5,7R,8R,10aR, 10bR:12aR,14R, 15R)-8-[(1 R) - 1,2-dimethyIpyopy11-14-4_ o,
[5-(4-pyridiny1)-1H-1,2,4-triazol-11]-15-[[(2R)-2,3, -triLnetip/I-Z-(metE)ga\m/i 0)butylloxyl =
G N N° N 5 : :
13

T ST
N NT
H% o” - AcOH, 90C H%O 157 -
Y = H Y = H
Intermediate 33

N-[(1E)-(dimethylamino)methylidene]pyrimidine-5-carboxat®i(13.8 mg, 0.077

mmol) was added to a stirred solution of Intermed&S8 (50.7 mg, 0.069 mmol) in acetic acid

15

(2.0 ml, 17.47 mmol). The reaction mixture wagghtl yellow solution that was degassed (2x)
and placed under nitrogen before being heated%®.98fter 30 minutes, LCMS antH NMR

20 showed complete conversion to product. The reactixture was cooled to room temperature,
diluted with methanol, and evaporated under redpecesisure to give a light yellow residue.
The residue was dissolved in methanol and puriidg two HPLC runs (~25 mg / run) on a 30
x 150 mm Sunfire Prep C18 OBD fufn column by eluting with acetonitrile/water + 0.IB6A.
The total flow rate was 20 ml/min and the HPLC noetlemployed a 17 minute 20%-100%

25 acetonitrile/water gradient followed by a 2 minateetonitrile flush. The product fractions were
combined, the solvent was evaporated under reduessdure, and the residue was lyophilized
from ethanol and benzene to give the title compd@8d) mg) as a white solid.

'H NMR (CDsOD, 500 MHz, ppmp 0.78 (s, 3H, Me), 0.79 (d, 3H, Me), 0.80 (s,
3H, Me), 0.88 (d, 3H, Me), 0.88 (s, 9H, t-bu), 0(813H, Me), 0.92 (d, 3H, Me), 1.18 (s, 3H,
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151,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
phenanthro[1,2-c]pyran-7-carboxylic acid 20Intermediate 34 (166 mg, 0.22 mmol) was dissolved in
acetic acid (7 5 mL) under nitrogen. To this solution was added
N-R1E)-(dimethylamino)methylidenelpyridine-4- carboxamide (47 mg, 0.27 mmol) and the resulting
solution heated at 90C. After two hours the reaction was allowed to cool to room temperature then

cggclegérmgﬂ 'm.2@@9,03mt;_mewqgf&ﬁ@ﬁ@éﬁrﬁ)iﬂﬁ@-wmquf(_)a@?@ﬁtmaéﬁmmr(mriﬁ%lz)t? ﬁ-ﬁlgf
, tjon, 30-100% ter wit 0
vt e o B e 2 eyt b o
Ak g bl wigteoy v ek pavin vl d
Z,. . , , , J= , U. , , U. , J=0.
Hz, 3H), 'é%g(g%&o%g Eﬂggﬂ%bzﬁté\ﬁ;&oéﬁﬁ#é@% &%eﬁ(),ﬁ%l? (s, 3H), 1.22 (s, 3H), 1.24-
1.685(m), 1.83 -2.08 (nMa8slSpet@drim(2Sty2-583%, BHMZ-HY. (dd, 1H, partially obscured), 2.85 (s,

1H), 3.15 (d, J=11.0 Hz, 1H), 3.50(d, J=12.1 Hz, 1H), 3.56 (dd, J=11.7 Hz, 2.0 Hz, 1H), 3.64 (d, J=8.7
Hz, 1H), 3.67 (d, J=8.5 Hz, 1H), 3.84 (d, J=11.2 Hz, 1H), 4.07 (d, J=9.9 Hz, 1H), 5.61 (m, 1H), 5.87 (m,

1H), 7.81 (m, 2H), 8.20 (s, 1H), 8.82 (m, 52H)EXAMPEEEELIM: (ESI) raiz = 744.32 (M+H). EXAMPLE
176 (1S,4aR,6a5 7R, 1ORR EBR)AT R 2 AR 233 .
trimethylbutyfloxy1-8-[?1 %%zm@?’ﬁ?@?%@m@%%ﬁ% @%’f-ﬁ%?%%?g%?ﬁwllf

1,6,6a,7 B440MGEMdb1H-1.2 fotisreiebatlydiroli et 104-feneimdipinmRi -parprofano-2Hphenanth
ro[ll@"’]?mﬁefﬁd;%?ﬂ@(éﬁ,wg,130'?10a,1ob_,11,12,12a-dadgdro-1 6a,8,10a-tetramethyi-1,4a-
N-R1E)-(dimethylamino)methylidenelpyrimidine-5-carboxamide (13.8 mg, 0.077 mmol) was added to a
stirred sdl@RpNeRteheRas A3, &0l pyian-0-08memtr) agitcetic acid (1.0 ml, 17.47 mmol). The
reaction mixture was a light yellow solution that was degassed (2x) and placed under nitrogen before
being heated to 90C. After 30 minutes, LCMS and 1H NMR 20 showed ¢ mI\PIete conversion to
product. The reaction mixture W%&C%'?}:Ied to room tgmperature, diluted With ethan?ci&a?ﬁ'gl evaporated
under reduced pressure to give alightye oW e iefu N/\l‘\l/ ~ G

“
H

N—
N G

HN o A N o >
ff T AcOH, 90T ff T
Intermediate 36

@) @)

15 A solution of Intermediate 36 (710 mg, 0.95 mmalpacetic acid (29 mL) was
treated with N-[(E)-(dimethylamino)methylidene]pyridine-4-carboxamid®&6 mg, 1.05 mmol)
and this mixture was heated to 90°C under nitrog&fter 0.5 hours the reaction was cooled to
room temperature then concentrateglacuo. The crude product mixture was suspended in
methanol (3 mL) and filtered through a sinteregsglnnel. The filtrate was purified by

20 preparative HPLC (19x100 mm Waters Sunfire colubum, UV-detection, 30-100%
MeCN/water with 0.05% TFA over 20 minutes). Thedrct fractions were combined and
partially concentrated by rotovap then frozen amgbhilized to give the title compound (500
mg) as a white amorphous solid.

'H NMR (CDsOD, 500 MHz, ppm}p 0.78 (s, 3H), 0.79 (d, 3H, partially

25 obscured), 0.87 (d, J=6.6 Hz, 3H), 0.91 (d, 3H{ipky obscured), 0.92 (s, 3H), 1.17 (s, 3H),
1.21 (s, 3H), 1.23 -1.78 (m), 1.84 —2.05 (m), 2.2223 (m, 2H), 2.40 (s, 3H), 2.54 (dd, J=13.8,
6.2 Hz, 1H), 2.85 (s, 1H), 2.88 (m, 1H, partiallyscured), 3.28-3.36 ( m, 2H, partially
obscured), 3.43 (d, J=11.2 Hz, 1H), 3.50 ( d2JtHz, 1H), 3.56 (dd, J=11.6, 1.6 Hz, 1H),
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The residue was dissolved in methanol and purified using two HPLC runs (-25 mg / run) on a 30 x 150
mm Sunfire Prep C18 OBD 10 j.tm column by eluting with acetonitrile/water + 0.1% TEA. The total
flow rate was 20 ml/min and the HPLC method employed a 17 minute 20%-100% 25acetonitrile/water
gradient followed by a 2 minute acetonitrile flush. The product fractions were combined, the solvent
was evaporated under reduced pressure, and the residue was lyophilized from ethanol and benzene to

give the Btigscemaodnca2IE BgaredWBte Betid1H, jdist obscureddHBIVIBIR SHB30R, 391 Mpa (9pm)
60.78 (s, 3 e), 0.79 (d, 3H, 80 (s, 3H, .88 (d, 3H, Me), 0.88 (s, 9H, t-bu), 0.91 (s, 3H,
Me), o.951&%%2%&7}1%1%%?%&%&)?3 '(%Tﬁgﬂr%)-?ﬁe%%zﬁﬁéé’ %?'1.492&-1(% %#45’ 1.50-1.68 (m),
1.83-2.01 (M), 2.07-2. Mea$8)Spediram5(Fom’ 647dnl 66HMAEB), 2.87 (s, 1H, H7), 2.94 (d, 1H), 3.48 (d,
1H), 3.58 (dd, 1H), 3.66 (d, 1H), 3.70 (d, 1H), 3.85 (d, 1H), 4.05 (d, 1H), 5.62 (dd, 1H, H5), 5.79-5.86
(m, 1H, H14), 8.24 (s, 1H, triazole), 9.21 (s, 2H, ArH), 9.36 (s, 1H, ArH). 5Mass Spectrum: (ESI) raiz =
73171 (M+H). EXAMPLE 181 (1S 4aR\G85 IR AR 10aR 10bR,12aR,14R,15R)-8-[(1 R) -
1,2-dimethylpropy11-14-
[5-(4-pyridiny1)-1H-1, ZThdrfaltowingldaibpRtetcshywere- prepatiey arsimg xRt bagdagods to those
10ylimethoxyl1-1.6,6a.7,8.9.10.10a,10h,11,12 12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-
propano%}éﬂhbeéngahqﬁpg[ﬁrﬁ% é}'/rr]gn@f%:’rg%%iylic acid 15A solution of Intermediate 36 (710 mg, 0.95
mmol) in acetic acid (29 mL) was treated with OO _
N-[E)-(dimethylamino)methylidene]pyridine-4-carboxamide {186 gng?, 1.05 mmol) and this mixture was

heated to 90C under nitrogen. After O.Egh\%ﬂﬁs the reactior

concentrated in vacuo. The crude pro%uctNmixtuse as d in methanol (3 mL) and filtered
through a sintered glass funnel. The filtkafe’ Was Pukif O-preparative HPLC (19x100 mm Waters

Sunfire column, SRm, UV-detecthip, )
product fractions were combined ang-partieflly cgncentrated by rotovap then frozen and lyophilized to
give the title compound (500 mg)-a£ a White amerﬁhous solid. 1H NMR (CD30D, 500 MHz, ppm) 8
0.78 (s, 3H), 0.79 (d, 3H, partially 250bscured), 0.87 (d, J=6.6 Hz, 3H), 0.91 (d, 3H, partially
obscured), 0.92 (s, 3H), 1.17 (s, 3H), 1.21 (s, 3H), 1.23 -1.78 (m), 1.84 -2.05 (m), 2.12 - 2.23 (m, 2H),
2.40 (s, 8H), 2.54 (dd, J=13.8, 6.2 Hz, 1H), 2.85 (s, 1H). 2.88 (m, 1H, partially obscured), 3.28-3.86 (
o 24, parialy QIRCOrER), 3,43 ( GLSA0E SRR, BRI A 3R L UHcE ARG, 116 iz,
1H), A= 2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-
—N pyridinyl)-1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11]1P2-
% \ dodecahydro-1,6a,8,10a-tetramethid-1,4a-propand@H-
phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CDs;0D, 600 MHz, ppm} 0.77 (s, 3H, Me), 0.77 (d, 3H, Me), 0.78 (s, 3H)M
0.80 (d, 3H, Me), 0.83 (d, 3H, Me), 0.86 (d, 3H,M&86 (s, 3H, Me), 0.90 (d, 3H, Me), 1.17
(s, 3H, Me), 1.21 (s, 3H, Me), 1.22-1.35 (m), 1485 (m), 1.49-1.66 (m), 1.68-1.75 (m),
1.81-1.98 (m), 2.05-2.11 (m), 2.13-2.22 (m), 2.88, (1H, H13), 2.85 (s, 1H, H7), 2.89 (d,
1H), 3.44 (d, 1H), 3.48 (d, 1H), 3.53 (dd, 1H),1B(d, 1H), 3.80 (d, 1H), 4.00 (d, 1H), 5.59
(dd, 1H, H5), 5.80-5.86 (m, 1H, H14), 7.67 (dd, #H), 8.17 (s, 1H, triazole), 8.22 (d, 1H,
ArH), 8.74 (broad, 1H, ArH), 8.94 (broad, 1H, ArH).

Mass Spectrum: (ESiVz = 716.74 (M+H).

10

- 98 -



3.63 (m, 1H, partially obscured), 3.67 (d, 1H, partially obscured), 3.76 - 3.86 (m, 3H), 4.20 (d, J=9.6
Hz, 1H), 5.58 (m, 1H), 5.93 (m, 1H), 8.00 (br, 2H), 8.27(s, 1H), 8.92 (br, 2H). Mass Spectrum: (ESI)

raiz = 744.66 (M+H). 5SEXAMPLES 182-200
methods analogous to those described in the preceding examples:

The following compounds were prepared using
1H NMR (CD30D, 600MHz,

ppm) 8 0.72 (s, 3H, Me), 0.77 (d, 3H, Me), 0.77 (s, 3H, Me), 0.81 (d, 3H, Me), 0.83 (d, 3H, Me), 0.86

(d, 3H, N
1.41-1.4
1H, H13
1H), 4.0¢
and 8.83
ppm) 6 C
(d, 3H, N
1.40-1.45

fe), 0.8
5 (
s

(hrd, 1
.67 (s,
le), 0.8¢
5 (M), 1

')’) /n ‘III

3 (d, 1H),

BH2Me)\ 0.

3 (S, 3H, Me), 0.90
4%1 e(m) 1.84C
SALE, H7), 2.95

5.62 (dd,\{H, H
H, spyridyl H), M4
(d

3 (s, 3H, Me), 0.8

d3H Me 117 s, 3H, Me)12153H e 123134(m)
833% EFH)OQQ (Ef%?)%\ﬁ\ne) 26
mumldnhfa47(mlewoamjﬁﬁ)myuew1saswmaiumﬁamrmwu3
;ggs L 28 fusbitpro
Ly %%ﬁ Ol B o einChrs

;ge(tnametmﬁléﬁ 11 Y (pr B INEE); meoa(sﬂgﬂ[lmel;] ayPani37 (m),

CD30D, 600

48-1.55 (m), 1.5

ll\’)

SEcABBJb A¢h9-1.76 (), 1.81-1.95 (m), 2.12-2.22 (m), 2.58 (de

11N\ 12 |l ad LN 12 Q~

yridyl H), 8. 21 (s, 1H, trig

, Me), 0|

D (dd,
77 (d,
1zole)
MHz,
85

1, 1H,

H13), 2.
1H), 4.0¢
8.78 (dd
H(1S,4a
188A=23
pyrida2|r
1,6,6a,7
hro[1,2-q
Me), O. 8
3H, Me)
(m), 1.83

3.50 (d, 1H), 3.53 (d, 1H), 3.58 (dd, 1H), 3.70 (d, 1H), 3.85 (d, 1H), 4.04 (d, 1H), 5.62 (dd, 1H, H5),
9.62 (broad d,

5.85-5.9
ArH). Ma

ACRTA

dlmeth

,LUOULI_I O

i NMR €Cla@ia, 690 MbJ76
mlﬂlﬁ(d-IB}Q ZNBG():J 0188 A H3HVIRRS SNest(dBHERNE 884s; ZM( M2 \\OtH1).(RI3H, Me), 1.1

8191)LC31451(1|10&J-1)L 3542(ddidﬂé)383193f(111;ﬂﬂ)B‘&(lﬁtéh‘Bnﬁeﬂ@ﬂdm’d'ﬂ) 48 ¢pahbh28-Hb
]w&aﬁﬁ A8 bQXYb%a@Bj At M"ﬁi@

H%?K%?baé 9@% R

11 ~A 1
111,002 (G J.I_I,OJU uu J.I_I,OUH- u 11 1),70.00

mﬁﬂMSlﬁHHw D75 (& B, MBIoY B2 FEMA. A
M@RMQ 127)1dy: [l

1,2-dimethylpropy
(m ), 2.37 (s, 3I—Yp I\feﬁ

Bﬁg?ﬁg 1.66 (M), 1.81-1.98 (m),

{dd, 1M, H13), 2.85 (s, 1H, H7), 2.99

QﬂéHAm @@’357 4fs, gzl

),0.90 (s, 3

8.2?

Me),

f

(dl

§

43 148(m) 1.50-1.69 (m), 1.70-1.7
- @QS(ﬁﬂeztum (ESy, 218027851 2.64 (dd 1H, H13), 2.87 (s, 1H, H7), 2.87 (d, 1K

-

H),
7

d1

enant
BH,
? (d,
9
1),

p(m, IH, H

tsslgge »

7y, 8.1 (dd,
m:HESI) raiz
A=

e\

IH, ArH), 8.27 (S, 1H, triazole), 9.47 (d, IH, ArH
(Y 4eRHEIIRPR 10 10kR, 12:R, 14R, 15R)-15- [[()ZR) 2-amino-

2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-
pyridinyl)-1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11]1P2-
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propan@H-

phenanthro[1,2-c]pyran-7-carboxylic acid

1H,

'H NMR (CD;0D, 600 MHz, ppm} 0.76 (s, 3H, Me), 0.77 (d, 3H, Me), 0.77 (s, 3He)M
0.80 (d, 3H, Me), 0.82 (d, 3H, Me), 0.86 (d, 3H,)M&86 (s, 3H, Me), 0.90 (d, 3H, Me), 1.1
(s, 3H, Me), 1.21 (s, 3H, Me), 1.23-1.35 (m), 1445 (m), 1.49-1.66 (m), 1.68-1.75 (m),
1.81-1.98 (m), 2.05-2.11 (m), 2.13-2.22 (m), 2.8d, (1H, H13), 2.85 (s, 1H, H7), 2.86 (d,
1H), 3.46 (d, 1H), 3.49 (d, 1H), 3.55 (dd, 1H),8(d, 1H), 3.82 (d, 1H), 4.00 (d, 1H), 5.60
(dd, 1H, H5), 5.86-5.92 (m, 1H, H14), 7.88 (d, Z4H), 8.20 (s, 1H, triazole), 8.83 (broad ¢
2H, ArH).
Mass Spectrum: (ESiVz = 716.74 (M+H).

185

Rl =
A=

Me

=\ N

(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2,3-
dimethyl-2-(methylamino)butyl]oxy]-8-[([®)-1,2-dimethylpropyl]-
14-[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

carboxylic acid

-99 -



= H(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-
189A=2,3-dimethylbutyl]oxy]-8-[(1 R) - 1,2-dimethylpropy1]-14-[5-(3- N=Npyridaziny1l)--
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10atetramethy1-4H-1,4a-propano-2H-phenant
hro[1,2-c]pyran-7- carboxylic acid 1H NMR (CD30D, 600 MHz, ppm) 6 0.68 (s, 3H, Me), 0.76 (s, 3H,
Me), 0.77 (d, 3H, Me), 0.81 (d, 3H, Me), 0.83 (d, 3H, Me), 0.85 (d, 3H, Me) 0.89 (d, 3H, Me), O 89 (s,

. ) 1 ekl o LB 0 e
o 1] 9{1;? gﬁ%g}@%%% %ﬁéée%ea%éﬁ%m 2@0 é%giﬁ g

H14), 7.94s(cBH 1MeArHR B9, l\lﬂe)trnazcsla) B 3M0UES, (ATH).2B3 @Ei(mlﬁ mu)maqﬂq)
Speciruy G) (TN E it Q. SRR, PO SOZT ot e 15 0
Mnéﬁf 7

3H, Me), 0

083
(s, 3H, Mé)Hi P s(%#*h
(m), 2.04- (dmﬂﬁnﬁa)laaazmn;m EIMddYBQ (hng), maﬂm MK 8H2) (2. 881 (driazt)le3.a8¢08.83)(1
(d, 1H), 34 (ddpHiBly3-H1 (d, 1H), 3.82 (d, 1H), 4.01 (d, 1H), 5.58 (dd, 1H, H5), 5.77-5.83 (m, 1H,

H14), 8.2

S, 3H Me)

yERALE Y iu IL 91)1@)6&9% WS

(M+H).

(s, 3H, Me), 0.85 (d 3H, Me) 0.85 (s 3H Me), 085 (d 3H Me) 0.90 (d, 3H, Me), 1.17 (s, 3H, M

s ] P S L Y TP A oty e e PO |

I\IIVII\ } U U, T \ l \u JI T, 1VIC

1.17

97
.50

.79
, 0.82
e)a

(), 2 00.2108 (h) 2 195 25 (n) SSHGH /TR AP SRR FER AT 3&%@”2(?)3193; a7

(d, 1H), 8.52 (dd, &Fr) 3.56 (d, 1 451'r®@rf®x621(met®x§8'wnq}h’ytslk>3<w§ [{&R)- h%)dlm?ﬂﬂy'e@ew 14

H14), 7.72 (t, 1H, ArH), LHAt[&(Dlpyr&lﬁﬁlﬁhmadZMﬂtrhﬂd)) ByiB (broad, 1H ArH). Mass
Spectrum: (ESl)|ra ;@
sa

were pre

1"@ @%&”%'16%8911&9%1 12,12a- doJéga mpound<
exam

nalogous to those 5described inthe prece
tet amethyI4H -1,4a-propan@H- phenanthro[ ,2- c]pyran 7

carboxylic acid

pared usm

'H NMR (CD;OD, 600MHz, ppmp 0.68 (s, 3H, Me), 0.76 (s, 3H, Me), 0.76 (d, 3H&)M
0.85 (d, 3H, Me), 0.85 (s, 3H, Me), 0.86 (s, 3H,)ME89 (s, 3H, Me), 0.90 (d, 3H, Me), 1.14

L

"

EaY

(s, 3H, Me), 1.21 (s, 3H, Me), 1.23-1.34 (m), 11445 (m), 1.48-1.65 (m), 1.80-1.94 (m), 2.01

(m), 2.12-2.21 (m), 2.29 (s, 3H, NMe), 2.56 (dd, H13), 2.83 (s, 1H, H7), 3.14 (d, 1H), 3.47

(d, 1H), 3.54 (dd, 1H), 3.60 (d, 1H), 3.65 (d, 1Bl)B2 (d, 1H), 4.16 (d, 1H), 5.44 (dd, 1H,
H5), 6.72 (m, 1H, H14), 8.21 (s, 1H, triazole),¥ (br d, 1H, pyridyl H), 8.00(br d, 1H,
pyridyl H ), 8.06 (br d, 1H, pyridyl H ), 8.12 (o, 1H, pyridyl H) and 8.86 (br d, 1H, pyridyl
H).

Mass spectrum: (EShWz = 730.51 (M+H)

Rl =H (1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-
A= 2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-(5-
N— pyrazinyl-lH-1,2,4-triazol-1-yl)-1,6,6a,7,8,9,10,10a,10b,111P2-
%‘@ dodecahydro-1,6a,8,10a-tetramethid-1,4a-propan@H-
N phenanthro[1,2-c]pyran-7-carboxylic acid

187
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1H NMR (CD30D, 600MHz, ppm) 8 0.77 (s, 3H, Me), 0.77 (d, 3H, Me), 0.82 (s, 3H, Me), 0.86 (s, 9H,
Me), 0.86 (d, 3H, Me), 0.87 (s, 3H, Me), 0.90 (d, 3H, Me), 1.18 (s, 3H, Me), 1.22 (s, 3H, Me), 1.25-1.36
(m), 1.41-1.45 (m), 1.50-1.66 (m), 1.82-2.00 (m), 2.02-2.07 (m), 2.16- 2.22 (m), 2.58 (dd, 1H, H13),
2.85 (s, 1H, H7), 2.88 (d, 1H), 3.43 (d, 1H), 3.54 (dd, 1H), 3.59 (d, 1H), 3.63 (d, 1H), 3.77 (d, 1H), 4.00
(d, 1H), 5.56 (dd, 1H, H5), 5.57 (m, 1H, H14), 7.72 (dd, 1H, pyridyl H), 8.25 (s, 1H, triazole), 8.66 (d,

1H, pyric
(1S,4aR|6
[R2R)-2-
R1R)-1,3
1,6,6a,7
hro[1,2-q]
0.76 (d, B

Me), 1.1
2.10-2.2
1H), 3.7¢

AT IE SR e eIl Dt 4830 2R
awr%@iaaﬁtrmr%mwo&m@ﬁo( fcmbmwﬁﬁr{mmu&ez A-89%h13Hy Me). 1.1
2@dinzhye)ndy20-s, 3H, Me), 1.22-1.37 (m), 11405 (m) 1.48-1.55 (m), 1.58-1.65 (m),

8 %011 P8 Y %3812139?@ Hﬁd%%ﬁléiég’tm Wlegbtsl. ﬂﬁrgfﬂgaﬁ%'zhph

ran? carboxylic acid OD 60 Hz, ppm) 8
SR B Gt 3 oS @28 Ckhed &zﬁs 5, 650 b b H1b) Bl
5 (@ 3]rll-,l M), BBB(6, BHNVIe)11224), S116En(S, lmaz:ole)l» WZIKB@HMrhﬁ)) BLSod o8 ity
1;(9]1.)%234233( ), 2.84 (s, 1H, H7), 3.18 (d, 1H), 3.42 (d, 1H), 3.48 (dd, 1H), 3.70

4

enant

v

H,
N,
(d,
3 (s,

1H, triazeie
compounds were Dreoared using methods analoqous to those described in the orecedlng

followin

Hlass 9p L iﬁg;g o do o e e AmLes o one )

example)

S Rl =H (1S,44R,625,7R,8R, 10R, 10kR, 12&R, 14R, 15R)-15-[[(2R)-2-amino-

A= 2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-
—N pyridazinyl)-1H-1,2,4-triazol-1-yl]-
i~ |166a7,89,10,10a,10b,11,12,12a-dodecahydrogli6a-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

188

'H NMR (CD;0D, 500 MHz, ppm} 0.74 (s, 3H, Me), 0.79 (d, 3H, Me), 0.80 (s, 3H)M
0.82 (d, 3H, Me), 0.85 (d, 3H, Me), 0.88 (d, 3H,IM&90 (s, 3H, Me), 0.92 (d, 3H, Me), 1.1
(s, 3H, Me), 1.23 (s, 3H, Me), 1.24-1.38 (m), 11488 (m), 1.50-1.69 (m), 1.70-1.79 (m),
1.83-2.01 (m), 2.07-2.14 (m), 2.16-2.25 (m), 2.6d, (1H, H13), 2.87 (s, 1H, H7), 2.87 (d,
1H), 3.50 (d, 1H), 3.53 (d, 1H), 3.58 (dd, 1H),®(d, 1H), 3.85 (d, 1H), 4.04 (d, 1H), 5.62
(dd, 1H, H5), 5.85-5.92 (m, 1H, H14), 8.11 (dd, #H), 8.27 (s, 1H, triazole), 9.47 (d, 1H,
ArH), 9.62 (broad d, 1H, ArH).

Mass Spectrum: (ESiVz=717.73 (M+H).

Rl =H (1S4aR,6a57R,8R,10aR,10R,12&R,14R,15R)-15-[[(2R)-2-amino-
A= 2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-
N—N pyridazinyl)-lH-1,2,4-triazol-1-yl]-
§4<\_/> 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l16m-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

189

carboxylic acid
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1H NMR (CD30D, 500 MHz, ppm) 8 0.63 (t, J=7.6 Hz, 3H), 0.76 - 0.81 (m, 9H), 0.86 (d, J=6.6 Hz, 3H),
0.90 (s, 9H), 0.90 (d, 3H, partially obscured), 1.15- 1.67 (m), 1.17 (s, 3H), 1.21 (s, 3H), 1.82 - 2.06 (m),
2.13-2.23 (m, 2H), 2.37 (s, 3H), 2.54 (dd, J=13.7 Hz, 6.2 Hz, 1H), 2.85 (s, 1H), 3.01 (d, J=10.7 Hz,

1H), 3.48 (d, J=11.9 Hz, 1H), 3.56 (dd, J=11.7 Hz, 2.1 Hz, 1H), 3.60(d, J=11.0 Hz, 1H), 3.66(d, J=11.7
Hz, 1H), 3.76(d, J=12.1 Hz, 1H), 4.01 (d, J=9.6 Hz, 1H), 5.59 (m, 1H), 5.87 (m, 1H), 7.84 (m, 2H), 8.21

(s, 1H), ¢
(1S,4aR
(1-methy
[5-(4-pyr
1,6,6a,7
hro[1,2-¢
2H), 0.42
8.84 (m,

ﬁ%@%@@ﬁ@%p@%@% T %Pw? B REY Ule £, M) 077 (@, 3

(68T 0B VSR R 10k 1 g )e &

idey3htiMe), 2, 20z GH - W), RIZ2-m85 (m), 14084 (m), 1.48-1.54 (m), 1.58-1.65 (m),
IS8 i 13 2 O DLEs (e e ML dpS t@meﬁeﬁﬁ’%&ﬁ%"’ﬁniﬁﬁs N
B T Ao 4 65 w303 (), i 373 il 545 (10, 30, oo

491 (m, 1H, H14), 7.94 (dd, 1H, ArH) 8.19 (s, Ihazole) 830 (dd, 1H, ArH) 933 (dd,
1H, ArH).
Mass Spectrum: (ESiWz = 717.72 (M+H).

p}Mﬁ}%ﬂ@?’ﬂan}n@bSe;{ﬁ 3H, Me), 1.14

sznant

30 (m,

Rl =H (1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-[[(2R)-2-amino-
A= 2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-
N:\ pyrimidinyl)-1H-1,2,4-triazol-1-yl]-
§@N 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydrogl |-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

190

'H NMR (CD;OD, 500 MHz, ppmp 0.67 (s, 3H, Me), 0.79 (d, 3H, Me), 0.80 (s, 3H)M

0.81 (d, 3H, Me), 0.82 (d, 3H, Me), 0.88 (d, 3H,M&91 (s, 3H, Me), 0.92 (d, 3H, Me), 1.17

(s, 3H, Me), 1.22 (s, 3H, Me), 1.24-1.39 (m), 11428 (m), 1.50-1.58 (m), 1.61-1.69 (m),
1.70-1.78 (m), 1.83-1.98 (m), 2.14-2.25 (m), 2.6@, (1H, H13), 2.86 (s, 1H, H7), 2.98 (d,
1H), 3.52 (d, 1H), 3.54 (d, 1H), 3.60 (dd, 1H),®(d, 1H), 3.92 (d, 1H), 4.11 (d, 1H), 5.50
(dd, 1H, H5), 6.94-7.01 (m, 1H, H14), 8.17 (dd, #H), 8.19 (s, 1H, triazole), 9.01 (d, 1H,
ArH), 9.36 (d, 1H, ArH).

Mass Spectrum: (ESiWz = 717.74 (M+H).

Rl =H (1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-
A= 2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(5-
—N pyrimidinyl)-1H-1,2,4-triazol-1-yl]-
§‘<\:/> 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l16m-
N tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

191
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Mass Spectrum: (ESI) raiz = 729 (M+H). 247 Rl = Me Rl , me RIll = t-Bu RIV = Me

(1S,4aR,

6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [R2R)-2-

(dimethylamino)-2,3,3-trimethylbutylioxy1-8-[(1R)-1,2-

dimethyl

propyl]-14-[5-(4-pyridiny1)-111-1,2 4-triazol-1-y1]-

1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10atetramethyl1-4H-1,4a-propano-2H-phenant

hro[1,2-¢
(m, 9H),
(m, 1H),
590 2
- 1,2- din
14-[5-(4
1,6,6a,7
hro[1,2-q

IR R SRR ge T Ko .80 o R R B Rl
48 RIH; WeR"ERPRIIBS (rB)) RMO- méS 15 ARy 8etifiR BRILQaFS, I0HRLIZER, 94 Rn1HR)63H

g@i%‘gﬁ@?ﬁﬁ%%%ﬁgﬁmamiﬁ??;%%é:tﬂ'?éﬁl@x‘%ﬂi@%@(d, 1H), 3.46 (d, 1H), 3.5

, 0%5‘!36?'91&'??1%&3%2@5@5%&@-21,(éa?é%la{é’tr&r'ﬂétﬁﬁ%ﬂ%,h'éad?éba%&%ﬁ-ﬁﬁ
|oyratE7 - HhBedic (scitiH, triazole), 9.19 (s, 24H), 9.34 (s, 1H, ArH).

Mass Spectrum: (ESiWz = 717.79 (M+H).

RI

=H (1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-[[(2R)-2-amino-
2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(2-
pyrimidinyl)-1H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]16em-

A=
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

N—
2V
N
carboxylic acid

192

'H NMR (CD;0D, 600 MHz, ppm} 0.68 (s, 3H, Me), 0.76 (d, 3H, Me), 0.77 (s, 3He)M
0.78 (d, 3H, Me), 0.81 (d, 3H, Me), 0.85 (d, 3H,IM&87 (s, 3H, Me), 0.89 (d, 3H, Me), 1.1
(s, 3H, Me), 1.20 (s, 3H, Me), 1.22-1.36 (m), 1485 (m), 1.48-1.56 (m), 1.58-1.65 (m),

1.68-1.75 (m), 1.81-1.97 (m), 2.12-2.22 (m), 2.68, (1H, H13), 2.84 (s, 1H, H7), 2.88 (d,

1H), 3.46 (d, 1H), 3.49 (d, 1H), 3.56 (dd, 1H),8(@, 1H), 3.84 (d, 1H), 4.03 (d, 1H), 5.49
(dd, 1H, H5), 6.68-6.74 (m, 1H, H14), 7.58 (t, ¥iH), 8.17 (s, 1H, triazole), 9.00 (d, 2H,
ArH).

Mass Spectrum: (ESiWz=717.76 (M+H).

Rl =H (1S4aR,6a857R,8R,10aR,10R,12aR,14R, 15R)-15-[[(2R)-2-amino-
197 A= 2,3-dimethylbutyl]oxy]-14-[5-(3-fluoro-4-pyridinyhlH-1,2,4-
— triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-
% \ /N 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro81a-

tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

o)
.62
11.00

{(1R)
0

enant

carboxylic acid
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'H NMR (CD;0D, 600 MHz, ppm} 0.77 (s, 3H, Me), 0.77 (d, 3H, Me), 0.82 (d, 3He)M

0.82 (s, 3H, Me), 0.85 (d, 3H, Me), 0.85 (s, 3H,)M®85 (d, 3H, Me), 0.90 (d, 3H, Me), 1.1
(s, 3H, Me), 1.21 (s, 3H, Me), 1.23-1.34 (m), 1405 (m), 1.49-1.66 (m), 1.69-1.76 (m),

1.79-1.91 (m), 1.93-1.98 (m), 2.00-2.06 (m), 2.132Am), 2.54 (dd, 1H, H13), 2.85 (s, 1H,
H7), 2.88 (d, 1H), 3.43 (d, 1H), 3.47 (d, 1H), 3(88, 1H), 3.56 (d, 1H), 3.76 (d, 1H), 3.98 (d,
1H), 5.53 (dd, 1H, H5), 5.53-5.59 (m, 1H, H14),Z(¥, 1H, ArH), 8.24 (s, 1H, triazole), 8.6%
(broad, 1H, ArH), 8.78 (broad, 1H, ArH).
Mass Spectrum: (ESiVz = 734.61 (M+H).

~

o

EXAMPLES 201-209

The following compounds were prepared using metlao@dogous to those

5 described in the preceding examples:

A - =
14

.

N,
N/

A= (1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-
—N 2,3,3-trimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-
% \ pyridinyl)-1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11]1P2-
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid

'H NMR (CDs;0D, 600MHz, ppm 0.77 (s, 3H, Me), 0.77 (d, 3H, Me), 0.77 (s, 3He)M
0.86 (s, 9H, Me), 0.86 (d, 3H, Me), 0.87 (s, 3H,)M®r90 (d, 3H, Me), 1.17 (s, 3H, Me), 1.21
(s, 3H, Me), 1.23-1.34 (m), 1.41-1.45 (m), 1.4851(M), 1.82-1.98 (m), 2.06-2.11 (M), 2.14t
2.21 (m), 2.59 (dd, 1H, H13), 2.85 (s, 1H, H7),12(8, 1H), 3.44 (d, 1H), 3.54 (dd, 1H), 3.63
(d, 1H), 3.65 (d, 1H), 3.81 (d, 1H), 4.02 (d, 1B)61 (dd, 1H, H5), 5.82 (m, 1H, H14), 7.74
(br d, 1H, pyridyl H), 8.18 (s, 1H, triazole), 8.28 1H, pyridyl H), 8.82 (br d, 1H, pyridyl H)
and 9.02 (br d, 1H, pyridyl H).

Mass spectrum: (EShWz = 730.71 (M+H)

201
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1H NMR (MeOH-d4, 500MHz, ppm, selected resonances) 8 0.72 (s, 3H), 0.75 (m, 6H), 0.90 (m, 18H),
1.18 (s, 3H), 1.23 (s, 3H), 2.83 (s, 1H), 5.60 (m, 1H), 5.83 (m, 1H), 7.80 (d, 2H), 8.20 (s, 1H), 8.80 (d,
2H). Mass Spectrum: (ESI) raiz = 759 (M+H). Rl =n-Pr

(1S,4aR,

[5-(4-pyr

6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-[(1 R) - 1,2- 249 RH , H dimethylpropyl] -14-
idiny1)-1H-1,2,4-triazol-1-y1]-15- [ [(2R)- OH =t-Bu

2,3,3-trin
1,6,6a,7
hro[1,2-q
(MeOH-d

nethyl1-2- propylamino)l:ut lioxyl- RIV =

8,949.108710b,11,12,124 9?%%886«9@3%&8%&15?? A2l ph
Jpyran-y- carb Niamd ZLEJ,Bkltnlmem@quompﬁfl[-ﬂR)filpmdsebmyddmﬁhane[ésy&H N
4, S00MHZ—( pyridazinyl)-1H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]16em-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

'H NMR (CD50D, 600MHz, ppmp 0.71 (s, 3H, Me), 0.77 (d, 3H, Me), 0.77 (s, 3He)M
0.85 (s, 9H, Me), 0.85 (d, 3H, Me), 0.88 (s, 3H,)ME90 (d, 3H, Me), 1.17 (s, 3H, Me), 1.2

2.21 (m), 2.56 (dd, 1H, H13), 2.85 (s, 1H, H7),72(8, 1H), 3.48 (d, 1H), 3.57 (dd, 1H), 3.6¢
(d, 1H), 3.70 (d, 1H), 3.82 (d, 1H), 4.03 (d, 1B)63 (dd, 1H, H5), 5.85 (m, 1H, H14), 8.08

(dd, 1H, pyridazinyl H), 8.24 (s, 1H, triazole)48.(br d, 1H, pyridazinyl H) and 9.60 (br d,

1H, pyridazinyl H).

Mass spectrum: (ESiWz = 731.50 (M+H)

(s, 3H, Me), 1.23-1.34 (m), 1.41-1.45 (m), 1.4851(f), 1.82-1.98 (m), 2.06-2.11 (M), 2.14}

enant
IMR

=

O

A= (1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-
N:\ 2,3,3-trimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-
§4<\_//N pyrimidinyl)-1H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

203

'H NMR (CD;OD, 600 MHz, ppmp 0.64 (s, 3H, Me), 0.76 (d, 3H, Me), 0.77 (s, 3H)M
0.82 (s, 9H, t-bu), 0.85 (d, 3H, Me), 0.89 (d, 3#&), 0.90 (s, 3H, Me), 1.14 (s, 3H, Me), 1.2

2.22 (m), 2.62 (dd, 1H, H13), 2.83 (s, 1H, H7),2(8, 1H), 3.49 (d, 1H), 3.58 (dd, 1H), 3.6
(d, 1H), 3.69 (d, 1H), 3.90 (d, 1H), 4.10 (d, 1848 (dd, 1H, H5), 6.93-6.99 (m, 1H, H14),
8.15 (dd, 1H, ArH), 8.17 (s, 1H, triazole), 8.99 11, ArH), 9.34 (d, 1H, ArH).

Mass Spectrum: (ESiVz = 731.59 (M+H).

(s, 3H, Me), 1.22-1.37 (m), 1.40-1.45 (m), 1.4851(&), 1.58-1.65 (m), 1.81-1.96 (m), 2.12}

0

A= (1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-
— 2,3,3-trimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-
% N\ /) N fluoro-4-pyridinyl)-1H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

208

carboxylic acid
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ppm) 8 0.80 (m, 9H), 0.90 (m, 21H), 1.20 (s, 3H), 1.23 (s, 3H), 2.84 (2, 1H), 5.62 (m, 1H), 5.90 (m, 1H)
7.82 (d, 2H), 8.22 (s, 1H), 8.83 (d, 2H). Mass Spectrum: (ESI) raiz = 773 (M+H). EXAMPLES 250-251
The following compounds were prepared using methods analogous to those 5described in the
preceding examples: 250 RI=Me R"=H =t-BuRN, me

(1S,4aR
dimethyl
15-[[(2R

10b,11,1013%(808Ee

carboxyl

abscuredy G635 T4t OG1A4H, raliahy appcueg
. 1.21 (s, 1.23-1.67 (m), 1.82°- 2.0 (M), 2,13- 2.23 (m, 2H),
e o T A6 S AT A A s s T

,6a5,7R,8R,10aR,10bR,12aR, 14R,15R)-8-[(1 R) - 1,2-

p?@“ﬁﬂ#ﬁ%%%f@%ﬁ%%ﬂﬁﬁ%&%ﬁ ﬁ?ﬁ%{%ﬁ'@o% ,Me), 0.82 (s, M
BN A ’8,
qCcBH, Mea,mmaticm@ﬁ), 55@1% PN LEB06LT6(p, BI8R-0.068 (31)3B)02-2 B Tdrd) 2nks

)3%:8
5

J=12.3 HAAUH}LB. pyr(dyl =)L B2bI£5 1 H), 4102 qt:).) 8938 G, Ti)icdy/31)(amdL8iy & (89 Xk, pyaldyl. 7)
1H), 8.25 (iasdHhbfbrim.(E-NE % 48 5BHMMaps Spectrum: (ESI) raiz = 762.96 (M+H).

BT, AL b3 MEbHod8 (83t MelykdR 7-

g ff)aBalds, 9H), 1:86(c
L

tially

1H),

A= (1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-[[(2R)-2-amino-
— 2,3,3-trimethylbutyl]oxy]-14-[5-(3-chloro-4-pyridi)-1H-1,2,4-
% \ /N triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]16em-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

209

'H NMR (CD;OD, 600MHz, ppmp 0.75 (s, 3H, Me), 0.76 (d, 3H, Me), 0.85 (d, 3He)M

(s, 3H, Me), 1.22-1.31 (m), 1.39-1.44 (m), 1.5041(61), 1.80-1.96 (M), 2.10-2.21 (m), 2.48
(dd, 1H, H13), 2.84 (s, 1H, H7), 3.18 (d, 1H), 3(d21H), 3.48 (dd, 1H), 3.70 (d, 1H), 3.78
(d, 1H), 4.09 (d, 1H), 5.47 (dd, 1H, H5), 5.50 (th|, H14), 7.62 (dd, 1H, pyridyl H), 8.23 (s

1H, triazole), 8.71 (d, 1H, pyridyl H) and 8.86 1#], pyridyl H).

0.89 (d, 3H, Me), 0.89 (s, 3H, Me), 0.90 (s, 9H,)ME93 (s, 3H, Me), 1.15 (s, 3H, Me), 1.2

EXAMPLES 240-249

The following compounds were prepared using metlao@sogous to those

described in the preceding examples:

Z

~

N
\ O\/OH )
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Rl =H (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [R2R)-2-amino-2- 251 RH =H
cyclopropylpropylioxy1-8-[(1R)-1,2-dimethylpropy1]-14-[5-(3-fluoro-4- OH, c_pr
pyridiny0-111-1,2 4-triazol-1-y1]-1,6,6a,7,8,9,10,10a,10b,11,12,12a- RIV = Me
dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2Hphenanthro[1,2-c]pyran-7-carboxylic acid
1H NMR (MeOH-d4, 500MHz, ppm, selected resonances) 8 0.28 (m, 1H), 0.50 (m, 3H), 2.83 (s, 1H),

5.58 (m,
(M+H).
those de

OH), 7.7
= XA4gP

scribed

L 1H), 8
L ﬁjZ 2-25¢
ilthe ptece
Rl = Me
R|V = Me

2(m.

) S C . (ESI) raiz =
)Z@ﬁ?e#ﬁmmdg%&n (PSZ29 V%%?g’%?gpg%ziu%&; %n%@l% !
dm@tgygﬂ:ﬂp@y -8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-

1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,P2-Hodecahydro-

1,6a,8,10a-tetramethyH-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

s analogot

732
IS to

carboxylic acid

'H NMR (CD;OD, 500 MHz, ppmp 0.79 (s, 3H, Me), 0.79 (d, 3H, Me), 0.88 (d, 3He)M
0.88 (s, 3H, Me), 0.92 (d, 3H, Me), 0.93 (s, 3H,)Me09 (s, 3H, Me), 1.19 (s, 3H, Me), 1.2
(s, 3H, Me), 1.25-1.39 (m), 1.42-1.48 (m), 1.5081(G), 1.83-2.00 (m), 2.07-2.14 (m), 2.15¢
2.25 (m), 2.57 (dd, 1H, H13), 2.75 (d, 1H), 2.871¢d, H7), 3.49 (d, 1H), 3.49 (d, 1H), 3.56
(dd, 1H), 3.66 (d, 1H), 3.82 (d, 1H), 4.00 (d, 1660 (dd, 1H, H5), 5.88-5.95 (m, 1H, H14),
7.98 (d, 2H, ArH), 8.22 (s, 1H, triazole), 8.88 244, ArH).
Mass Spectrum: (ESHVz = 688.65 (M+H).

A"~}

Rl = H
R” =H
RII = £t
RIV = Et

(1S4aR,6857R,8R,10aR,10R,12&8R,14R,15R)-15-(2-amino-2-
ethylbutoxy)-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-
triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12aatahydro-1,6a,8,10a
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic
acid

'H NMR (CD;0D, 500 MHz, ppmp 0.62 (t, J=7.6 Hz, 3H), 0.74 — 0.80 (m, 9H), 086
J=6.6 Hz, 1H), 0.88 (s, 3H), 0.90 (d, J=6.8 Hz, 3H}4 — 1.67 (m), 1.17 (s, 3H), 1.22 (s, 3k
1.80 —2.0 (m), 2.06 (m, 1H), 2.13 — 2.23 (m, 2H53 (dd, J=13.7 Hz, 6.2 Hz, 1H), 2.85 (s,
1H), 2.91 (d, J=10.1 Hz, 1H), 3.43 — 3.49 (m, 2854 (dd, J=11.7 Hz, 1.8 Hz, 1H), 3.64 (d
J=11.6 Hz, 1H), 3.80 (d, J=12.1 Hz, 1H), 4.01 &8.8 Hz, 1H), 5.59 (m, 1H), 5.88 (m, 1H),
7.82 (m, 2H), 8.19 (s, 1H), 8.81 (m, 1H).

Mass Spectrum: (ESiVz = 716.64 (M+H).

241

Rl = Me
R” =H

Rl = Et
RIV = Et

(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-8-[(1R)-1,2-
dimethylpropyl]-15-[2-ethyl-2-(methylamino)butoxyl-[5-(4-
pyridinyl)-1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11]1P2-
dodecahydro-1,6a,8,10a-tetramethid-1,4a-propand@H-
phenanthro[1,2-c]pyran-7-carboxylic acid

242
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1H NMR (CD30D, 500 MHz, ppm) 8 0.79 (s, 3H), 0.79 (d, 3H, partially obscured), 0.87 (d, J=6.7 Hz,
3H), 0.89 ( d, 3H, partially obscured), 0.92 (s, 3H), 1.16 (s, 3H), 1.22 (s, 3H), 1.23 -1.68 (m), 1.83 -
1.97 (m), 2.13 -2.23 (m, 2H), 2.57 (dd, J=13.3, 6.4 Hz, 1H), 2.82 - 2.89 (m, 2H), 3.27 - 3.35 (m), 3.38 (
d, J=10.3 Hz, 1H), 3.46 (m, 1H), 3.52 (d, J=11.9 Hz, 1H), 3.60 (m, 1H), 3.66 - 3.74 ( m, 2H), 3.91 (d,
J=11.9Hz, 1H), 4.19 (d, J= 9.8 Hz, 1H), 5.50 ( m, 1H), 6.95 ( m, 1H), 8.17 (d, J= 5.3 Hz, 1H), 8.23 (s,

1H), 9.0]

s saf. SUSVE 436k SR DB 0 20 ARl el o

R) - 1,2-

y11-1,6,6

nanthro
(15,4aR/6a

2-dimethy]]|ﬁo W13l§,0|§d(4] pgnlro(?nW) 1) 3.6

y11-1,6,6d: 79K %10, 1685, !SCBSﬂ](mlZ,IﬂiZanBJ"(’jémﬂmoZJS@a@ﬂ,)].(&&ét(&niéihy&&fﬂ-létnélalrbropano-zH phe

nanthro[

itTEtRyiFoBiA}- A0S, (FOKAR (S ritthyrniiabsovetadel — 1.67 (M), T17

7R 8R, 10aR 10bR 14R,15 ‘i(ﬁ W2 aming2.3, trlmet )ﬁbutilll?xxl -8- Rl

a&o]rll H), 3.76°(d, J=12.1

1 d=Ep\sBBcirGA P @slyAciddbampliedy 3, 42.2 mg, 0.05 mmol) and 90% meta-

260
[

54,2,8(3,13500a, 80,1202 (hda ZiQGeGmr((DﬂlW OBtajrantethiddl; 4}¢ﬂ34h+ﬂlzoﬁaIlB+2the
11?r)°]§>§§r( -£a) b%ﬁ}@cﬂim 7 Ha! A '%‘9%1@&11 9 Hz, 1H), 3.56 (dd, J=11.7 Hz, 2.1

R)-1,

chloroperbenzmc acid (42.2 mg, U0.22 mmol) In dichloroethane (Z O mL) was blanketed with nitrogen

and stirre
phase H
+ 0.05%

Me), 0.8

(M), 1.48-1.65 (M), 1.82-1.98 (MKeRAMEAAABI) adstdpaiHrpherahilsio 1. diARrR B4 (5, 1H,

rl atroom fnmpnrafnr 'Fnr 5 hn| S- Thn nmv'h Ire-Wwas n\lannrnfnrl nnrl p| |r|f|nrl hy reverse

B (s, 3Hi e)-(M@O(d 3H, W3, 4.8,9.40.3 ey, 1112112(§2@|=ﬂqe4@yai1wq813mT1) 1.41-1.

H7), 2.84 (d, 1H), 3.47 (d, 1H), 3%58323(&&-%&164 (d. 1H), 3.71(d, 1H), 3.83 (d, 1H), 4.01 (d, 1H

5.63 (dd| &

pyridyl H). R (MeO

1O

PLC udiR) 3 10 x 150 il SAARGEE B IRAVERA DEROEERBIRASRELGH AR WiRrNRTRHWater
TER). Prdkiqy ractions peieeayABgERSprbRYA fTepyAcARs T 2 2inesngfathanphand

benzene to give titl mpgQu a11-A 1H NMR (CD30D,
600MHz| ppm)|8 ':aﬁ F MR @@P@%@a oi?gz('aé?ﬁ T4 085 (s, 9H, Me), 0.86 (d, 3H,

45

5.80 “I J.I'I |_{, r.or(oru, LI‘I [Jylluyl I‘I) 817 \b J.I‘I llIdLUIU( dIIUS‘Hﬁ%j
Z,

d,, 500M ppm selected resonana®@§)30 (m, 2H), 0.42 (m, 1H), 0
(m, 1H), 3.84 (s, 1H), 5.62 (m, 1H), 5.90 (m, 1AB3 (m, 2H), 8.22 (s, 1H), 8.84 (m, 2H)
Mass Spectrum: (ESHVz = 729 (M+H).

2H,

Rl = Me (1S4aR,6a85,7R,8R,10aR, 10MR, 12aR,14R, 15R)-15-[[(2R)-2-
Rl = Me (dimethylamino)-2,3,3-trimethylbutyl]oxy]-8-[®)-1,2-

RII =t-Bu | dimethylpropyl]-14-[5-(4-pyridinyl)dH-1,2,4-triazol-1-yl]-
RV =Me |1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydrogl]fem-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

247

'H NMR (MeOH-d,, 500MHz, ppm, selected resonana®§)80 (m, 9H), 0.90 (m, 9H), 1.00
(s, 9H), 1.20 (s, 3H), 1.22 (s, 3H), 2.77 (s, 3HB4 (s, 1H), 2.92 (s, 3H), 5.62 (m, 1H), 5.9C
(m, 1H), 7.82 (d, 2H), 8.22 (s, 1H), 8.82 (d, 2H)

Mass Spectrum: (EStWz = 759 (M+H).

Rl = Et (1S4aR,6a5,7R,8R,10aR, 10MR, 12aR, 14R, 15R)-8-[(1R)-1,2-

R =H dimethylpropyl]-15-[[(dR)-2-(ethylamino)-2,3,3-trimethylbutyl]oxy]-
Rl =t-Bu | 14-[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-

RV =Me |1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydrogl]fem-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

248
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Mass spectrum: (ESI) raiz = 746.46 (M+H) 20EXAMPLE 261
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- IR2R)-2-amino-2,3,3- trimethylbuty11 oxy1-8- R) -
1,2-dimethylpropy11-14- [5- (1-oxido-3-pyridiny0-111-1,2,4-triazol-1- yll -1,6,6a,7,8,9, 10,10a,
10b,11,12,12a-dodecahydro-1,6a,8,

10a-tetramethy1-4H-1,4a-propano-2Hphenanthro[1,2-c]pyran-7-carboxylic acid 25

procedur
(1S,4aR|6a

S[UR)- 1| 40irk& My proRyik BID[EL-23 f5ridihy @8R, ARBRLab1 )1 p-83 (M, 1H), 7.8

1,6,6a,7

By a

LRI T il GRRESIEat TS 90 0 i 0

(d,2H),
BR0E,06:008B, 80, adi 2B- dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hph

hro [1,2- ) id (F 1) the trtle compound was prepared and |solated

white sol

0.86 (s, qr-r Me), 0.86 (d, 3H, )

Me), 1.2
(dd, 1H,
3.84 (d,

pyridyl H), 8.18

enant
as a
, Me),

1H), 40§FS 1H) 1H pyridyl
1

H= T %%é By

spectrum: (ESI) &% Vo7 W46 M+6-I§£7(,KI\QF3L(E126210b 11,12,12a- dodecahydro8116m-

(1S,4aR
R) - 1,2-

:iimethy propyl1-14-I15- %de%f ggrddlnyo 111-1,2,4-triazol-1- y11

1Na 10Kh 11 9 Arn_.1 6o O 1NA_tntr ﬁmf\"'h nnnnnnn

9 (M
@ﬁcﬁ*}ﬂ ﬁ%mo ‘dtlﬂfé’é Xbr dd, 1H, pyridyl H). Mass
625, 7R\OR 102R LObRAR8RAARATI A0/ GaESHRINERAIncED gyl 0xy -

/Ip\ ORQ (Q QH I\/Ip\ nqn (d QH I\/Ip\ 1 17(Q QH I\/Ip\ 1 ’)1 (Q QH
3-1.34 (1131,' 1:411Pr 45 r(ns;naaaaﬁimram m-uma qmmm mgn[.om)mez 21 (m) 258
HES) 21881(s, {1H, H7), &rﬁé@ﬁ’dbg aﬁ 514D, B 65481 h&@ﬁéﬁa H),

2’(dd

1H,

R1

thro[1,2-
260, but

Sty e \oltl;o(arﬁ 4&!@ @5(78118%@)13 200, BrRILAREHRI-85-(2, 1H), 5.62 (m, 1H),

[1R22§|)n$et . %?/ 6%1{41 @4 trlazgf-lz-yl]
%gqt

1,6,6a,7

Jr% H‘ 0-1,6a.8,10a- rerramerhvl 4H-1 4a-propano-2H-

phenan

_1 6 6 a) 1 ALl 1 Ao 2N
y U,y a I,U,J J.U 1VUA4, LUV, 11,1 J.LCl uouctdartyuru , O, U, Lua=tcuanictuty J. =1 1=1 H‘Q Propanru=4i i

c]lpymrrn OdasARyflc BERMHzZ, ppmm&pméaawanépwatawnaeacﬁaewm Example

phenanthro[l 2-C]pyran- 7- carboxylrc acid (Example 184) the title compound was prepared and

isolated

5

as a white solid. EXAMPLES 250-251

The following compounds were prepared using metlao@sogous to those

described in the preceding examples:

Rl = Me (1S4aR,6&5,7R,8R,10aR, 10MR, 12aR, 14R, 15R)-8-[(1R)-1,2-

R =H dimethylpropyl]-14-[5-(3-fluoro-4-pyridinyltH-1,2,4-triazol-1-yl]-
RIl =t-Bu | 15-[[(2R)-2,3,3-trimethyl-2-(methylamino)butyl]Joxy]-

RV =Me |1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydrogl]fem-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

250

carboxylic acid
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1H NMR (CD30D, 500 MHz, ppm) 6 0.78 (s, 3H, Me), 0.79 (d, 3H, Me), 0.80 (s, 103H, Me), 0.82 (d,
3H, Me), 0.85 (d, 3H, Me), 0.88 (d, 3H, Me), 0.89 (s, 3H, Me), 0.92 (d, 3H, Me), 1.19 (s, 3H, Me), 1.23
(s, 3H, Me), 1.25-1.39 (m), 1.43-1.48 (m), 1.51-1.69 (m), 1.70-1.78 (m), 1.83-2.01 (m), 2.05-2.12 (m),
2.15-2.25 (m), 2.59 (dd, 1H, H13), 2.86 (d, 1H), 2.87 (s, 1H, H7), 3.50 (d, 1H), 3.52 (d, 1H), 3.58 (dd,
1H), 3.71 (d, 1H), 3.86 (d, 1H), 4.01 (d, 1H), 5.62 (dd, 1H, H5), 5.81-5.88 (m, 1H, H14), 7.90 (d, 2H,

ArH), 8.19
will be a
alternati
Also that
improver
be encor
pharmag
6-memb
optionall

10le, Rg,

Jprecje(l)[gdkr a%?hg’éy ’\gﬂ% l_ég%\lﬁ bd%j ’K sgﬁﬁgr@(? c%tJ e‘rﬁlgjqiéad7$%6 %Qrﬁdg Ilg).

\1atipys, BeFehiyl (sf@E3et28r LIGIN(nipdl e aiena2iiss, 208\ (uifi2 B A5V ididtidns3

y \NEROs g ise deosha thg sarde i) fluoro or chloro or on a ring nitrogen with oxyge
R6 and R/ are each independently hydrogen or C1-C3 alkyl; R8 1S CI-C4 alkyl, Cs-C4

cycloalk
together

H-or-C4-05-cycloalkyl-alkyl-R9-s-methyl-or-ethyl-and R8-and-R9-are-optionally-t
to form R3-mBmbered S4aR S TRBR-LARIAPIR L 23 J4R A 155][ (2R)-2-amino-2-

R =H cyclopropylpropyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-fluoro-4-
RII = c-Pr| pyridinyl)-1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,111Pa-
RIV = Me | dodecahydro-1,6a,8,10a-tetrametdii-1,4a-propandH-
phenanthro[1,2-c]pyran-7-carboxylic acid
'H NMR (MeOH-d,, 500MHz, ppm, selected resonanc®s).28 (m, 1H), 0.50 (m, 3H), 2.83
(s, 1H), 5.58 (m,2H), 7.72 (m, 1H), 8.23 (s, IHEB(m, 1H), 8.79 (m, 1H).
Mass Spectrum: (ESHVz = 732 (M+H).

EXAMPLES 252-259

The following compounds were prepared using metlao@dogous to those

described in the preceding examples:

=~

N/,
N

abaceresh, PAPHE. dbratizcambiReiftto At PRI IRILR Ysfanibr QiR

d by the Tollowing claims, AT | 1Acom un of Formu ):
b i (8o Handbns R @, 1. 4 8B, i £ 51
JGC) ﬂlh@ r&ﬁ%dmyllglbﬂp@)hralﬂh‘lg 8.26Amiti3Pe6 ém,rﬁéd\)vlibﬁ’éir(rmelhéteroaryl groupi

Rl =H (1S4aR,6&85,7R,8R,10aR, 100R, 12aR, 14R, 15R)-15-[(4-
A= aminotetrahydrdH-pyran-4-yl)methoxy]-8-[(R)-1,2-
— dimethylpropyl]-14-[5-(4-pyridinyl)1H-1,2,4-triazol-1-yl]-
: \ /" |1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydrog] 16ea-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

252

carboxylic acid
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2. The compound of claim 1, wherein Xis H, H. 3. The compound of claim 1 or claim 2,
wherein Re is either pyridyl or pyrimidinyl optionally mono-substituted on a ring carbon with fluoro or
chloro or on a ring 20 nitrogen with oxygen. 4. The compound of claim 3, wherein r is

4-pyridyl.
C(0O)NH(C1-C3 alkyl). 4.

5. The compound of claim 1 or claim 2, wherein Re is C(O)NH2 or 25

6. The compound of claim 5, wherein Reis C(O)NH2 7. The

compoult
of claim
and R7 &
1, where
(1S,4aR
R1R)-1,2
-1,6,64a,

thro[1,2-
[R2R)-2

7 R (ERRRE

infrth e LM pALDA (s eteTehfrdir the. toup. mmmgaﬁ (dd, J=13.8, 6.5 Hz, 1H), 2.86
75@5&9 %)}%b%lg%%& 1§'%b3(% (b3fp2-An)ine=a3- sladime éb%k%ﬂ -§

0 Mk B fe S o8 .2 ﬁﬁ‘?éﬁ}%e‘}ggf‘ S e
1@‘@&%#103hae9&mé\t§my@rgééﬁ oi“rﬁeQHSHZ 3H)19 fﬁ) %c?rﬁ;féuﬁb'héca%wﬂg% dlaim

S,

)dlmf(t? 1 roi%g 12 f? Hgdé %Tﬁ?ggé%ﬁggﬁﬁézélzﬁgizgp -gén@nmlﬂ'phenan

cChh9a Y- El:bffbﬂXWéChtld 4.8, 1.6(IH3, 248,685 3RS BHRI106R 11 PER2HR, 15R)-15-
Prisdpdctum: (ESiVz = 730.81 (M+H)

(methylamino)butylJoxy]-8-[(IR)-1,2-dimethylpropy1]-14-[5-[[(T-methylethyeamino]carbonylk

201H-1,
4H-1,4a
(1S,4aR

(me’thylariﬁ’):)?ti ?y ]S%(?/?F\E;%((:)L%F\)) l%@@%}@{ﬁ Eg %ﬁ%{fd zzéA'aanffjrllz?carlg(l 1E’k

1H-1,2,4
250x0-4

/I fnn-l | 1 \111 166a78910 ’Iﬂ:\ 1{'\h 11 1’) ‘I')n rlnrlnr‘ah\lrlrn 1 6a8 1!'\:: tetramet hlyl

= y OO T[, 079,10, y OGO

prODan012H=nh@nanthrC[ 1&&@%%@&@@!@%2@ 14R 15R) -8-[(1R)-1,2-

H-1,4a-pro -2H-phendnshdalZ,8;e]pra0a] Ay ddx gl iRadiodecahydro8l 16m-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

-triazo|-1-y%|)]a-r@,8 9[H@tﬁﬁia'<iﬁb‘h ni@thﬁaratm%&ﬁy@a Mﬁ@qtbaﬁ&ramethyl 6

'H NMR (CD;OD, 500 MHz, ppm}p 0.78 (s, 3H), 0.79 (d, 3H, partially obscured®70(d,

J=6.7 Hz, 3H), 0.91 (d, 3H, partially obscured)92Xs, 3H), 1.18 (s, 3H), 1.23 (s, 3H), 1.24 —

1.78 (m), 1.82 —2.06 (M), 2.12 — 2.23 (m, 2H), AA®BH), 2.54 (dd, J=13.5, 6.0 Hz, 1H),

2.86 (s, 1H), 2.91 (m, 1H), 3.30-3.37 ( m, pari@bscured), 3.46(d, J=11.2 Hz, 1H), 3.50 (

d, J=11.9 Hz, 1H), 3.55 (m, 1H), 3.59 - 3.67 (m, 28Y6 — 3.85 (m, 3H), 4.20 (d, J=9.6 Hz
1H), 5.58 (m, 1H), 5.85 (m, 1H), 7.83 (br, 1H),&< 1H), 8.31 (d, J=7.8 Hz, 1H), 8.90 (br,
2H).

Mass spectrum: (EShWz = 744.87 (M+H)

Rl =H (1S4aR,6857R,8R,10aR,10R,12aR,14R, 15R)-15-[(4-
A= aminotetrahydrdH-pyran-4-yl)methoxy]-8-[(R)-1,2-
— dimethylpropyl]-14-[5-(3-fluoro-4-pyridinylH-1,2,4-triazol-1-
é \ /N yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydia;&,10a-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

254

carboxylic acid
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(1S,4aR,

6a5,7R,8R,10aR,10bR,12aR, 14R,15R)-15-[[(2R)-2,3-dimethy1-2-

(methylamino)butyl]loxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-Rmethylamino)carbonylk1H-1,2,4-triazol-1-y
1]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-6-oxo-4H-1,4a-propano-2
H-phenanthro[1,2-c]pyran-7-carboxylic acid;
30(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-14-[5-(aminocarbony1)-111-1,2,4-

triazol-11
1,6,6a,7)8
hro [1,2-
(1S,4aR
triazol-14
1,6,6a,7
hro [1,2-
(1S,4aR
R) - 1,2-

B S R A A e

B by rBActialyBsHEeaRid0-88 (s, 3H), 0.91 (obJ:Hz 3H) 113 (s, 3H) 123 (5. 3H)
6abEER(BIR, 10BR- TODR (hDaR, 12 R, 2SR (v B-{i At carh6ry15:0 1z BY; 2.86 (s, 1H),
ydobs g B¢ (Cﬂfﬁ%tkl 'EH‘P)@ %?@GB‘MEBEMW%%(&R&H} 2 amethyloraeyllyy

10,10a,10b,11,12 1 1 1-4H-1,4 -2Hph
O e e ol TN Lok s promsy 2y
6ER7RER MoH RE1BDKS 1 2HIR, 8466, (SR8 SR EcebbHy.1)-111-1,2,4- triazol-1-y1]-§

imessyipemiinl SRR )27 rdamina) 2, 3-dimethylbutyl] oxy]-

1,6,6a,7,
10phen

0,9,10,10a,100,11,12,1Z2a-dodecahydro-1,ba,8,10a-tetramethy1-4H-1,4a-propano-ZH-

(1S,4aR
[(2R)-2-&
1,6,6a,7
hro [1,2
1,2-dime
,3-trimet
-1,6,6a,7
thro [1,2

-c] pyran-7 gar oxylic ac W'h@&ﬁt%ﬁhw@?‘ﬂ?@P@WM@%‘M@%&H']L@Q‘%QWl R) -
yl

nthro- 1 2l nvyran-7 car th\ | ic-aci rl
IR RIAYS LJ-,L UJ Hylull L

633%; 5 ?3*%8%]0?5 %@@mﬁwiﬁ{ﬁm(lm@mi[(i% trmzol-1-y1]
m ,3-trimethylbuty thyip
8,9,10,108.10b,11,12,12 gﬁ%@ﬁm’%@ fé&%wﬁt@@tl&ra rﬂdinxll% A2panazol ion

thylpropylk T4\[5- Rihethyjereind)e8 i)yt Heb,2.3; mm&mm@mm

ny1-2- (methylamimo)buty ﬂéﬁ’é}‘n}leth I4H 1,4a- prop an@H-phenanthro[1,2-c]pyra
,8,9,10,/10a,16b,11,12,12a-dodeca %aro -1,6a,8, Oatetramethyl -4H-1,4a- propano -2H-pkh

clpyran-7- carboxylic aciGP@YIREAS 7R 8R.10aR.10bR,12aR,14R,15R)-14-

[5-(amin
Rtetrahydto
-1,6,6a,7

thro [1,2
(1S,4aR
R) - 1,2-

251,6,64
phenant

Dmrwgcﬁbé 25603%@2@?@3@ ﬁsé(é 0@4) 127 metByppivhintobscureda(d,
SR MEYRT o) Y BN el bore a0 AR 6.k 123 dSaRt bk

qa%, 1R 3R BRRIISBR 2 pRitldly, bbBotikédp-Bringcaibomyld) 1K) -3.80% &jazel daniait

b B SE i hin D73 b, RerB (M, 1H ), 7.74é5.5 Hz, 1H), 8.31 (s, 1H), d, J=4
Hz, 1H), 8.79 (s, 1H).

Mass spectrum: (ESiWz = 762.81 (M+H)

@@Qdﬁl)’ ZaboxAe3den;2H), 2.43 (s, 3H), 280, J=13.7, 6.0 Hz, 1H), 2.86 (s, 1H), 2.92

PREL Y y%s*{ﬁi*ma%%eﬂéﬁ?ﬁ% A AR T 2 g6, A

enant
43

enant
7q(t,

3-[(1

15- [

enant
1enan

\enan

O

(1
d
8

Rl =H (1S4aR,6857R,8R,10aR,10R,12&R,14R,15R)-15-[(4-
A= aminotetrahydrdH-pyran-4-yl)methoxy]-8-[(R)-1,2-
N:\ dimethylpropyl]-14-[5-(4-pyrimidinyl)1H-1,2,4-triazol-1-yl]-
§4<\_//N 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8] 1&m-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-

256

carboxylic acid
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-14-[5-(aminocarbonyl1)-111-1,2,4- triazol-1-y1]-8-[(1
R) - 1,2-dimethylpropyl] -15- [R2R)-2,3-dimethy1-2-(propylamino)butyl] oxy]-

1,6,6a,7,
30phena

8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2H-
nthro [1,2-c] pyran-7-carboxylic acid;

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3- dimethylbutyl]oxy]-8-[(1 R) -

1, 2-dimeyIRroRy 1415 Rmet ' KIE-1.2 A .
ez L NBRAGH O, SRS HERSR A8 S, 975 (o, 35 partally obscuredid, - |
-2H-phe 1dﬁ@170W,’ﬁabyrgrﬁg-(&rﬁb&)ﬂﬁr%@;Obscurem 2 (s, 3H), 1.16 (s, 3H), 1.22 (s, 3H), 1.
6aREAR(BIR, 10BR-10ISR, IR IR 15R3- 1%, REBTRRG 82336 dirhthyHyRIRXy] 2896,

[(dimethylaming)sarbemgli- il 15l 'H,i%z-oiolé’ﬂizs’_%,%ggﬁw?lﬁﬂi@‘.%tf‘{'_ﬂﬁl!ﬂéﬂh.g Hz, 1H), 3.60

(1S,4aR

-1,6,6a,1

1,4a-prop

(1S,4aR

-8- [(1R) Messtinagturteiopy(E SfrA5-160&sbytaminp)carbony1]-111- 1,2 4-triazol-1-yl]

gﬁ .10.10a,10b,11,12 12a- I_F&:jecahydro-l’G a-tetramethy

o-li"l-)lr?hgﬁinﬁw?él [t pyrant

okttt 19 (d, J="9.8 Hz, 1H), 5.50 (m, 1H),

ano
3

6195 RBR H)aR8LOb R 12213, 3477 1 5R), 1 5. PRUR),-2, 8 [chelkpl 22 emibthy i blb] Oxy]

-1,6,6a,

,0,9,10,10a,100,11,12,12a-dodecahydro-1,ba,3,10a-tetramethyl-4H-

101,4a-p
(1S,4aR

dimethylpufjbxyl:8- [(1R)-1,2-dimefk - 14 [5- ' -111-1,2,4-

trlingeol-{-yli]-l,ax,élg‘i,8,9,10,10a,1 %%%Mq}d@&[éggﬁgﬁgﬁ@%ﬁ%ﬁ?ﬁg@#&%ﬂ-4H-1,4aprc

-2H-phenanthro [1@%]@ -7- caﬁlwﬁﬁww%@B}/H‘é(&é%%%ﬂ@?ﬂwb&tb&@;ﬂdﬁ@%éﬁ{ﬂm,15r
lk 157 [R

[(1R)-1,2

[(methylamino)carbony jLIl'1’2fé‘trameth)_(LMH-l,4a—propan()2-l—|- henanthro[1,2-c]pyran-7

triazol-14

-2H-phehanthro [1,2-c]pyran-7- ¢dBBYREISE591S 4aR 6a5,7R,8R,10aR,10bR,12aR, 14R, 15R)A

=y =

6a5,7R|g&t,20aR, 10bR, [ 2rsy 3R R E5/R) dro 1 (2R pER( dirar thutensR ) -2-R4-

raonano-2H-nhananthro 1 2-cl nvran-7-carhoxywlie aecid:
IUPMI LAY Ar“1LEL FI TOTITAATTOU T O UJ r.l.ylull T UL ”UI\]“\J MUIU,

-dimethyl 2R)6263:didetnyl 124 ropylamadarydaeodridra -

y1]-1,6,6a,7,8,9,10,10a,10b,11,12 12a-dodecahydro-1,6a,8,10a-tetramet y1-4H-i,4aprc

pano
R)-8-

pano
14-

[5- [(dimethy lamiResBIoeMElo0d0L; bR irzeld il o I8 2R) 3-8 simeiiny btk (medprtamino

oxy] -8-
-1,6,6a,7

thro [1,2ictpf@atm)-chbbxylid@8dian), 2.07 (M9 HARZH8 28 1BR 2tta R, POHRM 252 34 RE1G Rz 1 3H])5-
[(dimethylarBér@carponyde6 Yl -1k, 43tdaz08 BYI] rify, BH(B)-I-2rdigethyigpsIBA5-3.63 (m, 3H),
SN 385 ( d, 3=12.1 Hz, 1H), 4.10 (9B:Hz, 1H), 5.56 ( m, 1H), 5.83 (m, 1H),

[[(2R)-2-

P T tacBh, L) RS2 3t W phs el G b G

8.27 (s, 1H), 9.20 (s, 2H), 9.36 (s, 1H).
Mass spectrum: (EShWz = 731.84 (M+H)

butyl]

fehan

Rl = Me (1S4aR,6857R,8R,10aR,10R,128R,14R,15R)-8-[(1R)-1,2-
A= dimethylpropyl]-14-[5-(4-pyrimidinyl)iH-1,2,4-triazol-1-yl]-15-
N:\ [[tetrahydro-4-(methylaminoH-pyran-4-ylimethoxy]-
§4<\_//N 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8] 1&m-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-
carboxylic acid

258
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25dimethylbutyl] oxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-
1,4a-propano-2H-phenanthro [1,2-c] pyran-7-carboxylic acid;
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3- dimethylbutyl]oxy]-8-
R1R)-1,2-dimethylpropylk 14- [5- [(ethylamino)carbonyl1]-111-1,2,4-triazol1-yl]
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-

302H-pHen [
(15,43 o b USRS Sl GRS SRS (5 3hen 204 LB R oy
-8- [(1R)} ﬂzGdYn#&hg’ziﬁ)opg)}P-hd [%ﬁ(%ﬂﬁ&ba’%hlhcﬁc%(éh?ﬂ&iﬁl% 1225, 3H), 1.23 1

triazol- 1yt 6,%2.7,8,9710v)02, 00k, 12 22 (k2,26 d2 i) 0 2 Sa (8 d, Qb= 163 rantethif; 4HH ), Qeﬁﬁq paNo
'2H'phe’§ﬂi‘f%[é§&ﬁlpm¥‘ iﬁf%oﬁfrﬁ idy 50.(d10:0 Hz, 1H), 352 =362 (m, 3H). 3.6
(1S,4aR|6a5,7R,8R,10aR ObR 12aR,14R [f[é @%amlno -2.3- dlmetmlbu%/é Xr%] 14 ['f-
[(diethylamroyéaifory1): 8% (B alidk 382 37112 891 2PBE e JiBrbisy
-1,6,6a,7,8,920/m04HDb, 811 TAdPaldbd: chdydro-1H2 30 - tirarfdtly1J48-2 Hz, 1H), 9.35 (d,
1,4a—propgn9-@h:l;phgqﬁnthro [1,2-c] pyran-7-carboxylic acid;

1S,4aR|635,7R,8R,10aR, 4 5- [[(2R)-2- -2,3- dimethylbuty!l -8-
|(qu)_8:‘|_1'%2§§§+§})§\¢& i iggﬁvjz}mir% gf‘(aﬁ}_& hrE[.S |1 )1 ua1m'l)n/? methybu y]oxy]
triazol-1-y1]-1,6,6a,7.8, 9 10 10a 10b 11 12, 12a dodecahvdro 1, 6a 8.10a-tetramethy1-4H-1,4a-
10propano-2H-phgnanthro [1,2- e [

(1S,4aR|63%3R ;M] ,10bR, 1%%19%5%%5 %OER gl%nag‘t%m 15??033 é(ﬁR) L,2-
dimethylbutylJoxy R [(1R)-1,2-direbnstipyssonyials @mm&mﬁewﬁiﬂé&ﬂa@m&%‘%@}nwll 15-
-1H1,2,4-triazol- % [[tetrahydro-4-(methylamino2H-pyran-4-ylmethoxy]-

-1,6,6a,7,8,9,10,10 b,11,32, 12@@@&9}:@@({@%9@6&% ﬁrﬁgfgydeéﬂé%%@%\o -2H-phenan

thro [1,2ic] pyran-7-car C ag S 4aR.6a R,12aR,14R,1
[(1R)-1,2-dimethylpropylk 15- [[(2RStRTRat A hlnbSa- EVBRHQWHQRW%&W% g5Clpyran-7-
[[(1-methylethyepmino] carbonyl]<atrhotyligiaeidzol-1-yl]

thro T 2o DO K BrtA UM BITER G 28 e G000 Con DA arobarrBah o 1"
[(1R)-1,2-dReiryHrapyi0 3L (2o ﬁ@maﬂ@lwmbﬂme@@ﬁdpy@mmb%{ﬁ] 3R] 112 (65, BH), 1.28 —
[(1-methytetkwmﬁlmal4:@ibonybl -1H4b2,4-rmzeh 1yl 7 ¢H), 1.82 — 2.05 (m), 2.13 —2.25 (m, 2H),

oLl j el 9P e e, LSRN PhOBSepR R )ﬁo**ﬁf%pﬁﬁa f. F%p‘{’ﬁ?a”
D 2 ATih 5 S A3 21 5ERs Rh S Ty B A Fdep 3 76
3-trimethyr-26M e tBygaraita)bas ¢ky]1H), 4.22 (d, =196 1H), 5.58 (m, 1H), 5.83 (m, 1H),

8.27 (s, 1H), 9.21 (s, 2H), 9.37 (s, 1H).
Mass spectrum: (EShWz = 745.87 (M+H)

EXAMPLE 260

5 (1S4aR 685 7R,8R,10R,10R, 12 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-4-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid
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251,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
phenanthro [1,2-c] pyran-7-carboxylic acid;

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8-
[(1R)-1,2-dimethylpropyl] -14- [5- [(methylamino)carbony1]-111-1,2,4-
triazol-1-y1]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a- tetramethy1-4H-1 4a-

30propano-2H- phenanthro [1,2-c]pyran-7- carboxylic acid,; -

(1S,4aR,6a5,7R,8R,1 bR, 12%!3/911@ 15R) -15- [[(2R) -2- amlno /3 - tnmet%db@ﬂyl] oxy] -14- [5-
[(dlmethylamlno)carb =Lk

-1,6,6a,7,8,9,10, 10

thro [1,2-c] pyran-7- (l,\ér

[[(2R)-2-amino=2\

-1H-1,2,4- trlazg}\‘ :

51-y1]-1,6,6a,7,8,9,10,10a, 10b 11,12,12a-dodecahydro-1,6a,8, Oa—tetramethy1-4H-1,4a—propano-
2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,625,7R,8R, 17aROIOKR, méﬁémﬁm IRERI OB haes: 24RISRm SRR AT axyfes- [(1

i) 61651 7.8, ggiﬁémlﬁ@mﬁ%&@]%ﬁ-@ r@%ﬂ?c%tﬁydro- J g\l{ga teﬂé %rﬂ%%yl- wﬁq}blﬂy lazol-1-

101 Aa-prlgafidan. BdAartAR ORI, pgraaavm@awmma tetramethyiH-1,4a-propan@H-

(15 42R See R AR ACSR ORISR LRl 2o 08I Bia 9006 meta
carponyl methy1-2

[[(1-methylethyeamino 111-1, ,4 trlazo -1-y1]-15-[R2R)-2,3,3-tri
(methylagfilesPhesapozgic acid (42.2 mg, 0.22 mmol) in cbchéthane (2 0 mL) was blanketed with

-1,6.62, 73 3]l Qitrtl %@%%ﬁn%ﬂ‘?g [8-foP3 EWW%&%&?&B{Q@%%’%UM%M”
D R A e

thro [1,2-c]pyran-7- carboxylic acid; 15(1 aR,14R,15R)-14-
[5-(amin6¥IBGRIFE) phiesa EaLﬁluﬁmm%/l?l@@éﬁﬂhMﬁ{ﬁﬂﬂ@y@(@@ RBR) cokuanmeifipropyl] -

1,646p, 7@191%&@@/3\%&%3@65}’% YR99CamstacH FABd RN APG AT Hid dsPEoRABa rhiNenant

hro [1,2-c] pyran-7- carbox?/llc acid
(1S,4aR BaSUR ehetivur) @Mhbﬁzaﬁr@m #5R)the {itiEapanacasthyliAsalf- 921201911 R)-

1,2-dimethylpropylk 14}{5&&4 ecmgérﬁg'?ogﬁgf@@'mef]o 77 (d, 3H, Me), Q.7

1,6,6a,7,8,9,10,10a,10b,11,12 2a- tetramethy1-4H- 1 a-propano- 2th(enant
hro [1,2-SHbyvie). B &arliexPkt, 4&); 0.86 (d, 3H, Me), 0.883H, Me), 0.90 (d, 3H, Me), 1.17 (s, 3H,

Me), 1.21 (s, 3H, Me), 1.23-1.34 (m), 1.41-1.45 (in%¥8-1.65 (m), 1.82-1.98 (m), 2.06-2.10
15 (m), 2.14-2.21 (m), 2.61 (dd, 1H, H13), 2.84 (s, H1), 2.84 (d, 1H), 3.47 (d, 1H), 3.56 (dd,
1H), 3.64 (d, 1H), 3.71 (d, 1H), 3.83 (d, 1H), 4(@11H), 5.63 (dd, 1H, H5), 5.80 (m, 1H, H14),
7.87 (br d, 2H, pyridyl H), 8.17 (s, 1H, triazobx)d 8.49 (d, 2H, pyridyl H).
Mass spectrum: (EShVz = 746.46 (M+H)

20 EXAMPLE 261
(1S4aR,6a857R,8R,10aR,10R,12&8R,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutylJoxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-3-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahy¢ba;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid

25
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-(2-amino-2-ethylbutoxy)-8- [(1 R)-
1,2-dimethylpropyl]- 14- [5- [[(1-methylethyeamino] carbonyl] -1H- 1,2,4-triazol-1-ylk
251,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
phenanthro [1,2-c] pyran-7-carboxylic acid;

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-14- [5-(aminocarbony1)-111-1,2,4- triazol-1-y1]-15-
[(4-aminotetrahydro-2H-pyran-4- yemethoxy] -8- [(1 R)- 1,2- dimethylpropyl]-

pano- -2H-
12aR 14R,1

5R)- 15- [(4- amlnot
[(methylamlno)carb@n

azol-1- yl] N\ _N,14

1_

-1,6,6a,7,8,9,10, loa“fLOb 19 dodecahydrd”T°84,8,10a-tetrdmethy, Aa-propano-2Hphenan
thro [1,2-c] pyrazn- zcanjoxylie acid; (1S,4d8Rm6a5, 7RF§ A0 aR,14R,15R)-8-[(1 R)-

5
1,2-dimethylpropflk 14- [5-Rmethylamino)carbonylk1H-1,2,4- azol 1- yi] 15-
Rtetrahydro-4-(methylamino)-211-pyran- 54 -yl] methoxyk

1,6,6a,7,8,9,10,10a,1 %‘i} El%]%%}? ﬂé)_%e dro- gﬁﬁaﬁ 8gcrt| tr%'?&t%é'ﬁ"o btﬁ_starting with

propano-2H- phenanth
(1S,4aR @8aR BB, IRER, 105RJ_DZEF12#RLZlF%Sfﬁ?)lﬁE-[@rm)qmatatmycﬁmﬂmmmbﬂmmméﬁey]-8-

[(1 R‘% #égjr?beﬁlgéﬁl%rgﬁy{gﬁ r@gﬂ@ lam 2’@%{%’%@ tgwgﬁﬁé%ﬂ/ﬂlaiﬂ 14ya|1]propano-2H-
10phenamﬁ,r®aLJZ,,8-©] lxyrB(DanObmm}q/Haaamitodecahydro&m tetramethy#H-1,4a-propan@H-
1S,4aR, 7R,8R 0R10bR arR 14R 1 hI
et R IBE N CFo B A bl TR R o R Uy 8RR gyepared and
2H-pyranséigteohethexykiie&6kd7,8,9,10,10a,10b,11,12,12a-dodecahydro-

h .
isfj(?g iﬁé‘%ﬁ?@g 8&%0'%!&’ é%é%%@]ﬁf’ n?ﬁt@ R%Ff) i r}é!?%) %g?xﬁﬂe ylgdﬁ)l] %) @ 11
R)-102- oumemxelprowﬁ](sl@kﬂwrépwswd)m;w 41893pl; Mg],-0.90 (d, 3H, Me), 1.17 (s, 3H,

o T4 2 Ryt I A (RIS b - b0 LBUES oD (TSars £ SEr TS e 00
1R22|g|)mze(hl)l,pzop442 2i4 (_rap @3\8 mdldllgi/]l%ﬂ@jlwﬁﬂml 2-91 (¥5-1H), 3.47 (d, 1H), 3.55 (dd,
T 6,607 BT 0L A Ao Bn S heb Bl LR35 SR L HENS TS oS
hro [1,2- vlwr(m,nea,rpwwua};ud 92 (dd, 1H, pyridyl H9,18 (s, 1H, triazole), 8.49 (br dd, 1H, pyridyl
15 H) and 8.66 (br dd, 1H, pyridyl H).
Mass spectrum: (EShVz = 746.46 (M+H)

EXAMPLE 262
(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2,3-
20 dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-4-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-

phenanthro[1,2-c]pyran-7-carboxylic acid
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1
R)- 1,2-dimethylpropyl] -14- [5-(5-pyrimidiny0-111-1,2,4-triazol-1-yl]-
251,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
phenanthro [1,2-c] pyran-7-carboxylic acid;

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-[(1 R)- 1,2-dimethylpropyl]- 14-
[5-(4-pyridiny1)-1H-1,2,4-triazol-1-yl] -15- Rtetrahydro-4-(methylamino)-210-pyran-4- yl] methoxy]
-1,6,6a,7,8,9,10, 101;3@12 12&%dofcahydro-1,6a,8,10a-tetramethy¥-4H-1 %yo'*

30propano-2H-phenan 1,2-c]pyran: boxylic acid; ~ S
(1S,4aR,6a5,7R,8 aR,10pR 4R 15R)-15-[[(2R)-2- am|Q ) [Joxy]-8-[(1 R)-
1,2- dlmethylpropylk 14% {54 4] ‘ -111-1,2,4mei@zol-1-yl]-

1,6,6a,7,8,9,10¢ ' a-dodecahydro-}&4a,8,10a=8tram 1, 4a-propano-2Hphenant
hro [1,2-c] pyra;%g;?boxyh@ acid, (1S,4aR,6a5,7R, OaR 10ka| 12aR,14R,15R)-15-
[R2R)-2,3-dimethy1-2- (methylamino)butyl] oxy] -8- [(1 R) - 1,2-dimethylpropyl] -14-

[5-(3-pyridiny0-111-1,2,4-triazol-1- 5yl]
-1,6,6a,7,8,9,10,10a,1Bl, a1p1ocedurecuzanpdioto BraBdassibed furt Rl@@B0 1 i -piapagosrrii-

h
PG R Lo Y A TR 98E LR 1 R)-1 2 LI0R)-2-aming-2 rdimethylbutflood 8- | o
1,2- &mei(i;%fb@mrnmnmmmpyi]onﬁytﬁmpy mlinyhEAol. 2. ¢htriazol-1- yl]
1,6,6a,7, §t§ 627920108, iéalfo}? 1C gfea%&aﬁ‘s}d‘%dé%ﬁ“@mﬂnﬁﬁ 4 43 BrapaneAH-

10phenanthro [1,2-c] pyran-7- car OXY c aci

(1S, 4aR B8 TPRIBR[L0AR] DRI, Immlmmdlﬁamm&mmmqmwmww]m]

-8- [(1 R)golatadimetovipiprylliid4- [5-(4-pyridiny0-111-1,2,4-triazol-1- yl]
-1,6,6a,7, 8 9,10,10a, 10b 11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenan

thro [1,2-c] pyran-7- carb’oNMB é@@s@@(l@ﬁdﬁﬁ?ﬁ@ﬂmﬁﬁ 194R 3bbNeRAR7 ,13k)Me), 0.80 (s,
[R2fR)-2. 314Ny 2 @‘@hy'ﬁf@jnﬁ)ﬁﬁté’d] QY] vs) (8. 88 gk AR etiayREORYY Wiy, 0.92 (d, 3H,
[5-(2-pyridiny0-111-1,2,4-triazol-1-
Me), 1.19 (s, 3H, Me), 1.23 (s, 3H, Me), 1.25-1(89, 1.43-1.48 (m), 1.51-1.69 (m), 1.70-1.78
(m), 1.83-2.01 (m), 2.05-2.12 (m), 2.15-2.25 (mE®@(dd, 1H, H13), 2.86 (d, 1H), 2.87 (s, 1H,
H7), 3.50 (d, 1H), 3.52 (d, 1H), 3.58 (dd, 1H), B(@, 1H), 3.86 (d, 1H), 4.01 (d, 1H), 5.62 (dd,
1H, H5), 5.81-5.88 (m, 1H, H14), 7.90 (d, 2H, Ar8)19 (s, 1H, triazole), 8.51 (d, 2H, ArH).

15 Mass Spectrum: (ESiWz = 732.61 (M+H).

It will be appreciated that various of the aboveedssed and other features and
functions, or alternatives thereof, may be desyrabimbined into many other different systems
or applications. Also that various presently unéaen or unanticipated alternatives,

20 modifications, variations or improvements thereiamynbe subsequently made by those skilled in

the art which are also intended to be encompasgéuelfollowing claims.
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yi]
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenan
thro [1,2-c] pyran-7-carboxylic acid; (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[[(2R)-2-amino-2,3- 20dimethylbutyl]oxy]-8-[(1 R) - 1,2-dimethylpropyl]-
14-(5-pyraziny1-111-1,2,4-triazol-1-y1)-

1,6,6a,7 /#4 A0; 16CLORI MER [1@a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant
hro [1,2-c] pyran-7-carboxylic acid,;
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3- dimethylbutyl]oxy]-8-[(1 R) -
1,2-dimethylpropylk 14t [5-(4 R yddaginig-dfltctRulatiipzol-1-yl] -
251,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a- tet@methyl -4H-1,4a-propano-2H-

phenanthro [1,2-c] pyran-7-carboxylic acid; X \/
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,¥sR)-15-[[(2R))-2=: amme 2;3 dimethylbutyl]oxy]-8-[(1 R) -
1,2-dimethylpropylk 14- [5-(3-pyridazi 11-1,2,4-triazol*
1,6,6a,7,8,9,10,10a,10b,11,12,12a-ddec hydro- a,é,ﬂ)a ethy1-4H-1,4a-propano-2H-

30phenanthro [1,2-c] pyran-7-carfoxylt acid;
(1S,4aR,6a5,7R,8R,10aR,10bR #qzaR 14R,15R)
1,2-dimethylpropylk 14- [5-(4#yTi yOs@T1-~," :
1,6,6a,7,8,9,10,10a,10b,11,12,12&- dodécahydra—l*ﬁa 8,10a-tetramethyl- 4H-1,4a-propano- 2Hphenant
hro [1,2-c] pyran-7-carboxylic acid;
(1S,3aR @28 WMBRQD@@JR(;B@MRmmkﬂ?saﬁﬂbelrsqt(mez-amino-z,3- dimethylbuty1]oxy]-8-[(1 R)-
1,2-dimethylpropylk 1 §é')'_’ | |ny1) -1H-
51,6,6a,7,8,9,10,10a,10b,11,12, 12a -dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
phenanthro [1,2- c] pyrEmJ'é! Gé%@ﬁbq atid:6-membered ring heteroaryl group containiog 2
(1S,4aR =15 ~2-aminn-2 3- di ylbuty: B-[(1 R)-
e dlmeﬁﬁ?}q ﬁr@%@rﬁ? g@%ﬁ&&é (Bt AT b HNEDIRUYHE R4k
1,6,6a,7 WIMDJQanrwmIqulcza&maldaﬂmmﬂm BIEDA-tetramethy1-4H-1,4a-propano-2H-
10pkenanthro [1,2-c] €
(1s. %R 6a5,7R,8R, 1@%&%%%%% %%%”f%‘f‘f&% i1y RGroge era alkyl:
dimethylbutylJoxy]-14-R: (8-Buroalkyl faeygycioatkyl artfagolcysioplyaiky!:1,2- dimethylpropyl]
-1,6,6a,7,8,9,10,10a,1@Qp, % Wﬂm 1,6a,8,10a-tetramethyl-4H1,4a-propano-2H-phenan
thro [1,2-c] pyran-7- carboxyllc acid; 15(15,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[[(2R)-2-amino-2,3,3- tﬂnmﬁyf%afﬁ]qptyqnaux(@mn 1og©ﬁh¢éﬂ@fpmw]ﬁﬂembsmdrated ring
[156(% Py%ﬂm@lﬂo%y etPaRh -y -

a,7,8,9,10,10a,10b711,12, 12a -dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant
hroj4.,2-c] pyran-7-carboxylic acid,

)-2-amino-2,3- dimethylbutyl]oxy]-8-[(1 R) -

2. The compound of claim 1, wherein X is H, H.

3. The compound of claim 1 or claim 2, whereifisReither pyridyl or
pyrimidinyl optionally mono-substituted on a ringrbon with fluoro or chloro or on a ring

20 nitrogen with oxygen.

4, The compound of claim 3, whereilfiR 4-pyridyl.

5. The compound of claim 1 or claim 2, whereifisRC(O)NH, or
25 C(O)NH(G-Cs alkyl).
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3,3- 20trimethylbutyl] oxy] -8- [(1
R)- 1,2-dimethylpropyl] -14- [5-(4-pyridazinyl)- /H-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2H-phenan
thro [1,2-c] pyran-7-carboxylic acid; (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1 R)- 1,2-dimethylpropyl] -14-
[5-(4-pyrimidiny0-111-1,2 4-triazol-1-yl]-
251,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1.6a,8,10a-tetr -4H-1,4a-propano-2H-
phenanthro [1,2-c] pyréln-%c %%)%9@%%%8 0[} gam 56 w eren‘%% 8216(3%}1&
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1
R)- 1,2-dimethylpropyl] -14- [5-(3-fluoro-4-pyridiny0-111-1,2,4-triazol1-yl]
-1,6,6a,7,8,9,10,10a,10b,11, Tha 2maipdecahytieonl Geesot Gietsalrtotby whetdigeEp@palkgh and
302H-phgpanthro[1 I2-(:]pyran-7-carboxylic acid,
(1S,4aR, a?,ﬂ?{e, ,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -14-
[5-(3-chloro-4-pyridinyl1)- 1H - 1,2,4-triazol-1-y1]-8-[(1 R)- 1,2- dimethylpropyl]
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H1,4a-propano-2H-phenan
thro [1,2-c] pyran-7-cathoxylid Beidpmpound of claim 7, whereiff B t-butyl.
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-(2-amino-2-methylpropoxy)-8-
R1R)-1,2-dimethylpropyl1- 14- [5-(4-pyridiny0-111-1,2,4-triazol-1-y1]-
51,6,62,7,8,9,10,102,19b, 11,47 d 28rAR06RAMIARAS R SA0RL A Fikifiistatr RECRENGH
phenanthro [1,2-c] pyran-7-carboxylic acid;
(15l9aR jpgsengentipamdroprMPaRethR; 15R)-15-(2-amino-2-ethylbutoxy)-8- [(1 R) -
1,2-dimethylpropyl]- 14- [5-(4-pyridiny0-111-1,2,4-triazol-1-y1]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl1-4H-1,4a-propano-2H-
10phenanthro[1,2-c]py{gn-7-HORBMBSGHH according to claim 1, wherein the aumpl is selected
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-[(1 R) - 1,2-dimethylpropylk 15-
[2-ethy 1 OEIRyBAYROBESHNAAE: [5-(4-pyridiny0-111-1,2,4-triazol-1-y1]-
1,6,6a,7,8,9,10,10a,1(@@1%%@@9@@@%@Q,ﬂ@@fg@)&f@[ﬂgﬂqﬁﬁ*ﬁwno-ZHphenant
rbox

hro [1,2-c] pyran-7-ca lic acid; ) _
15(&%,45&@%??@%%,‘1 B10Fk L 2pmaRyimRpy b5 K ampibyeib WireinedReymibidis -s-[(1 R)

- 1,2-di mf,@‘)dﬁﬁé@dkﬂ-@rq@;@%w,@ 90l 1dal10¥ Aapaltdontkanydro-1,6a,8,10a-tetrametdiyi-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant

hro [1,2-&}31RIRRaRFhbRYROaRII el 5 £ 5IR W AD 7R8I VIR 2619, 12aR, 14R, 15R)-15-
[R2R)-2-amino-2-(1- (1S 4aR 625 7R 8R,10R, 10kR, 12:R, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-

(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminc&rbonyl]-
20 1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,111PA-dodecahydro-1,6a,8,10a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminc&rbonyl]-
1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11]P2-dodecahydro-1,6a,8,10a-tetramethyl-6-
25 0x0-4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butylloxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[(methylamino)carbonylH-
1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,P2-Hodecahydro-1,6a,8,10a-tetramethyl-6-oxo-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;
30 (1S4aR,6a857R,8R,10aR,10R,128R,14R,15R)-14-[5-(aminocarbonyltH-1,2,4-
triazol-1-yl]-15-[[(2R)-2-amino-2,3-dimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-
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20methylcyclopropyl)propylioxy1-8-[(1 R) - 1,2-dimethylpropyl] -14- [5-(4-pyridiny0-111-1,2,4-
triazol-1-y1]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4apropano
-2H-phenanthro [1,2-c]pyran-7- carboxylic acid;

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [R2R)-2-(dimethylamino)- 2,3,3-trimethylbutyl]
oxy] -8- R1R)-1,2-dimethylpropylk 14- [5-(4-pyridiny1)-111-1,2,4-triazol-1-

25y1]-1,8.8764.8.3, 011020E0D0b1 112112 aododedabaHyerbBatialie-setiatmaiy L A8t ofpmpano-2H-
phenanthrol[1,2- péfg}-?-carbo lic aﬂd;}{ilSAa },6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-[(1 R) -
1,2-dime B?(SB [ -ﬁﬁﬂ)”lﬁ: etV RMNG) E 8 3-trimethylbutyl] oxy1-14- [5-(4-pyridiny1)-
1H-1,2,4-triazol-1-y1]- (1S 4eR,6a5,7R,8R,10R, 10R, 12aR, 14R, 15R)-14-[5-(aminocarbonyltH-1,2,4-

- h - .8, - - -1.4a- - -
SOpnenaH B R GRAE daao)-2 & S Su SO netgionyn.
(15,4aR, 65568, 870103 ROE)DG: 128 R #20 Idhd 8a fipib @ thayetndpieyy#H-4- 4a-propan@H-

[5-(4-pyridiny1)-111-1,2 4-triazol-1-y1] -15- [R2R)-2,3,3-trimethy1-2-(propylamino)butyl] oxy] -
1,6,6a,7,§§¥1€, 5{@0%:3@1@?’2%—%&88@% &d° ,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant

hro [1,2-c] pyran-7-carfdSR, 8aB17R, 8R, 1043, S0HRR. 8’ 4R, 8BR)-0AR 5-0aRhde& HAR1BR);8; 41 R)-

Simetny RS L6 Gl B bR 2Bl 32 S Ao BEBBIOTT
tetramethy8, 8471848, P00t d R tphEndatndode2 ati pyirest IBmasucuyiitradid; 1,4a-propan@H-

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR 14R 15R)-15- [[(2R)-2-amino-2- cyclopropylpropyl] oxyl- 8-
Rt PR IO s (SR BHEO oty 01 11124

triazol-1-y1]-1,6,6a,7,8 2GR 6aS TR 4R, 1R ADidR) d 2 cR YR, 0 SR 448 [ So@teimanee iy BiH-1, £a4-
10propano-2H-ph t 2-Clpyran-7- carboxylic acid; .

(18 g T O B e R oo SR 261315 by RIoPYLmethony 6.
[(1 R) - 1126chmatidydhiapy0a] oyt 41y tidargbpelid iy drdal]BaptetrahjethyH-1,4a-propan@H-

1,6,6a,7,8,9,10,10a ngl 12.12a-do ecejn dro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant
hro [1,2-9fﬁ€§‘r%rﬁjf-hf-dj%r o‘iﬂ cr%”cizc’icféﬁfé‘}’ 'a%::g‘é'gé,?RBR,10aR,10bR,12aR,14R,15R)-8-[(1 R) -

1,218imethylpropyl]- 1415;4(382—,6@3@@%-]]0&%1%;%{1@@18—[(1@-1,2-dimethy|propy|]-14-
it%t,rg:,%ﬁéﬁﬁgﬁ%g%ﬁ%%&@iﬁ%@cﬁ%ﬁégﬁ%ﬁ%}%gﬁ@%rﬁé?fﬁt{/if:'ﬁwxllﬁépropano-2H-phenan
thro [1,2{chegrytaiicayboky]wxstit,6,6a,7,8,9,10,10a,10b]1P112a-dodecahydro-1,6a,8,10a-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10aR,10R,128R,14R,15R)-14-[5-(aminocarbonyl}H-1,2,4-
20 triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-15-[[tetrahydro-4-(methylana)p}2H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethiii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6a857R,8R,10aR,10R,128R,14R,15R)-14-[5-(aminocarbonyl}H-1,2,4-
triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-15-[[(R)-2,3-dimethyl-2-(methylamino)butyl]oxy]-
25 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-14-[5-(aminocarbonyl}H-1,2,4-
triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-15-[[(R)-2,3-dimethyl-2-(propylamino)butyl]oxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
30 phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10aR,10R,12&8R,14R,15R)- 15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-[(methylamino)carbonylH-1,2,4-
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,1 SR)- 15- [(4-aminotetrahydro-2H-pyran-
204-yemethoxy]-8-[(1 R) - 1,2-dimethylpropylk 14- [5-(3-fluoro-4-pyridiny1)-111-1,2,4-triazol-1-y1]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2Hphenant
hro [1,2-c] pyran-7-carboxylic acid; (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-[(1 R)-
1,2-dimethylpropylk 14- [5-(3-fluoro-4-pyridiny0-111-1,2,4-triazol-1-y1]-15- Rtetrahydro-4-
(methylaminFaLipy @67 259 Lmetwayb, 11,12, 12aaetahydro-1,6a,8,10a-tetrametk#i-1,4a-
-1,6,6a,7,8,9,10 10a-tetramethy1-4H-1,4a-

propano/¥ ’gﬁﬁgﬁaﬁgﬁfﬁzdﬁ?ﬁ%&%%%ﬁ}g%%ﬁfg',qﬁaR,6a5,7R,8R,10aR,10bR,12aR,14R,1
SR)- 15- [(4-aminotetrgf g der BeSTR BR, YoyR TR 4R 1RR)- 12 {{{ErRpthsdpninayk, 34-
o on 7 SESUBI IR L e e AR AN B R 21
SODBeDaaWaHyMpyTPMﬂW,WlmmH,1%,4&&5&@6&8%{&1&&&,69&8?1@&&&%1?&‘1!@!2)- 15-
e S AR R o Bla it melyy romyi 14
1,6,6a,7,8,9,10,10a, 10008 2 263 RIGHCIGR 100, 62 14R IERjabTe[[{RR)AR] St dlargtiopaho-2Hphenant
BB s SR SRR
(methylainihd)t@atzpltapidl By§a€8)0x0,10a,10b,11, P2-Hodecahydro-1,6a,8,10a-tetramethy-
180808 0 R0 e R e 4 e
(1S,4aR,_66}5_,7R,8R,1Q&BWZRF&H4B&R5®H&,—1RWRIMWQFI)@AM&AethyIamino)-2,3-
by 8 A B Yoo
10propamgazbl-phdharilita, 1,23 kd0e A-0taldokglit2esizdhydro-1,6a,8,10a-tetrametldy-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

15 (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-15-
[[(2R)-2,3-dimethyl-2-(propylamino)butyl]oxy]-14-[5-[(ntleylamino)carbonyl]tH-1,2,4-
triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12aatahydro-1,6a,8,10a-tetrametldd-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-14-[5-[(dimethylamino)carbonyl]-

20 1H-1,2,4-triazol-1-yl]-15-[[(R)-2,3-dimethyl-2-(methylamino)butyl]oxy]-8-[@)-1,2-
dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,11,12,18detahydro-1,6a,8,10a-tetramethiA-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-14-[5-[(dimethylamino)carbonyl]-
1H-1,2,4-triazol-1-yl]-8-[(R)-1,2-dimethylpropyl]-15-[[(R)-2-(ethylamino)-2,3-

25 dimethylbutylloxy]-1,6,6a,7,8,9,10,10a,10b,11,123dddecahydro-1,6a,8,10a-tetrametéiyl-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685, 7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-[(ethylamino)carbonylH-1,2,4-triazol-
1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecah{¢Ba,8,10a-tetramethyiH-1,4a-propano-

30 2H-phenanthro[1,2-c]pyran-7-carboxylic acid,;

(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[(ethylamino)carbonylH-1,2,4-
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1
R)-1,2-dimethylpropyl] -14- [5-(1-oxido-4-pyridiny0-111-1,2,4-triazol-1-
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl1-4H-1,4a-propano-2Hphenan
thro [1,2-c] pyran-7-carboxylic acid; 15(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1 R)-1,2-dimethylpropyl] -14-
[5-(1-oxigta2eyriging06led A 2 40aa38;10b,11,12, 12aatmhydro-1,6a,8,10a-tetrametidd-1,4a-

ohenan GRS Y AR BAN {SAUORAG FRGR 100R, 106, 126 14R.15R) 15
[[(2R)-2-amino-2,3- 20dig)1eeRydaB{7R, 6Ry] R (10 B, 122R R hem) 05y [ 2R}-2-amino-2,3-
1 6.0 AR T R T A M BB p s en - R AR A R FoRano-2+
pheBanthiienkti?y/(HrppiARilecasipeybclacidanonharnzatedtitaty aese ppakiel Saitsetranestiia5s11. The
e et T
8- [(1 R)-1,2-dimethy|(repR 62 T R LORIDGIE 1R Ry SR HBWIORYZL R rdrioiaz8)-1-y ]
A S S PSS S camony 2.
(1S,4aRﬁi@&dl&%ﬂ;l@@al@,ﬁ&mmhMHBR)Miwndmm@aﬂ)lmwéU&meﬁmdl,-4ay1]-15- [
[1(26R a27a'gr]é%%6%?%f§génrﬁant%%ﬁ§&E:%Pn C}Erf}%%zy j?ﬁl]gémlil,I?rr::l)rr:?(/eltkhy1-4H-1,4a—propano-2thenant
hro [1,2-c] pyran-7-cartiBtR, 6eRITR 8R, 1041 SOHRR, B8 7R 8 BR)-QAR (2RI LR eHARABRP)L3;3-
E%F;zhil %%gﬁﬁ%@#iﬁ%&i}g%@&%ﬂQz(di]rﬁgﬂg/}p@p_yﬁ’-?[ﬁ'@-?fmll%%jlgyllllef%éf)g?ﬁino@rbonyl]-lH-
Striazol- -7 #-1ria pal-1,8/19:1®,B2a 71819, 10, 124 AdhlddeP2a oidech acBol 0 6 te 8 ADattetlante diyia-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

15 (1S4aR 685 7R,8R,10R,10R,12aR 14R,15R)-8-[(1R)-1,2-dimethylpropyl]-15-
[[(2R)-2-(ethylamino)-2,3-dimethylbutyl]oxy]-14-[5-[[(Inethylethyl)amino]carbonyl}H-
1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,P2-Hodecahydro-1,6a,8,10a-tetramewiyl-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4eR 685 7R,8R,10R, 10MR, 12aR, 14R, 15R)-8-[(1R)-1,2-dimethylpropyl]-15-

20 [[(2R)-2,3-dimethyl-2-(propylamino)butyl]oxy]-14-[5-[[finethylethyl)amino]carbonyl}H-
1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,P2-Hodecahydro-1,6a,8,10a-tetramewiyi-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a857R,8R,10aR,10R,128R,14R,15R)-14-[5-(aminocarbonyl}H-1,2,4-
triazol-1-yl]-8-[(1R)-1,2-dimethylpropyl]-15-[[(R)-2,3,3-trimethyl-2-(methylamino)butyl]oxy]-

25 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12&R,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-[(methylamino)carbonylH-1,2,4-
triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12aatahydro-1,6a,8,10a-tetrametidd-1,4a-

30 propanozH-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-14-[5-[(dimethylamino)carbonyllH-1,2,4-triazol-1-yl]-8-[(R)-1,2-
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propano-2H-phenanthro [1,2-c]pyran-7- carboxylic acid,
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1
R) - 1,2-dimethylpropyl] -14- [5- [[(1-methylethyeamino] carbony1]-111- 1,2,4-triazol-1-yl]
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl1-4H-
101,4a-propano-2H-phenanthro [1,2-c] pyran-7-carboxylic acid,;

(15,4aR,6aeRIpRpiRR 6 HR7123R.04R 4,38, 15; 1E(ZL®H&®@MW®OA$6&,MIU)@MMMY&DW] -8-[(1

R) - 1,2-imethylpropyl].-14- [5-(4- 111-3,2,4-triazol-1-
1,6,6a, 7% 6316 983% f{"i %ﬁd%gjﬁm %%@JE% & ethyl-4H-1,4a—propano-2Hphenant
hro [1,2-c] pyran-7-cardSyHr, 6@7&3&50@1@;6525172%8%&@)1@&(2&?«81&4%@583“8

%S;%)lzzgd'mﬁﬁeﬁ%mm éwﬁéﬂ@éﬁﬁ% )éﬁlo% ﬁ iirk%zf(eghwllmmo)carbonw}H 1,2,4-triazol-

1,6,6a,7,8:910, 6%.;708 glaaaaawqacazma-dmeah&amematmmmmﬂmaam@menant
hro [1,2- 57R,8R,10aR,10bR,12aR,14R,15R)-15-

an- 7 I|c acid: (
[[(2R)-2- gH)ﬁ r%mgﬁgu ﬁacg )(}f( Ic ?f ) 1,2-dimethylpropyl] -14-
[5-(5- pyrlmldmyo 111 a13.4amazel7mﬁe 10&R, 10bR 12&R 14R,15R)-15-[[(2R)-2-amino-2,3,3-

1,6,6 7891 -dodec 1.6 1-4H-1,4 Hph t
o 12 B BB . 2 e e e R B RO B oy
1,2- d|melhglpmmdbltﬂ—y[ﬁl@;@mﬁ]I}Q,)Lﬁll'lﬂaﬂ.ébriazmlﬂd]jeﬁhydro 1,6a,8,10a-tetrametdiy-
Rt h -4- th 4- 25 thox
e o b S oL - yARS ARl ASihmethy 1 41 4a.
E)lrgpjns -2H- phenanth(ngE,Ilﬂchﬂ@mRISR tGEBa)Q;dRBMz 14R 15R)-8-[(1R)-1,2- dlm?bthyli)rop%/l]s-l[?l- R
a -amino-2,3- lbu -8- -
1,2-dime rop %‘Eﬂfg l}@mm%{i&:ﬁ% Filﬁf?ZRl thrlaz i]yﬂ]fg[%(%)(a@eé%me%lﬁg
§06 ﬁa 7, mwihmn@bm;fngzcﬂzgmmwsdm 7106a]®1 1121 eaatoetpdhgitd- U sp/paae-2H-
enanthro n-7-carbo
(18 B A B G AR RE ol 2ecliyean T catBORAC iy tamino)butyl] o]

-8-18 R) 1 2 dlmethjmm;ﬂbﬂ?%mlﬁﬁdlﬂyﬂ 128R 1 21 6R)zDI-15\(AminocarbonylH-1,2 4-
1,6,6a, 7 8.9 ]10 1)8?(%%@02}(%/% aizéaeqﬁyl% cgr% %68318218 a- éa[hrgfnr thﬁ -4H-1,4a-propano-2Hphenan

thro [1,2- cﬁapyran
(1S,4aR B&%6aR, Mmmomwnmammmaﬂﬂmﬁ&mmmmemmmmm%-m R) -

é126dg2e§g@é§ ?L?ﬁpilgjﬁlél@fgf’ J%{ r1LIC2“6r1ydr 1 ; fotrlla(szg |811>(l)|31 -tetramethy1-4H-1,4a-propano-2H-
phenanthro [1,2-c] pyrélﬁﬂ-@ﬂ@@iﬂ@@dﬂﬁ%]ﬂﬁl?%ﬁl,mIER)lD&R?iﬂUR]Q%RtDﬂRLﬁBR))—fE-
[R%'Z’ﬁﬂ@f&y&iiﬁéthylpropyl]-14-[5-[(methylamino)carbonﬂH-l,2,4-triazo|-1-y|]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-(2-amino-2-ethylbutoxy)-8-
[(1R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminogrbonyl]1H-1,2,4-triazol-1-yl]-
25 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-14-[5-(aminocarbonyl}H-1,2,4-
triazol-1-yl]-15-[(4-aminotetrahydr@H-pyran-4-yl)methoxy]-8-[(R)-1,2-dimethylpropyl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
30 phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10eR,10R,12eR,14R,15R)-15-[(4-aminotetrahydr@H-pyran-
4-yl)methoxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[(methylamino)carbonylH-1,2,4-triazol-1-

-123 -



(methylamino)butyl] oxy] -8- [(1 R) - 1,2-dimethylpropyl] -14- [5-(4-pyridiny0-111-1,2,4-triazol-1- yl]
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-
10phenanthro [1,2-c] pyran-7-carboxylic acid;
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3- dimethylbutyl]oxy]-8-[(1 R) -
1,2-dimethylpropylk 14- [5-(4-pyrimidiny0-111-

1,6,6a,7 @19110,449a, 805,10, 1@a12abcor e catyarotiScaBykBa: B remestiuinéthyiria- peopaopadidphenant
hro [1,2-C

ran-7/- c acl
15(1S, 4&1‘}9 ‘%ﬁz%éﬁé’ g‘i‘é@ﬁ%ﬁ 38R 15.[[(2R)-2-amino-2,3- dimethy1buty1]oxy]-8-[(1 R)
- 1,2-d|methylpropylk ¥4S4aR 655 7R,8R,10eR,10R,12:R, 14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-

B

(1S,8aR ,ﬁwmacsacypamamfm lQRl@RIﬂ,&Z[HZ%ﬂMYde& 2Adaneitrgmetylib1ydal 4-

[5-(3-fluoro-4-pyridin -1,2- dlmethylpropyl]

-1,6, Gaféoﬁé)@/oé%lh tﬁ?ﬁzé ﬁﬁéocr% % § fﬁ -tetramethy1-4H1,4a-propano-2H-phenan

thro [1,2-c] pyran-7- ca(bSAdEE&ﬁdR(&R ﬂe&.&a\ﬂﬂ &RMPQB—KZM&I&&M@-I -pyran-

%[5(2(§)p§r %2& Xﬁ?ﬂg‘#ﬂbﬁemwpr&) |?)14§[52-((1 e?ltﬁg)( nq?r%/) aréénylH-l,ZA-triazol-l—

251 6,6ay1]:3,8,5,708,9,00,104.2 02 d-TiadeT2dndirdet Ay R0 10tiaatedhydtiifiH1]14eappoppmoc -
anthro [1,2- carbaxylic acid: (1S.4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-

[[( -2-B%i h@'ﬁ%&?}rﬁ&ﬁm 'ﬁ%@ixﬂ A% - 1.2-dimethylpropyl] -14-

[5-(4-pyrimidiny0-111- Q.’LS,46R|63§I7R—§8H%10&? 10R,12&R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-

1,6,6a,7, a O[tl%% hyiiny b_lZ 1293(&(1?% ’1’@% 24~ targz%?-i-%@glﬁ%@/rahydroAf(ﬁ{o&ylamlﬁo

30phena L
(1S,4aR BdgHyRyBR; YDaRHORR: mlealm 95R)1Ga, [[(2R) 2 28ydode At Bdninte GayBagd-oxy] -8- [(1

|:\:>L)6 615: %rpé f %%%O]% 113 é? 2l 6:(?:@1/?/ n')qJG é]fl.)éfz 4{zattra(?n% 0 hfl—? (i'qla propano2H-phenan
thrdA,2-c]pyran-7- carlﬁﬂ)&ﬂ&?&&aﬂ?R 8R 10@18,@&2{]&58,1%}9&5%[1@5&2%@23,3% 15-
g()z?zz ARty R B A P Mt IR R IRyt 1 A g 81
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-

20  [5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[(R)-2,3,3-trimethyl-2-(methylamino)butyl]oxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12R 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(5-pyrimidinyltH-1,2 4-triazol-1-yl]-

25 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetraydro-4-(methylamino2H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethiii-1,4a-

30 propanoz2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4eR,6857R,8R,10aR,10R,128R,14R,15R)- 15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-pyridinyltH-1,2,4-triazol-1-yl]-
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5dimethylpropyl] -1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-
1,4a-propano-2H-phenanthro [1,2-c] pyran-7-carboxylic acid;
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-(2-amino-2-methylpropoxy)-8-
R1R)-1,2-dimethylpropylk 14- [5-(4-pyridiny1)-1H
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl1-4H-1,4a-propano-2H-
10phenanib®d¥,3:0] pyreva/roarhoxyiic aeidiodecahydro8lBm-tetramethydH-1,4a-propan@H-

(15,4aR,668,7R R,10aR.10bR,12aR 14RI158I%)_-915-(2-amino-2-ethylbutoxy)-8-

RIR)-1,2 ﬁﬂa{ﬂﬁf 1E]EXE%€:]ZAZI96\}F%8W£)- il

1,6,6a,7,8,9,10,10a,100.3 4 2637 eRermdRy d b, 8RR 14R AeR)n5s[[(2R)y4R SLdimetiiopano-2Hphenant

hro [1,2- an-7-carpoxylic acid; 15(1S,4aR,6a5,7R,8R R,12aR,14R,15R)-8-[(1 R)-

iR P - By e B S LA R ORI & 11 -

1,6,6a,7 53]9116 484, 809,10,1@a] Peboiotie catwardetiécabykBas f tomestnaéthiiHd- geopanadidphenant

hro [1’2-%%@”-7{@% lic acig;?()% 4aR . 6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-

[[(2R)-2- BRSOl srfdB Yo [?b%\ﬂk%sﬁ xy]-8-[(1 R)- 1,2-dimethylpropyl] -14-

[5-(4-pyridiny1)- 1H-1,P144aR 685 7R,8R,10aR, 10R,12aR, 14R,15R)-15-[[(2R)-2-amino-2,3-

triazol-1-y1]-1.6,6a 9,10 b,11.12 12a-dod ydro-1,6a,8,10a-teframethy1-4H-1 4apropano

vt pher AT AR Rk Ut O LM Ty e LAtz T

(1S,4aR 58568, 01T ROE)DEL 1PR R BRa dde tah R AiR) ibHetiotedhydangdid)t 2.3 Sroparedthiibutyl(]

oxy] 8- R1R)-1.2-dimethylpropylk 14- [5-(4-pyridinyl)- 1H-1,2,4-triazol-1-

25 1@%%@% r @%Ogl]ﬁ rbgi%l,'l%igfag}ﬁl %38 ydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2H-

phenanthro [1,2-c] pyrét5Ad#6a3RBREAIR, 100R,12aR, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-

(1S,4aR,6a5,7R.8R,1 bR ,15R)-8-[(1 R)- 1,2-di hylpr -15- ,

[RaR) 2 AR A T e AT ARARATL 2.4 iazol-1-

1,6,6a,7 y1]9110, 883, 809,10, 124] Pabdbt é CatRardet Gcal ykBa; & i@ o st inainé vl - duopaooalkH-

30phenanthro [1,2-cl.pyran-7-carboxylic acid; _ . ..

(1S,4aR,%@%r?7‘l[5, ﬁﬁf@%’%&%aﬁjfé%%ho@ % [(1 R)- 1,2-dimethylpropylk 14- [5-(4-pyridiny1)-

1H1B2,4-triazol-1-ylI] -15S [RRRES /RBRhe § DHR (2 dp I RR15B) HLEY]] (BR)]2,3-dimethyl-2-
(methylamino)butyl]loxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(2-pyridinyltH-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-

20 dimethylbutyl]loxy]-8-[(1R)-1,2-dimethylpropyl]-14-(5-pyrazinylH-1,2,4-triazol-1-yl)-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridazinyl}H-1,2,4-triazol-1-yl]-

25 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685, 7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-pyridazinyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-

30 phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10aR,10R,128R,14R,15R)- 15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyrimidinyltH-1,2,4-triazol-1-yl]-
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1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant
hro [1,2-c] pyran-7-carboxylic acid,; (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-[(1 R)-
1,2-dimethylpropy11-14- [5-(3-fluoro-4-pyridiny0-111-1,2,4-triazol-1-y1]-15- [R2R)-2,3,3-trimethy1-2-
5(methylamino)butyl] oxy] -1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-
tetramethyl1-4H-1,4a-propano-2H-phenanthro [1,2-c]pyran-7- carboxylic acid;

(1S 48R SE5EER: SRR ROL)DEL 1A R ¥ Kikled 2 ({60} Erarrénerdeaypleponsipropylh @y - 8-

R1R)-1,2 th 5-(3- fI -4- 0-111-1,2,4-

triazol-l-@%ﬁ%éﬁﬁ&%é@ I@é 8@ 'f% Igxt-i-cahydro 1,6a,8,10a-tetramethyl1-4H-1,4a-
10propano-2H- phenar(t[&méﬂi,zas]pwart TORIDIR/C &GIHUR, 15R)-15-[[(2R)-2-amino-2,3-

(15, 4aR aS,7R ar,1 etrah dro Hpyr oxy]-8-[(1R
112 - UGN By OB P E A gy oy e - P 114 ttazor 5

1,6,6a,7,8,6,88,13:9100, loalmmdﬂmwyddedam@rd&aMttammmmn%W@mphenanth

ro[1,2-c]pyran-7- acid; J4aR . 6a5,7R,8R,10aR,10bR,12aR,14R,15R)-8-[(1 R)-
1,2- dme?ﬁ%%ﬁ@ Pf;é\/ fgp(g ?)@/r d ﬁlf f‘% -triazol-1-y1] -15-

Rtetrahydro-4- (methylmnd)%BbBﬁlelOaRmhﬂma? 14R,15R)-15-[[(2R)-2-amino-2,3-
-1,6,6a,7,8.9 0Ob cahydro-1 etrame ~AH- pro 02 phenan
o (2 N AT Al T M ORY G o e TR LI £ el -
[(4 am|natﬁmycﬁcemnﬂanoammmhaﬂ«yﬁ&ﬁhydr0811{5)aa, -tetramethy#H-1,4a-propan@H-
dlmeth%r{ﬂ3 Bél;(l);g % %_Zyuor r|d|n 1) 111-1,2,4-triazol-1-y1]-
a,7 %tk?, @ %\% ,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant
hro[l 2-C]pyran-7-carb@§HeRy 686 7R, 8R, 10aR 10hR,12&R,14R,15R)-15-[[(2R)-2-amino-2,3-

%%4?'150(?0 f Z*% %Wfip%%%nazlodﬂ 15 ricgr&%tl%laéy%g;? a%lﬁl q‘n‘éﬁ?ﬂ I(A]h:? %121 -pyran-4- 25yl]

methoxy]jfmétlﬁylﬁr@ﬂl]m HSCEaJI}B gnmamaa&dbdrmaﬁymdm;ﬁamcma Gztrashethtcitrd rheltid-
propano J%H phenant %ﬁ}/hro 7 2 box n; acml'i%p 4aRI ab,7R,8R,10aR,10bR,12aR,14R,1
SR)- 15- (ﬂ SRIMRE rahy dro hoxyf— - - ,2-dimethylpropy11-14-
[5-BBpyrimidiny1)- 111(1&4&%7&8@,}0&? 10bR 12&R, 14R 15R)-15-[[(2R)-2-amino-2,3,3-

18627 04080043 0Re U RaNg IS5 AP SR b A RABRIS
1,6,6a,7,8,9,10,10a,10b,11,12,12a- dodecahydro&lﬁm-tetramethyﬂ-H-l,4a—propandZ-H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R, 12 14R,15R)-15-[[(2R)-2-amino-2,3,3-

20 trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridazinyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12R 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyrimidinyltH-1,2 4-triazol-1-yl]-

25 1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®m-tetramethy#H-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12R,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-fluoro-4-pyridinyl}H-1,2 4-triazol-
1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahy¢Ba,8,10a-tetramethyiH-1,4a-propano-

30 2H-phenanthro[1,2-c]pyran-7-carboxylic acid,;

(1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-14-[5-(3-chloro-4-pyridinyl}tH-1,2,4-triazol-1-yl]-8-[(R)-1,2-
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(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,1 SR)- 15- [(4-aminotetrahydro-2H-pyran- 4-yemethoxy]-8-
[(1 R)-1,2-dimethylpropy11-14-[5-(4-pyrimidiny1)-111-1,2,4-triazol-1-y1]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2Hphenant
hro [1,2-c] pyran-7-carboxylic acid; (1.5,4aR,6aS,7R,8R,10aR,10bR,12aR,14R,15R)-8-
[(1R)-1,2-dimethylpropylk 14- [5-(4-pyrimidiny1)-111-1,2,4-triazol-1-y1]-15- [ [tetrahydro-4-
(methylagiineirgiprioyan46 Bd]l TTE&HaRy] 0a,10b,11,12, 18detahydro-1,6a,8,10a-tetrameté-

-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetrgmethy1-4H-1,4a-

oropans BARHRIIG HSTaRy L D AN AT Gcid

(1.5,4aR,6aS,7R,8R, 108 RS ARABRIURR D8R8t 218 14 dBRpU B (2 apyikd4-methylpropoxy)-8-
[5-(5-pyrimidiny1)-111-1,2 4-triazol-1-y1]-15- [ [tetrahydro-4- (methylamjno)-2H-pyran-4- yl] methoxy]
6 o A AR OBy o BNy DY DA b 3 G B GHL 1
10p®pangedsa7he it d 11 2ts [y en 12 cadupodieyalrt] 16@-tetramethydH- 1,4a-propan@H-

(1S,4aR,6a5,7R,8R,10aR,10bR,12aR 14R 15R)-15- [[(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8-
R1ry-1 PARABH T aT E (LCaSREC Pty 0-111-1.2.4-triavol 1

-1,6,6a,7,8,9,10,10a,1OISMH?“BaEZ_ ZRABR) £ 0aRMIR 1. 8aRAL AR A- TR thyginiHd- R4thyoprxg)2Biphenan

e

[5-(1-oxidoeBayridisy0e]ldall R 1diadt Ra-dodecahydro8l1Ba-tetramethydH-1,4a-propan@H-

-1,6,6a,7,8,9,10,10 1,12 12a-dodecahydro-1,6a,8,10a-tetramethyl1-4H-1,4a-propano-2H-

ph antlp?&eﬂ?f’-th%%g- Y35 Sﬁ%ﬁé%’?'&%‘fi%R,ﬁas,?R,8R,10aR,10bR,12aR,14R,15R)-15-

[[(2R)-27amino-2,_3_- ZOQWW,BM%HBER&MME@FGH‘(M%2-dimethylpropyl]-15-

[i éIGZX%érﬂ%r %Q%ﬁﬁ%@%@ﬁg Q%Z ())? Iﬁ%é‘ﬂ)?d%eyéglg ﬁ%:}égr’g'rﬁgﬁﬁzﬂiﬁui,4a-propano-2H-

phenanttir® [8a27¢8 Byidnt Dacadim it Atk -aludie cahydro&l18&a-tetramethydH-1,4a-propand@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

15 (1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(29-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2-(1-

20 methylcyclopropyl)propyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-
triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12aatahydro-1,6a,8,10a-tetrametidd-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-(dimethylamino)-
2,3,3-trimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-

25 yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydba;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a857R,8R,10aR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-15-
[[(2R)-2-(ethylamino)-2,3,3-trimethylbutyl]oxy]-14-[5-¢gyridinyl)-1H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-

30 phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[(R)-2,3,3-trimethyl-2-(propylamino)butyl]oxy]-
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pharmaceutically acceptable salts thereof. 2512.The compound according to claim 1, wherein the
compound is selected from the group consisting of:
(1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15- [R2R)-2,3-dimethy1-2- (methylamino)butyl] oxy]
-8- [(1R)-1,2-dimethylpropyl] -14- [5- [[(1-methylethyeamino] carbonylk 1H-1,2,4-triazol-1-yl]
-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-

304H-1,4ae622 18092t nloeneowh1al 1.2 Claytacac ahtpasglimacdiramethylH-1,4a-propan@H-
(1S,4aR,6a5,7R,8R,10aR. 10bR,12aR,14R 15R)-14- [5-(aminocarbony1)-111-1,2,4- triazol-1-y1]-15- [
(0B 2 DT B g P R3S 2-cimetyipropy

1,6,6a,7,8,9,10,10a,100.3 2 6:27R SremdRy d0bH, BaR 14R teRe8 R iR L 14H direthypapoitphenant

hro [1,2- -7-carboxylic acjd: (1S,4aR,6a5,7R.8 , 12aR 14R,15R)-15-

Ry 2 ks R R o e A Vo TAAR Ry OB A 2
[5-(%pyridiryhyaiinbhdiiazgl-1;86a,7,8,9,10,10a,10b1P112a-dodecahydro-1,6a,8,10a-
51662489104 080 Bl A2 4 2adiodeoalidion 08 B ORiey AmB it propano-2r-

phenantﬁ
(1S,4aR,6a5,7R,8R,1qaB APbHRS 2RRA 4BRIRIR 1R 4R, I5R)retiyARpRytride-2-

5-(4-pyridiny1)-111-1,2 A-tri -1-vl] -15- [R2R)-2.3,3-tr] 1-2- th inQ)b -
AP TSRS o wE s e M s S
10phenmtﬂzolEl;&#}:—]lp&M?Z?Qrbomﬁa,aolmlll,12,12aeimhydrdo-1,6ﬁ,2|3,10a—;[Et£imetmyH—1,4a-
1S,4aR,6a5,7R ,10aR,10bR 14R,15R)-8-[(1 R) - 1,2-dimet ro -

ES- -Syrﬂ%%?—q%ﬁfg%l | 5?[%%?]5?&%& fr%@é&&ﬁg(ﬁ% yIamino%-%lf%yranA- yl] methoxy]
-1,6,6a,7,8,9,10,10a, 1 (LSUHR B A ZRBR|e0aRMI0R 1, B33, 404 SR 4B (Mydrihbletrapya@ibBiaphenan
thro [1,2- -7- ' id.. . )

1515, 4 Dt roR A5 SRR -2 AaER s 1oy -8-11 R
- 1,2-dimeiyipromsytk 1614 [5(Bopyiidjh20L 24 d o dainipchalg] 1k-tetramethydiH- 1,4a-propan@H-

1,6,6a,7,8,9,10,10a ngl 12,12 _-dogec;%n dro-1,6a,8,10a-tetramethyl1-4H-1,4a-propano-2Hphenant
hro [1,2-8f”€§‘r%"ﬁjf-hf-dj%r o‘i@?&r%”ciz;cﬁr % ,%%%', R,8R,10aR,10bR,12aR,14R,15R)-15-
[[(2B-2-amino-2,3- (1S4aR,6a57R,8R,10aR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-

[5-(3-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetrahydro-4-(methylamip@H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethiii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10eR, 10R,12&R,14R,15R)-15-[(4-aminotetrahydr@H-pyran-
20 4-yl)methoxy]-8-[(IR)-1,2-dimethylpropyl]-14-[5-(3-fluoro-4-pyridinyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(3-fluoro-4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetrahydro-4-(methylamip@H-pyran-4-
25 yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-datgdro-1,6a,8,10a-tetramethiH-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-[(4-aminotetrahydr@H-pyran-
4-yl)methoxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyrimidinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
30 phenanthro[1,2-c]pyran-7-carboxylic acid;
(1S4eR,6857R,8R,10eR,10R,12eR,14R,15R)-15-[(4-aminotetrahydr@H-pyran-
4-yl)methoxy]-8-[(IR)-1,2-dimethylpropyl]-14-[5-(5-pyrimidinyltH-1,2,4-triazol-1-yl]-
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20dimethy1butyl]oxy]-8-[(1 R) - 1,2-dimethylpropylk 14- [5-(4-pyridiny0-111-1,2 4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethy1-4H-1,4a-propano-2Hphenant
hro [1,2-c] pyran-7-carboxylic acid; (1S,4aR,6a5,7R,8R,10aR,10bR,12aR,14R,15R)-15-
[R2R)-2,3-dimethy1-2- (methylamino)butyl] oxy] -8- [(1 R) - 1,2-dimethylpropyl] -14-
[5-(4-pyridiny0-111-1,2,4-triazol-1- 25yl]

-1,6,6a,71869%6807193, 100103, 124 2a-dodezakistiochibal Fo&OmEe teara aibyyiH-1, A prsraneHH-

phenanthro [1,2- ran-7-carboxylic acid; . -

(1s,4aR,%‘&é??ﬁf%@ﬁf%@&fz&ﬁ%ﬁ!w%- [(2R)-2-amino-2,3,3- trimethylbutyl] oxy] -8- [(1

R) - 1,2-dimethylpropy{}LS|4eH 548 TRier 1401 0t 0 R 1T AR 14R)idz[lIRY!] , 2-dimethylpropyl]- 14-

-1,6,6a,7,8,9,10,10a,10Rh,11,12,12a-dodecahydrq-1.6a,8,10a-teframethy1-4H-1 4a-propano-

S0oH gAY PR b 2 A e AR o 7R e CBIAe AR RARR A2k 15)-15-

%RZ(IB)-Z-%lqnimhba(ﬂt}melﬁalmJerlrommmwm1212],-1?2d(aaﬂﬁd%mmetwlm@wt}aﬂx@twﬂ-1,4a-

5-(4-pyridiny0-111-1,2 4- triazqgl-1-y11-1 6,61,7,8,9.10, 1 .

Om 106, 1 BTSSR QPTG BOYNE acic

ethy1-4H-1,4apropanq-Ps#aR G268/ TRIGRI1 D \0ER 12eR DI Y BRABI IR dL thaimettadposlyijatdeptable

salts thereo .. .13 0 sjtion compyising the compoynd of one of claims 1 to 12 and 5a

e mac A R e o b v - R B N R e orcing o

claim 13yflrtbgrosyinpéstay asectmd Oberapeitic 2d@at-datigdro-1HH8ctBusttomoifamiedicament for

tregting a fungﬁls)'gglec ion CC{E]&@(?% he use_of an effective.amount of the compound of any one of
claitis 1t6" ETNEE ir ép%r%[gi P HEFe T Said fungal infection is caused by

Cryptocoecus spp., Cz(msjdmm,aﬁmgﬁlmewppzmm,15R)-15£I[]_7(2memrripomﬁ,aecording to

claim 1, yh e NG IRRPLH T4 -1, 2-dimethylpropyi]-14-[5-(1-oxido-d-pyridinyllH-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

15 (1S4aR,6&5,7R,8R,10aR, 10MR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-3-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3-

20 dimethylbutyl]loxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-4-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid; and

pharmaceutically acceptable salts thereof.

25 11. The compound according to claim 1, wherein the coumg is selected
from the group consisting of:

(1S,4aR,685 7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminc&rbonyl]-
1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,111PA-dodecahydro-1,6a,8,10a-tetramethyl-

30 4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10aR,10R,12&8R,14R,15R)-14-[5-(aminocarbonyltH-1,2,4-

triazol-1-yl]-15-[[(2R)-2-amino-2,3,3-trimethylbutyl]oxy]-8-[[®)-1,2-dimethylpropyl]-
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(1S,4aR,6a8,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-trimethylbutyl]oxy]-8- R1 R) -
1,2-dimethylpropy11-1415-(4-pyridinye4H-1,2,4-triazol-1-ylk
151,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2H-
phenanthro[1,2-e]pyran-7-carboxylic acid or a pharmaceutically acceptable salt thereof 18. A
composition comprising the compound according to claim 17 and a pharmaceutically acceptable

carrier, agje\6x)V &, 9el0¢1©a,10b,11,12, 19 RspsratigporofE@ae thaameh i tne atng eégangsl -infection
comprisiB éﬂg%ﬂygﬁ%f_gﬂ)ﬂ;%c_ '\_/((;aar n?)?(%é(z)afctlg? compound of claim 17.

(1S4aR 685 7R,8R,10R,10R, 12, 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-[(methylamino)carbonylH-1,2,4-

5 triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12aatmdhydro-1,6a,8,10a-tetrametiyi-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R, 12 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminc&rbonyl]1H-
1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,P2-Hodecahydro-1,6a,8,10a-tetramewiyi-

10 1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a57R,8R,10aR,10R,12&R,14R, 15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

15 (1S4eR 685 7R,8R,10R, 10MR, 12aR, 14R, 15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[(R)-2,3,3-trimethyl-2-(methylamino)butyl]oxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-

20 trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(5-pyrimidinyl}tH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethyH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetraydro-4-(methylamino2H-pyran-4-

25 yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-datgdro-1,6a,8,10a-tetramethiH-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10tR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-

30 phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]loxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-pyridinyltH-1,2,4-triazol-1-
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yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,685 7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]loxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyrimidinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(5-pyrimidinyl)-1H-1,2;triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,655,7R,8R,10aR, 10tR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-14-[5-(3-fluoro-4-pyridinyl)H-1,2,4-triazol-1-yl]-8-[(R)-1,2-
dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,11,12,18detahydro-1,6a,8,10a-tetramethiA-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R, 12 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]Joxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyrimidinyltH-1,2 4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a857R,8R,10aR,10R,12&aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-fluoro-4-pyridinyl}H-1,2 4-triazol-
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1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecah{cBa,8,10a-tetramethyiH-1,4a-propano-
2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12&R,14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-14-[5-(3-chloro-4-pyridinyl}tH-1,2,4-triazol-1-yl]-8-[(R)-1,2-
dimethylpropyl]-1,6,6a,7,8,9,10,10a,10b,11,12,18detahydro-1,6a,8,10a-tetramethiA-
1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-(2-amino-2-methylpropoxy)-8-
[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4eR 685, 7R,8R,10aR, 10tR, 12&R, 14R, 15R)-15-(2-amino-2-ethylbutoxy)-8-
[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-15-
[2-ethyl-2-(methylamino)butoxy]-14-[5-(4-pyridinyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2-(1-
methylcyclopropyl)propyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-
triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12aatahydro-1,6a,8,10a-tetrametldd-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,655,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-(dimethylamino)-
2,3,3-trimethylbutyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-15-
[[(2R)-2-(ethylamino)-2,3,3-trimethylbutyl]oxy]-14-[5-¢gyridinyl)-1H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10aR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[(R)-2,3,3-trimethyl-2-(propylamino)butyl]oxy]-
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1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(3-fluoro-4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[(R)-2,3,3-trimethyl-2-
(methylamino)butyl]oxy]-1,6,6a,7,8,9,10,10a,10b]P1]12a-dodecahydro-1,6a,8,10a-
tetramethyl4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR,14R,15R)-15-[[(2R)-2-amino-2-
cyclopropylpropylloxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-fluoro-4-pyridinyl}H-1,2,4-
triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12aatahydro-1,6a,8,10a-tetrametldd-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a57R,8R,10aR,10R,128R,14R,15R)-15-[(4-aminotetrahydr@H-
pyran-4-yl)methoxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(3-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetrahydro-4-(methylamip@H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethiii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-[(4-aminotetrahydr@H-pyran-
4-yl)methoxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(3-fluoro-4-pyridinyl}H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(3-fluoro-4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetrahydro-4-(methylamip@H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethiii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-15-[(4-aminotetrahydr@H-pyran-
4-yl)methoxy]-8-[(IR)-1,2-dimethylpropyl]-14-[5-(5-pyrimidinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4eR,6857R,8R,10eR,10R,12eR,14R,15R)-15-[(4-aminotetrahydr@H-pyran-
4-yl)methoxy]-8-[(IR)-1,2-dimethylpropyl]-14-[5-(4-pyrimidinyltH-1,2 4-triazol-1-yl]-
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1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a57R,8R,10aR,10R,128R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyrimidinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetrahydro-4-(methylamip@H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethiii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a57R,8R,10aR,10R,128R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(5-pyrimidinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetrahydro-4-(methylamip@H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R, 12 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-4-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R, 12 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-3-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10tR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2, 3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(1-oxido-4-pyridinyl}H-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid; and

pharmaceutically acceptable salts thereof.

12.  The compound according to claim 1, wherein the coumg is selected
from the group consisting of:

(1S,4aR,685 7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-[[(1-methylethyl)aminc&rbonyl]-
1H-1,2,4-triazol-1-yl]-1,6,6a,7,8,9,10,10a,10b,111PA-dodecahydro-1,6a,8,10a-tetramethyl-
4H-1,4a-propan@H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a857R,8R,10aR,10R,128R,14R,15R)-14-[5-(aminocarbonyltH-1,2,4-
triazol-1-yl]-15-[[(2R)-2-amino-2,3,3-trimethylbutyl]oxy]-8-[[®)-1,2-dimethylpropyl]-
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1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12&R,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[(R)-2,3,3-trimethyl-2-(methylamino)butyl]oxy]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l1®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6857R,8R,10eR,10R,12aR,14R,15R)-8-[(1R)-1,2-dimethylpropyl]-14-
[5-(4-pyridinyl)-1H-1,2,4-triazol-1-yl]-15-[[tetraydro-4-(methylamino2H-pyran-4-
yllmethoxy]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dallgdro-1,6a,8,10a-tetramethiii-1,4a-
propano2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethydH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685,7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2-amino-2,3-
dimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro8l]®a-tetramethyH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S,4aR,685 7R,8R,10aR, 10bR, 12aR, 14R, 15R)-15-[[(2R)-2,3-dimethyl-2-
(methylamino)butyl]loxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-triazol-1-
yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahycBa;&,10a-tetramethyiH-1,4a-propan@H-
phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR 685 7R,8R,10R,10R,12aR 14R,15R)-15-[[(2R)-2-amino-2,3,3-
trimethylbutyl]oxy]-8-[(1R)-1,2-dimethylpropyl]-14-[5-(3-fluoro-4-pyridinyl}H-1,2 4-triazol-
1-yl]-1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecah{¢Ba,8,10a-tetramethyiH-1,4a-propano-
2H-phenanthro[1,2-c]pyran-7-carboxylic acid;

(1S4aR,6a57R,8R,10aR,10R,12aR,14R, 15R)-15-[[(2R)-2-amino-2-(1-
methylcyclopropyl)propyl]oxy]-8-[(R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyltH-1,2,4-
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triazol-1-y1]-1,6,61,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-
propano-2H-phenanthro[ 1,2-c]pyran-7-carboxylic acid; and

pharmaceutically acceptable salts thereof.

13. A composition comprising the compound of any one of claims 1 to 12 and

a pharmaceutically acceptable carrier, adjuvant or vehicle.

14.  The composition according to claim 13, further comprising a second

therapeutic agent.

15.  Preparation of a medicament for treating a fungal infection comprising the

use of an effective amount of the compound of any one of claims 1 to 12.

16.  The use according to claim 15, wherein said fungal infection is caused by

Cryptococcus spp., Candida spp. or Aspergillus spp. fungi.

17. The compound according to claim 1, wherein the compound is
(15,4aR,6aS,7R,8R,10aR,10bR,12aR,14R,15R)-15-[[(2R)-2-amino-2,3,3-trimethylbutylJoxy]-8-
[(1R)-1,2-dimethylpropyl]-14-[5-(4-pyridinyl)-1 H-1,2,4-triazol-1-yl]-
1,6,6a,7,8,9,10,10a,10b,11,12,12a-dodecahydro-1,6a,8,10a-tetramethyl-4H-1,4a-propano-2 H-

phenanthro[1,2-c]pyran-7-carboxylic acid or a pharmaceutically acceptable salt thereof.

18. A composition comprising the compound according to claim 17 and a

pharmaceutically acceptable carrier, adjuvant or vehicle.

19.  Preparation of a medicament for treating a fungal infection comprising the

use of an effective amount of the compound of claim 17.
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