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SUMMARY OF THE INVENTION

[0006] The present invention relates to analogs of steroidal alkaloids, such as
cyclopamine, pharmaceutical compositions containing these compounds, and methods for
preparing these compounds. In one embodiment, the present invention relates to a

compound represented by the following structure:



HH Rl R2 R3 or a pharmaceutically acceptable salt
thereof; wherein R is H alkyl, -OR amno,

wa@ ioBoseas do, sul fam do, -OC(O R5, - N(R5) C(O) RSI/US200E088990
sugar; R2 is H, alkyl, alkenyl, alkynyl, aryl,
cycl oal kyl, nitrile, or heterocycloal kyl; or Rl and
R2 taken together form=0 =S, =N(OR), =N(R), =N(NR2),
=C(R)2; R3 is H, alkyl, alkenyl, or alkynyl; R4 is H,
al kyl, al kenyl, al kynyl, aryl, cygl oal kyl,

het er ocycl oal kyl, aral kyl, h Lyl , heteroaralkyl
hal oal kyl, -OR5, -C(O R5, Mme ;
-C(ON(R5) (R5), -[IC((~R)2)g-R "Y-N(R) C(O) ] gRS,

-[(\V)-C(OQ]gR5, -[ (W) T 571+ [ (W- 0O ] gRS5,

-[(W-S02] gR5, -[(W>N |

-[(W-C(O N(R5) ] gRs, -[(W-N(R) ] gR5,

-WNR53+X- or -[( S 7~ wherein each Wis
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2, 3, A each RS is
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e)? ral kyI or -[C(R) 2] p-R6; wherein p is 0-6; or

é cldrtéfices of R5 can be taken together to

form &*#- }8 an®ihtkesyd, Opinyhas, |cycloﬁ]dﬁsﬁ1trﬂ¢jtoeﬂetélbmldahdyl}h
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hydr o ar ‘fhydroxy I and Rl
alt¥)- PFéB)]aRe -WAVRE200r 2[(W)$2 8/ 083248

PCT/ U@ﬁ&g@&%ﬁ%@ qg[egegﬁgdﬂgr n‘a&&&la' n enbodi nents, H

s H, r ox or amino. In other
enbodbarcbmltlsmdéﬂenéﬁn@lymt3a’kén0t6)get her along with the
car bo% LQpich they are bonded, form=0 =N(OR), or
=S. other  enbodi ments, R3is Hand/or R4 is H,
al kyl ¢ach|ﬂ7dsrl®&qﬁendeaﬁﬁfﬂ(§dkyl, alkéyRp&ly oyl RGyl, cycloalkyl,

R R Bk B 8t i oo
-ahy Wo &R R letn 6 talgdn together to form a 4-8 membered optionally
substituted ring which contains 0-3 heteroatoms selected from N, O, S, and P;
each R®is independently hydroxyl, -N(R)COR, -N(R)C(O)OR, -N(R)SO;(R),
-C(O)N(R),, -OC(O)N(R)(R), -SO:N(R)(R), -N(R)(R), -COOR, -C(O)N(OH)(R),
-OS(0),;0R, -S(0),0R, -OP(O)(OR)(OR), -NP(O)(OR)(OR), or -P(O)(OR)(OR); and
each R is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl or aralkyl;
provided that when Rz, R3, and R* are H; R!is not hydroxyl or a sugar; further
provided that when R'is hydroxyl, then R!isnota sugar or hydroxyl, and R' and
R? are not C=0.



enmbodi nents, Rl is Hor -OR, R2is Hor alkyl, and R4
is H Inothers, RRis Hor alkyl, R3is H alkyl,

wW@bdoengd248 al kynyl , aryl, cycloal kyl, heter ocycPOEUE2007/088990
or aral kyl; and/or R4 is H, alkyl, aralkyl,

-[(W-NRC(O]9gR5, -[(W-N(R) S02] gRs,
-[(W-C(ONRJgR5, -[(W-QgR5, -[(W-CO]gR5, or
-[(W-C(OQgR5. In other enmbodiments, Rl is
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%3 is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, or aralkyl; and/or R is
H, alkyl, aralkyl, -[(W)-N(RYC(O)],R’, -[(W)-N(R)SO,],R’, -[(W)-C(O)N(R)]R’
-[(W)-O1,R’, -[(W)-C(O)],R, or -[(W)-C(0)O],R’. In other embodiments, R" is
sulfonamido.

[0008] In another embodiment, the present invention relates to a compound

selected from the group consisting of:
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or a pharmaceutically acceptable salt thereof.
[0009] In certain embodiments, the compounds mentioned above are isolated.
[0010] In another embodiment, the present invention relates to an isolated

compound selected from the group consisting of:

or a pharmaceutically acceptable salt thereof.

[0011] In another embodiment, the present invention relates to a compound

represented by the following structure:



11 H-N®% H and o or a pharmaceutically acceptable
salt thereof. [0009] In certain enbodi nents, the

W@ owposnds nenti oned above are isol ated. [ 001BJT/US2007/088990
anot her enbodi nent, the present invention relates to
an isolated conpound selected fromthe group
consisting of: HHOHO Me HN M HNM HN M M M
MMM MH/ OHMH/ OHMHOHHF HHH
HOHOO HHHHO Me HHN Me, H N+ M M M M M H
O.HMH O'HFi HHH Sugar sSud H and Hor a
phar maceutical | y accept abl Wesa‘r f. [0011] In
anot her enbodi nent, :
compound represent ed by % h¥ CPcpwi ng structure: 6 WO

2008/ 083248 PCT/ US200Z 8 R4 M, HN M M R/
RBR RO 0O M HEF

Rl
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or a pharmaceutically acceptable salt thereof;

wherein R! is H, alkyl, -OR, amino, sulfonamido, sulfamido, —OC(O)RS, -
N(R>)C(O)R’, or a sugar;

R’is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, nitrile, or heterocycloalky];

or R! and R? taken together form =0, =S, =N(OR), =N(R), =N(NR3), =C(R)»;

R?is H, alkyl, alkenyl, or alkynyl;

R*isH, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, heteroaralkyl, haloalkyl, -OR”, -C(O)R’, -CO,R’, -SO,R’, -C(O)N(R)(R?),
[CRI-R’, -[(W)-NR)CO)LR’, -[(W)-C(O)JR’, -[(W)-C(O)O],R’, -[(W)-OC(O) 1R’
-[(W)-SO2]R’, -[(W)-NR")SO:](R’, -[(W)-COOINRI]R’, -[(W)-OLR’
-[(W)-N(R)];R’, -W-NR’;*X", or -[(W)-S]R’

wherein each W is, independently, a diradical;

each q is, independently, 1, 2, 3, 4, 5, or 6;

X 1s a halide;

each R’ s, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl or —[C(R)z]p—R6; wherein p is 0-6; or
any two occurrences of R’ can be taken together to form a 4-8 membered optionally
substituted ring which contains 0-3 heteroatoms selected from N, O, S, and P;

each R®is, independently, hydroxyl, -N(R)COR, -N(R)C(O)OR, -N(R)SO;(R),
-C(O)N(R),, -OC(O)N(R)(R), -SO-N(R)(R), -N(R)(R), -COOR, -C(O)N(OH)(R),
-OS(0),0R, -5(0),0R, -OP(O)(OR)(OR), -NP(O)(OR)(OR), or -P(O)(OR)(OR);

each R is, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl or aralkyl;

each of R and R is H; or R’ and R” taken together form =0O;

R® and R? are H; or

R® and R? taken together form a bond; and



or a pharmaceutically acceptable salt thereof; wherein
R is H alkyl, -OR amno, sulfonam do, sulfam do,
WO Q08MBRFE - N(RS5)C(O R5, or a sugar; R2 is H, P&i/Kg1007/088990
al kenyl , al kynyl, aryl, cycloal kyl, nitrile, or
het erocycl oal kyl ; or R1L and R2 taken together form
=0, =S, =N(OR), =N(R), =N(NR2), =C(R)2; R3 is H,
al kyl, al kenyl, or alkynyl; R4 is H, alkyl, alkenyl,
al kyn}ﬁlomd@(ﬁ Wat wﬁéﬁqpoﬁ‘l‘ P R? DEHBLQRY Gh RN @an togtﬁérlﬁﬁlm =0;
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d
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t hat when R3, , R8, RO are H and, R7 and R7 taken
toget her form R can not bge acetate and R2 can
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or a pharmaceutically acceptable salt thereof.
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In other enbodi nents, R4 is al kyl, alkenyl, alkynyl,
aryl, cycl oal kyl, heterocycl oal kyl, aral kyl,
wheaosgans/| , heteroaral kyl, hal oal kyl, -ORS, PCT/US2007/088990

-[AR2]g-R5, [(W-N(RC(O]JgR5, [(1")-C(O]gR5,

-[(W-C(0)0] gR5, -[(~~")-0C(O]gR5, -[(")-S02]gRs,

-[(W-N(R5) S@2] gR5, -[ (\ ') -C(0) N(RS)] gRs,

-[(\V')-0]gR5, -[(\'")-N(RJgR5, or -[(W-S]gR5. Each

Of [(ﬁi4]ﬁmd Reehiah e}ﬂﬁocﬂ‘neﬁtp 1Rt d &ﬁlpoaldsaa?@epﬁgeﬁcaﬁf re
ether form =0. [0013] In another enbodi nent,
Q@ﬁ@lafﬁd}ventl on rel at es to a conpound sel ect ed from

th up htd ; = 0N
B ot g e T
leure copipiendrielectetl fFomiharbbp @n@sitngfH H H Ph S Me, HHN
HHFi Fi

or a pharmaceutically acceptable salt thereof.

[0016] Another aspect of the present invention relates to a pharmaceutical
composition including any of the aforementioned compounds, and a pharmaceutically
acceptable excipient.

[0017] In one embodiment, the present invention relates to a process for preparing

cyclopropyl derivatives of cyclopamine and related analogs having the formula 136:

wherein

Y is CR'R%;

R'isH, alkyl, amino, hydroxyl, carboxyl, carbamoyl, alkoxy, hydroxyl, sugar or a
protected hydroxyl group;

R?is H, alkyl, alkenyl, alkynyl, nitrile, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, or heteroaralkyl; or R! and R? taken together form =0, =S, :N(ORg), :N(Rg),
=C(R)z, or =N(N(R"));

each of R3, R4, and R’ is, independently, H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, or heteroaralkyl; or R* and R* or R* and

R’ taken together form a bond;



[0014] In certain enbodi nents, the above conpounds are
epinerically pure and/or isolated. [0015] In another
Werinsaszest , the present invention rel ates to BEI/US2007/088990
epinerically pure conpound selected fromthe group
consisting of: Me, HHN Me, HHN M M M M '"HO OO
M HMH HHHH Hand Hor a pharnmaceutically
acceptable salt thereof. [0016] Another aspect of the
preseqr i ipuani, 'aﬁ@ dgfleal]l%ln?f’ afy‘P ?clgﬁﬂlnﬁe@é?&gykfégllkyl aralkyl,
conposition i'nclu forementi

@ewmmd@termm q@mﬁu@%&t FGEDRY -CRRE e@cas?eamN(R%(R%
e kBB ORLT) Clo) Rne SIRAE) FRNL b ko3 geent

I hve ate pr OCGSS or gpl' eparil n&
CMW)W(@MR W) SR 2 08D- NEROBOpaRY, HEW AR 0 MNRAIBY

S8 95T SHIR gL 80 05 e N M Mt

RV is inddglendehtty h dlraiindah(ﬂacﬁ”q/id ﬁrmxydn,demmlbax:ym 5 ©a6bam)yl

ar oup HirdY RERIR s GRBEgRRaR ot B BESHT AP amico. hatie,

ar ydter; adc| oal kyl , heterocycloalkyl aralkyl

het er oar yly,, or hetero and t aken
{oget REP Y & eIy ryhefePinekh i ceSt. or
%M@N(c?@dﬁl}yl aRaG h@tferoaa/,l oRﬁete@akaﬁ is, independently,
H, alkﬁ al kenyl , al k cy cIoaIkI

ycl

het[@r 8 B Hg%ess gflgqlquqle stq.pépé?qgéatcg}pg a Qﬂmpound of formula 136a
Qﬁﬁlehrkﬁﬁfaﬁéer&l/ﬂc’phgiphﬁg c#6brbhnMingRgedélyicldd dof#s8hd of formula

together orm a bond
136:

wherein
R', R% R®, R* R’, R® are as defined in compound 136.
[0019] In another embodiment, the present invention provides methods for

preparing a compound of formula 137:

137



9 WD 2008/ 083248 PCT/ US2007/088990 R6 is H, al kyl,

al kenyl, al kynyl, aryl, cycloal kyl, heterocycl oal kyl,
wW@e@BKkgd248 het er oaryl , het eroaral kyl, hal oal kyl PCFUORD07/088990

-C(O R9, -C02R9, -S02R9, -C(O NR9)(R9),

-[CG(R9) 2] gRI9, -[(W-N(R9)C(Q]gRI, -[(W-(O]gR9,

-[(W-A(OQQgR9, -[(W-0X(Q]gR9, -[(W-S02]gRo,

-[(W-N(R9) SC2] gR9, -[(W-C(ON(RI)]gR9, -[(W-JgR9,

-[(WNBD 19R9, -[(W-S]gR9, or a nitrogen protectlng

group;, wherejn each Wis independently a diradical;

each aiﬁ§Rﬂhdependently 1, 2, 3, 4, 5, or 6. each of

R7 ang B d, H]ﬁlg)loﬁggw |c¥rboﬂrl &kﬁ&}ﬁo kagﬁmégdm?ﬁysjugar ora

nitri or ester; eac
|pnd€ip€e1d@émb/1ygr0uﬂ al kyl, al kenyl, aI kynyl aryl,

cycl ogb {%ﬁ 1iy5‘%[k§ﬁyj8%ﬁ€' ORI A1 1a£y‘%¥oa P%Et%{og J1c¥at1keyl alkyl,

het er oar roce |nc ddes
métemanﬂ,anhetn@amlhybrmpﬁ adi Ibzftalfemrtog@tmr foB6aO, wSI*N(@Rg) =NR’),

}/Iﬁ hosphat e cycl opropanati ng agent to
2’8 {%E( d of fornula 136 R6 M e Rl RZ R3

R4 R5eéb36>ﬁR \tteandird 1R1nde§é218%ﬂ§[93' HRﬂkleﬁkenRﬁ alky gyl asyl,
1
U R e s o re‘%%ﬁ& %B and

R cengeteobrh @boad;a 137: R6 Me H N Me l\/b

M H HH RI RZ R3R4 R 137
R”is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,

heteroaryl, heteroaralkyl, haloalkyl, -OR’, -C(O)R’, -CO.R’, -SO,R’, -C(O)N(R*)(R?),
[CRLIR’, -[(W)-NR)C(O)]R’, -[(W)-C(O)]R’, -[(W)-C(O)OLR’,
-[(W)-OC(0)]R’, -[(W)-SO1gR’, -[(W)-N(R*)SO.]4R’, -[(W)-C(O)N(R”)]R’,
—[(W)—O]ng, —[(W)—N(Rg)]ng, —[(W)—S]ng, or a nitrogen protecting group;

wherein each W is, independently, a diradical;

each q is independently 1, 2, 3, 4, 5, or 6;

each of R” and R® is, independently, H, alkyl, alkenyl, aryl, nitrile, amido, halide,
or ester; and

each R’ is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl,aralkyl, heteroaryl, or heteroaralkyl. The process includes the steps of:
first contacting a compound of formula 137a with a haloalkylzinc phosphate

cyclopropanating agent;

wherein

11



10 WO 2008/ 083248 PCT/ US2007/ 088990 wherein Y is
CR7R8; R is H alkyl, amno, hydroxyl, carboxyl,

w@2a00Basays , al koxy, hydroxyl, sugar or a protRBCI/Es2007/088990

hydroxyl group; R2 is H alkyl, alkenyl, alkynyl,
nitrile, aryl, cycloal kyl, heterocycl oal kyl, aral kyl,
heteroaryl, or heteroaral kyl; or R and R2 taken
together form =0, =S, =N(OR9), =N(R9), =C(R9)2, or
=N( N( BQ)IQ) R’ @acﬂ? Rf arg§s de'ﬁﬁed fﬁ%mBéuﬂdsl 37l tB‘i*&BﬁM&ﬁHohb{d with
H alk al'’kenyi, al kynyl, aryl, cycloalkyl,
1Vb|oalky| aral kyl, heteroaryl, or
heteroaralkyl; or R3 and R4 or R4sand R5 taken
together forma bond; R6 is , al kenyl,
al kynyl, aryl, cycloal kyl, erdcyc Oﬁ|ky| aral kyl ,
heteroaryl, heteroaral kyl, hg K DRI, -C(O R,
- C02R9, -802R9 -C(O)N(R9) & o|_[C(R9)2]gR9
-[(W-N(R9) C(0)]gR9, -V QY1 gR9, -[(W-C(0) 0] gRo,
-[(W-0C(OQ]gR9, -[(W - [ (W-N(R9) SC2] gRo,
-[ (W-C(O N(R9) ] gR¥; ¥- A gR9, -[(W-N(R9)]gR9,
-[(W-S]gR9, or a m’trggen protecting group; wherein
each Wi s, |ndependen€1y, a diradical; each qis
independently 1, 2, 3, 4, 513mr 6; each of R7 and R8
gﬁpendently H, aIkyI al kenyl, aryl, nitrile,
an1do or ester; and each R9 is i ndependent |y
H al R§/|R R, RéWlR a’:ﬂdkiyﬁlwas démgdl in @y@b@@i K7t and then contacting

het er oc I k heteroar

ﬁléet@ma%ﬁ %31%@%@@ pacidie E‘d‘aé§°1%1ﬂ‘§m§€éf9§m61fi 137.

fi [@UR0F ont MGEiAH eAbSHARMPRAY T 288 R &mBstibeli3 AR ot dntfodiments
hal oal kyl zi nc Ehosphate cyclopropanatlng agent; R6 R

I@e capbgy protecighygiond; apd/pRR” RAGHEISHN PIPOANDEOW)- 083248
PCd02%2 00 718858 Omb&limerte thﬁ%loa%lzuﬁ%hoﬁ@a@ rc?cl@pcropanatlng

defined in conpound 137; forma conpound
fagenrip farmeg iy combining a phosphorlc acid of formula 141a, a dlalkylzmc and a

dihaloalkylane of formula 141b:

R10 R\ N
0" OH
. ~R \?éﬂs
141a 141b

wherein

each of X and X’ is, independently, chloride, bromide, or iodide;

each of R” and R® is, independently, H, alkyl, halide, amido, nitro, or ester;

each of R* and R!! is, independently, alkyl, alkenyl, aralkyl, aryl, heteroaryl,
heteroaralkyl; or R' and R taken together have the formula 141c, 141d, or 141e;

12



R HNM e RLMZR3 R4 R5 137b wherein R, R2,

R3, R4, R5, R6 and Y are as defined in conpound 137
w@e@ssws8 cont acti ng the conmpound of fornul a BGTBS2401/688990

an acid to give a conpound of formula 137. [0020] In

certain enbodi mrents, R7 and R8 can both be H in other

enbodi nents Rl can be a protected hydroxyl; and/or R6

is a nitrogen protecting group. [0021] In certain

enbodi nents, the hanaIkyI2|nc phosp

cyclopropanatlng ageﬁ @3 formed by c

phosphoric acid of fornul '

dlhaloalﬁvﬂane f formul

r $ Ol R 41la 14@&0),
[ ndependent chl ori de,
R7 and R8 i SY Ijdependent H, al kyl,

nitro, or ester; each of 0 and R" is,

i ndependent |y, Mdilkyl, al kenyl14ldral kyl, aryl, 141e
hetergﬁ&¥h} het er oaral kyl ; or R10 and R' taken

toget her have the fornula 141c, 141d, or 1l1l4le; 12 WO
2008/ 083248 pRCFNSR0Och 088@8ace, (R, 23, 'br {RLS,)indep¢ititnfor
129! ( 6 1N, 1314ikC, 114 ke 141 ere| n
eaChoccm ep)ghlden% R& %ﬁégchRotlgu’&ﬁeﬁ%é R]LO %fwh
@mdeﬂe,ndantiysalkylnd@pamﬁ@rntok walfder each occurrence, O 1

or 2- and ach of R12 R13 R14 R 5 R16 Rl7 and R18 is,
né@éﬁde 14P0thelj "l?%ho,‘?hf%?ﬁl&z (he PLgsghRgyentggrefRigs itodaerf‘“dbg’Z]
Ipfepanidt hesmppuhosk formila 1421e present invention rel ates

to a process for

de, or io-id-"

RS
\
Me H N

142
[0023] The process includes the steps of contacting a compound of formula 142a

with a cyclopropanating agent to form a compound formula 142b; and

13



preparing a conpound of fornula 142: R6 Me HN Me Me
YO M HHH RL RZR3R4 R 142 [0023] The process

WO p@BHO8E2d48 t he steps of contacting a conmpound oPCT/US2907/688990
142a wth a cycl opropanati ng agent to forma conpound
formula 142b; and R6 R M e R- 2 R3 R4 R5 142a 13
WO 2008/ 083248 PCT/ US2007/088990 R6 HN M e R1L MRZ
R3 R4 R5 142b conbi ning the conpound of fornula 142b
with an acid to give the conpoungsof fornmula 142;
wherein Y is CR7/R8; R is a ed hydroxyl group;
R2 is H alkyl, alkenyl, cycloalkyl,
het er ocycl oal kyl, aral kyl, ! yI, or
het er oar al kyl ; each of RS,
i ndependently, H, alkyl}M
cycl oal kyl , heterocy‘ m aral kyl , heteroaryl, or
heteroaralkyl or 3 ¢ or R4 and R5 taken
t oget her form a bonﬂ 34+ 1S a nitrogen protecting

alkynyl aryl,

142b

combining the compound of formula 142b with an acid to give the compound of
formula 142;

wherein

Y is CR'R%; R'isa protected hydroxyl group;

R’is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, or heteroaralkyl; each of R3, R4, and R’ is, independently, H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, or heteroaralkyl; or

R’ and R* or R* and R’ taken together form a bond; Rlisa nitrogen protecting
group;

each of R’ and R® is, independently, H, alkyl, alkenyl, aryl, nitrile, amido, halide,
or ester; and

each R’ is, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, or heteroaralkyl.

In certain embodiments, R’ and R® can both be H; in other embodiments the
protected hydroxyl group can be an ester or a carbonate; the nitrogen protecting can be a
carbamate or an amide; R’ and R® can both be H and the nitrogen protecting can be a
carbamate or an amide; R? and R? can be H and R* and R’ taken together can form a
bond; and/or the cyclopropanating agent is generated from a dihaloalkane and a metal
species (e.g., dialkyl zinc or a zinc copper couple).

[0024] In certain embodiments the cyclopropanating agent is generated from a
dihaloalkane species and a dialkyl zinc species, and a phosphoric acid species or a salt

thereof. The phosphoric acid species can have a structure of formula 151:

14



group; each of R7 and R8 is, independently, H alkyl,
al kenyl, aryl, nitrile, amdo, halide, or ester; and
W@2wR0$R48 s, i ndependently, H, alkyl, al kenyl ,PEl/K§2991/088990
aryl, cycloal kyl, heterocycl oal kyl, aral kyl,
heteroaryl, or heteroaral kyl. In certain enbodi nents,
R7 and R8 can both be H, in other enbodinents the
protected hydroxyl group can be an ester or a
carbonate; the nitrogen protegting can be a carbamate
or an amide; R7 and R8 capubgth be H and the nitrogen
protecting can be a carbanftgr an anmide; R2 and R3
can be H and R4 and R5 taken t®jether can forma

bond; and/or the cycl opropangyi ng agent is generated
from a di hal oal kane and a netal species (e.g.

di al kyta saittlecrent; a zi nc copper couple). [0024] In

cert aj a%gbodinents t he cycl opropanati ng agent is
generated froma di hal oal kane speci es and a di al kyl

zi nc spbof BY andRd' iaindbespéolyiatkyh alkdng pedkgdsargl, hetesalyt,

SPRUREIRG BR TRRRC Ghirdof i iR BRr GRasifa 1 or 151e:
PCT/ US2007/ 088990 0 (hmhllOlOl POOHR'®, R1 1 #54, or

a salt thereof; wherei Jmeach of RL0 ang®
i ndependently al kyl, alk ar al kyl ,

het er oan®®P),, heteroaral ky R10 qnth'
toget her h e forrll*m 151, 151b, Oy R13) m
(RIS)m (R, 12 (R) [(RI@)'m (R16) . \

N
\~(R18)n 1514 1¥1b 151c rein mindeperde }UV%Ior
each occurrence is 0, 1, 2, 3,_or 4; n independently
for each occiﬁllaence is 0,1, ](§|1b2; each of R %13 R14
R 5 R@e®L7 and R18 is, independently, alkyl, aryl,
aral kyl, or halide. [0025] In certain enbodi nents the
aci d PsindepepdsAdY &y eadjogeyreneg is Ogbét 3O 4cit gidependently for each
eddricHQY 908 fianesild @ RagidR 'S pEIOSPNAIH 1€ &Cimdependently,
met hanesul fonic acid or HCL). In other
alkyl, aryl, aralkyl, or halide.

[0025] In certain embodiments the acid is a Bronsted acid (e.g., acetic acid,
trifluoromethanesulfonic acid, phosphoric acid, methanesulfonic acid or HCI). In other
embodiments the acid is a Lewis acid (e.g., BFs, zinc chloride, zinc methanesulfonate, or
a zinc salt).

[0026] The present invention also relates to a process for preparing a compound

of formula 156:

156

15



enbodi nents the acid is a Lewis acid (e.g., BF3, zinc
chloride, zinc nethanesul fonate, or a zinc salt).

WO 0®303%323he present invention also rel ates to BCPUSETES8990
for preparing a compound of fornmula 156: A NNe OH
H R\ 156 15 WO 2008/083248 PCT/ US2007/ 088990
[0027] The process includes the steps of: contacting a
compound of formula 156a with a cycl opropanati ng agent
to aﬁ‘eo&p& b; and Rz r M M [/ O
' DlbRrn & pa chm‘%%ﬁ%ﬁgﬁ/g M O~HM H Fi H
R10O \ casgHng @@m@wwm gf fopraule dPgfowititia ecldpsrpandtiag agabto form a
%&Po&ﬂf@x&iuﬁjafs%bgén\ﬁe t he conpound of fornmula 156;

IS an oxygen protecting group sel ected from

the group consisting of formate, Racetate,
chl oroacetate, dichloroacetaty, chl or oacet at e,
pi val oat e, benzoate, al kyl Me )
carbonate, aryl carbonates, grakkgi—carbonate,
2,2,2-trichloroethyl aHkoxynet hyl et her,
ar al koxynet hyl et her,
aral kylthio

R'O

combining the compound of formula 156b with an acid to give the compound of formula
156;

where R’ is an oxygen protecting group selected from the group consisting of formate,
acetate, chloroacetate, dichloroacetate, trichloroacetate, pivaloate, benzoate, alkyl
carbonate, alkenyl carbonate, aryl carbonates, aralkyl carbonate, 2,2,2-trichloroethyl
carbonate, alkoxymethyl ether, aralkoxymethyl ether, alkylthiomethl ether, aralkylthio
ether, arylthio ether, trialkylsilyl ether, alkylarylsilyl ether, benzyl ether, arylmethyl ether,
allyl ether; and R’isa nitrogen protecting group selected from the group consisting of
formyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, phenyl acetyl, benzoyls, alkyl
carbamates, aralkyl carbamates, aryl carbamates, allyl, aralkyl, triarylmethyl,
alkoxymethyl, aralkoxymethyl, N-2-cyanoethyl, diarylphosphinamides,
dialkylphosphinamidates, diarylphosphinamidates, and trialkylsilyl.
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ether, arylthio ether, trialkylsilyl ether,

al kyl arylsilyl ether, benzyl ether, arylnethyl ether,
waldoghsesher; and R2 is a nitrogen protecting BCDUR2007/088990

sel ected fromthe group consisting of fornyl,

chl oroacetyl, trichloroacetyl, trifluoroacetyl, phenyl

acetyl, benzoyls, alkyl carbamates, aral kyl

carbanates aryl carbamates, allyl, aralkyl,

ri WZX] et ﬂf%’ertaln @Jng&ﬁﬂﬁgﬁg ﬁ%bycl@ﬂr%éﬁ@tﬁ%&ﬁﬂ formed by

cyanoet hyl, phosphi nam des,

@p@bmwgmgmhpﬁfam@a‘g fegmuly F3a; ¢ kiwﬁzyézwm itk dhaleadkylapg@f
F&%ﬁ%fy gpi | yl . 16 WO 2008/ 083248 PCT/ US2007/ 088990

I'n certain enbodi nents the cycl opropanati ng
agent is formed by conbi nPng a pho phorlc acid of
formula 58a, a dial kylRNpes,a ndX i hal oal kyl ane of
formula 158b: 0 R100 CéEO 1 R' R7R 158a 158b
wherein each of X and X is, |ndependently, chl ori de,
brom de, or iodide; each of58R7 and 8bi s,
|ndepeﬂdently H, al kyl, halide, am do, or ester; each
of RIO"SRE R' is, |ndependently, al kyl , al kenyl ,
ar al ky:ich o Kydnd Xhex, erde@ernyléntlyhaﬂcerdaafralhﬂdytl or 1@1‘1dd?ﬂ:£bhaaﬁ &’ and

g .taken et h ave the formul a 58
b SO RDSST (R v 2 gy by, Rt s R BN { o) mh /
Ri®péndedtBBEIkHS Sdentd &ﬁalmfhbﬂj Huerdsarylnﬁ&@sml@ﬂt byR'P @fd R" taken
each occurrence | n i ndependentl|y

fiegethenaye ﬂzfcfem%fr?é 15§door115§%r 2; each of R 2 R13 R14
R5 R6 RL7 and R18 is |ndependentlﬁy5 al kyl, panyl,

aral kyl, or halide. [GB The oxygen p?»c. Yng gr oup
can be, in sone enbodine fS| sel ected fr

car bonates), aralkyl carb (e. 9- (g9 _

benzyl carb , benleLe |valoate f\qrrat e.
The nitrog rotecting can be selectedl rom
benzoyl, tri<hlgroacetyl, rifluoroacet FO(ATS) |
al kyl car bamat es, aralkyl carbamates (e.g.,

benzyl car bamat¥B¢ aryl  car bak8les, 158e
dlarykﬂﬁg§ph|nanldes dlalkylphosphlnanidates, or
0

di aryl phosphi nam dat es.
m independently for each occurrence is 0, 1, 2, 3, or 4; n independently for each

occurrence is 0,1, or 2; each of Rlz, R13, R14, Rls, R16, R and R® is, independently,
alkyl, aryl, aralkyl, or halide.

[0029] The oxygen protecting group can be, in some embodiments, selected from
alkyl carbonates, aralkyl carbonates (e.g., benzylcarbonate), benzoates, pivaloate, or
formate. The nitrogen protecting group can be selected from benzoyl, trichloroacetyl,
trifluoroacetyl, formyl, alkyl carbamates, aralkyl carbamates (e.g., benzylcarbamate), aryl

carbamates, diarylphosphinamides, dialkylphosphinamidates, or diarylphosphinamidates.

DETAILED DESCRIPTION OF THE INVENTION

Definitions
[0030] The definitions of terms used herein are meant to incorporate the present

state-of-the-art definitions recognized for each term in the chemical and pharmaceutical

17



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Definitions
[0030] The definitions of terns used herein are neant
W0 oosfgMpor at e t he present state-of-the-art PCT/US2007/088990

definitions recognized for each termin the chem ca

and pharmaceutical 17 WO 2008/ 083248

PCT/ US2007/ 088990 fields. \Were appropriate,

exenplification is provided. The definitions apply to

tHafis, Wefésapﬁl%phgt@yex@[ﬁﬁhﬁ@&gl i Iﬂf&ﬂgﬁo%e (ﬁé?lnﬁlons apply to the

specification, unless otherwmse linmted in specific

itey8Y anthex are aibecHBroughe iscuedifigation, vglesyriharwise lignited imgggcific
finition of each

g%%%g?s%g%§$hwﬁﬁaM§§41Eg&gfphm£p§0%§ when it occurs

nmof@3dhan &need hereiantpe definicenpfeach expiestiended atkpl, ben, etc.,

efinition
SR REGELE by s, Bk b B8, PPN B Db R TR
nofigtign ¢lkextherray tHesame pregent ed by the genera

for : -N- R4 | RS erej 0 and R54

R entey S g demine Bhar B ERERD (R PRy rFehgneed by he
gbkeafbrmota: - (CH2) m R61, where R61 represents an aryl,
a cycloal kyl, a cycl oal kenyl heterocycle or a
pol ycycl e; and mis zero or aﬁ)lnteger in the range of
1 to 8 [0033] The terns "al k nyI" and "al kynyl" refer
to unsaturated aliphatic gfoups &A4l ogous in |ength
and possi bl e substitution|to the al kyls descri bed
above, but that contain aﬁoleast one double or triple
bg:’]go;gsleecé e()\r/agl!i 54 n(()i(e)}g{%eli[g re%esent a hg%g)éf:n &lkg[) an a]kenyl or
h@H.hgRan oxygen radlcal attached t her et o.

ot hoxy by PBay L B OB RS R TEld e tpael or

ﬁh@cj«ﬁd’ I’thd al 1kydro of zﬁf 1ﬁfe§ert1ﬁ) tHelignge afll @ag. of saturated

[ u | udi ng straight-chain alk
6‘8053 Fx‘gl%f &Wﬁ‘?y ady giky Rl ot S to W@P@tﬁd@l’g&tlc groups
(aa;hbgbyl@ kd 1e%lgth FdPHRSIble @ﬁﬂéMiutl&U@ﬁhé illdil@ eseN5ddaBbIeY but that

gr oups, gcloalk substituted al kyl groups. In
Gé?tﬁlélahleé%‘rﬁ?f‘d Gyelstos tipde RadAeERtivVEai n or branched

Ch@go34 |kYThe|1@§n3’Qlk9£ 1f 6WBTioCATRRR to &t A (ghugssdf dav
ba?iboﬁe (e.g. "C1-C30 for ggfélghtochagﬁgkcg sfined above,

hrYpRg meW@hrataﬁycal aztachaﬁ thefesqudeprepnkatixp 3ikox ¢ arouns lﬁclude
Qﬁ’e@ﬂo&?'éﬁ&’d@ ﬂ}@lﬂé@%{yhf@fpbﬁf&g) af@fhBQRe 2t 08 in their ring

structure ers have 5, 6 or 7 carbons in the
ri P38t r uctherterm (a8 feTe theandival af sapurathd altphaied @pepst o

MIﬁuk(gthral%EpHﬁin rﬁl%yl %ﬁ)fubp %gangtl%% %alnq&\f/ qu& cycloalkyl (alicyclic)

groups, alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In

certain embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon
atoms in its backbone (e.g., C1-C3 for straight chain, C3-C3( for branched chain), 20 or
fewer. Likewise, certain cycloalkyls have from 3-10 carbon atoms in their ring structure,
and others have 5, 6 or 7 carbons in the ring structure.

[0036] The term “alkylthio” refers to an alkyl group, as defined above, having a

sulfur radical attached thereto. In certain embodiments, the “alkylthio” moiety is
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sul fur radical attached thereto. In certain

enbodi nents, the "al kylthio" noiety is 18 WO
wQee8heRr3248 PCT/ US2007/ 088990 represent ed byPOHESmH7/088990

-S-al kyl, -S-al kenyl, -S-alkynyl, and -S-(CH2) m R61,

wherein m and R61 are defined above. Representative

al kyl thi o groups include nethylthio, ethyl thio, and

the like. [0037] The term"am do" is art recognized as

anéﬁhﬁ@b%H&ﬁk'ﬁgkﬁﬁ §§&9@@ygaﬂ&ﬁﬂ,hﬂﬁb%éﬁ%mQHﬂDWﬁ&%nnl

that ma e represented by t general fornula:

ngRBO1 al:mleﬁ@drﬁl RB0 Renegsqretive a]éihlthl‘h geprriddndd H}ethylthlo ethyl

LRI 8§eRt;@ hydrogen, an alkyl, an al kenyl,

ﬁ?CH%)w+Rg%, R61 represents an aryl, a cycloalkyl, a

cy ¢003d] kendfie, tern Trotide Ge git Fegogroredas poiyioychlsfitugaddarpong and

G105 AR FLSA Rl MRt ALOR st by, o, 150,19,

attached conplete a hetero@Qycle having from 4 to 8
atons in the ring structur Certai n enbodi nents of
the am de in the present veni,R8h will not include

i m des which may be unstabl e>\"0038] The terns "am ne"
and "am no" are art-recogni zed and refer to bot h
unsubstituted and substituted %H1nes .g., a noiety
that nay be represented by thg‘ general fornmul as: R50
/ R50 MWhédeir F5D anRRE1 k4D indepergient]yR5resemda Raftodearmh alkyl, an

ST, T PSRRI L e e

[364 pbligcydef, hinkxd iasr@frimenteddn sthe ratngeoit EtorB, IaRKyalrﬂrRSH glaken
i ncl udes

ST ¥ 26 o Sk ey Gieiioated yo e dohisth ey He et from

i4.t8 8 atodls ih 8RFing A€t @E. Ra@alﬁadbdaﬁﬁeﬂ@ofam @higy in @& prefent
[0039] The term "aral kyl", as used herein, refers to

éwea*il%wﬂlg%w&ug%%fkfwh@dmw barnsiailear vl group (e. g.,

an [(‘ﬂBS]THt | PheQbrniiehMiRa ﬁ&ﬁ&&ﬂlﬂo”gﬁ@&mecoin%é Qhd £RE td gt
ﬂé as used herein includes 5-, 6- and 7-nenbered
SNHGP

tgutes! Ayl substisviad ARInGT 6@pE MAkREY thaagay Prorepigesnfed dinthe
%@&Qﬂanﬁ@gr het er oat ons, for exanple, benzene,

ant hr acene, napht hal ene, pyrene pyrrol e, furan,
t hi ophene, i ni dazol e, ég Qole, 19 WO
2008/ 083248 PCT/USZOOZ/SQ
—N—RSl
R51 R52

wherein R50 and R51 (and optionally R52) each independently represent a
hydrogen, an alkyl, an alkenyl, or -(CH»),-R61, where R61 is defined as above. Thus,
the term “alkylamine” includes an amine group, as defined above, having a substituted or
unsubstituted alkyl attached thereto, i.e., at least one of R50 and R51 is an alkyl group.

[0039] The term "aralkyl"”, as used herein, refers to an alkyl group substituted with
an aryl group (e.g., an aromatic or heteroaromatic group).

[0040] The term "aryl" as used herein includes 5-, 6- and 7-membered single-ring
aromatic groups that may include from zero to four heteroatoms, for example, benzene,

anthracene, naphthalene, pyrene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole,
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triazole, pyrazole, pyridine, pyrazine, pyridazine and

pyrimdine, and the like. Those aryl groups having
wheaoengRsoONs in the ring structure may al so bePCEUS200EBS990

to as "aryl heterocycles" or "heteroaromatics." The

aromatic ring may be substituted at one or nore ring

positions with such substituents as descri bed above,

for exanple, halogen, azide, alkyl, aralkyl, alkenyl,

Qillé%f&y%yraz%l/ec bﬁﬁiull%y byraﬂﬂéj E)?Pf(yazme %h(h‘ﬁ?ﬁﬁludm@ MinB ‘Pne 1Ke! TRese aryl

I m no, phosphonat e, phosp hi nat e,
(628810 lng 1@&1@5@@@ n ﬂsq 1111381 Stm@tlﬁénay aéﬁOIWIrQ pirest tO as "aryl
%HJeIOQWJ:S' oP l‘ﬂete%ﬁ%ﬂlfgfas " k[%% gﬂ)(?natl@ hqg HM? Be sﬁﬁ&tﬁ{ed at one or more

heterocyclyl, aronatic or heteroar noi eti es,
TI@EROsiti@N widirsugthwubstitheats afldescribedmboreg, yor Bxahlsle, Hatwgbdeide,
I |k Cpllng [
B A G S b E e D Ol Bl Rl S, i,
a'mijmi ahidg, phbspysnatd, ipbosphings, cartmnylf usacyl, smg,sétber VdtkeyitBion
ast cone f . the ri
SR SYETEiR) KR R £l bR afifisarbdfppomari
@mﬁ&malkygybm‘mahyhﬁaamﬂkaﬁvaﬂetﬂmnﬁmﬁ&ybsmckﬂ@4&ksﬂ&mms
term "Bronsted acid" refers to any substance that can
é@ewnaémor nRre e Xsde Hngon Whithgwve @y m@esrerbonf 9O 4ONMPh &0 tWer m
f
s (S R B e e M 3 i
sSuc hhth@ftcyfés“ raigs may bbeyctaphybsetatketyls, chdodiomglsadryls and/or
%g£ﬂgl 2» ~R55 X50 X50 R56 wherein X50 is a bond
or repr sents an oxygen or a sulfur, and each of R55
an{03b rﬁmtetsre‘rﬁrsnstardcbepﬁ mefen trd g/nyasubfyzdwe dencanant as a
(CH2) m R61, where mand R61 are

3‘@5%%%101 8°6°t8r% ‘1\4}6@43] The term"diradical" refers to
any()(miz] a SHid tesn Ghrbdkya isefefingt to ummdéreansahioyirboxyl aldehydes

B aat iy iy ik Pt iy vE Gaipelphe benera

exalplse, is an al kyl diradical; is also an al kyl

diradical; is an aral kyl diradical; and i s an

(al kyl ) het eroar al kyl diradical. Typicgl exanples

i ncl ude al kyl enes pf general structur (CH2) X where X

is 1-6, and corr ndi ngR&! kenyl en d al kynyl ene

| i nkers having Z-6 20X¥® 2008/ 088348 PCTRE852007/ 088990

car 0 tri b ;

SO0 £BF oCREeRul R SxfIgh ) & 3Bl FAEHEN GRS ana s

acpeseyths ugfepﬂ:quntllyhe hedrogeanen afkeh avalllengle -(CSL,pAR6heviarey and
IS XX on the aIkyI portion such as and

I{6§%F %ﬁ@?@ﬁ"’[’%om The term "hal oal kyl ", as used

he[@48] r efiersmt ali@dical kefdrs @y M pf ki of divalent groups from alkyl,

—._..‘

alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, and heteroaralkyl

groups. For example, % is an alkyl diradical; %, is also an alkyl
.

()~ A=A
diradical; is an aralkyl diradical; and / is an

(alkyDheteroaralkyl diradical. Typical examples include alkylenes of general structure

(CH,)« where X is 1-6, and corresponding alkenylene and alkynylene linkers having 2-6
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anywhere from1l to all hydgrogens have been repl aced
with a halide. A "perhaloalkyl" is where all of the
whywsogeews have been replaced with a halide. [POEB$2001€88990
term "heteroatoni as used herein neans an atom of any
el ement other than carbon or hydrogen. Exanples of
het eroat ons i ncl ude boron, nitrogen, oxygen,
phosphorus, sul fur and sel enium [0046] The terns
"RASbERBMY Ghy (l)ne o nord §uBleQf Ylﬁhé For§; Q:yﬂoalfiﬁérﬁzrgr&ﬁ)s ﬁawﬁgDS 8
10- menbered ring structures, in sone instances from
3ing mgniperypiiidar Bkl rgrqwg%whvc/h@@@e ppangyalegeerip op theatyl ring prtene is
one to four heteroatons. Heterocycles can al so be
pol ycycl es. Heterocy _Egﬁfbgybups i nclude, for exanple,
E]gﬂﬁ§n90n$gg ptbréney, _fAran, pyhalymed sobenzof uran,
romene xant ene, phenoxathlln pyrrole, imdazole,
py 1[‘21)146] e, Thegotnhi Iamalkel issoxdizatia, reforsrtd di aliy! gywazhem@
réj frg'l% 6{? %IF hﬂ%ﬁ%ﬁ%& havg ggelnl r(gélyc%d r\;Vét%%' hgg@ uith ol?erhaloalkyl is
qﬂmnnﬂhﬁdmkgbt@akamymmxnnﬁmhmhwnhdhmem qU|noxaI|ne

g;:[(g%l% n'ﬁbehtCI n ”p as us%lg}erear? Wgaanrs gf}l R om (g aH% element other
mllﬂﬁmaﬂ)bh bﬂlh}ldﬂ%en pEﬁmqﬂdssnﬁ hetplh)eﬂ@ﬁfs $ihida ®oron, nitrogen, oxygen,
pEe t hi azj_ne, razan, phenoxazi ne, pyrrolidine,

& W@SSWﬁFépgﬁ eniYl-az0l e, piperidine, piperazine,

MoUag] i NEThe thiakt"@AEScyd ACHAMBtedFdlic@oupZ Rifdrdd POBES-

and pyrrolidi nones, sultans, sultones, and the l'i ke.

THE R ing strequyres. i1 Sr?ﬁﬂerf’&%?a“ﬁ%s fEQip St for/fpesabextd rigs. ose ring

RRGEQuUBORLILEOSR (WESuR h&sheRomd D Bit letdd Gildsan @80 Q@ﬁaydy@@si

above, as for exanple, hal ogen, alkyl, aralkyl;

AlexeaoryFlyl erowspriygludee fos prams; i 10phﬁ9<a ﬁlbwhlreneafﬁrﬁb PY#Rt r o,

§§6ﬁa&%ﬂ1"re}ﬂ chrblma&oxarﬁmng %herﬁﬂ%ﬁﬁ‘ %11%1% nﬁ&‘a%l@%ﬂ&%ﬁ:

carbonyl,  carboxyl, silyl, ether, kylth

sigttfiaraiel lsoweolomrldalbd@/wa@ pyaisnidine, mrlﬂ@nr@r mdyleﬂu}el isoiagdole,

£ ti 0 .

QR s p OB AR O, L SIRAGE i A binc® vkl ctine

clompmlmd qufnazcbimemlmm ptelrldmemarhanolmarbshmmeh@@mbwm@

acnc[}nea Pgréml%];n%el henanthroﬂl%aglil Sr’lg%1$en ?Dﬁénaresazqnenﬁ 911atzhne furazan,

separ sore or € CO
tpymotxaduhqlpauﬂrdmeawlanb thiolanatostizle, bi@@ﬂcﬁ]le “ﬁtperarzﬁe rmorphohne

t
e S AP ot Pk BpRo RN B S0 ines o rd e ke
AGE h&iS20RLTic Giag 2Rp be [slﬂ@siﬁ]ed bnbress rﬁobfepd'suwbewltﬁ)ﬁucﬁ anansnts

is_otherw se specifie Iomer re
ﬁéa?fgn%fﬁ%w 1o %’iﬁ‘H‘P?e halegen; 4] ékﬂ fﬁﬁ%‘éﬁf ﬁ%{w n‘ijeﬂ’alkyl
i @k @NANihe, rited) se1BTyaBMSmidoNamIe r@lomﬂﬂé PasdpEinhie OT VA,
to six carbon atons in its backbone structure.

cripetylsdlyl, etherppikylthip. kgAY keiope. aldginete. esfekadigforocpglyls an

Skdihdid or kA@bLomEMIhBSry, Cant AN oRlHEHke 9r OUPS are | over
al kyls. In sone enbodlnents a substituent designated

hen[(l{l4ﬂl] as Hiektyﬂm ’i’1salzaed”owe<vnne<aiohwlth a[cfcbﬁﬁ@]mdt\sf thﬂspeeisent
erm"nitro"

uhvgpté(a]erﬁe.ans 818 §01&lﬁ%l{ng ds norg in'a Eﬁnlsor og,anlsll’n ang the Cﬂglp?lg}dr}’? separated
"ol fonyedti w1 'of (e atisponShrs tHahgpicgllynactbyiphng Xgih hatiRans

[0048] The term “Lewis acid” refers to any substance that can act as an electron

pair acceptor.
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-OH, and the term"sul fonyl" neans -SQO2-. [0051] The

term"oxo" refers to a carbonyl oxygen (=0 . [0052]
wab@svgnas " pol ycyclyl"™ or "polycyclic group” PEFES2000088990

two or nore rings (e.g., cycloalkyls, cycloal kenyl s,

cycl oal kynyls, aryls and/or heterocyclyls) in which

two or nore carbons are conmon to two adjoining

rings, e.g., the rings are "fused rings". Rings that

ar ?0(149] nedUﬁlQé‘th@Ihln%f‘o@fﬂk&ﬁ@ﬁ%t@k@i@@sp@&ﬁe& efor&;%fjalk 1" as used
I dged" rings. Each of the rings of the pol ycyc¥

ﬂﬁavlrb“eea@a B alkyligrep, o6 defined ablves Gbidtaving éﬁwsor@s&o e sabpieth
P@enyF(ﬂﬁmF £ frorﬁ)&ﬂgrfbl Fx C#@ﬁ%%%yla ?tls lﬁy({kbo&rsﬁjugt}ﬁle' L1kew1se

cycl oa , roxyl, amno, nitr
Slowehglenyll”, and hion/@r algynytichavp kioslphdwatlengtiph @s;phn n&fwbgroum are

‘i%“%%ﬁéqs Ilﬁe } ongeﬁ)(bod H?Fekyll Sub@tgtll} I{t de31 %I %Xthgljg nasa k is aall%wer

ony yde erocyc
atkyhat i c or heteroaronatlc nnlety, - -CN, or the

li T " epi, cal |
coffiB8t o W eR e Bolle STRA G bR NFR tz‘ﬁ%e”i“ blREon
Q{ﬁltets hﬁt ct, hgy &Oml&% "sﬁl t ﬁl@&ﬂsagi{}’thg fefe ”%droxyl” means
st efeol soners of wherein the

c@HfWgUhﬁ@ﬁ@ﬁﬁﬁﬁnﬂhéw§ﬁeS @genlc center that R3 is
' i nyerte For e a imerically
ot oo oo e Bt A5y ORGSR 1 or mul &
R4 [00§2] ME‘ 'Ehe tBn8VbldicyRly1'Re: ”wya}%hy\@oaﬂ Q%fe@ %%&r more rings
PCT/U82007/088990 wher ei n

£ ayrepapglsaryslogiends |C}ﬁ‘é%aﬂb‘/élly EV\?WIF §n‘¥ﬂfﬁl§feé‘?ﬂ3’?1¥1 P 591 Yltighgtwo

%fr FOIARRHNSS Blﬁi%ﬁﬁﬁt%%@iohﬂ fod | @Ming FOrraied qino R4
I\/IefnoH N Me I\/leC F\’]9 nglh@gs %—I i %Zr er}erzllgn

|:‘|31r’1gs p@aﬁt alpg(’)mqht’hrqqgl’l nqz@?ad’] acRpt atwrpgng@cb”bgggediéfmgpe dEach of the
%EQ(W- tthﬂ.ﬂWjecrﬁJylb% stbttifuted with such substituents as described above, as for
example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,
sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic

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

[0053] The term “epimerically pure” in connection with a compound of the
present invention means that the compound is substantially free of stereoisomers of the
compound wherein the configuration of the stereogenic center that R? is bonded to is
inverted. For example an epimerically pure compound represented by the following

formula:
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conmpounds contain | ess than about 20 % by nmass, |ess

t han about 15% by mass, |ess than about 10% by nass,
WO e@s/og2am about 5% by mass, or | ess than abourCBYs1997/088990

mass of stereoisoneric conmpounds wherein the

configuration of the stereogenic center that R3 is

bonded to is inverted relative to the conpound. [0054]

The phrase "protecting group” as used herein neans

LRRRA RY %2, FPURS R ke 'ng S‘dn\ﬁ"ﬂl’i9 G RUEERAbeRBwD Btsg&‘idnﬁﬁlh}y free of

reactive functional fromundesired chem cal

compands rertesaYisl byrhe P@ggé@ﬂEWEh protecting groups

include esters of carboxylic acigs, silyl ethers of

al cohol's, and acetals and ketal g al dehydes and

ketones, respectively. Thepf &t. Qt ecti ng group

chen1stry has been revi gnegs ; Wit s,

P.G M Protective G oup8~\n @ |+q: Synt hesi s, 2d ed.

Wl ey: New York, 1991) M ‘ﬁ} offe cases, the functional

group bei ng protected @ protecting group are

t oget her referredgtoas~ore noi ety. For exanple, the

fragnent shown bel o% i sR&onetines referred to as a

MR R R AR TROR o Recaph 55t YR el VBt g bt

Sbmipblﬁ]ﬁk yqntatnln ks hagaent 205% dwin € lled¥whah abouh i 5,% bt hexss, less than

u of the. carbamate, is
BT T35S gt Rog R 3t s SRR Rty sl
M&Q@ﬁkﬂ@&ﬂﬁﬁmﬁﬁﬂzﬁé&@@@k@ﬁﬁﬁﬂﬁon bO05 6krebbrid @At that R is

ﬁ%g as used herein refers to a natural or an
PAREA R BInVeERbEltivh oy theieomrpuadicchar i de or

ol i[@33ACC e HheasE OFBfebifigNPopN8s Ked ABER MhARADEraRS
furanose rings. The sugar may be coval ently bonded to

shstigents yhirh Projpge ameﬁeatwélfv reaqve fypioaiteroumfe prsigsired

hE AR AR fldRBhs. [Hxak Q?opsrucﬁ Proud@iht @BulikNdde! eht@!ﬁ%@e
In certain enbodi nmen he saccharlde noi ety may be

@é\\b&*}éﬁtﬂplﬁs lyarigErs alfolswle rnad ersfaleank &pels@f ailehydpreand ketones,
?é 1r\]/El|y| W@HEIH gf]pslmecf’ﬁﬂg %ﬂ&gf'&%fgﬁ 8%Qst en 9er1ered (Greene T.W.;

de ring. Sugars are no
IWlms Re@.-M. @roietyo8 & ros ab Ungeé, Synytle@sé eldy%@e I\&IWI Yuk, 1991).

%Jl %Jn?e é:‘\alsesgtheI ?un%,ﬁ()nag%%klé) l§%%ﬁ %rg%ectg? 8161569? B%ﬁe’é:tl r%% 82 ?dgether
te;felﬂrédm asmmlmﬁmetty Fsuéxfamphamhd drhgiment Wseh bedoveissomphesdefsrred

% aslna}jlige%%% éali%\érllart] %\?}frotectedt(1r}r?de];honle(|i)O(\ﬁvI magesfuoprpmf{ of thie cartbonate.

. Q)J\o/\Ph

[0055] Similarly, the fragment shown below, in which the protected N makes up

part of the carbamate, is referred to as a benzyl carbamate.

O
_N)ko/\ph
FL
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R50 O O wherein R50 and R56 are as defined above.
[0058] The ternms "triflyl", "tosyl", "nmesyl", and
WO pwRasid2ys " refer to trifluoromethanesul f onyl PCT/US2007/088990
p-t ol uenesul fonyl, methanesul fonyl, and
nonaf | uor obut anesul f onyl groups, respectively. The
terrrs "tri fI ate", "tosylate", "nesylate", and
"nonaflate" to trifluoromethanesul fonate ester,
P- [RIs¢enespld onatGo 85 Elsed hiEhRARRIYA haRat & a‘ﬁ%ﬁa&uralﬁn d
nonaf | uor obut anesu?fonate ester functional groups and
mirinegagthagide, hlaf@CCélémﬂea?r@hg%eccgar@lm@mprl&@@e@q Qrygirg/ pyranose or
I
VOGERL RS e ol B Eo L Lk Ape SRl e
Qrestms lmb@nmqu}h@dglvwn dilterilinkdgadethreugh an plipl linkage. gn emasto
t : h Heion. i | rm
SAPbyBERd pREhA AR iy 42 PEIRLS TORR L Re A Uk S8 o
ahﬁi)rtdaattmvdnaomatbstancbmktrlcannueeﬁwl shechhnidearingt Sugass may 1nclude but

SRTRE Bt Birioscs AR R B Sse 50 P ARG BB e R i
@hlou, ﬁtﬁa&d&,(gﬁ]lacteie(;tal({s&%ﬁﬂ:bsecafdtﬂdhﬁ]lom)I’TpoundS of the

pr I nyention exi,st arti,cul ar eoms

b TR} o Lt cTatmEee et bRt "ot R voess
Glﬂﬁlét?HWiﬁ?gfﬁﬁheﬂéﬂthesﬂabﬂbwmg(%mﬂlhﬁds i ncluding cis- and
trans-isoners, R and S-enanti oners, d| ast ereoners,

(D) isoners, (L)- somers, the racem c{imi xt ures

t hereof, and ot he“ m xtures thereof, HIS falling 24 WO
2008/ 08324 REO88990 vvit‘rn-nSrrreN@?é@)pe of the
invention. Additi¢gnal asymretric carb@n atonms nay be
present in armsobstituent such as an @l kyl group. All

AR s e s e o i s T vont  on (0062] As

s ei[O(ISII abDieaern@etifailn “esaodineylt,andfndnbRylpregsant
und ma cont |n a_basic unct onal group, such
%&‘? ORY/ tléFﬂ &b By larg a“FHH yleashpl e of
fn@ﬁdﬂuﬁﬂ)bﬂﬂﬁﬁésﬁﬁ&@z%ﬂoﬁ@ fe)s’ @ﬁﬁ&ptﬁm tern&akriffatdM ¢hsylate”,
phar maceut i cal | y-accep ta%l e acids. The term

PR U OB 46 EUMPRBICEBRpITaats Gytep i gl pspongte ester,

rn?é‘ﬂ?a'h&ulf@na{t@(%té% Shahby£lu¥rob@BndsXdnGee esﬂepfﬁﬁ&ﬁﬁhlcgré\ﬂ)g and
nic acid addition salts of conpounds of the
‘g@é]@ﬁ thaheasiin BA SrOPRREBPEctdflys can be prepared in
Si [obso t NenAEH AhidkdabieRNo Y RAbLGHE sffur (11§, dosage form

manuf acturing process, or by sepdrately reacting a
p uf@oelkd clo Wplbbm@ndefswpﬁ ¢hat rrubstitytion” pin'sulistigitefdrveth” yzpdugles the

é“&é’}%r&ﬂs :?t‘éhé &Ho% n%c@J 399&91?‘9&1&0&%' \Qlené'e”& the

atlng esa orms uring subsequen
pulbsnfuta:laatorm and tRe pfoetstemtaatnd\ﬂ@t thalstisstifution t:edeltsnh e stable
dr obr.om de drochl oride,, sulfate
ﬁmgo néit ee 2., wh does not Sé)eltltalfeouélza (l tra’nsfl?) 1ton suc% as by

paalmrmgeaﬁem cycsltzamnaélemnhtmnrat e, benzoat e, I act at e,

E@%H ' C(%ros ?ogrﬁpghnc% gﬁlﬁiﬂﬂ%{:@nvﬁg}é@% rgilyuemst n partlcular
@k@tﬁ@hepﬁ madlmdnaﬁémbl Théapesendinlention dsnttisplhphanaice
salts and the like. (See, for exangg enantlBer%e et al

(cilgp%n 8, %q%@p% pns- -isomers, R- and omers, diastereomers, (D)-

isomers, (L)-isomers, the racemic mixtures thereof, and other mixtures thereof, as falling

24



Salts", J. Pharm Sci. 66:1-19) [0063] The
phar maceutically acceptable salts of the conpounds of

WO b@spsrdent invention include the conventi onBCT/US2007/088990
nontoxi c salts or quaternary amonium salts of the
conpounds, e.g., fromnon-toxic organic or inorganic
aci ds. For exanple, such conventional nontoxic salts
i ncl ude those derived frominorganic acids such as
W@ﬁrptﬁg L(,%E)é g@the n'b(/gﬁt%r %@ifﬁon(ﬁ HL)TIM{:IétHG ca?l%nf a‘%ﬂ&may be present in
phosphoric, nitric, and the |iKe; and the sal
proaprairusat eloan a@rﬂ@@h gr@uncAH §u0£f,1u&,qmea% agwel a&:mlxpmﬁh@mfcare
Sl e lgélxieqllh fis t&AGAC, actic, rmlic, tartaric,

tric, ascor , mtic, maleic, hydroxynaleic,
p h é(mﬁllhc et Agset ogfl abowwmairtfembpdumntssvé thegyeskiteompounds may
iy e [

ER Rt s ERPL Y RERS oot BB v, andre dpospabteof
dovalingpharsatinicaly- ac;cemalde tdie Wlth@am[a@@ﬁm;tll}l aceithide acids. The

B RS GRR R G PR PRy non-ovic
tifdatSani el oﬁmﬁhbﬁ additibw satts bYcARDINBCE tiel pta;blhtynventlon These
acce bl e W t ar maceut i acce bI e

SaEa8n Bengr el bRt ey Ecl ol Ut T ¢« s
infintfaeSAng plst:emtbesy sephRrfedy fefictinB@ pusfiat do‘vi@ioynd’lﬁl’ﬂhd i@¥dn€ion in
i.ngrgani ¢ and,organi c base additjon salts_ of

18 A5 b SorBY Witthasynkle Qpganic o) BREgaBI acifrangddsoliing thesal thys
V60208 SR AR R0 RFRIS e s SRINS: BRI e

in situin adm ni stration vehicle or the dosage
hydrerhlordsey %%t%'?lﬁlﬁ&tep Plrsalinde, niifatep jeesish ApgE gledepatmitg
tsié@ra&ufahlfakeegerﬁ&ﬁ@@é&h‘?e 'pHos'pBa?te ft&s‘i‘vﬁtea&'u‘éte HAEAR WhihiraR,
sui tabl e base, such as the hydroxi de, carbonate or
lshesanalso erate, @ﬂptbylatahmsm@egiv¢®awtpwgé@é)gbvmbtleeandet al
C »

g%ﬂfelgt{f }Mét% E%lggwgfe%ﬁ: ?e&&gé%noﬁgge% Oel‘? H{ Q%IJ ¥harmaceutical
aaltyie/. ARepr.dsent:atiPye al kali or alkaline earth salts
in S(#}Ogigf ut hFhe élta%a%gﬂtlcgl? déc%gé}t:%‘t;f sa?t? gﬁ tﬁgb?r:ﬁ\@éﬁasu(gpthe present
Eaapenmentlade the coivgaivinel mmomesalquuzhtemmy atoieonfunr switk bbihe

addition salts includ Igniﬁf, ) h
&P@P‘h %%%wém%‘ﬂ%’y%‘ﬁSﬁﬁagﬁoﬁglor%{lﬁ&ﬁl P-anj" &3 mpie, Suc
dbetchadhal fotkdigs saps Pefag thoe dfided fii@n liiokenic(ab@e suchk

R RERUP e R ou T HbEET e g e Ao S B i he

hikdr&acbddent Mahdiy &8dsdasicss beag, ﬁb@l\éﬁlcc@’amb@ glpdoBipataflc,
directly fromnaturally occurri n% st er oi dal  al kal oi ds
é*i‘C“%Mlﬁeﬁaﬁ%rlcaﬁgf%ﬁo%bﬁel?@%tlc mplice Rydroyinajeifs Phgpylasetic,
toNRarsit el H@lsalh KR! QilflnSit ar-ideREy PERL&E, | finariC &ludd€sulfonic,
cycl opami ne ‘or “jervine. These steroidal alkaloids can
BeethpneseHageshopptisylémngg. pyalisrisethiopigcind dhetliksm  Ver at rum
Cal[ﬁ(f69f ni CM'Bthe?Eés@J Itﬁé’colgnlﬂgurﬂg Qf:t‘ﬁé ﬁre@efnt H@@nt%mr&%ntam one or
i nvent1on conprises the Steps cycl opropanati ng
sudre adidie fupcenal grguistasd ghifaire amaélemf dorahetg phatopagewically-
fa%e}a&%@algyw1 m%@cﬂ:gﬁy ?&:eétglﬂg b&Rg e’fﬁ':e%r o’fphgljﬁﬁceutlgally
cyclhopropyl I'vatives. ome 1 nstances, ‘It
desprablelsatst' o @l@ﬂetlmndnyesmbtsee theoclameﬂbemqmtsac tln‘arg&ﬁcoamh
reactlveanct qpaltles r an. .t he ﬁ
or%amc bta%e a((:iylé On SEJr gf))gﬁoa oun S re per?(saerl'lrtﬁ \éentlon a C(Sjeoﬁl F can
present at Rl and a ,
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secondary nitrogen present on the fused
furano-piperidine ring can both be protected prior to
W@ ywBOgRepanati on. I n certain enbodi ments, proPETUBI9G7/088990
groups that are efficiently added and renoved from
the alkaloid, yield internmediates in the synthetic
process with inproved handling properties and which
allow for the efficient purification of the synthetic
'llﬂg\gfsgﬁ(gf)@]gsﬁ"&i l%gftﬂﬁlqh%@ﬁtrﬁfoﬁf@ﬁ&ﬁ dr the QIQQ\%]: fdmpanmpl es
oxygen protecting groups include, but are not
|rmawfaet@r1tlg>pr0¢et§$ PaPe separstsl ateacting HiecupSiedecaround in its free acid
%&P\'Vf?ﬁ Q%QEQ%Ese §dch G0HE %?&Bﬁhfltc%bo@té’&] RAonate of a
benzoat es yl "carbona kenyl carbonate, aryl
vhrbepatiedly-arapitdbld metalrdotera twath (aewnepnja, bewitlyd pharmaceutically-

;ﬁ?(%gf)%g%; f%an %h%hérr tsécoﬁ(lj]a[r ér)%)g/l{tflé%h ;1? i qﬁeg%sgntatwe alkali or alkaline

&hildty $aith) lrlohlelt ke lneltlhters,odanabktyistdm @alemlhlem,agmgam; ldoaluminum
e trial et he
SRS i) Kbl el nlinS R P tfbrafien S e wo
zamaw&&gﬁmuaea%maﬁm%&a&&e ¢tEE]ialxanth@®lanfine,
ltro e rotectln roups. .in are n
e T S e N G R
trlfluoroacetyl phenyl acetyl, benzoyls, benzam des,
alk I carbanates aralkyl carbanates (e.g., benzyl
Sptle ) pouRs allyl, aral kyl,
IEWSS]TEt hYﬁe- m%re@b:!ﬁﬂ&l’ ﬂ@l‘bﬂﬁi alkdbid d%ﬁ@@tcﬁydnbed above can be
di aryl phosphi nam des, di al kyl phosphi nam dat es,
dreppipr gHes b HiomarAte aleeccuring S*{efql%ﬂl R@iﬂgﬁdﬁ 91 synfhgpggyalogs thereof.
'?H'Qériahpiﬁ?chnc% QteBEdrbingl aﬁ{aR)lr{PéathQ&at@HMs b& Bé%?@obd?mh@@r
nmet hods of the present invention are describ
@reiap Thewysteryigalglklogls cpp be purehaged @mw@alﬂwr@@mdcfmm
d
DS BATPGR bR el s U e iAo St R seps
w§ extlaporeyding pricibirdreng stearoidgltalirabnididdrivativealfdlogved by rifig
[ g lélrglslé lg?é%rgthgglent O(Pﬁgel CeXIS ogﬁgireév% IV%TAT%H TO?IPC 1%&'31%%3 it may be
clygtableno patably eraéa bi otheersh esesforragenivs flarctaoﬁaypesqaéslem on the

SR anistar bR L Sc fanPlec R S5 et R £

sadvadiry Rtrogapedent dntbefuden futinoPideliadiale viAg cdnboftelbd f@btacted prior
enbo?lnents ﬁnZZn and dii odonet hane are u

GRRET A WAp4iEn C‘irtalﬁEIPB%E’IHWF?TBP&?CUE%%@P}éssthat[aﬁft)e'fé?enl‘ﬁeadded

Le@edioved ﬁtorarﬂn‘é A1boi@358d BkerMadthed MIhOynihbee ﬁmcels with
- hal oal kyl zi nc conpl exes, can be nodified b

ARBioY s gineuPReRic apdafichalow & Adcignt padfl Cafltm ‘Pfsthe
Qﬁﬂth&%@&eﬁﬁé@ht&'@&meé%&ﬁab BRf@feqan acid to the 1, 1

al oal kyl zi nc speci es generates an al kyl zinc n1xed
sall066] n° EXHeRisRfprXESN BRSEHIHEAURIdNAYdeabut are not limited to

kb @laYd, RO BRbLGcRfd, %ahﬁar&d‘e&% NEh1¥oh& el ;pRQBHEt RaPSates,
and diethylzinc to generate a putative ha zi nc

phobetizanatecylkdngheahrantat drngadgesies, analkylegrtioanty (fog benzyl

e R e

@y«yltmpmotphﬁmrl oakpgtihetier, syltino atet, trca@leflsmvl dthez] allgylarylsilyl
S des. to.r t owt gl efin conjugated to a
¢ glF B %enﬁy}/?ther %f?ﬁlmg tlk’fl?-gtﬁ%)rr alﬁiﬂgﬁgfﬁ or CH aryl group,
and netal-catalyzed deconposition of diazoal kyl and

a- di azo- car bonyl 26




conpounds, such as di azonmet hane and et hyl

di azoacetate, can al so be used: these nethods readily
w@e@siog4gycl opr opanes havi ng al kyl, aryl, PCT/US2007/088990

al koxycar bonyl (-COOR), or acyl substituents.

Addi ti onal cycl opropanati ng agents are described in

Masalov et al., Oganic Letters (2004) Vol. 6, .

2365-8 and Hansen et al., Chem Conm (2006) 4838- 40.

[ 0@(70%17 { Th eE)%YIﬁJlé% %3 Qﬁﬁékenr ﬁr@@ctﬂ%&r&ﬂ%s ﬁféﬁ%& idubie Qthrmued to

unsubstituted. In cases where the cyclopropyl ring is
dorpui.ichigrasgetyk ﬁ@hlgrqaaqssl wiflugroneety 1t Rhen acavdt bapre@e bgfzamides,

p(?d ca(flya%ra%rﬁﬂ amarnla @ é ri)%ﬁ%'l rxﬁgan?ﬂés? a%yr]\%/\%@alrl&t&(,} allyl,

er rearrange nt an ri ng expansi on.

2008/, @gm%etﬁma@gga@wtmwg@ya@@@m}ilaﬂihlélOSPhinamideS

r in an
LRI, KBS AR RIMALER | 1 2
s u ¢0063B di Addlycbnaeplhect,mg]grdupd ithe triap oy agell e n@t@ﬁynﬁahe

t- butyl methyl eth t et t [
St B o SEE i OhEh AL Uit BESPePivé BRousb Bf0rganic
@F@h&s@fm itan eaohndNﬂds)J &I'Sogi b0 e9b99and It he |ike;

al | 1 C aro rocarpon sol vents,

el BAL! © ety OF b GampiaBs Airas i Re g Soyamprpgatite te
|siekdal aRSIORY, $, 1aﬁ1d>a1k§mwﬂﬁsom§1@§da af@ re@tthi¢ lspRes rftred to as
acetone, and 2-butanone; polar aprqtic solvents, such

SAbSRAOHE CPIETY s KA SRR Bl THECHRTAS BT W Iy

aitde LHBg b bikKQIoaRfineC? AR Hatdne RS a Abtal HQOr&hoMBaR: species such as
solvents. In a certain enbodi nents, dichloronethane is

HEns By anasiae. cqrger. tREiugY of RYRGpBINHNGeBHn gMBpdigents, EnZn
Qh@hlrfddon%rhgﬁe A0dsedicd %@%tﬁ@r‘@ h'afbaﬂ@l%gztal E&Q%ﬁl] I'n the

exanpl es descri bed | ow, a solution containing the
cy&(P(HB} opaﬁ@tl‘f?w@%}g@mtm @aswﬁpafﬂm dhyhef &, - h@loadbbdmngcwlplexes
0
L0 B bAP RRRRIANTEn BE oc, o AEuaths, B Bliched tay he
tatidtipreafciniaom te dledt li-oroalkylhec pyctsapnopanat ilbyl zewhskedsal. In
tl?e ﬁxal% lggg%a[?bed%efo 1§r(y’ gﬂgﬁgﬁgﬁc éNl 1§ %ﬁﬁm&fﬁ{h dlrolgl%methane
mﬁd thlaelylzmclt@ gemramaamputme &aﬂbslkylaim: phbgphada ay@mm@mMg agent A
an of .the reagents
ShSSteERRRgonE RS G or BB AT e plafFiafkytzine phosphace

comaget ed (bmelf koS cacldprogantiien pbtdsReh © dase dtilizngsulfur

|.ution di | zinc, foll b add n. of
D L) e e BT PR DORRGS Mg 1 of ! & Ci.
dizhatoapl 4a mﬁatamatagg@idiec&ﬂﬁpdsgloh BF 8iaXRIKYDEhdt N@azo-carbonyl

cycl opropanati ng agent is %enerated under. controlled
GBWEI?‘P]I% fechAs diqzamerhingtaat gt yiehigzoace(ftg, gar 3go be used: these

Qﬂé@ﬁdaﬁ’réa@@}nﬁ%blﬁ@ ﬂaﬁés@ravﬁﬁ@ ﬁlky}?b(ﬂ“yl Q@&)?@fb@hml@oom or
met hods descri bed heréin can al so bé use

agYisBptiBisanatedigenk Fyclqpsenpesiriaecnioip deradsd ip dfasalov etal,
@% Eettel N6 %W'oi B, 5. Qﬁ@j gald ﬁﬁﬁ&b&%ﬁschelhp%é&n (2006) 4838-

Fol'l ow ng synt hesi's of the cycl opropanat ed steroi dal
étpkal oid core, the corrpound may be derivatized using

a pﬂﬁagt y 'ﬂre J pltogﬂ bre(gﬂbsrl tdr%ﬂﬁblsﬂggt\é@ IL Qas%b\%here
art. pr esent. es I nclude pall'adi um
Mlog@pylea@tm @ﬂvstlttlt@d ahekgnwsmahqhdéQD tbe mednwgehe hﬁ':thﬂ: des,

dati ons 1( ns w t h
rcgclgl%ro%ane will F%msta ledo (rn?dotpl)lﬁ%la n§ a tere rreiar(r:a)l/n rlmérﬁr e(g g?% eXII]’aflSIOU
radi cal reactions, installation of protecting groups,
27



removal of protecting groups, and the like. [0076] In
the presence of Lewis or Bronsted acids the
waeywBogRepyl anal ogs undergo a rearrangenent BETUS100Y088990
expansion to afford steroidal al kaloid anal ogs in
which the D ring has been expanded by one carbon. 28
WO 2008/ 083248 PCT/ US2007/ 088990 [0077] The
cycl opropanati on and ri ng expansi on can take place in

a t{mﬁ-:’t epl"%clofﬁt%ﬁ%h@rﬂre‘i&ﬁﬁﬂna? B@&ﬁﬁ§ct&f n aH aﬁrotlc solvent,
two-step two reaction vessel process. We

Sytiatdpradysarandlesls etheeh. suchgs divihahashesnl, %rl@leélmwhqnéddlglmme t-
:bﬁgl fnléﬁgl Jtl?e@Ctgﬂrﬁlgd%ﬁﬁﬁﬁindttﬁ@lﬂéch%ﬁogeﬂﬁgﬁjs%x%n# SNifhat e

expansi on rearrangenent I s ad ter
chlepifemi, dmhbfomdﬂeane oy&dﬂmmthq@an aitd thalikee alsphiabnor dgprdaic
%eﬁr%?ékgon s%pvghtts '3 as beren i:eng &u)lugne extan gnt%%%ﬁ& ﬁ}e?i?(e;
in cour se “of CcycC oproganatlng t 8¥ 01 da
a&btkialaod Ketomn, sutterrsediyV estans hiceame| e QSblmnorifs pblar aprotic solvents,

catal YZ& rln rangement,.
Peat iy ?Ig}tnz? eghy%u é%ﬂ ffgetgvzf] [ﬁ?g g the lﬁ(et 9 gombinations
oy Gi/d)@frﬁma Beltdnd 16 aderden emistidihes, Bishlohenetdhde isithnsodfent used

S rosBarbarin et haeBSbar g Bl dfinerte” ! S

mMeqdEFae s ul hand &ampied dés‘e‘nb@ldﬁfbdv & Qollifiéh dz)mhmgr gpanat i on
reacti on vessel after comgjetlon of th
GVQPEBP%%%‘P%gF‘%S prepadefl By fgneaddiag éﬁﬁ]IuE%n ofra Rhgrrhgpf acid toa

a6lufsn bifd kAN, Polfowt By A@itidd $VdkiBEbh@hahk REthS Blabton solution.
bor on conpounds magnesi um salts, titaniumsalts,

i Therymersenanationpprvteuthsmpdded ta this sglafiens Altemafiyahadism
%%lgﬁopa{nﬁﬂuﬂ dé@ﬁt@gﬁeg@ﬁ@ﬁéﬁ L ]fres%ﬁée%f the cyclopro anation substrate
di aryl oxyphosporic acids, acetic acid, and . I'n
b chanigmeabodérmé additiorf oftthperepgenie nnicortain h@b@bmplys s d
%28?;;&) n@idd B apls coR&ucE 94 @11 tTlg Sﬁ@s Eér[&%cﬁi’&@@%’lﬁgon
may be further Stional 12 ng a variety
of d]f&U@lztncof@abwgch‘tpy tbe addatzant of dmg:yk]npmpananort $wbstaate, and finally the
le I
%gg‘!;"t%ﬁ‘gﬁ% 1@%5&@% gé%‘\%hs etfa&ig lng ?ycg)lpp(ﬁ) #ﬁ% gggn? %%Lérﬁgd under
exntctdled onsljtiohe suCihincdifely reeac trith thse C\ynzlbpropanahmoqmbsttams The

tl t t ile tl
P S SRR e iR D S B b ?é:{apa%et&?&sr
pelyoyaic colﬁlp@rnai e@tdxmxgplgrtﬁwamthamﬂomhe,bactldbkﬁ;s Utili ty

of 0080 0 naI| g.is in
T g e Tigh B e Y BB e A AR s (e
Q_f)mb@fnﬂ-rﬁdygiatdeﬁ\)’dﬁﬁﬁi Usthg als@EiSty F fune@haliZa@bn ffactidd gehagdin the

S|gEaI|ng eads to  multiple devel opnental deficits
TRETSP RISt BiRles @ﬁ]@d%?anﬁ‘%mr?ﬁ%lfh@tr‘?ﬁ%?fﬁéo glikergifiadifies or

Iafy] helvdeb, QRIdBtiods 0@&Ici oA RY AT nBEIELHANEY, iRl v
condi ti ons have been shown to depend on the hedgehog

[SECHORNICS, PRECYGHORRGIOBT. raslifahreacions ingid adepr fipyoigcting Aroyes,

A f&at 649, r@t)fcﬂ%g%ﬁo%ﬂ&th\é"htkg the compounds of the
present 1 nvention. Recently, it has been reported that

acl9078t i nglntiesieressoer Paehiseny Brenstedliaoids the cgaleprppy] analogs
(%’r?cgé %Skl}%'?gg%\ %%.In ggg)?daﬂﬁmo(aﬁ{oﬁl s%troﬁ‘lall "al afo]'@ %% ol%s in wh1ch

tive neuroecto er ma
alie I nipg b@rﬁeambxmmded(bus»ne carbon.
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29 WD 2008/ 083248 PCT/ US2007/ 088990 system

(Rei fenberger et al. (1998) Cancer Res 58: 1798-803).
wWQreens2es | ed activation of the hedgehog pat heel/UR87/088990

al so been shown in nunerous cancer types such as G

tract cancers including pancreatic, esophageal,

gastric cancer (Berman et al. (2003) Nature 425:

846-51, Thayer et al. (2003) Nature 425: 851-56) |ung

c a'fmﬁﬁ{ QL d¥elo pﬁlatwr( ngiq;)h)g ex{p\ﬁtslléﬁ arfdie plack3n gl%v?o -step one

prostate cancér (Karhadkar et a %ure :

TORLgpyesShpiggess eX ing two(s2o 0%y rW(@mqﬁsalrprwﬁ&: &¥hes: the

R DT e R R R U R

®to Mitiate thairieg expaabion (e2@ppmedauaddad afm’r civiapinaenof@eand

e R PTORh ISy o bRt ab B 2 PACURLE sl
¢lie cavlhrse @FQ@E)@N@A@‘Rng dmfs@r(adr}i @)kalo[dX8 ﬁjerrﬁ@llvesea)caa:s;il,e&us acids to
B B SR e B e R g Pl O Baaf Me Conel e afer

cleer gcloprvparaWébh Eandiesyodifiedaly.the d3A(idn BNATI kO @enerAAdhbre2itiive
Egdulloblastona (Berman et al., 2002 Science 297:

pancreatic cancer (Berman et al., 2003
Nafe078] 425As &46ritelbelogas tHe@ixmhElsd debiddn, 6@ MeBiaSefuB6kiBBAd is
et al. 2003 Nature 425: 846-51, publlshed PCT

éﬂ‘ﬂﬂd @ ﬁleucasﬂowmwm@%@}l Ve%@&ﬁﬁ%@é@ etign AtBF Cycé‘@é?ﬂ%ﬁﬁlon
etdda onal e% eN\aHtsUit D142 Rls 1&4&1&55& arel 1NHM &6 &Inc (MEL Kdbs
et al Nature 422: 313- 7), and prostate cancer
GR@P%&R alaage%wam salts Afygaum wglts ingivgaalts, alyminuy salsgogsies.
Iléfhtl?aqglhtshl%ntnﬂut)ronﬁﬁlagc%ﬁﬁorﬁ@EEM] dﬁa%gxﬁﬁg%oﬁ@ﬁ&cﬁr acteﬁpﬁ‘c?d and
have uncontrolled activation of the hedgehog pat hway,
8yl lmaanayitie empedimsits ehthe ayverticuslee letwinircid ued v zinaCahi@eBFs.
Re h : [
o ?ﬁﬁgg 05%53891221? i)zmc}eggﬁ &%%%ngﬂ giérgf]eggﬁl‘é&%n%f’?etd usin€h variety
#P dmpti@ialikation keagtiona knowrﬂl&)@h'ﬁ arABeesntatiad exapptess mglude
a {
%Q@adﬁ}ﬁ]? %?9%&9&% g he %01'1191%11 ?3{ ar?@lah ngé}aglgns( WALklE
(rBahms&/lﬂﬁumcEGIblﬂJﬁs Iresraons Mo thedectrGetniles, peﬂ@fc]lcSﬁéaGtﬁ)ﬂs Xadgcal
re 391: d obl ast o
(ﬁcg?‘?c‘ﬁg‘% a%SP ot  PrpEe ?(r%‘%PéerFm??e%% 2 %r‘?%écﬁs% 2Ey)? %é%edhke
gastric cancer (Nh et al., 2005 Carcinogenesis My
... 2005 E[au As shown in the Exanples, the
osed herei n have been shown to nodul ate

t heog36T g€ hagigpide @y lingil dssesell Bichas sEa@WBdeﬂoﬂ'ﬂﬁa\ﬁe especially
been shown to .inhibit tunor growt h. is therefore

B e Of fofiabElY RURBCIED A AR EseY Qfeedgshos g feadyto

fi‘nu‘l%ﬂé @év)élogfneﬂtgﬂﬁ!ﬁ&ﬂtsoiﬂa maBefihiRfs, YA bAHS moG KR! wiith is
WO 2008/ 083248 PCT/ US2007/ 088990 Phar naceuti cal

CBHPRIZI tions [0084] In another enmbodinent, the present

i nYmtl] on 19[51%)’ ﬂu%lss a‘ﬁﬁ @f(ﬁ@&ﬁ%'cgﬁdlh%s h@&pl%gﬁ M to depend on
conpaosi tions ‘which onpri se

tihrecied gebag pathiviy - Bfefge@vm@é S%h@@ﬂ&ﬁtanéﬁur@wel q@n be ptfgcteddty
tvtmﬂgtgtqun%g%ﬁgt?g ?T%r?;g(ﬁlﬁﬁé (g}etge }?r@s%}{ﬁinvénﬁgﬁnﬂegén%& it R%%Ql? feported that

activating hedgehog pathway mutations occur in sporadic basal cell carcinoma (Xie ef al.

(1998) Nature 391: 90-2) and primitive neuroectodermal tumors of the central nervous
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pharmaceutically acceptable carriers (additives)
and/ or diluents. The pharnaceutical conpositions of

WO b@spsrdent i nvention may be special ly fornmul BEBEUSI00T/088990
adm nistration in solid or liquid form including
t hose adapted for the followng: (1) oral
adm nistration, for exanple, drenches (aqueous or
non- aqueous sol uti ons or suspensions), tablets, e.g.
ts (Ité?feglﬁgrgéﬂ ef & r(lb%g@h@er Népgit fig%-ﬂkm) moﬁﬂfocﬁe@ rﬂ:t@vatlon of

sorption, capsul es, boluses, powdlers, granules,

Qlafsheégehp@ pathww has atsp been shovhén RUGIEERNS CaI(CRY) typRsrseeit asr Gl tract
%grmeﬁllﬁélﬁcﬁlﬁ Cregtﬁ:r esoglg%gg, 'stnméalg: g?'l'é}rﬁﬂleé? Up (2003) Nature

i ntranusc |ntrav r epi Injection as,
f465 84é>5énﬁh@erat@t(é®ﬁ3l)é1_m@5£ onl-Tn lengspeqes {\Watking pr al. (2003)

94&?%’1&‘% ’/egi?'o%taecaﬁr%‘él ﬁ%&rﬁi&ka&%l 4%8@489\%%ure 431:707-12, Sheng

eomlt @@04)@@1@1@&%@ At 2 Falsgma)(QO(EpJ Bhdeednalogy He: 3961 70),

ézlﬁtpclaléc%} urﬂ)tgr élg%lgp@l’é%?%rﬁglﬁen#cﬁl%%géﬁw(%jLeIVPSret al. (2004)

Soirhalrg Waninyiry Gehd Bialb@r dnd ; Néoplasiarza h&Hd €3 1mahd hepato8dllular

Girabratalirad ST antisobe Sebiv et AP A G gorsence).
enpdosgpd | %rbﬁﬁn@&&ﬁﬁﬂ@ﬁﬂﬁcb]@&ﬂlhﬂﬁﬁﬂ@&&hﬁ! hdalgalo@fpaﬁhkazay has been
i nvention include water, ethanol,

ShpEmedtmoiPeaher grgeel cuporybonraieegy 24P PR oo

4B es-b1) K@k dulRBEstoSH (@b LU X 2028R ichBeIgEof 550MAg Phake fic
oils, such as olive oil, and | nj ect abl e organic

ancer Berman /- 2008 Nagre 419 &6 D pgtspaiptesting] @ingsys Bermaeer al.,
RO NNAuREDs: 85 1e§1ﬁﬁi@ﬂle% pcay apﬁoﬁ@aqu% W(@bS/@ Pﬁgbbﬁ 8sophageal cancer

material s, such as lecithin, by the maintenance of the
(Befuiap éﬁalp 3PQ3 Natare 258465 11, frengeanest OV atkighs shds 30nNature 422:

%%j 7p¥1n(§ Fn%stgé%a&fer (ﬁéﬁﬁaﬂﬁ&r%?&ﬁ QObﬁp %ﬁﬂre Iﬁe§@7 12g.
conposi t so contain adjuvants such as
pr €688V at i I\Vl@@dltlomﬂ‘t hass h@nasge\mm that mmyl @idey iypgs laaye naentrolled

' t a apt
e I e R R
o Rastarchfe4t 60513, espmeuummemmaumaq/l Beo% Qét'tlAeldlabyACR

saRERce FRre e Rk el BN EDl BuT Ao wiiRgr 010

semogral taligametids (@ atkidsend Matsﬁiﬁ)ﬁn]aibﬁsheheesulﬂﬁsbal‘sﬂ lehi@inoma

ifiip & b 20 dRERE NorRa TeRE ol e o3 g e FesRiti B 00-92),

actdiidHRtonfr (Ple0bl £ 2 DB PiricoiR&f 51: N683-89)ealdaaltBe cancer (Ma
phar maceutical form 31 WD 2008/ 083248
BE ¥830eFri0azaets Many® rE0h Rt Aap¥n ipjheti@mples, the

IcB@psHd0Bis@bsed BERInhaWbeh sER Y nRRISRIRhd RN &H)%tﬂ)aﬁi%a and
al um num nonost earate and gel atin. [0087] l%/b ods o¥

prlegiet qonporrldave kacashon (o m@ﬂm tuel@rrgr@yﬂt |Iblﬁ sheyrgipre bgkeved
ttllf'a% tll%gee&mpgflnég hrpgé Jﬂ;gfu'l H)ttféa@a?%félya&f ICQﬁHl@OH@ oﬁ@l@%ﬂ@lﬁs
the present invention wth the carrier and

gprdenal | y, one or nore accessory |ngred|ents In
general, the fornulations are prepared by uniforny
and intimately bringing into association a conmpound of
the present invention wth liquid carriers, or finely
di vided solid carriers, or both, and then, if
necessary, shaping the product. [0088] Wen the
conmpounds of the present invention are adm ni stered as
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phar maceuticals, to humans and ani mals, they can be

gi ven per se or as a pharnaceutical conposition
w@osasning, for exanple, about 0.1 to 99% orPEDHUHI00ZLEBEI0

to 50% or about 10 to 40% or about 10 to 30, or
about 10 to 20% or about 10 to 15% of active
ingredient in conbination with a pharmaceutically
acceptable carrier. [0089] Actual dosage |levels of the
active ingredients in the pharmaceutical conpositions
of the present i nvention may be varied so as to obtain

N0 14 gitionsct i ve i ngredient which is effective
to jev | f
pal (fml%(t:i L are{n Sgtgt}léeiﬁﬁm’og%lﬁ%g gfetq?tgsﬁﬁt ifrve g&&ﬂ%gﬁﬁes p%ﬁrn?aceutlcally
adwptabbtcpmp@smtmns wihichgomphysei artgeramtl@llweffﬁﬁefe api@tited pne or
[rrg)ogg 9% the c (? C&e?c%bgg g fIOI%¥ %‘te(y\f!ol %thé%ev{)%rl)%]@ %F%ore
vari e ors inc |ng activity o
mamnaceﬂtmllymmpmbwcbanferst (laedlpvee}szmdtor dilweanst Tha pmlaw}aaob,l
am d

SRmboTiEs S s preShk b Phtiel T B ST Fortolef B fefin Ppagion in
@blid @Xuet fomn isiludifet tabwelad siedofor ihheolpﬁﬁﬁg QUJ @l adaiiipetntidn,

ei ng enpl oyed, the rate and ext of absaq

e PO R {1 o afe AT SRPS ST OBk ¢
aAné RigetRitfer buatd, subsdal &m&&hm&bm@@m &dpsdléseboluses
parti cul ar conpound enpl oyed, the age, sex,

PONETTE i U legepsior pRPAFRONAR the UREIE %)eHi‘F‘“t%ral ﬁfl@t“b%“ﬁ“% for
eRenPnatry’tbcuRBbng, ihiraaleslar, ﬂﬁQVénb{i@or bGP c\ﬁ@ﬂ hs, for
known in the nedical arts. [0091] In general,
SHINRRIY| Aestedidg 30)1tig %S"éPenéloéfﬂﬁﬁ‘é%%ﬁ%Fddﬁleﬁﬁl‘?éom%ﬁm (@htopical
‘%}5] cag’(ﬁl erQQ&m]ﬁgmé's' threQIfn &19@116:?19 PR LMY fenzaéecpawﬂ%r spray

| owest dose effective to produce a therapeutic
appliedtto thegkin; @ninghyaginally er igoarectollyl, Forgatreplalap ¢ pefspenefeam or
AR DA s L
th @(186193 enfExaniptes @f sui@hlefagueoas paitnoemueowh;emems’ddclf gy be

N e

@blyats (Gich@d glycerab@upyld@@lyrgl, polyetajdontt gl P00 hnd t‘he&lﬂi@),l hnd

10 . or out. 0.1 to. abo about
el ey Gy S S TR -l e ers
[s06H92 fethThelesiel g]j’leﬁdr flruﬁgt@lc‘dm blfgmhlhtaﬁleﬂ rfeadxamiple, b)Stha ¥ of coating
animal in nee I ncl udl n rimates, in particular
A~ Bt B Qe BER oSG ey the case o

sWpBeioad) dnd SNBERse FRGHFRAMtt ry and pets in general.
Exe lification [0093] The invention now bei ng

4l | y Heeseronprogitions mey ¢lgo @étafi’oeldé”ﬁ’etéél‘?qh)?‘s preservatives,
%@ﬁ{gsa%&%j RV B§ h&AGEdil R rdifadk Atk | 1OMA ABks @%a/PARDxidants.
whi ch are included nerely for purposes of
iPrgvastanzaf thsrchen fapicteprganispe R thhePIeneBeRt ofEstREeset ipysation
PlSDE %Bsu'ré?i\’lg}hé fﬂ@lus@ﬁ‘gf vaitib6s @badtdtaftiC M ifued1iaBirts, Fdre

i nventi on
example, paraben, chlorobutanol phenol sorbic acid, and the like. It may also be

desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the

compositions. In addition, prolonged absorption of the injectable pharmaceutical form
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ONH HHHH OH Step ACbz HNN 1. CBzCl, Et3N O
H2 PvC, Pyr O HH HHHHOPVOP 2 3 [0094]
wRe@sps2as | i zed cycl opamine 2 (14.1 g, 34.0 nmmBCT/US2007988990
is dissolved in anhydrous DCM (70 nL) and anhydrous
MeOH (29 nlL). The clear solution is cooled, and
triethylamne (10.4 g, 102.7 mmol, 3 eq) foll owed by
benzyl chloroformate (6.20 g, 36.3 mmol, 1.1 eq) is
%ﬁjﬁ%@ brd%%ﬁ%oﬁthﬁf tﬁéleblhél&pof a%eﬁ:tQWH cﬁtdgla Eﬁl@rpﬁgh Sﬂchgg i's
sti'rred in the “ice T%ree portions of
@mwmmn@st@fmmg@hps X O 35 g, 3 46 mmol, 0.03 eq)
ar ed
quz%ﬂ?gg d Mgﬁgdstgfzjre%elqng tﬁ%@ fgﬁﬁf*loﬁp%@n gs?ér%r%n énchﬁie the step
wéhp@m intogis¢weiagon 2 Conghoutiéh ef the riesrmeinivention iwithale fagrier had,
for ers. t rat
Pl e kBt TRl RoRE ) e A e TR RISy ffPrec
b@ 0B Q832481 iﬁ’ﬁiﬁﬁthSbﬁﬁgth 889 8&Qociftioh aepmgdoundivé thepndsemed

trat d i dj nmL),
s it B e bR e B RS bR hshal
andeydirguisapmgrtheiproéuct.43 nl) and concentrated. [0095]
Th t f th d di
TR} Phetee pnso i B wranCEHaP SrsyTarhE
(pB&nfitguticalls, itoTRiMMAs af®@inimalc thGr dadl@e R eBpd se 618as7a ]jlﬁﬁiﬂha.ca&cal
eq) is added slowy to the reaction m xture

F@‘é‘E?ﬁlqﬂ*ﬁ oataiping £og e’éaénpi% apout Pfdo 99 % aPOH 1P§0 %Q%’rqr éBOUt 10
ad 4@, dpab&lt 18 30, Br abbli€10 8204 Bbbst 109604 §4 O@E‘c‘ilve ingredient in
quenched by the addition of anhydr ous MeCH (4.5 nm).
TRECHMEICHER PRegRtdewiraty 24cap@blp 6Arsen rred at rt for 40
M PooR9f t h@&uﬁ'd'o&ﬁtgg gy Bf‘thlé QbtHen f}?gaécﬁezltﬁh)theaﬂ?lgnﬁa%eutlcal
treated sequentially with water 5 nl) and a 10 wt
aquegitons otiihe meswt bueritca HS?dletVﬁT@W RO ¢hLain apfirpemt of the
L.GE
gF%g:m %§?1§1§t éx{h'idlhggc\’:)\%esc’:&l?eeto a\;@\%ﬁgxl;eeste\n@{i 1r§(§tm§1ra§'é‘u§g re@?%gg
pritiedlanpagientsauiipgesitign lahd mede afmdlrrﬁmisttaepedwthﬁhtéoefngl toxae to the
%Qtlfe%t.i s rinsed with toluene (49 nL) and

0

[0090] The selected dosage level will depend upon a variety of factors including
the activity of the particular compound of the present invention employed, or the ester,
salt or amide thereof, the route of administration, the time of administration, the rate of
excretion or metabolism of the particular compound being employed, the rate and extent
of absorption, the duration of the treatment, other drugs, compounds and/or materials
used in combination with the particular compound employed, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and like
factors well known in the medical arts.

[0091] In general, a suitable daily dose of a compound of the invention will be
that amount of the compound which is the lowest dose effective to produce a therapeutic
effect. Such an effective dose will generally depend upon the factors described above.
Generally, oral, intravenous and subcutaneous doses of the compounds of the present

invention for a patient, when used for the indicated effects, will range from about 0.0001
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di scarded. The conbined filtrates are concentrat ed,
and sol vent exchanged with concentration to tol uene

W@ 2008/08d2¥8 and further concentrating to drynessPCIEg§2007/088990
product is recrystallized fromtoluene and hept ane.
The crystalline product is isolated by suction
filtration, washed with cold heptane and dried to a
constant weight to afford 15.1 g of the desired

((5 Q:QJHHOO r%@_ip alﬁ)ug@ éO F&Zaboﬁ'"ﬂoo hﬁﬁNb'r abdut Oﬁ;lztg@bout 100 mg, or about
D. leto(gb%tlﬂ@/m,grpgmyt ab|qul[:1 to|-qbpli1t SR mgpen k{lmg@})f body weight per day.

Bi
e B A e L G R M
(pmmatvﬁ,)m amt,icddeﬂ Inilmand end etheri manogdn suh rosqyiness ,ecattlfhsevine and
p ol ved i n anhydrous DCM (110
n@?% % gu% a%?@?e héﬁl sol uti on of neat
dlethyI2|nc (4 17 g, 33.8 nnDI, 3.0 eq) in anhydrous
ﬁ% F%S agjo l is prepared and cooled to -25 C. The
olution is slowy transferred to the vesse
CONaeIBNI NgTHehaveation Mo Béing gemolally desaribadeit will be more readﬂy
mai ntai ning.the te ature at or e
et ol e IBEEHaY B S5t Ponts i gierdy for
ofhosdsiof RGOk oflEer@inhspectd and@ dMBBLiMame of Be posddit in%éntfon, and
noles, 3.0 eq) is.slowy added to the ethylzinc
ﬁﬁﬁgﬁﬁﬁﬂgai@dF@f@%H“@WﬁWnta|nlng the reaction
tenperature between 0 and RaGpleAfter the addition is
conplete, the zinc carbenoid so utlon is stirred for
an additional 20 mn. 34 WO 2008
PCT/ US2007/ 088990 [ 0097] pepaf ate fl ask,
compound 3 (7.20 g, 11.4 @&q) is dlssolved in
anhydrous DCM (36 mnlL) a‘; msferred to the reaction
flask. After the additd”o conplete, the ice bath
is removed and the reaction nixture is allowed to warm
tort. After 6 h the contentls of the flask are cool ed
@y o3 C A sol ution of nethanesulfonic acid (3.38 g
35li_ 3.1 eq) in anhydrous DCM (3 mnlL) is added,

nalntalnlng t he rq@ jon tenperature bel ow’’45 C
After 10 mn norph e (2953, 230 mol, 20_ I's
added to the reattd gn MeX U, nalntalnl +Ha

reaction tenpefpture bel ow - 40 C. The on i's
allowed to Fuo rt overnight. The@llne salts
are renpoved™ D fhltratlon and the PPTIT el Ggake rinsed
wth DCM (22 nL). The conbined filtrates are washed

wi 19094N a%‘?f@@&?éhq‘?%}‘%‘?ﬂ@rmé‘ﬁ (14d igeg3%-9 mpmol 4loegpis)dissglveq in

AR R D) &ﬁ@ﬂﬁ’ﬂ@&% MFHP (F0hE). Trh¥clear solution is cooled,

and triethylamine (10.4 g, 102.7 mmol, 3 eq) followed by benzyl chloroformate (6.20 g,

36.3 mmol, 1.1 eq) is added. After the addition is complete, the solution is stirred in the
ice bath for 30 min. Three portions of benzyl chloroformate (3 X 0.35 g, 3.46 mmol, 0.03
eq) are added over the 3 h. The reaction is slowly quenched with water (71 mL), while
maintaining the temperature below 20 °C. The mixture is stirred for 15 min before the

layers are settled and separated. The organic layer is dried over sodium sulfate and
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aqueous sodi um bi carbonate (70 nL) and 5 % aqueous

sodiumbisulfite (70 nmL.), and brine (144 nL). The
W@e@ansx48 ayer is dried over magnesi um sul f at ePERTS2007/088990

filtered. Wthout going to dryness, the DCM sol ution

I's concentrated and sol vent exchanged w th net hano

(280 nmL). The suspension are chilled with an ice bath

and stirred for 40 mnutes. The solids are isolated

t?ﬂtelfeﬁl "Fl{e%hlgﬁled washad bﬁf‘%r@@wi’éﬁ Erhlygl‘%'uéj ﬂﬁfuﬁ"’t@@ b ?coﬁcegléated

m.), and dried to a constant weig ? .

@fld tHeengeshangdd pith d%tlona&@pid@mzldme (’Fﬁj(ﬂ@)—a@ @n@ﬁnﬁﬁm

D

0 EP()%S H Bﬁk: ﬁ'éﬁuﬁn E)fs%e corr(%)ouﬁd 1% @l(‘)r%mIa}lrs gﬁrtn p 1'ﬂﬁed \ch

fafldisnal edypounpyriifel8) 6i) gTrlmSthilamlchlomd@@ﬂ and. 7270111% 2

%8%15 %&jde? 'BJ&X {o(%fl(é 1% 1%n 1xttureC Qt{dbtﬁé] reggtioﬁq l%atea to7 1‘5 .

place rogen at nosphere an
dédcuidreid st\Mrftd1at ED QAGor (3([1 ilﬁn nTl)e ramdion ¢l agelaé aJQcB@emtlDed b¥He

B0 ek utRIREG & i) A QR ot i stmpdgg e for

MOmnhyﬂfm@emhn&hQMSmapﬁMGWQMJMﬁdmngﬁmd@smmu&nymmﬁdmmﬁ(35

oA 0P S devavBeng TS drnr e e o8 6 M) B SfEtays wpine.

i) layeds arackpafhtddand bR oi@aktlhyeRis vaRBed thee el didrng x 100 mL),
mxture stirred for 20 mn. The solution is filtere

SreLPveRsedinp e iaca ARy Hifraed i The fdiprcake NEsHEw ol (45 n%> and

(deAratd. "ﬁﬁ%@ﬁil&ﬁw@ﬁ lidtek Ql% Bhcen@ibY laf QN AN RBarlgd2RithL)

then wat er % and then dried over sodi um

§9verea&r%10n1m@luea¢ Uitp grla gahfurther qopeppiraiingdg dnmessy Hiejpypfuct is

%@ys&ﬂ?zeﬁ Itdobd BluEnd a%d@lg%tgl%n t @t taflﬁie gfo\ﬂﬂﬁgissls&lgtg@ By g&uon

WD 2008/ 083248 PCT/ US2007/ 088990 vacuum The sol

tfigation emesherbwitheadd bipsane @ndviltiddl to o lcomstaat (oight tg8fford)l 5drg of the
evaporator and the resulting material used

tdgsqﬁﬁg}ﬁ?urther purification in the next step [0099]

Bt Braterial fromthe previous step is dissolved in

anhydrous DCM (2., nL). The resulting clear gglution

is added to a 1 M ion of DI BAL in DCM (6 N 65

mol , 3.6 eq) fg% AnefiT 497t he=r eact hon's

tenperature be ‘-:ﬁ*tlo Ang - ao G After @:’ {# the
reaction is r: ed wth acetone (1 ) =~=|nta|n|ng
the reagt] Enperature at or be% A I"After
stirring the quenched reaction mxture for 417 n1n it

Is_added in fortlons to a flask containing a

st (0P8l soP G MsthypPlenyhRhRephite) (1&Gugoifsd mmol, 59 e is dried by

concentration from anhydrous DCM (42 mL) and held under a nitrogen atmosphere. The
phosphate is then redissolved in anhydrous DCM (110 mL). In a separate flask, a
solution of neat diethylzinc (4.17 g, 33.8 mmol, 3.0 eq) in anhydrous DCM (35 mL) is
prepared and cooled to —25 °C. The phosphate solution is slowly transferred to the vessel
containing the diethylzinc solution over 1 h, maintaining the temperature at or below -10
°C. The clear ethylzinc phosphate solution is warmed to 0 °C and stirred for 15 min.
Diiodomethane (9.25 g, 34.5 mmoles, 3.0 eq) is slowly added to the ethylzinc phosphate
solution, maintaining the reaction temperature between 0 and 5 °C. After the addition is

complete, the zinc carbenoid solution is stirred for an additional 20 min.
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Rochell e salt (200 nlL). The resulting gel ati nous
suspension is stirred at rt for 15 h. After stirring,

WO b@sosRah | ayers are separated and the aqueouBCT/HY®O7/088990
back extracted with DCM (30 nlL). The conbi ned organic
| ayers are washed with water (60 nL) and dried over
sodi um sul fate. The drying agent is renoved by
filtration and discarded. The filtrate is

c Om@ﬁ} rat ﬁql S rﬁgﬁé ﬂ!&c&ﬂ-ﬂﬁﬁoﬁﬂ(g?, WG’ ny, 4%99139 gﬁqs BiQsolved in

tol uene (225 ded in ortions The resulti ng
sahigreus rDC?M (Gunk hand teapsfersest te sheargaction HaskyAperibe @fhht(%\@s
o B he Hetb il by ARG doh hixolis aiffiRat@RUh | o Afeer

ure I's heat e until turning onogeneous (92 C).
Pheths odninitsord thesflasb alegdolsd iS5y °Ov drsolbpomof weth&elfoardicid

I t cr :

P ehce 2 Bl 3 B AL ARRCT ¢ 7 e Malddlfag g rpagion
hemtearrare bRlow 45 *GlL\ ftenkd) mdinineatplicdhina (20 83 GummohaD gt is adﬂed to

f f | 7.70 f. th d d 010
s Pastiof i, Satlas e ARG ppb - b 118 iEon s
hatloweddo lwyak i €o ﬁlo@ﬁhtght The 1h&pholint Zal6 ap@moved l@lﬁﬂltratwn and the

|.um num tr,i 24. 8 mmol
SR R pab Pyt Rb - (hy e hasPrds SeRimont Pho
AquebuBydidihlorié a€i@)2 x Thxemawme AghedHs s&oﬂlunhlﬁadr&ﬁlatér(dﬂl’ mB), 5 %
nitrogen atm)sghereto 75 Cfor 16 h. The reaction

REYRIRT 0RO R bR 70 L) BB ASURRSt Roditin By Qg and
2000 14Wh). RS 858his ySQS el dvaF fk@leSumaliie o £12281. Without

is added to the stirred suspension. The suspension is
geing fegryagssrthe PeM splutiop is cppeenfraipd prd sobvent exghpmeed wigh methanol

e RL O3 éhs S¥Bh aNABRE with b 1&%&%& s@PeRAPRRILS. The
salt (2 x 2 m.) and water (225 nL), then dried over

soliflsam 1s<vlatﬁ<ébjeflhliat101f Wapleed gwlice Vil C@lésmedlmoln (@ xrZ5rmlelgand dried
W § Bonstaf \Hé?gfﬁ td %@orms.)%%rbgtlﬁi;'d% g; GruceThe combi ned

organi cs are concentrated t ess. Resi dual

Sepdt i on sol vents are renoved fromthe mat eri al by
concentrating from.2- pr qp@(gglm&g‘.SO nmL added

portion-w se) to aHfN mass of 44,

Sol vent exchange fm %ﬁﬁ%ﬁ% hept a

added porti on: °t'o a final solution p
36 WO 2008 48~ PCT/ US2007/ 088990 \
preci pi tLapred he desired product. Thest Lhension is
diluted wi th of &dditional heptane (40 Ly, stirred
or g} rﬁﬂ:&% bl ?E% AP U8 1SnMBE ) and 2
[(?16931‘ aourf s fga 8‘#‘% 8l SmifRe gQ)oa%n 0%

hept ane rle toafor
mhléaddes hYC@@bﬂ@ﬁ @d‘M@tcarbStl é2b4(13g . 7H mi@INHODeqildre Hadeig undeg A C

'ﬁ'itro%er? atgo's_f)h@re'ind Eﬁiﬁﬂe&i Wﬂﬁ Et(EAc H lg ilej| and toluene (60 mL). The

solution is degassed with nitrogen (3X) with evacuation/purge cycles, and the process is
repeated for hydrogen. The suspension is vigorously stirred at rt for 1.5 h. The hydrogen
atmosphere is replaced with nitrogen. Ethylenediamine (0.57 g, 9.5 mmol, 0.52 eq) is
added to the reaction, and the resulting mixture stirred for 20 min. The solution is filtered
under nitrogen, and the filtrate is washed with a 2 % (wt/wt) aqueous solution of
ethylenediamine (125 mL) then water (130 mL), and then dried over sodium sulfate. The

drying agent is removed by filtration and the filtrate is concentrated to dryness under
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[0101] A round-bottomflask is charged with starting
material (110 ng, 0.26 mml, 1 eq) and 10% pal | adi um
wo@roogaszesr (106 ng). The solids are suspended PEI/US2007/088990

pyridine (4 nL). The suspension is placed under

hydr ogen at nosphere (1 atm) and the m xture is

stirred overnight at rt. The reaction mxture is
filtered through Celite(r) and the filtrate

Gl t"lrh%tsgﬁjds'tﬁht Y&%&%d alda &l W@ SRER (b §|55'n§L)QJHrtlllef ﬂoﬁd
using silica ge  ash chromat ography ( MeOH

tevapefferragd 98 rfﬁgltmg nyapasiabessil wvethmééwﬁ@un@ﬁcel[lwm]the next step

F
PERpR ) TrRERY Srofh ik Dl st iFafSionfda iPuuih B CDERE 26
2l 10 ool ioptd e DW(51021 gf DIBAIZImAGH (65 mi.

%@&B&%%éé 1?1%%%}1&%1% ; gg%c%élg@p@% rgbééw%e%?%%é 225 °C.

(ABteb 30rinin BO rehctmmls quenghed vad) acemore ddadd, mﬁmtairmwyde ppction

Rt e ot ote A There el She A epatf By Sindhr Somin. 1
fidadded arportivaatedfidise c@t&ﬁlnﬁg 3 2oM3ti2f20 861083220 % (wt/wt) aqueous

TSRS Soasteots, scliion. end, ol Lousd, e,

isﬁrrﬁilg| theelb@tlafys {rk kdpaitddand t}iemquefolub tagér Béé!k@(tﬂa&ed\lazﬁh edM
ortions, of water (3 X 50 , and dried in ajr
el %fu o combined ogganie qygrs aFFaW@P?dawwﬁfeh%PgnL) and dried over

GbMSh Al afe tify@r[@ agb@liVRARAOER! RR8Fon(ahd YiscatfedMDhe tfi(i’trate is
give 6.75 g of the desired product. Step B Cbhz H
igpncentrated under vacuum and solvent exchanged to ‘toluene (225 mL added n

portions). The resulting solution is further concentrated to a suspension (50 mL) and
diluted with heptane (115 mL). The resulting mixture is heated until turning
homogeneous (92 °C). The solution is cooled slowly over 12 h to 15 °C, and then held for
16 additional h. The crystalline product is isolated by suction filtration, washed with
heptane (2 x 75 mL) and dried to a constant weight to afford 7.70 g of the desired
product.

[0100] A round bottom flask is sequentially charged with the homo-allylic alcohol
(7.50 g, 17.6 mmol, 1 eq), aluminum tri-ters-butoxide (6.10 g, 24.8 mmol, 1.4 eq),
anhydrous toluene ( 115 mL), and 2-butanone (90 g, 1.24 mol, 7 eq). The suspension is
heated under a nitrogen atmosphere to 75 °C for 16 h. The reaction temperature is then
allowed to cool to 49 °C. Aqueous 20 % (w/w) potassium sodium tartrate solution (226 g)
is added to the stirred suspension. The suspension is stirred at rt for 3.5 h. The layers are
separated. The organic layer washed with aqueous 20 % Rochelle salt (2 x 250 mL) and
water (225 mL), then dried over sodium sulfate and filtered. The residue is rinsed with
toluene (30 mL) and discarded. The combined organics are concentrated to dryness.
Residual reaction solvents are removed from the material by concentrating from 2-
propanol (250 mL added portion-wise) to a final solution mass of 44 g. Solvent exchange

from 2-propanol to heptane (275 mL added portion-wise) to a final solution mass is 41 g
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1. Et2Zn, (ArO2P(OOH, CH212 2. MsOHH O H Ar =

2, 6-di net hyl phenyl HFi HH CbzO CbzO 6 7 [0103] To
w@2@ehsx2ion of diethyl zinc (572 ng, 482 L, 4.PBCI/OHRm07/088990

3.00 eq) in50n DCMat -20 Cis added a solution

of bis-(2,6-D nmethyl phenyl ) phosphoric acid (1.42 g,

4.63 mol, 3.00 eq) in DCM (15 nlL) maintaining the

reaction tenperature below -8 C . The solution is

rfa&%ta%& ¢ha &su@g prgdlgt 'ﬂ%%tlsﬂhél&g@ Wﬁﬁt@@@zﬁh ()ﬂ‘ac%‘fludﬂal

dded, aged for 15 mn.

kblél?télitee(4gdﬂ4) nsgrrad Stdr fﬂf il Bnangifilesids By expenes p?aWSh@i WIIh oHeptane

) ). The cooling
yt%‘Ll é’“dr‘g%%"c%ﬁ’ %Sg%oﬁéegew&gﬁt%t and nmaintai ned
atepr® for 4.5 h. The mxture is cooled to -76 Cwith a
dry ice-acetone bath and treated drop wise wigh
met hanesul f oni ¢ aci d#{pCM sol ution (0.6 nL 3Q9%\v/ v
solution 4.63 T 3% eq) malntalmn P
tenmperature bel / ¢ The A x F’F‘f‘fxture |
20 mn. and g :igh 3
g, 2.70 ni,~20 ) mai nt ai ni ng t hga~re t|on
tenperature below®65 C. The cooling Hbat h'is renoved,

t h?()lﬁ)@]aﬁtrblﬁﬁl HBttZSﬁlLﬂ’aﬁk is%har@éd \f/ftlegaﬂ‘tlﬁé ml@rla-lg(lm mg,t(h% mmol, 1
white precipitate is filtered off, and the filtrate is

sabaddfanallydivg on sarbom( 10A n) 0 Ty sadifls 1o syspersledin pyridise ¢
0}' YR Qisﬁ@hrsgﬁ n%l?ce(l Znder %ergéf)n’ atﬁl}@stpﬁére (?atﬁl) 204 @k i And is

brine (20 over” magnesi um sul
é@lﬁ@btmerraglé dt it.Thesreassion ouxXipLg nfe%léerwhrwgle(?elnt@n@ @nd the filtrate

Uil B adle [6RRRn AR REPTRANAN N a5
whoinat@6ghy oMeOhEDARKLY: P Bdo pifod 38 ing GttleplegraigoPpound. ([M+H]
2_0&}%{/6%%’%38 PCT/ US2007/088990 H Cbz H'N OOH H H
Fi zOHO\ 7 8 [0104] To a solution of

conmpound 7 (4.05 g, 5.83 imxmhple? eq) in a solution of

Et OAc:toluene (2:1, 60 nmL) is added of 20% pal | adi um
hydr oxi de on car bon (823 ng,. 0. 5%

Step A

[0102] Cyclopamine 2 (5.02 g, 12.2 mmol, 1.0 eq) is dissolved in anhydrous pyridine
(25 mL). DMAP (300 mg, 2.44 mmol, 0.2 eq.) and triethyl amine (5.5 mL, 39.1 mmol,
3.2 eq) are added, followed by BtO-Cbz (10.5 g, 39.1 mmol, 3.2 eq) and heated at 40 °C

for 2h. The mixture is cooled to rt, treated with 30 mL water, heated to get a
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mmol, 0.1 eq.). The flask is evacuated and filled wth

hydrogen three tinmes. The m xture is stirred under an
warewseghzes e of hydrogen for | h. Neat ethyl ene BPCEDBI987/088990

(0.38 nL) is added, stirred for Ih., and the catal yst

is filtered off. The filter cake is washed twice with

Et CAc:toluene (2:1, 12 nL). The conbined filtrates are

washed with a 2% aqueous solution of ethylene diam ne

%@m&%@oﬁ%ﬂuﬂ% R I8Ved toSc%EJI td %o?ﬁj e%t AVt precipitate that
concentrated in vacuo to give . g as a white

deryred a qollpesedstyy] fiilgraticgy, g flﬂ)eHakHSqusm withjportigng of watgy &, X 50
u C
P D R S L R A
hfdn@eéllemmqmﬂ &l ®ohlol to ive (67755001 d¢he db?lrfsl prodbict. 1 eq),
al, rgnumtrl-tert but oxi de (6.10 g, 24.8 mmol, 1.4
eq%Lanhydrous toluene (115 nL), and 2-butanone (90
g, 1.24 nol, 7 eq‘)ﬁZ\N he suspension is heated Oeﬂr&der a
ni trogen at rmsphe_ 8 10 1Sk A@pod@cl), The rea
tenperature is phepal |l Y to coal. to 49 :_Agueous
20 % (W w) on@’y‘/ [ %26 g)
is added t ‘ stirred suspension. uspensn on is
stirredcat or 3.5 h. The | ayer®08 separ ated. The
or gani ¢ layer Washed with aqueous 20 % Rochel l e's

é 0108 2T a 3810k oHLor dael 1 wat @572@%%%%11 4, 63%&0118!0@@(1) A% mL
|

um sul fate andflltered e residue is rinse

DCM. ¥ PG 61 ipiedsled p sglutign of ghigt (¢-Ditasthdaheny hphosphorp peid él 42 g 4.63

mm8¥, 980 §Sin BB @mﬁﬁm&ﬁﬁaﬁﬁlgttﬁe fé:ﬁ%ﬂ)%ﬁém RSk BERly 8 °C . The
réaction sol vents are removed from the material b

solugion seged tr il hgrir. Ao npyt dpedroletiang 0.3 2. ddtiel. 3.00 eq) iv added,
age ﬂﬁtls Q. \M 8§ eé béfgre%d&%ggolu&(ﬂ! dft Ig{gb §7E’l [gg m1ﬁ[ée1§ 1?)375;51%%

ol vent exchange fro ro ano ton
mmgld d€aq), poDCl\/bﬁomlée?hetqoolang‘baﬁaﬂs repiced byonwateskatlofit rddndg

iy 585554 BT b GO G B Ra g F oG oo

treatet] dippofisadih tietnasdsulfioniveqeidADEMN s@ﬁltmm 6 sili J0%ed'vasdlutién 4.63

f 1 and . filt d. Th hed wi.th
oot s R S Raon s B BEPRG7 6 s TR g TOp i ed or 13-
20 i@ sarde@enché Oaiop tvise Stitmdrpldline (XpINE 200N, 26 ebiZmaiRehifthdthe

reaction temperature below -65 °C. The cooling bath is removed, the reaction mixture is

stirred for 16-18 h., the white precipitate is filtered off, and the filtrate is successively washed
with 2.0 M HCI (2 x 20 mL), satd. sodium bicarbonate (2 x 20 mL), water (2 x 20 mL) and
brine (20 mL). Dried over magnesium sulfate, concentrated in vacuo to dryness and the crude
is purified by silica gel flash chromatography (hexanes/EtOAc 17:3-2>4:1) to afford 924 mg
(1.33 mmol, 86%) of the desired product.

Step C
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O5 OHHH Pyridine FI HHJ[0106] A round-bottom

flask is charged with starting material (110 ng, O.26
WOoaB/083R48 eq) and 10% pal | adi um on car bon ( 106PEHYS20011€88990

solids are suspended in pyridine (4 nL). The

suspension is placed under hydrogen atnosphere (1 atmn

and the mxture is stirred overnight at rt. The

reaction mxture is filtered through Celite(r) and the

filtrate concentrated in vacuo. The crude materiwal is

purified using sifjea gel flash chromatography k HN
ord1_9P%(OE% wof the desixeds ).

(MeOH DCM  5; 95)..

compound. ([ W =¢426. 6 . 3 H o.%H
H HH H.9 w ON HH"HH HH F} 6 H9
[ 0107] “@ tube, ketone 6 (85 nmg, Of ol , 1
equiyy. % harged and triethyl enegbp 2 nm) was

addedzofol I ovved7by hydrazi ne nonohydrate (500 fg, 10
mT‘P6104]5’i_’9 a SOMdioh of c@ﬁﬁo&@tﬁ& PHyYm, @3’7‘1'}19{6[‘ qte‘é}) {0138 1u&8n o

equi v. The t ube was “seal ed d the reaction

EtOMéolh@@t(édi G mh5 6 8@d¢6b¢f 20& telladipa hb/éfaéltdﬁ oncuben @8dmgd0.583

;
I T B R o i e
stmmﬁsﬂr@d an ytinpkphewgtod hydrdgendor Gy BleatNER 804 diagmt (0.38 mL) is added,

sin S B TR SR BB o1 T ud S Pt o v ng

EtOsmcltolualegE 1, F2akh Tod ccnman@tfrlaqrtbyaré @wewsm a@6e djueoukhyelution

or e 8 5 0GP M BRP b BPCGRIEEHhR e ing o e

2.46/\@S§I£ﬂh1W(Ir§7BtMee;bhd(2X) 2N NaOH, and then brine. The
1%(3@: ned organic layers are dried over Na2SO4,
red

H

HN
‘,, 1. Al{OBu),, 2-butanone

[0105] A round bottom flask is sequentially charged with the homo-allylic alcohol 8
(7.50 g, 17.6 mmol, 1 eq), aluminum tri-tert-butoxide (6.10 g, 24.8 mmol, 1.4 eq), anhydrous
toluene (115 mL), and 2-butanone (90 g, 1.24 mol, 7 eq). The suspension is heated under a
nitrogen atmosphere to 75 °C for 16 h. The reaction temperature is then allowed to cool to 49
°C. Aqueous 20 % (w/w) potassium sodium tartrate solution (226 g) is added to the stirred
suspension. The suspension is stirred at rt for 3.5 h. The layers are separated. The organic
layer washed with aqueous 20 % Rochelle’s salt (2 x 250 mL) and water (225 mL), then dried
over sodium sulfate and filtered. The residue is rinsed with toluene (30 mL) and discarded.
The combined organics are concentrated to dryness. Residual reaction solvents are removed
from the material by concentrating from 2-propanol (250 mL added portion-wise) to a final
solution mass of 44 g. Solvent exchange from 2-propanol to n-heptane (275 mL added

portion-wise) to a final solution mass of 41 g fully precipitated the desired product. The
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and evaporated to afford 64 ng of the desired nateri al

as a white foam ([MtH = 412.7 mz). Exanple 4 H O
wWORooBtos3M4HH O H 10 HH ONH 1) i-PrBr ON 2)P¢RUPHOH88990

HHHF HH OO 5 10 [0108] A seal ed tube was

charged with conmpound 5 (223 ng, 0.52 nmml, 1 eq) and

DMF (ImLl). 2-bronopropane (1.3 g, 10.5 nmmol, 20 eq)

and Na2CO3 (73 ng, 0.68 mol, 1.3 eq) were added and
susﬂehﬁoﬂ s@ﬁgteﬁ\%h%?%cﬁ%ngmh&%k ?41) IBQ) §t@m§ at H6r ml %hd Efered.

was stirred for poi nt - 70% conver si on
The\psedluplys enshed WltAdldlePiaOﬁ @1|7 UQIO. aze dgjed tp affordiybh of the depjredhas
rmﬂgged. The reaction was stirred for 2 h and additiona
2- bronopropane (0.13 g, 1.1 mmol, 2 eq) was added.
Bew B eaction was stirred for another | h. The reaction
was cool ed tort and water was added. The re&adue was

conbi ned washed e, dried over

filtered, and ConK dt ed tedo@r yness : ﬁhite f oam
was purlfled é Silica gél"fl| as PHTAt ogr aphy

(DCM MeOH 99~ o give 206 ngy of; N—|sopropyl
derivative as a wfite foam [0109] TWe N-i sopr opyl

de'[Ol‘O@T A‘f@ul{d%ﬁoﬁﬁg'laslgls‘&ﬂarthth Qtalﬁﬂé m\ﬁ@ﬁalqll %ﬁ%"(ﬁ% infhol, 1
4- et hoxypyridine (1 The flask was pl aced

eq) arrddlé%% pHladivman AR £108 B Tb%n)s@di a%spspended ll;l\Pﬁdrdiﬂter{“ mL).
The@ﬁ%ﬁs’?@h i }Sfa@ecﬁﬁlgé-p hyﬂg) oBY atm\UQ]ﬁleﬁqq{ %gn) aﬂi helhidRke ﬂé\@t‘i“rred

seal ed and purged thrée tines wt % r%ggn and
overpgghhatuh dele rqacipmimgrturh ysdiltsgrsirthroggh C@lgt@ ! sﬁmmn@@trated

in v&ﬂ}? "f't?eac?%degﬁ% -13'1 i&tapgflﬁ?d Jée“Fg %&r%ﬁ%@h %&é\ﬁ%MeOH/DCM

5: 93§Ett@3féord 9The aiiltlg:ahslmdlcayleounda@[Mfo&H kedowin/). | N HC  aq.
(2x) then with water. The Qr anic | ayer was 41 WO
2008/ 083248 PCT/USZOO7/08§§§%R—&r|ed over Na2SO4,
filtered though cotton and evaporated to give 34 ng of

crude. The aqueous |ayer was But) alized with 2N KOH

“Sanmbi ned

[0107] In a seal tube, ketone 6 (85 mg, 0.199 mmol, 1 equiv.) was charged and
triethyleneglycol (2 mL) was added followed by hydrazine monohydrate (500 mg, 10 mmol,
50 equiv.) and potassium carbonate (138 mg, 1 mmol, 5 equiv.). The tube was sealed and the
reaction was heated at 150 °C for 16 h. The reaction was cooled to rt and water was added.
The residue was extracted with chloroform (3X). The combined organic layers are washed

with water, dried over Na,SQO,, and concentrated to dryness. The colorless oil was purified
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organi c | ayers were washed with water, dried over
Na2SO4, filtered though cotton and conbined with the
WO p08/08d2484 ngy of crude. The crude material waBCT/US2007/088990
purified using silica gel flash chromatography
hexane/ Et OAc (6:4) to afford 80 ng of desired product.
([ MEH] 468.7 mz). Exanple 5 H ON "H'OH HF H
OH11 HH O1) (Bn000)2 ONN "H H pyridine "H CH
us1n§ sfikca 5@1% Mo a}li_ﬂy (UC’R‘I/NQdﬁ @@ 'Hl@pul‘l%leﬁ %éltg)lls !n@ p@oled
round- bottomfl as onpound
and gefcepigatetp suwesse dhe Fﬁﬁlﬂan& 9idy Wéu@ssvHEd ernMFHB)E anmeshed WIth water
(QXQ%QtN'%(ﬁé,V@g hlfzegiybgéejr"fol% gmgtnlgéfglagﬂc'ﬂagr %%ﬁa Arled%vm §O P filtered
and wegperagdide dffend 66 exsseivkd #Slrmatmfagewewﬁvamm [Mt+|hﬂ e Mag m/z).
gradually warned to rt ov and stirred overni ght
at rt. The reaction was %ruenglﬁéd by addi ng saturated
NaHCO8. The residue was extracted mth MIBE. The
conbi ned organic |ayers were wa¥ ep with water, dried
over Na2SO4, filtered and ’E mgai ed under reduced
d*using silica gel

pressure. The crude was
flash chromat ography e/EtOAc (9:1to 4:1)) to
oduct (60 ng, 0.11 mmol) as

give the NNO derivati¢
a white foam This foamwas dissolved in 2 nL of MeOH
foll owed by 2N aqueous KOH (0.4 niL). The reaction

m xture was stirred for kh. I\/bst of the I\/E‘ was
evaporated under a SF'
L) was added. The jre (

(3X). The corrb| -. gani ¢ [ayers yelro w Wi th
water, dried O
under reduced pre . The cr ude S purified using
silica gel 42 W9 2008/ 083248 PCT/ US200%# 088990 fl ash
chieo8} agedghybd Wexdnesd &itdempdund H (8B hg-01521hnok, ® eq) and

DM%I(FmE) %]brgggopropatnp ?1 f{ig S'IIOrSenclimol 20 eq) and Na,COs; (73 mg, 0.68 mmol, 1.3

eq) were added and the flask was sealed and heated to 50 °C. The mixture was stirred for 16 h
at which point ~70% conversion was observed. Additional (0.26 g, 2.12 mmol, 4 eq) was
added. The reaction was stirred for 2 h and additional 2-bromopropane (0.13 g, 1.1 mmol, 2
eq) was added. The reaction was stirred for another 1h. The reaction was cooled to rt and
water was added. The residue was extracted with MTBE (3X). The organic layers were
combined washed with brine, dried over Na,;SQy, filtered, and concentrated to dryness. The
white foam was purified using silica gel flash chromatography (DCM/MeOH 99:1) to give
206 mg of the N-isopropyl derivative as a white foam.

[0109] The N-isopropyl derivative (205 mg, 0.44 mmol, 1 eq) was dissolved in of 4-
methoxypyridine (1.5 mL). The flask was placed under inert atmosphere and Pd/C 10% (wet,
Aldrich Degussa type E101, 40 mg) was added. The flask was sealed and purged three times
with hydrogen and left 16 h under 1 atm of hydrogen. Celite® was added to the reaction
mixture. The mixture was filtered through a small pad of Celite® and washed with EtOAc.

The organic layer was washed with 1N HCI aq. (2x) then with water. The organic layer was
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product. ([MrH = 442.5 mz). Exanple 6 H ON, O HH

H Fi HH-N,\ N ONN H 12 Step AHH O
W@RAGS/083MCBz O H H Na(Ac0)3BH H ~NHCBz H H HEI/USX007/688990

6 H 13 [0111] In a round bottom flask, conpound 6 (89

ng, 0.209 mmol, 1 eq) and N

(benzyl oxycar bonyl ) - am noacet al dehyde (148 ny, 0.85

nmmol, 4 eq) were dissolved in DCM (2 nli). Sodium
drleH BV&%E%)’ ﬁﬁér@@ Ml@ﬁ Hj&tt()ﬂ- ZIYd é'{;g oere@éi) %T{é@r)iéb mé o?&l“)ldewaishe

and the reaction  was stirred rt. The
aqumwdayﬁrewwa@utp%m%wth AN prd exdragtediwsly @%[—3@@8 The combined

. . d
orga%ﬁéelg%éég Flge sheﬁ%thr&a§+ e R er 1@3(25{) tlt@%d‘fﬂotugh MQH?I&()

organi ¢ layers were wash wat er,
comiprriee @tfitb\tl@rinNaMg of ¢rhdee Tbeicrudronaghrial otas owifieddising silica gel

s ARBR LA L PP RRBFTY A s O IR o R (FRAT

468H(ﬁl/zI.156 L). After 30 min a white precipitate slowy
formed. The resulting slur stirred for 15 mn.
Filtration gave 120 ng of Er%é?l\é%gsol id. The materi al
was dissolved in EtOAc and treatedwith a saturated
aqueous NaHCCB sol ution. The ory gany ¢ | ayer was coll ect
and the aqueous layer and wasNexfitacted with Et OAc
(2X). The conbi ned organi ﬂ= ers were washed with
brine, dried over '@a Fltrati on and evaporation
gave the desired intefnmetiate. This material was used
in the next step without purification. Step B 43 WO
2008/ 083248 PCT/ US2007/ 08899 HHO

N 1) (BnCOO),
"/H *H pyridine

2) K;CO5, MeOH

[0110] In a round-bottom flask, compound 6 (88 mg, 0.21 mmol, 1 eq) was dissolved
in anhydrous THF (1 mL). The mixture was cooled to 0 °C. Pyridine (84 uL, 1 mmol, 5 eq)
and benzoylperoxide (150 mg, 0.62 mmol, 3 eq) were added successively. The homogeneous
mixture was gradually warmed to rt over 2 h and stirred overnight at rt. The reaction was
quenched by adding saturated NaHCO3. The residue was extracted with MTBE. The
combined organic layers were washed with water, dried over Na,SQOy, filtered and
concentrated under reduced pressure. The crude was purified using silica gel flash
chromatography (hexane/EtOAc (9:1 to 4:1)) to give the N-O derivative product (60 mg, 0.11
mmol) as a white foam. This foam was dissolved in 2 mL of MeOH followed by 2N aqueous
KOH (0.4 mL). The reaction mixture was stirred for 1h. Most of the MeOH was evaporated
under a stream of nitrogen and 1N HCI (500 uL) was added. The material was extracted with
DCM (3X). The combined organic layers were washed with water, dried over Na,SQOy,

filtered and concentrated under reduced pressure. The crude was purified using silica gel
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"HNHCBZz H, N2 HPd HHHH HH OO13 14 [0112]
Al of the material from Step A was di ssolved in Et OAc
W@ 20803328d treated wth of Pd/C 10% (30 ng, PCT/US2007/088990
wet , Al drich Degussa type E101). The flask was seal ed
and purged three tines wth hydrogen and | eft
overni ght under 1 atm of hydrogen. After 16 h, the
mxture was filtered through a small pad of Celite(r)
t fek 5 18H S
ﬂasﬁ%o%?ft@tégﬁﬂé i E%tngsg@%c (1%1@| I&S%@@ I_}%) {I_@ﬁgyﬁel_ll@ 11 H\%%{IQ{N@ daﬁréaH
prodqueN(M+H] =215 m2).PEA HHHHHHN\N NON OHOH 14
12 [0113] A round-bottomglask containing the am ne
14 (52 ng, 0.11 nmol, 1 et%xwgfs charged with the
1H tetrazol e-5-acetic acid (21 , 0.166 mmol, 1.5
eq), DCM (2 nL), EDC (42 ngX Q/22 pgmol, 2 eq) and
N, N-di i sopropyl et hyl am ne /\ﬁ g, 8,44 mmol, 4 eq) The
resul ting yellow sol utiphiwas Stirred at rt for 4 h.
The reaction was queg @ by the ad'ﬂg‘m on of
sat ur at ed aqueous NGHCGB sol uti on and t he residue was
extracted with DCM (3X). The;, conbi ned organic |ayers
were dried over Na2SO4, filtered though cotton and
evaporated to give 62 ng of off-white solid. This
Bedpek i al was purified using silica gel flash
chr omat ogr aphy (MeOH/ OCM 5: 95 10: 90) to afford 31 ny
of the desired pr oddcy OHnghﬂ = 579. 7 /M z). Exanple
7H ON "H HH Qb

NHCBz

H 6 13
[0111] In a round bottom flask, compound 6 (89 mg, 0.209 mmol, 1 eq) and N-

(benzyloxycarbonyl)-aminoacetaldehyde (148 mg, 0.85 mmol, 4 eq) were dissolved in DCM
(2 mL). Sodium triacetoxyborohydride (177 mg, 0.85 mmol, 4 eq) was added and the reaction
was stirred for 3 h at rt. The mixture was poured in saturated aqueous NaHCOj solution and
the residue was extracted with DCM (3x). The combined organic layers were washed with
water, dried over Na,SOy, filtered though cotton and evaporated to give a foamy solid (247
mg). The crude was dissolved in EtOAc (2 mL) and treated with of 4M HC1 (156 uL). After
30 min a white precipitate slowly formed. The resulting slurry was stirred for 15 min.
Filtration gave 120 mg of white solid. The material was dissolved in EtOAc and treated with
a saturated aqueous NaHCOj solution. The organic layer was collect and the aqueous layer
and was extracted with EtOAc (2X). The combined organic layers were washed with brine,
dried over Na,;SQ,. Filtration and evaporation gave the desired intermediate. This material

was used in the next step without purification.

Step B
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15 44 WD 2008/ 083248 PCT/ US2007/088990 H H O NIH O N,

H K2C&3, Ml "H\ HDCMHHHH OO HG6 H15 [0114]
wo\00818t4d0t t om f |l ask was charged with starti nBCT/US2007/088990

material (47 ng, 0.110 mml, 1 eq) and potassium

carbonate (150 ng, 1.09 mol, 10 eq). The solids were

suspended in 2 nL of DCM | odonethane (14 L, 0.22

nmol, 2 eq) was added and the m xture was stirred for

2 at rt. TLC (DCM MzOH 95:5) indicate >90% conpl eti on.

| odonet hane (14 Ii* 0.22 nmmol, 2 eq) was adyged to t he

reaction mxty S fich was sztlrred for /

reaction _ Was added water. wer g
separ at ed iyt he organics were dri

concentd ~ to dryness. The resi éfre
using silica flash chr ormt ogr aphy

LOR0id2R Rk aff%xeﬂalﬁ ¥ h ] i lﬂg‘ﬂ% 33 1) ﬁﬁw i
with-bf Fa/N1 @6 K\B(] ihg , bvleﬂ\[blkincﬁ@égﬁgsdal-ﬂy%etl?lgl}-l TdZ1aRCVhdHehled knd H
purgia b e e mivigegR b ef S iR OGS0y oy M GerS ARESfich. e

mixRd asstilbfedabrongnatifal( @O 0glite®.add WatHed wi@ FRQAc toldfford 52 mg
soli.ds were suspended in 3 nlL of DCM The reaction
of theAmipgasduy Pty i odonet hane (80 L, 1.29 mmol, 10 eq)

angh ¢ he

HO

[0113] A round-bottom flask containing the amine 14 (52 mg, 0.11 mmol, 1 eq) was
charged with the 1H-tetrazole-5-acetic acid (21 mg, 0.166 mmol, 1.5 eq), DCM (2 mL), EDCI
(42 mg, 0.22 mmol, 2 eq) and N,N-diisopropylethylamine (57 mg, 0.44 mmol, 4 eq) The
resulting yellow solution was stirred at rt for 4 h. The reaction was quenched by the addition
of saturated aqueous NaHCO; solution and the residue was extracted with DCM (3X). The
combined organic layers were dried over Na,SOy, filtered though cotton and evaporated to
give 62 mg of off-white solid. This material was purified using silica gel flash
chromatography (MeOH/DCM 5:95->10:90) to afford 31 mg of the desired product. ((M+H]
= 579.7 m/z).

Example 7
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m xture was stirred overnight at rt. The reaction

m xture was charged with water. The organic phase was
waepans2etl and t he aqueous | ayer was back extrBCI/E82007/088990

with DCM The conmbined organic |ayers were dried and

concentrated to dryness. The residue was purified

using silica gel flash chromatography. DCM MeCH

(95:5-90:10) to afford 52 ng of the desired product.

([MtH = 639.5 mz). 45 \AD 2008/ 083248 s

PCT/ US2007/ 088990 Ex 9 H ON,HNWAT

17 Step AHH

\NHBoC HH H

N-(t- but oxyea o | ) - am noacet aFtehyde (6 ng, 0.38
mml, 3.1 eq) were Yissolved in DCM (2 ®nL). Sodi um
t r i[@1ae} axyharsiyirfiadie whSchatged OitB Starimigl mataial (49G)g, WA30 mmol,

dded and the reaction s stirred for 2 h at rt. The
1 eﬁ??&&ﬂ%swaﬁﬁmt‘égwp A& éﬁg Pa?%dl%ﬁge%sokﬁ% suspended in 2
mL $PbuM. aBdéhidihant NB (1€ DIBUEMIRS @%b ds 28R nWkHe ik & Btirred

The conbi ned organic | ayers were washed with water,
for 24t bl Lo I MEEEAO - P indiHe 04 h SeIhciaadt tleonigigne (14 L. 0.22

mm8Y 2R *s@ddddQo HeMBacod RBMHre SPibwhORirre B2 hl NBe ¢dHén

~material was purified using silica gel flash
mixge Wasaddet wphy TheEpioags/ wisx sapargted and the oggapice peresisiedrandy f

con&RIFREY R)ddr%ss. Fhe Resfdudivkl pugﬁléld 931% silica gel flash chromatography
(DCM/MeOH 100:0->98:2) afford 34 mg of the desired product ((M+H] = 440.5 m/z).

Example 8

16

Mel, K,CO;,
—_—
DCM

[0115] A round-bottom flask was charged with starting material (59 mg, 0.126 mmol,
1 eq) and potassium carbonate (350 mg, 2.5 mmol, 20 eq). The solids were suspended in 3
mL of DCM. The reaction was charged with iodomethane (80 L, 1.29 mmol, 10 eq) and the
mixture was stirred overnight at rt. The reaction mixture was charged with water. The organic
phase was separated and the aqueous layer was back extracted with DCM. The combined
organic layers were dried and concentrated to dryness. The residue was purified using silica
gel flash chromatography. DCM/MeOH (95:5-290:10) to afford 52 mg of the desired product.
([IM+H] = 639.5 m/z).
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H\-\NHBoc TFAADCM H\i\NH2 H HH OO 18 19 [0117]
A round-bottom fl ask was charged with starting
woraaogosaks 18 (800 ng, 1.4 mmol, 1 eq). The soPCTHUSE7/088990

di ssolved in a solution of DCM and TFA (10 ni, 1:1).

The solution was stirred for 45 mn at rt. The

reacti on was partitioned between a solution of 10%

sodi um carbonate and DCM The organi c was separ at ed

and washed wi th 10% sodi u,Gglonate. The organic

phase was concentrated to dryness, The residue was

used without further purificatjen for the next step.

. N sH ~ HCHO, NaCNBH3 ~~ LN HNH~-F HF OO 19
20 [0118] A round-bottoty: as charged with
starting materi al (30 D.64 mol, 1 eq) was
di ssol ved in THF/ ACN’(1:f, 4 nL). The reaction was
charged 37% f or mal dehyde ingwater (240 L, 3.22 mol,
5 eq) and sodi um cyanoborohydride (64 ng, 1 mol, 1.6
etgp.A The mixture was stirred for 30 min at rt. The
reaction was then partitioned between a solution a
sat urat ed aqueous K tigwn/ oBf sodi um bi ceybgnat e and
DCM The organihc_was & d, i g
% @ [ eo!ga( £ rude, mef erJi4l" wagree
purified ys o i ca gel flash hfrat ogr aphy
(I\/le()—l/o'10:90) to give tH Sired material .
Step DOHHN 5,HVAN Hz Pd H\i\N H Pyridine HOH

H [(816] In a round bottom flask, compound 5 (50 mg, 0.12 mmol, 1 eq) and N-(¢-

O a

butoxycarbonyl)-aminoacetaldehyde (6 mg, 0.38 mmol, 3.1 eq) were dissolved in DCM (2
mL ). Sodium triacetoxyborohydride (8§ mg, 0.38 mmol, 3.1 eq) was added and the reaction
was stirred for 2 h at rt. The mixture was poured in saturated aqueous NaHCOj solution and
the residue was extracted with DCM (3x). The combined organic layers were washed with
water, dried over Na,SQy, filtered though cotton and evaporated to give a foamy solid (95
mg). The crude material was purified using silica gel flash chromatography (EtOAc/Hexanes

1:1) to yield 55 mg of compound 18.
Step B

N\
NHBoc TFA, DCM

19

[0117] A round-bottom flask was charged with starting material 18 (800 mg, 1.4
mmol, 1 eq). The solid was dissolved in a solution of DCM and TFA (10 mL, 1:1). The
solution was stirred for 45 min at rt. The reaction was partitioned between a solution of 10%
sodium carbonate and DCM. The organic was separated and washed with 10% sodium
carbonate. The organic phase was concentrated to dryness. The residue was used without

further purification for the next step.
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20 H 17 [0119] A round-bottom flask was charged with
starting material 20 (30 ng, 0.06 mmol, 1 eq) and 10%
w@a008ashizesn on carbon (30 ng). The solids were BCEPL0IEB3990

in pyridine (2 nlL). The suspension was placed under
hydr ogen at nosphere and the mi xture was stirred
overnight at rt. The reaction mxture was filtered on
Celite(r) and the filtrate concentrated to dryness.
g%i(grude material was purified using silica gel flash
chromat ography (MeOH/ DCM 5:95 10:90) to gave the
desired material. (fA#H = 497.7 mz). Exagplke 10 H ~
OM, O HH K 21 47 WD 2008/ 083248
PCT/ US2007/ 0839901~ o i, FREPEE=- H @
H NaBH( QAc)}3 - R H O H 6 21 [0120]fArolnd- bott om
[CHdtlged with starting ndtelFAl (85 ny, 0.20
nmol , 1 Oeq) was dissolved in DCW (4 flL)» The reaction
Wa $01d 8P AGEchdWoktBmMNiakl2 waxaatday Wit cattaintteeria( 800 Ak, 0.684 Aol
nmol , 3.5 eqi and. sodi um tri acet oxybor ohydride (170
I eqjpyas gisgved An LHITAGR gl 1. i ik} e (RRRI08 ¢35 Fhedeqdoy 7o foRpyiehyde
in water (240 uIh .20 8a6d1] DY) WRSsdaRMt &ylahBdeshyBEIBE Mg 1 SRMIILI.O8,).
a saturated aqueous solution of sodi um bi carbonate .
Thegpigtursongs siged e égmu& atgpdhe @'ggq;oalt% ’the@,gag@on%tween a solution
a saﬁﬁﬂ&ﬁ:ﬂfu&ﬁfs QBlufish & s}f(ﬁlﬁl%%icaﬁf'blﬁatg EH(QECWP.tIﬁE b@hnims separated,

purified using silica gel ash chromat ogr aphy

dried ppdnDEVaEd 96Yrypess.gihg srudp aathaig] wescoupdied@nsing siliqa[eplgsh =
chrodlato gZaﬂﬂgr %R/IEOEW 56‘951; 1 d_:bO)(R) QVche Hesired material.

Step D

Hy, Pd

[0119] A round-bottom flask was charged with starting material 20 (30 mg, 0.06
mmol, 1 eq) and 10% palladium on carbon (30 mg). The solids were suspended in pyridine (2
mL). The suspension was placed under hydrogen atmosphere and the mixture was stirred
overnight at rt. The reaction mixture was filtered on Celite® and the filtrate concentrated to
dryness. The crude material was purified using silica gel flash chromatography (MeOH/DCM
5:95->10:90) to gave the desired material. ((M+H] = 497.7 m/z).

Example 10

21
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HH OH22 [0121] Conpound 22 was synthesized
according to the procedure described in exanple 9,

W@ 2i0agsIHsTet hyl - N- ( 2- oxoet hyl ) acet ami de i n pl aR€I/082007/088990
N- (2- oxoet hyl )acetam de. ([MtH = 525.7 mz). Exanple
12 HONO HHH HHOHZ23 [0122] Conpound 23 was
synt hesi zed according to the procedure described in
exanpl e 10, using N-(2-oxoethyl)-3-phenyl propanam de
in place of N (2- oxoethyl)acetanlde ([ M+tH]s = 601. 8

mz). 48 WD 2008/ 088248 ,PCT/US2007/ 088990* anple 13
HO OMN-\NHWH .HOHEQ4 [0123] g, 2 vvas
synt hesi zed ag § t Onabe.pr ocequria ib

exanpl e o‘;@ Y]
\P> O

N- et hyl oK xoet hyl ) - 3- phenydPrap
of N-(2- oxoethyl)acetan1de ([ MtH 61219 ml z) Exanple

4 [MZOPA'}'ound—bottom flask was charged with starting material (85 mg, 0.20 mmol, 1
eq) was dissolved in DCM (4 mL). The reaction was charged with N-(2-oxoethyl)acetamide
(80 mg, 0.70 mmol, 3.5 eq) and sodium triacetoxyborohydride (170 mg, 0.80, 4 eq). The
mixture was stirred for 1 hour at rt. The reaction was partitioned between a solution a
saturated aqueous solution of sodium bicarbonate and DCM. The organic was separated, dried
and concentrated to dryness. The crude material was purified using silica gel flash

chromatography (MeOH/DCM 5:95) to give the desired material. ((M+H] = 511.7 m/z).

Example 11

22
[0121] Compound 22 was synthesized according to the procedure described in
example 9, using N-methyl-N-(2-oxoethyl)acetamide in place of N-(2-oxoethyl)acetamide.
([IM+H] = 525.7 m/z2).
Example 12

23

[0122] Compound 23 was synthesized according to the procedure described in

example 10, using N-(2-oxoethyl)-3-phenylpropanamide in place of N-(2-oxoethyl)acetamide.
([M+H] = 601.8 m/z).
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HH HFI H HO H25 Step AHH ONHON 'H
Cbz-Cl, Et3NH 'Cbz HHHH OHG6 OH 26 [0124] A
wo omngsiaet t om f | ask was charged with conmpound BCT/US287/088990
g, 994 mol, 1 eq) and THE (60 nL). Triethyl am ne
(6.92 nmL, 49.7 mmol, 5.0 eq) and benzyl chl oroformate
(1.54 m., 10.93 mmol, 1.1 eq) were added and the
m xture was stirred for 1 hour at rt. The reaction
m xture was partitioned bgiwegn;saturated aqueous
bi car bonate (100 nL) and Et%ﬁ%(loo m.). The phases
wer e separated and the orgapi-es were dried (Na2SO4)
and concentrated to dr Jhe ¢yude material was
purified using silica g ash——oplomat ogr aphy
( Et QAc/ Hexanes 2: 9814} 88)~t o gi ve/ 3. 750Nof materi al .
Step B 49 WD 2008/ 0@@ Us2007/ 088990 H H ON O
N '"H'Cbhz Ced6 RaBH4 'H 'Cbz HHH p HOs HH26
27 [0125] A MeOH solution (18 n) of cerium
trichloride heptahydrate (260 ng, 0.69 mmol, 1.3 eq.)
at [@28] Geapeund 2B eds wintlresigertiicgondingrto thg racddur¢ gescrilgpd in

exa BT O V- DR rBRLIE Efnd St e LERL
oxo¢tB@hcagmide ([ B4 Hingbd.9 mIz)eq) was added, and the m xture

was stirred for 1 h and tEen %{[’r&d tort. Water (50
Xam

m) and Et QAc (50 m) wer , mxed, and the
| ayers split. The organic |ayer wag

Q

Step A

[0124] A round-bottom flask was charged with compound 6 (4.23 g, 9.94 mmol, 1 eq)
and THF (60 mL). Triethylamine (6.92 mL, 49.7 mmol, 5.0 eq) and benzyl chloroformate
(1.54 mL, 10.93 mmol, 1.1 eq) were added and the mixture was stirred for 1 hour at rt. The
reaction mixture was partitioned between saturated aqueous bicarbonate (100 mL) and EtOAc
(100 mL). The phases were separated and the organics were dried (Na;SQO,4) and concentrated
to dryness. The crude material was purified using silica gel flash chromatography

(EtOAc/Hexanes 2:98->14:86) to give 3.75g of material.
Step B
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col l ected, washed with brine (30 m), dried over

sodium sul fate, and concentrated to a white residue.
wab@sosde product was purified by silica gel PCEHER2007/088990

chr omat ogr aphy (ether/hexanes 2:3 - 1:1) to give 235

ng of 3-beta alcohol 27. Step CHH Coo NONH -H

"Cbz H2, Pd H"H C~A H HO HO1" H 27 25 [0126]

Compound 27 (235 ng, 0.42 mmol, 1 eq) was dissolved in

EtOAc (7 ml) ina flask wth stir bar and rubber

septum The sol utionymas sparged with nltrg , and
Pd/ C 10% (wet, Al rNegussa type EI O BNag)  was
added. This m I S S pHFioket wi t and

t hen hydrog Hand stirred at 3h. The

m xture was A sparged wth nntregert, filtered

thr ough a 0. 4§ m el yet hyl ene menbr ane 2and

b

7 RRt A3 st SR Sisprm YR Rt ey Pk Bltey oo

mmG]. 5324974 (SQCDW& tﬁaa&a wath sbéiugi boeohldideng4 alg, €.oFaiond . 2é&y),
i.te . = 4 m 0

stinSg 6515 84b a0 BT Fesestiy | Sa oot iuinh @ b o LTenaps qopme
0. 54an(f:igl &'@quvgs&dd@f et e Hitture Qals@rdN foHl h GRZthkn Reneatts itdWater
(50 ml) and Elt_|0£|c (50 ml) wlé're a((?dflz_dD mixed, and the layers split. The organic layer was
collected, washed with brine (30 ml), dried over sodium sulfate, and concentrated to a white
residue. The crude product was purified by silica gel flash chromatography (ether/hexanes

2:3->1:1) to give 235 mg of 3-beta alcohol 27.
Step C

[0126] Compound 27 (235 mg, 0.42 mmol, 1 eq) was dissolved in EtOAc (7 ml) in a
flask with stir bar and rubber septum. The solution was sparged with nitrogen, and Pd/C 10%
(wet,Aldrich Degussa type E101, 50 mg) was added. This mixture was sparged with nitrogen
and then hydrogen gas and stirred at rt for 3h. The mixture was then sparged with nitrogen,
filtered through a 0.45 um polyethylene membrane and concentrated to a clear oil. The oil was
purified by silica gel flash chromatography (NH4OH(aq)/MeOH/DCM
0.5:2:97.520.5:6:93.5) to give 130 mg of compound 25 as a white powder. ((M+H] = 427.4

m/z)
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26 29 [0127] A THE solution (10 m) of ketone 26 (300

nmg, 0.54 mmol, 1 eq) at -78 Cwas treated with
wK2®8/08288 | de(r) (Potassiumtri-sec-butyl bor ohpC¥/Us)7/088990

(0.58 M, 0.58 mmol, 1.1 eq) and stirred for 60 mn.

Met hanol (1 ml) was added and the solution warnmed to

rt. Water (50 nml) and Et OAc (50 nml) were added,

m xed, and the layers split. The organic |ayer was

washed with brine (30 m gy eid gf over sodium sul fate,

and concentrated to a white residue. The crude

product was purified by silica gel<flash

chromat ogr aphy (Ether/Hexanes 243 J: 14) to give 170

ng of pure 3-al pha al cohol StEp*B HH O N ONH H

'"H'Cbz H2, Pd H'"HHH HO~ 29 28 [0128] Conpound

29 (170 ng, 0.30 mmol, tp Rwas di ssolved in EtOAc (5

m) ina flask with §%ir#bar and rubber septum The

sol ution was sparged with nitgogen, and Pd/ C 10%

(wet, Aldrich Degussa type A, 35 ng) was added.

BtEpsA m xture was sparged with nitrogen and then

hydrogen gas and stirred at rt for 3h. The mxture was

then sparged with nitrogen, filtered throygh, a 0.45 m

pol yet hyl ene ne ageyahd concentrat ed\t-qfay-el ear oil.

The oi | was i i g by sixlsicgae gel : e

chr omat ogr a MEOH( aq) / MeOH/ D 31

PCT/ US2007/; 190 0.5:2:97.5-0,56493.5) to afford 76

my of conpound' 28 @s a white powder "([ MrH = 427.4

rﬂz.ExarHJIelﬁH ON "HH HH MO H 30 StngA
H E0127] A THF solution (10 ml) of ketone 26 (300 mg, 0.54 mmol, 1 eq) at -78 °C was
treated with K-Selectride® (Potassium tri-sec-butylborohydride) (0.58 ml, 0.58 mmol, 1.1 eq)

and stirred for 60 min. Methanol (1 ml) was added and the solution warmed to rt. Water (50
ml) and EtOAc (50 ml) were added, mixed, and the layers split. The organic layer was washed
with brine (30 ml), dried over sodium sulfate, and concentrated to a white residue. The crude
product was purified by silica gel flash chromatography (Ether/Hexanes 2:3->1:14) to give
170 mg of pure 3-alpha alcohol 29.

Step B

[0128] Compound 29 (170 mg, 0.30 mmol, 1 eq) was dissolved in EtOAc (5 ml) in a
flask with stir bar and rubber septum. The solution was sparged with nitrogen, and Pd/C 10%
(wet, Aldrich Degussa type E101, 35 mg) was added. This mixture was sparged with nitrogen
and then hydrogen gas and stirred at rt for 3h. The mixture was then sparged with nitrogen,
filtered through a 0.45 um polyethylene membrane and concentrated to a clear oil. The oil was

purified by silica gel flash chromatography (NH4OH(aq)/MeOH/DCM
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OH Cbz 2SO O'"'"HCbz HHHH HO MO HHZ27 31

[0129] Conpound 27 (100 ng, 0.18 mmol, 1 eq) wth
wWhe0w3psu8 et hyl anmmoni um chloride (8 ng, 0.36 PEDUS2007/@88990

eq) was dissolved in DCM (5 m) and stirred vigorously

with dinethyl sulfate (130 L, 1.43 nmol, 8 eq) and

50% aqueous potassi um hydroxide (0.5 m) at rt for

18h. The mi xture was partitioned between water (30 ni)

0.5:896 SS(QA@ o8. §gto'£!ff))rd '%r}gg Bﬁ&mp@ﬁm £ VM@ fpoW@@r ( 1\@-@[@] =427.4

washed W th brine, dried over sodiumsulfate, and
m/zgoncentrated to a clear oil. The crude ether was

purified by silica gel flash,ghjenatography

(Et her/ Hexanes 3:7-9:113 r&ﬁgTVe 75 nmg of the nethyl

ether as a clear oil. Step BHH, QN H HH Cbhz H2,
Pd HH Me( MeO' H 31 30 [0130] (Snpound 31 (66 ny,
0.115 mmol, 1 eq) was dissol FOHREtOAC (5 mM) in a
flask with stir bar and p—septum The sol ution
was sparged with nltro € ‘5 d Pd/C 10% (wet, Aldrich
Degussa type El 01, 20Yfrg) wmas added. This m xture was
sparged with nitrogen and then hydrogen gas and
stirred at rt for 3h. The m Xture was then sparged
WitdpA ni t rogen, filtered through a 0.45 m pol yet hyl ene

menbrane and concentrated to a clear oil. The oil was
52 WD 2008/ 083248 PCTH S 007/088990 puri fi/ed by
silica gel flash °”=, ¥ ( NHAOHS aq) TWeOH DCM
0.5:2:97.5-0.5: 65¢ nglve 22 my @af {pbdfd 30 as
a white powdert ¥ = 441, 4 dnple 17 H 0
N "HH H.g MeQ'

H H

27 31

[0129] Compound 27 (100 mg, 0.18 mmol, 1 eq) with benzyltriethylammonium
chloride (8 mg, 0.36 mmol, 0.2 eq) was dissolved in DCM (5 ml) and stirred vigorously with
dimethyl sulfate (130 uL, 1.43 mmol, 8 eq) and 50% aqueous potassium hydroxide (0.5 ml) at
rt for 18h. The mixture was partitioned between water (30 ml) and EtOAc (30 ml), and the
organic layer was then washed with brine, dried over sodium sulfate, and concentrated to a
clear oil. The crude ether was purified by silica gel flash chromatography (Ether/Hexanes
3:729:113) to give 75 mg of the methyl ether as a clear oil.

Step B

[0130] Compound 31 (66 mg, 0.115 mmol, 1 eq) was dissolved in EtOAc (5 ml) in a
flask with stir bar and rubber septum. The solution was sparged with nitrogen, and Pd/C 10%
(wet, Aldrich Degussa type E101, 20 mg) was added. This mixture was sparged with nitrogen
and then hydrogen gas and stirred at rt for 3h. The mixture was then sparged with nitrogen,

filtered through a 0.45 um polyethylene membrane and concentrated to a clear oil. The oil was
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H32 Step AHH ONON "H'Cbz Ac20, DVAP, DI PEA
'"H'"Cbz HH HH HOB AcO 27 H 33 [0131] Conpound 27
W@ 1@8/081348 0. 18 nmol , 1 eq) was di ssol ved i n DOMT/BS190)/088990
and 4- di nmet hyl am nopyridine (4 ng, 0.35 mmol, 0.2
eq), N, N-diisopropylethylamne (0.15 m, 0.9 nmol, 5
eq), and acetic anhydride (0.070 m, 0.72 mol, 4 eq)
were added. After stirring for 12h at rt, the
puri?i@él by Liféh é@?ﬁasﬁ‘éhi_’o&naﬁ%ﬁﬁﬁf fNIEJdPﬁQq)QﬁQOH}ﬁCI@n d 5%
aqueous sodi um bi carbonate (15 m ). The organic |ayer
0.5: %83 SvesTied3 M torgivsr22reg ofchopgpgunshadras g oeiita wpwdar{ AvleH] arddl.4
m/zgoncentrat ed to a clear oil. The crude ester was
purified by silica gel chromatography (Ether/Hexanes
3:7-9:113) to give 100 ngExdmplhe/ ester as a clear oil.
Step BHH ONONH H'H'Coz 2, PdA H HHH Ac(
AcC H 33 32 [0132] Conpound \100 ng, 0.18 mmol, 1
eq) was dissolved in Et OAc "N‘Hi na flask with
stir bar and rubber septu ol uti on was sparged
with nitrogen, and Pd/ A (wet, Aldrich Degussa
type EI 01, 20 ng) was" . This m xture was sparged
with nitrogen and then thdrogen gas and stirred at rt
for 3h. The m xture was then3ksparged with nitrogen, 53
2008/ 083248 PCT/ US2007/ 088990 filtered through a
€
. m pol yet hyl ene nmenbrane and concentrated to a
clear oil. The oil was purified by silica gel Jlash
chr omat ogr aphy (NHAQH(aq) / MeOH DCM
0.5:2:97.5-0. 5: 9. B)"ct,0nc@i wie>. &a Mg OF Dotith-32 as
a white powds = 469.4 nlz), yEkgnpt e 18

33

[0131] Compound 27 (100 mg, 0.18 mmol, 1 eq) was dissolved in DCM (5 ml), and 4-

dimethylaminopyridine (4 mg, 0.35 mmol, 0.2 eq), N,N-diisopropylethylamine (0.15 ml, 0.9
mmol, 5 eq), and acetic anhydride (0.070 ml, 0.72 mmol, 4 eq) were added. After stirring for
12h at rt, the solution was split between EtOAc (30 ml) and 5% aqueous sodium bicarbonate
(15 ml). The organic layer was washed with brine, dried over sodium sulfate, and
concentrated to a clear oil. The crude ester was purified by silica gel chromatography

(Ether/Hexanes 3:7-2>9:113) to give 100 mg of the ester as a clear oil.
Step B

[0132] Compound 33 (100 mg, 0.18 mmol, 1 eq) was dissolved in EtOAc (5 ml) in a
flask with stir bar and rubber septum. The solution was sparged with nitrogen, and Pd/C 10%
(wet, Aldrich Degussa type E101, 20 mg) was added. This mixture was sparged with nitrogen

and then hydrogen gas and stirred at rt for 3h. The mixture was then sparged with nitrogen,
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H ON "HH HHH Mo H 34 [0133] Conpound 34 was

synt hesi zed according to the procedure described in
W@@RP083x48.6, usi ng conpound 29 in place of conpOUEs2087088990

([MH] = 441.4 mMz). Exanple 19 H ON HH HF H

ArO H 35 [0134] Conpound 34 was synt hesized accordi ng

to the procedure described in exanple 17, using

compound 29 in place of conmpound 27. M ([ MtH] 469. 4
filtefgdztplrou gg C'ZIPQ) déth Qn emlﬁlralﬁle alll_& (E)Incéﬂtrat!_@td\& él'erﬁ’% lsﬁle\% was

2008/ 083248 S2007/ 088990 Step H bz
puriKER )b K@ geO 14kl ciymatdgraghOATH D H(aq)/ MeOH/ DCM

0.5:2:97.520.5:6:93.5) to give 45 mg of compound 32 as a white powder ( [M+H] = 469.4

m/z).

Example 18

34
[0133] Compound 34 was synthesized according to the procedure described in

example 16, using compound 29 in place of compound 27. ((M+H ] = 441.4 m/z).
Example 19

35
[0134] Compound 34 was synthesized according to the procedure described in

example 17, using compound 29 in place of compound 27. MS ([M+H] = 469.4 m/z)
Example 20
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HH OHHONH H26 H 37 [0135] An ethanol solution
(5 M) of conpound 26 (185 ng, 0.3 mml, 1 eq) was
W@ e@angxt4svi t h hydr oxyl ami ne hydrochl ori de (140P@yUSR07/088990
nmmol, 6 eq), sodiumacetate (160 ng, 2 nmol, 6 eq),
and water (0.5 nL), and the m xture was stirred at rt
for 1 hr. The m xture was split between Et QAc and
wat er (50 nL each). The organic | ayer was washed with
Redpne (30 mni), dried over sodiumsulfate, and
concentrat ed to a white residue. The crude product was
purified by silica ggl Chr omat ography (et herf hexanes
2:3 - 1:1) to give 188 [

NON 'H' copPHPHER Na OAC |H1s|>z HOB
HO. NH N H 5>-40236] CBrfpound 0.113

CSo

mol ) was di j8d in Et OAc (f. Haflask with
stir bar arfd tubbes septum The ol uti ow was spar ged

£1 #138b 5 285 S0l Ba piseehi 1 0S8 o D o VRS

treafédtvﬁﬁhg@ﬂroxﬂaﬂufe e dcotBiciRIEN0 BAS2 @], Slely, k@Burdacetdte {160 mg, 2
The m xture was then sparged Wit h ni trogen,

mnph. e g VHPGOGHI . A5 WIAIBE Jat HTedAs it e His e was

spliCRRGRAHIGALEnd Ratdr 60 8RS eabh)l Theldd8and Tayddaidns whRlHel fWi@briBY (30
silica gel flash chromatography (NH4C]—|(§aq / MeOH DCM

mL)y dgedovgysadivm sHigteg@dmpneegirgfpd, @ apghifpgesiduec ioPraBicagas
puniﬁg%@rrﬂé §r1§ca0é?:‘f\aﬁ5mat@g%%; (Hﬁlgr/l%fxa&% 5 S—ﬁpg) b fﬁ/@sl 9%ﬁgmﬁlox1‘mﬁ 37.

IQEE@OHH HNJ OH3855

—N,

“H CbzNH,OH-HCI
_—

NaOAc

37

[0136] Compound 37 (65 mg, 0.113 mmol) was dissolved in EtOAc (7 ml) in a flask

with stir bar and rubber septum. The solution was sparged with nitrogen, and Pd/C 10%
(wet,Aldrich Degussa type E101, 20 mg) was added. This mixture was sparged with nitrogen
and then hydrogen gas and stirred at rt for 3h. The mixture was then sparged with nitrogen,
filtered through a 0.45 um polyethylene membrane and concentrated to a clear oil. The oil was
purified by silica gel flash chromatography (NH,OH(aq)/MeOH/DCM
0.5:2:97.520.5:6:93.5) to give 15 mg of compound 36 as a white powder, a mixture of cis

and trans oxime isomers { [M+H] = 440.3 m/z).

Example 21
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WD 2008/ 083248 PCT/ US2007/088990 Step AHH O

CozHNI . 1 CO2H O HCbz DVAP, DICH Cbz HH F H OFi
wodogogImg O, H 27 H 39 [0137] Conpound 27 (42rPEmyUS2007/088990

0.075 mml, 1 eq) was dissolved in DCM (5 m), and 4-

di met hyl am nopyridine (2 ng, 0.02 mmol, 0.2 eq), N Cbz

glycine (23 ng, 0.110 nmol, 1.5 eq), and

di i sopropyl carbodiimde (0.023 m, 0.150 mml, 2 eq)

Weles added. After stirring for 12h at rt, the

o ution was split between EtQAc (30 m) and 5%

aqueous sodi um bicarbqnate (15 ml). The organic | ayer

was washed with\br e dlquwC@Ver sodi um subtate, and

concentrated to/a ¢ %

purified by -‘ﬂ 2 gI flash chromat ag

(et her/ hex

d9 073 © 1:1) toogiwel 36 Hgof the est
as a cledl 0|H5‘at7ep B H %—I ooﬁ\égl\l\f’ HH bz ﬁQengr
G4~ HH H2N~0, H 39 H 38 [0138]
lﬁ‘l;’a‘é7h9°1@9°"(n§§§ %mgaf Qﬂé el | eq) v lisielseddp Gotpl; ¢pd 4-
dimEth (i B)i_lm-tﬂe M@ 0.0b 3Rk, o ), Nt('l‘tfz g@ﬁﬁneﬁ@ﬁm@u@bmmmol 1.5

septum The sol uti on was ar ge ni trogen, and
cq).pad diisppoppyicareediinnigs (0cR3 B@g(gé-i(anmybé eff] w¥re adsfyd pyfferiiaming for
12h %gﬁi ecﬁie solioR whs )§]S1H HEWEBY ERI [E6 gﬂy\ﬂn‘ﬂ% Wécfu@&g%gdluﬁ%‘fjcarbonate

hen hydrogen gas and stirred at .
(15 ml)x The ergoms lay¢reras syalregerd thiirtng, dyietl pwéﬁdlumfsulfate raedl
y . A

contARBUD iy OF TERBIAEL O RIBLTENEY G At cromatpepaphy
(ethgi/eixarges 8> F:Das Igive 36 orgpdfolgr axphys { Nt OH( aq) / MeOH DCM

%.tGS: :97.5-0.5:6:93.5) to give 17 ng of the desire

ct as a white povvder ( [MtH _ 452.4 nml z).
Example 22 H ON

[0138] Compound 39 (235 mg, 0.42 mmol, 1 eq) was dissolved in EtOAc (7 mL) in a
flask with stir bar and rubber septum. The solution was sparged with nitrogen, and Pd/C 10%
(wet,Aldrich Degussa type E101, 50 mg) was added. This mixture was sparged with nitrogen
and then hydrogen gas and stirred at rt for 3h. The mixture was then sparged with nitrogen,
filtered through a 0.45 um polyethylene membrane and concentrated to a clear oil. The oil was
purified by silica gel flash chromatography (NH4OH(aq)/MeOH/DCM
0.5:2:97.5>0.5:6:93.5) to give 17 mg of the desire product as a white powder ( [M+H] =
452.4 m/z).

Example 22
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OF FI  H NvxO H 56 WO 2008/ 083248 PCT/ US2007/ 088990
40 [0139] Conpound 40 was synt hesi zed according to the
wWpe@sesiaee described in exanple 21, using conpOUOs2029088990
in place of conpound 27. ([M+H = 452.4 nliz) Exanple
23H ON, ~O HHH HOHA41 [0140] Conpound 41
was synt hesi zed according to the procedure descri bed
in exanple 10, using N (2-oxoethyl)-2-phenyl acet am de
in place of N-(2-oxoethyl)acgjamde. ([MH = 587.7
mz). Exanple 24 H ONH H HOH OHHA42 Step AH
H [@3R Eompound 40 wap synthesigadgiccorttma to the @rpeedyr despgitng i

exallﬁlpl'élﬂ,'_&dél%l(l)m[ﬁl)und 29 in place of compound 27. ((M+H] = 452.4 m/z)

Example 23

41
[0140] Compound 41 was synthesized according to the procedure described in
example 10, using N-(2-oxoethyl)-2-phenylacetamide in place of N-(2-oxoethyl)acetamide.
(IM+H] = 587.7 m/z).

Example 24

Step A

[0141] A round-bottom flask was charged with alcohol 29 (7.60 g, 13.53 mmol, 1 eq)
and was dissolved in DCM (115 mL). The reaction was charged with triethylamine (8.21 g, 81
mmol, 6.0 eq). The mixture was cooled to 0°C and charged with methanesulfonylchloride
(1.86 g, 16.2 mmol, 1.2 eq). After 30 min, the reaction mixture was partitioned between a
saturated aqueous solution of sodium bicarbonate and EtOAc. The organic layer was

separated, dried over sodium sulfate and concentrated to dryness. The residue was purified
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29 43 [0141] A round-bottom flask was charged with
al cohol 29 (7.60 g, 13.53 mml, 1 eq) and was
wWa@le@sos3zesl i n DCM (115 nlL). The reacti on was CPEI/Gsu07/088990
with triethylamne (8.21 g, 81 mvol, 6.0 eq). The
m xture was cooled to 0 C and charged with
nmet hanesul fonyl chloride (1.86 g, 16.2 mol, 1.2 eq).
After 30 min, the reaction mxture was partitioned
usi %Ilfe@ € fRsh giﬁ‘&rﬁz!t%r%yqﬁﬂf@éﬁex%ﬁgs l—ib'—? ns %S ga%@%el'ﬂ@slred material
i car bonate and The organic | ayer was
mesgWigar at ed, dried over sodium sul fate and concentrated
0 f
pel B3 8 5 TS &, M P it PGl O RREPRRRAS <o
and phas dmlv:eglrimp@]yﬂ(@m&&w Heheapaston] @as-ch2iof weth vedivth@zide (4.62 g,

. S ST JIFEY e L2 O P e

mixmaovas theregpledamd ammmaagessmthv\wderl ﬁhdiﬁixmre ohs {OkPWforBAenin. The
mixE\f]r(r%Yvas @peéf\:l? S grhV%é ed éﬁ%%lh‘iﬂ Odrﬁgrgn H r1ﬁ%g %{dﬁ}zsgg%es?t?l% 'w:1Lthout

pnﬁ&mmhadmémmaképh The reaction mxture was then cool ed
to rt and charged with water. The m xture was stirred
£ O mn. The mxture was filtered under vacuum
rinsed with water and air dried and used dlrectly
MAthOUt purificatis
ON "H' bz 1 PR3 M, Chz H 2. MsCl, FEA PRIG, H H
HN Ol IN Aﬂ‘ 431" 2vspiatnd- bott
charged wit de 43 (8.35 g, 14

N%S added. The rea€f Wb We's t hen char ged

mﬁth triphenylphesphlne (11.2 g, "42. a4 mrol, 3.0 eq)

ed t .and stirred for_20
ThEo Pt brh o SR Rin £ e derna i Bao0gaS (5 1 Smatiul 1 co
and snpiPV(em me@s/;&ﬂedu IOE Fea¥ @GLikiAR théﬁr&arrg%bvdhl mmaﬁylﬁnoe&nne (11.2
g silica gel flash chronatq?gap 10% -

sin
& 4%6%mq103 %F‘l)oT]EF lflﬁéﬂ%ﬁ‘f%]éeate{im&(h %drséﬁ%f%%@ bolhereagiqn
mixWRS waBEDQBD1M S R ahd e 3OVER rdifovid uﬂder 928N MRY residucgfilified

and was di ssolved in DCM (60 mL The reaction was

usméﬁaxcg el flash ehramaography YRS PDEM Hfh s e tosffgs! the amiges
mT%l44PAQoﬁﬂl)bottEﬁﬁ]a§1 %Ewlﬁr%é@%ltﬁ% a@ané 8 1@ gC9 @Q gnmol leq)

charged wi th net hanesul fon hl ori de
and yygp Hissopved ie M &Otnelp). Blge Iifﬁmml @gs changed Wl@d‘éN on m xt ure

duséé@é%ﬂﬁ }1&&1%18 gﬁ&’gb% a5 ‘S%%H 125 5ah Al BfkoAIUROLSHIEAb BE & QR

1'um
charged with methanesulfonylchlonde (2.08 g, 18.2 mmol, 2.0 eq). After 30 minutes, the

reaction mixture was partitioned between a saturated aqueous solution of sodium bicarbonate
and EtOAc. The organic layer was collected, dried over sodium sulfate and concentrated to
dryness. The residue was purified using silica gel flash chromatography (EtOAc/hexanes 10
- 30%) to afford the Cbz protected methanesulfonamide.
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and Et QAc. The organic | ayer was coll ected, dried over
sodium sul fate and concentrated to dryness. The

WO e®Bage248vas purified using silica gel flash PCT/US2007/088990
chromat ogr aphy ( Et OAc/ hexanes 10 30% to afford the
Cbz protected net hanesul fonam de. 58 WO 2008/ 083248
PCT/ US2007/ 088990 Step CHH ONONH "H Cbz HHy
PAH 0O0~_H SI ~S OHHHHA44 42 [0145] A

E@#%g-botton1flask was charged with the Cbz protected
methanesul fonam de (5.37 g, 8.41 nmml, 1 eq) and 10%

pal | adi um on carbon (1.0{g). The solids were, s§spended
in 2-propanol (50 The suspension ma‘ pbdced under
hydr ogen at nospherg apdite nmixture wa ‘ed for 4

h at 25 C. The-yd4
Cellte(r)~aﬂq‘m@"flltrate concedt ey %o dryness.
The resi due Masrthen purified using siHica gel flash

chr omat ography (DCWI MeOH 0 - 5% to aff®rd the desired

2 bS] e Rl Ueeen B TR B R

(5.3HgHB.4 Hanlol, €y) Dd2Wde pdlRdid ] onRerboy $t.@k). i Thedolidsolenpanpanded

. 2. 07 i s.charged t.o an iately sized
in20ginepoidho o SRtrmPn R RIaRies R Frtoint B rbp g e
mixarsa%zs s(t1?reg gcg)4 .h de2pat. hke i’l’fflibtl’lﬁl Iﬁﬂxuﬁ@nw@s) then ﬁlﬂﬁecﬂbﬂ“@el(t@% #nd the
, are adde ntially. The su nsion.is r
fﬂ“ir‘rtg consentraggsiAo gﬂneﬁg the&B%%‘lf W4 tfe%rpéeﬁ%ﬁ écaé%]é?asgg
chrdthdibilr@hy (BERPMBOHLS 9B BhafTald th@(ﬂ‘&@ﬁécﬁﬁrbd&t el ev=4856 m/z.
The reactian n1xture |s stirred at 40C for 90
lierpag Lt AR te | s maintai ned while nethano
(26.4 g) is slowy added to the reaction mxture. The
resulting suspension is cooled to roomtenperature
and stirred for at |east 15 hours. The crude product
is collected by [fi ation and rinsed wi th nethanol

(5 g). The white _oH s drdpsdpUpglas vacuumto a
const ant “H EtOAc, 40°C

Y

[0146] Recrystallized cyclopamine (2.07 g) is charged to an appropriately sized
reaction vessel and placed under an inert atmosphere. EtOAc (7.6 g), triethylamine (1.53 g),
and DMAP (307 mg) are added sequentially. The suspension is warmed to 40°C. Cbz-OBt is
added in three portions over 90 minutes, keeping the internal temperature below 45°C. The
reaction mixture is stirred at 40°C for 90 minutes. The temperature is maintained while
methanol (26.4 g) is slowly added to the reaction mixture. The resulting suspension is cooled
to room temperature and stirred for at least 15 hours. The crude product is collected by
filtration and rinsed with methanol (5 g). The white solid is dried under vacuum to a constant
weight and recrystallized from heptane (30.3 g) and toluene (3.2 g) to afford Compound 24a
(3.0 g).
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wei ght and recrystallized from heptane (30.3 g) and

toluene (3.2 g) to afford Conpound 24a (3.0 g). 59 WO
wQop8NeRreR48 PCT/ US2007/088990 H H OBn O O RERUS2007/088990

ArQ2P(O znCH1 '"HODCM 27-C=N O1 HH> _- O H

Then MsOH, -40C O _ = BnOOBn = Fi Fi H H Bno kO \

O-O\ 24a 24b [0147] Solid bis(2,6-dinethyl phenyl)

hydr ogenphosphat e and 24a are pre-dried and placed

under a nitrogen atnosphere. Neat diethyl zinc (722

ng) is charged to ap~appropriately sized reaction H

vessel containi ngH MWL g A tions of the

phosphate (1.83 § m% g%'Aan:z g?m’%ﬁhgszﬁgo (1. 34 ]
Sequent i al Ly, 8t .0k “bel ow 2

Dii odo t ha 8 9g) is charge and theore

sti rreéi at Br 4-6 hours. The react IBQJ"HLI

to - a sol ution of nethanesul fonic acidlnDCM

(566 ng i 4.5 g) is charged. After 15 ninutes,24b

rm '[(ﬂh?] 5O1R1 Hisk2 ngl-mQ;hylbl@en?ﬁ ‘ﬁ?@fo ?h&sbﬁht@hﬁﬁtm%re‘ Pre- I'(%ned and

lowed to warmto room erature overni ght

Plac@fl Yadsr & njtepgery atmgsnRgks hlent tiwlb/ zipg (/32 p19) H@lhar@zd tp ap3pgropyjately
suet(i ?(%)@Uorﬁ%géé?wn'ta?& dé/ DW @ (f"g)SDM/I s@hﬁf&gé Ufrﬁlé:g{ V\Pxﬁ (grSS r% in17.9

aq % sodi um sul fTte (aq), and 4
g) apd BI63g0%4 ¢ 8Y £ iMhé goprgandad Sbwetrlallygt oiregaty 2F 1(. Daipdeinethane

(1 53%5‘&%&%& g € reactlgn mqmg{i %t%e@f 4t (!']houkﬁs OPﬁeOIQ?c{t}gh 1s(c%oled to

uct 1s crystallized fromsolution
-45%] anvllaadldtlbn omafanged foain @tid if PCRI @po6 nigiih i Seh) usmhlaxglecﬂ hAﬁer 15

mlntqt?%?}ia Sh 11n% QSﬂ 1% a&?éd a}qﬂgp drgﬁbféglsﬁ&f or 1 03 t(gro%Bl 24b
tempT@ZiR/ dvBYAj ghRThe bigahic ChyBini® whished twice w1th 2N HCl (2 x 13.6 g) then
sequentially with 4.8 wt % sodium carbonate (aq), 4.8 wt% sodium sulfite (aq), and 4.8 wt%

brine (13.6 g each). The organic layer is dried, filtered, concentrated to 4 g and diluted with
isopropanol (4 g). The product is crystallized from solution by the slow addition of methanol
(9.3 g). Filtration with a methanol rinse (2.6 g) and drying afford 1.09 g of 24b (79% isolated
yield).

‘",

Ha, Pd(C),
PhCHa/IPA, RT

24b
[0148] Johnson Matthey Pd/C catalyst A-305038-5 (890 mg) is charged to an

appropriately sized reaction vessel, followed by 24b (2.24 g). The reaction vessel is purged
with N and toluene (21.8 g) and 2-propanol (6.7 g) are added sequentially. The system is
degassed and placed under a nitrogen atmosphere, and the process is repeated with hydrogen.
The system is stirred vigorously and the hydrogen blanket is maintained at one atmosphere for

4-5 hours. The reaction is monitor by either TLC or HPLC. If incomplete, the reaction is

60



POHHHH BnO O\ HO 24b 24c [0148] Johnson
Mat t hey Pd/ C catal yst A-305038-5 (890 ng) is charged

WO 2008/08328ppr opri ately sized reaction vessel, fRCT/O8207/088990
by 24b (2.24 g). The reaction vessel is purged wth
N2 and toluene (21.8 g) and 2-propanol (6.7 g) are
added sequentially. The systemis degassed and pl aced
under a nitrogen atnosphere, and the process is

1ner[e@P§ﬁItf%Qal%ttaE/sh¥ﬁj§ ﬁgﬁ@ chargéale arRRL ﬁ}mr(’)g%n %Iﬂl&s?l’?éiie 1S returned for
igorously a drogen bl anket is mai ntai ned

anowﬁrehoat nﬁhplh@qdeanflm (12&115%) hotharged Thibthe @uxbieorns |S%rr¢ﬂfﬁr ti) r

s o ST L D RTRL 10

rinsere camorfaSandby s (LG b AgBRiluc T IRized from

toluE%/eg@?g %g%ﬁﬁl[al{é?tzigp ?fg) %%o L orcll_iI g[l]c(:% éa{vgt{étg A tﬂ?ﬁ soh Qt% rgé98%

yieldgas stirred for 15 mnutes. The catalyst i's reaned
by filtration with a toluene:IPA (3:1) rinse. The
filtrate and rinses are concentrated and sol vent
exchanged to tol uene, he¢ product is crystallized fro
toluene (19.0 g ang pept)ane (18.0 g) to afford 24c as

a white crystal N 4RH (1. 340G 98K yi el d) .

NH Al (O Bub6 t~(HH Tol ugn&ne. %;gﬁ HF HF-
HO O 24c 24d ic (644 ng) I's charged_tyo
appropri g ﬁed reacti on vessel followed ¢t
alumn { oxi de (525 ny), toluene (8

vol ), "and 2-butanone (7.83 g, 15 vol). The contents
of the flask are degassed with evacuation/nitrogen
purge cycles t@4eenpve oxygen and the reaction 24d

m i S ated at 75C with vj rous sti.rri
T DR 2P R el s omtonfp R e rer it it it by
alurﬁ)ﬁlulﬂfﬂlbﬁtbbdﬁle Roshed)| ©lusns@l 3 o 25 Goly ahd12-bltador@ (W8S Y )5 \and The
m xture vigorously stirred for one hour at 45 C

Cont?ﬁté Oa@fﬁ @Bﬂ%ar%\ﬁ‘“cgaﬁ% Hih @V%C&%ianémaqgén PYEH SYCHS dQremppig oxygen
and FUELHSn h@b{% 1d [fealRad aky £ W1@th1§§)¢01l\éﬁsﬁllﬂm 6 6118 HRuRS The
toluenwﬁ& %, and Et OAc ﬁ The organic |ayers
reacfipp iscy ﬁéd%W@qWOPhRP?hé fs RYERE |g|vé 1¢3 gayager) and the
m1x§19cl, Hg&%ﬁkl& &irRd9or dn@ hELQr 848 °(\fva'h?ere) uéhid aﬁ&‘&gaﬁ% fa erd@feer

he resul ti ng organic ayer ried over
sepa:r@i@kil uThesaaWa@ éiyérlls bckgxtractqd widy aalixterp df ©bxee@tY ftaad EiQic

9 T MO BB S0, K S50 .
in 188¢ Wah@hartdgpma\m]@l (v&‘t_er?(l@ﬂ 2). Thlee resulting organic layer is dried over
sodium sulfate (1.97 g), filtered, and concentrated in vacuo. The product is crystallized via a
charge and concentration solvent exchange first to [PA (6.5 g) and then Heptane (7.7 g). The
thick heptane slurry (~2.7 g) is stirred overnight and solids are collected by filtration. Vacuum

drying affords 24d (550 mg) in an 85% yield.
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thick heptane slurry (-2.7 g) is stirred overni ght and

solids are collected by filtration. Vacuum drying
w@Ldosns424d (550 ng) in an 85%yield. 61 WO PCT/US2007/088990

2008/ 083248 PCT/ US2007/088990 H H O NH 1. H2, Pd(CQ)),

3 Picoline; O NHZ H2C H 2. Citric acid, ACNwater HH

pOR2COH H CO2H Fi HHH O O 24d 24e [0150] The enone

24d (459 ng) and Johnson- Matthey 5% pal | adi um on

carbon (A503023-5, 101 ng) are charged to an

appropriately sized wul ti neck reaction vessel. '

vessel is purg M hni trogen and 3.pi coling O, "OC

is charged as S 'Ws it—&—pw—ng—» start K OCJ‘OH
t he vessel st degas%ékﬁf'c - MgVEIet r oge @ o COLH
stirredgOn hydrogen at atrmspheric : fe for 8

hours. Atk g end of the reaction, t
r enov&d by filtration through 0.2 m cronH medi a,
rinsing wi24d ACN (1.4 ni). The filtrate and rinddeare
CORPiSIP ghd Ehofte SA6AT0 higRGH 10 RS L5 pRRRAILA rbon
mechani cal stirring, an iInternal n”perature pr obe,
(AS8HB3a, Mt mprpsn chargrdsp Merppropiaeb| Smed orltpheckirgaction epssedl The

Vess\%gi'ss glé%)e% %vﬂlé‘rp@{)g £n%£g%g31)ne éf % g’r@ %@ge gats ?léetsjg eﬁte 1'11%&

startstl awl the gesyeltiafilsi @gas‘schmngSfmﬂngen @md then $th®dcu|r1¢1¢rdw@og<all at

atmosghenc eprgsgurtg I'f]or;éul%:oturson D%}@ (%/ Stfl rera]c g)ﬁg&l%é%%é% is relinﬁv
filtr{tnthrohigh O. Aﬁh(&bn ohedin rtnsing h\ethcA(fN at. enﬂ)aﬂ"he fikrde,and sinse are

|, at . hydrate t 89.5% vyield
conpg33 5o five g 4oac b R iR Ha.anmﬁnx%gfwawre
protd) (A GBEéden abacdpldde. ADsdNitiolidf Htlﬂsz%lﬂ'g) in wiei@2Hhl) is charged

(0 U PO e at it Felp PTG ArrAPLEss B Al i o s op B Vsl fegrom

solu@ib® Rgth¥tikrBte 2alt ﬁ@t()r&)ﬂi ﬂﬁh 05@ VIGhe Qf ydiaBite b?odﬁctgg re8\@reliMy suction
sodi um car bonat e A so| ution of benzyl

fﬂtr%trﬂn&fl%fwa?hﬁ‘ﬁt“@thcwsq % }nl ﬁftzr PrEtngyhe etipERE rzé? bt A o0
hydfi®D (3LSw@sldedr) \h 8. 84 dkidid (19%2%&4;2 Reth a®Eratib @;t;ﬂr%ﬁinlg 9p;1i S

anbi ent tenperature for ours. When the reaction
is conplete, the stirring

J‘ CBzCl, Na,COs,

_———
OH 5 MeTHF/H,0
CO,H

24t

[0151] 24e (1.50 g) is charged to the appropriately sized reactor along with 2-
methyltetrahydrofuran (7.7 g) and 1M sodium carbonate (9.0 ml) A solution of benzyl
chloroformate (454 mg) in 2-methyltetrahydrofuran (300 mg) is added via addition funnel and
the reaction is ambient temperature for 1-2 hours. When the reaction is complete, the stirring
is stopped, the layers are separated and the organic layer is washed twice with water (2 x 6 g).

The organic layer is dried over of sodium sulfate (3 g), filtered and concentrated. Residual
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is stopped, the |l ayers are separated and the organic
| ayer is washed twice with water (2 x 6 g). The
W@r@ansx48 ayer is dried over of sodium sul f at ePCBU§I007/088990
filtered and concentrated. Residual 62 WO 2008/ 083248
PCT/ US2007/ 088990 water is reduced further by
concentration fromfresh 2-nethyltetrahydrofuran (6.5
g) and the material is transferred as solution in
wat@rqpbéQﬁ&HsfuIaleF’F} éﬁﬁk&%taﬁ@rhﬂgtﬁ Rlel @Hleﬁ&lt&tﬁ% &}@Kﬁran (6 5 g) and the
reaction. O N K-Sel ectride 63
matﬂlad)lszramf@m aS-SeEI(I,On H @lyc}npt(sgmﬂh@tqq@ilmwfumgo thf: miﬁgzqactlon
Commercial 1 MK-Selectride in THE (1.20 g) is charged -
to a dry reaction yyessel under a nitrogen atnosphere \

g) and cool ed 5@@ sofk-gelscype. of 24f (0. 4

|n2rrethylt ran ( bapTgp,, 65§then o
added tog n- gaction vessel to control the™n
tenper H.655C. The reaction is stj

hour s And haf med to - 20C over approxi mat'€l y 1 our and
stirred fo%‘f an additional hour. The reactl%

noni tored by HPLC and reactions that are inconplete

ar €0153} Commercinl & dMrfstedcorevn THE4HA0 g iopladrged to a dry reaction

SRR TR Kb Sy Skl 10
and abolecE(DG@fﬁ?d THSSApd 06 3104 p e o2 mehjflrﬁtmmdewful(am (D3 gg)s then
slov?g agc[ed l-t)(f lhg reagt%n.lsﬁsseptosc%lntrr(;lItlﬂ,ginter &l ttemgeratu?%at aggySe(E]t

rs are s e organi C
readtlaly BrStII‘I‘Sd fms thedks smﬂwmntedad» 42}0°®Vbtldi1 aﬂwb)aqia&guBhd\Iaﬁlrdl {ti2red for

on e o, BB ot el s el o iy o ae

drivelfi toe@dnPeibn $al iatdnisdal KakRctide. 8e @actidn ik G@anekkdan tbw

concentrate h r od 24 5
PR S F AR OF EDHRBEN YE08 G Shito e Eaat Tartwirogi:
perdx@RGh Wfér (1"1)41'!;) abbMeldw 5°CEQ1§1|1\|st1r@1§)\‘érﬂI@ﬁt :hhbl%@em&ratures
DCM O(S) HH (S H HO
The[lws%ﬂre SLPAI@ al(dlth%rggl)lc iagerclh ARGEE ssaveHiain wyarlgfh%qumNaOH &
ml) (olﬁwﬂaqgéo& NaXDAPRIPRAL BhB) (ﬁ nSlh Z&j‘ustécﬁ@‘atpm 3%@1&191@@ The
p ace under an inert at rmsgg ere and cooled to -

orgapgq layesyd diied peer(sodigm spifjte (G g)h%k@g@bﬁﬂfi@pn@me%ﬁ h@ n@duct 24g
(0.4§47 g S ﬁggdntcérﬁﬁtegffroﬂﬁbbm']@%) aH@Méed %Nhg lhé;g(f‘ea(:&gn’s ng) in

ydr ous

,,//

MsCl, Et,N,

DCM, -20°C

24h
[0153] 24g (1.36 g) is charged with anhydrous DCM (18.1 g) to an appropriately size

reaction vessel, place under an inert atmosphere and cooled to -20°C. Triethylamine (0.61 mg)
is charged followed by the slow addition of methanesulfonyl chloride (373 mg) in anhydrous
DCM (300 mg). The reaction is stirred for 1 hour at -20°C. The reaction is monitored by
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DCM (300 ng). The reaction is stirred for 1 hour at

-20C. The reaction is nonitored by 63 WO 2008/ 083248
WEQMsE2@07/ 088990 HPLC. | nconpl et e reacti onsPEF/ES2007/088990

driven to conpletion with additional nethanesul fonyl

chloride. Wien conplete, the reaction is quenched wth

water (13.6 g) and allowed to warm The | ayers are

separated and the organic layer is washed with 2.5 w %

HPIX® qhd&ﬁp@t&ﬁﬁ&%ﬂ@&r@ dr1(/@n?’co %oﬁﬁle Jtlhﬁﬂui’éﬁ&l%etﬂaligs@fog))l

The organic layer is dried over of sodiumsulfate (4

chlagide. Wher| qogipéate. therieactiomserercheddith Faer g ddu erd glsiwgd itpyyarm.
|
Thetl%ﬁs?iﬁ’&ﬁértaﬁg l?d?cgétﬂg %figa¥1c ygpﬁ%g&eﬁ t 205%}% 05di@h bRBbbRace

(13.8 gBadi thest Wiyter-(30.2 gh The Legiania fydr is-drigq q\H) omﬂrhum gifaeries),
f11te§'eil']8'vf lﬂ coﬁée%%régg% tTth%d%Hu%&*ﬁ %%ﬁ%t kgﬂ%ﬁgeegl\\}%{jrh%%g léXd ! EI

conee@BationHo GbGH! Iﬁethbzl@th'ei (16.9Fn1) ahil this O3 Nliméth@-3, 2. 8het@dhiydro-

015¢ Sodl har
PR £ S bend P Bk QU S R B ey
reacidtn (1. 46 g) |n DMPU (5.9 g) is charged to the
reaction vessel, rinsing wth additional DVMPU (1.9 R
g). The suspension js—Xfeated to 60C for 15 hours, N
mai nt ai ning a ' sweep for the entire reactiop
The reaction is fa }/,oogarrblmamg piewyper at ure and
diluted wit % g). The ggganict solutio
washed 3 # A h2%saI|ne(3x8g) deigd
sodium sl fate (4.4 g), filtered, and concent ;a 2d.
The pII\A(.S)%UCtHI s concentrated from THE (6. " g) Hand used
directly in thed4hext reaction. HH O N ON OBn Ph3R4i

THFOISﬁFgod%n(P amgle M?g%gr)] is clﬂar%ed It_(% al;|1 all_)lprlgprizll_t'eNy sgeg regct%%lveszséﬂ. The
solution of 24h (1.46 g) in DMPU (5.9 g) is charged to the reaction vessel, rinsing with

additional DMPU (1.9 g). The suspension is heated to 60°C for 15 hours, maintaining a
nitrogen sweep for the entire reaction. The reaction is cooled to ambient temperature and
diluted with MTBE (11.7 g). The organic solution is washed 3 times with 2% saline (3 x 8 g),
dried over sodium sulfate (4.4 g), filtered, and concentrated. The product is concentrated from

THF (6.4 g) and used directly in the next reaction.

PhsP, THF,
55°C

24i
[0155] The crude 24i (1.34 g) is dissolved and transferred to a suitably sized reaction

vessel with THF (12.6 g). Triphenylphosphine (0.70 g) and water (0.44 g) are charged and the

reaction is heated to 55°C for 15-24 hours. When complete, the reaction is cooled to ambient
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[0155] The crude 24i (1.34 g) is dissolved and

transferred to a suitably sized reaction vessel wth
wapEspdR4® g). Tri phenyl phosphine (0.70 g) andP@EU£2007/088990

(0.44 g) are charged and the reaction is heated to

55C for 15-24 hours. \Wen conplete, the reaction is

cooled to anbient 64 WO 2008/ 083248 PCT/ US2007/ 088990

tenperature, dried with magnesium sulfate (1.4 ),

temf)érﬁttn%r &5k aanth Iﬁ%ﬁ@ﬁ@ﬁl rs@l'fﬁg(l 4TQef1§é?J:d o] c@ﬁc%ntr;gcéds SI‘BL: ‘s’(ﬁﬁils are
and concentrated fromthree portions of DCM

99
dissgkyad prgrdon¢eatiatps fram thr@%lp@fépns of ikt © 8§ apishpug P@]@Y silica gel
I AL AR LRI 2SR BESA ppy T
poolpd yraegm;s ardi cswhw;tdd iordrin@M (Bscved)in REY ohgent patcemtratt@l to

[ 1Nt for r l.

oy Ttg BB G fhoftho® Syt ELRVS pR i Behirchofon.
, 1Pr2NEt, "HBBh HODCMHOHOF O IJ\ H
H2N' H H H 24j 24k H[0156] 24j (1.09 g) is dissolved H/™
and transferred Appropri at el ¥1 Si zed reactio
vessel with anhy E(nli“ﬁéc_dj_ﬁfngpl aced undg
ni trogen at here. VThe sol utiaevi s  cool ed
N, NNdiis gthyl am ne (357 ng) and meat

oSl
met han, (m@ chloride (0.165 n) a‘?)é

sequenfl al I'y while maintaining tenperat urfe bevveen

beI ow 5 C. The 2kaction is nonitored by HPLC. 24k
| :
SO U1 OFBFL 05 1 S0 RS g

VCSS@?UW@ hydy dagiu HCM asmM g\qu@da@dwdkprumlttn%a pipopitees. Thd dolution is
coogzl toa(';l’é @ {oﬁglgpb %n&e hagfa%t i me-[l%a%esu?fxgl chl rlge (0.165

separ at eou s P
ml) Wetchaweq&enﬁalg}) wh1Td'Ieamtanﬂmgrteldp@atgamemdem}bdbw SdCeThe reaction

m_ sul fa
s gl B AP L IR bt e @ BRoBbley bt MRARE IR e
metﬁin@ﬁ]lﬁnyl&hlbnaﬂ dihe feheflong} qlicdchednawe) 4 ®Biqieals sedMh ditdrbonate
sed dlrec in the next reaction. HH ,
(1. Eé (&d Wa}r@ﬁ\ DRIt ISR - Tlile i?@e‘is ﬁéerfepﬁﬁ?tF???‘gAhgﬁqqeﬂ“ phase
is bdcdideddactedGith HCMPKSE, T hetdohlb@ed Jfg%iglay&s larekdiriad 34 mdbgnesium
sulfate (0.55 g), filtered and concentrated. The product 24k is dissolved and striped from 2-

propanol (4.0 g) to remove residual DCM and used directly in the next reaction.

Hs, Pd(C), IPA;
H )/OBH
then HCl in IPA

24k
[0157] Aldrich Degussa type E101 NE/W 10% Pd/C (249 mg) is charged to an

appropriately sized reaction vessel and placed under a nitrogen atmosphere. A 2-propanol (9.8
2) solution of 24k (1.24 g) is charged to the reaction vessel. The system is degassed and

placed under a nitrogen atmosphere, and the process is repeated with hydrogen. The reaction
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[0157] Aldrich Degussa type E101 NE/W 10% Pd/ C (249
ng) is charged to an appropriately sized reaction
woe®ses32amd pl aced under a nitrogen at nospher ePCHUS2007/088990
2-propanol (9.8 g) solution of 24k (1.24 g) is
charged to the reaction vessel. The systemis degassed
and placed under a nitrogen atnosphere, and the
process is repeated with hydrogen. The reaction 65 WD
is st?r%gfngé%zl%l:)%{/&r'%qal? érgﬁgﬁqgnpe'raﬁur%tfblr Srlﬁﬂrsu Uﬁglelﬁe@atiho here
atm of hydrogen at™ anbi ent tenperature for hours.
is rejtyyagd to éhermgqg adan se¢and chargg efecdtatyst (tlﬁénxgé@l@élled andpegpanol (0.5
r
g) 1336_%%?({]0% 6{ nJH%E(?an ofheq@altcgl)% et dré t?sgdegﬁ%ecf;leng Ea{c%ﬁuﬂd@rha nitrogen
atmpspherei and thei proagsses r@e@tecgwsls bytireged. Bleaezetdom raerredunder 1 atm of
t h n
hydﬂ)&%r[ R4 gﬁ]oth ﬁgﬁ?tgr% Cttal?%brllgll g:rﬁ Ileapfr%ge %g‘?e ctich,if %F)S%r?& b)\/\i{f’bC
Incdmydete giamq‘ns preareatd &ynth h&dih«mai satalyst anrbhl}elngen ekhar @iptegs, the
he. react.ion
reachigh s G Ghado S IR e et DS B G agig. e

solufiyl fsalgied by Wrﬁﬁi conseptreton, trahiferedte a@dacooh veSsel id dlued,with

eated wi car bon
b g e LAt B g By BLHET aftion n 2
propfa@bIqe Bl kpdsichitgdd RRELEMIMREs I Theyli®albii @ kak e5s@llizandowly with
diluted wiith anhydrous 2-propanol to 0.09 M based on
gentlgiripgeandds isplated W Bitgntion, The seysiggsiapy washed,wity Arpropanol (2.5 )
and REQRANRIed (dafffd Bbmbsuri2 98N ©\88, Yo dMsnut EiRA JhRite.
hydrochl oride salt crystallizes slowy with gentle
stirring and is isolated by filtration. The crystals
are washed wi th 2-propanok{1029) and vacuumdried
to afford Conpound 42 (916 nuy, %yield) as a 1:1 I PA
solvate. Exanple 25 eHOH Me O11 " H3ICGS-HH O
47 Step AHH ONONO HHHGQM)H M H O H O Fi

H HGCS-N' H3CGS-N s ii _/N\QH
.
MO N
47

Step A

9 q

HaC—S-N HC=5N
& 6
42 48

[0158] A round-bottom flask was charged with the amine 42 (1.1 g, 2.1 mmol, 1
equiv.), dry tetrahydrofuran (10 ml) and pyridine (880 uL, 10.9 mmol, 5 equiv.). The cooled

(0°C) mixture was treated with benzoylperoxide (1.6 g, 6.5 mmol, 3 equiv.). The mixture was
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42 48 [0158] A round-bottom flask was charged wth

the amne 42 (1.1 g, 2.1 mmol, 1 equiv.), dry
W@ 2qosasszds of uran (10 m) and pyridine (880 ulL,PADUS2007/088990

mmol, 5 equiv.). The cooled (0C) mxture was treated

wi th benzoyl peroxide (1.6 g, 6.5 mmol, 3 equiv.). The

m xture was 66 WO 2008/ 083248 PCT/ US2007/ 088990

stirred for 2 hours at OC then overnight at 25C.
stmg?ﬁﬁ'b'h%ﬂrs 1t EUh& d%hﬁgh% bt R MEBE, ﬁﬂ(‘gure \Q@tﬁ&?@ltﬂ‘M"[’BEaand

m xture of saturated aqueous NaHCO3 w
washgt with ¢ h]@(tqlrgy)éqiattggqul aqueqypaN aI—[Q%wﬂbl NMH w@;g the layer split. The
ors R G R ARG IR ATURRUS VER L RLUAG E6 DR Lohliaed
Orgmwlawewemla‘z_asm wifhi Brine dsyl o v Nag¥hie Blittredarddboneentiztydheglsyness.

s
The 31 S5 Rl AR APt P, iR Bl e
fron@ Ii@%l(tsﬁEtB@Wlﬁ%) togS(V/e to bive rerbeozdy] dheivitirat 4888048 L) (BBOH] =
625%@;[%%0 _ 625.4 mz). Step BHH ON OHOH
OOHH H3GOHHHICOHHA48 47 [0159] A
SeprBI- bot t om fl ask was charged with 48 (374 ng, 0.6
mml 1 equiv.) and MeQH (5 nL). The solution was .
treated at 25C in pr e eqce of 2 N KOH (0.3 nL, Q.6

&Y. vacuum MIBE was el
t he residue, ’
a

’ 0]
H1 utralized with b l’;

| ayers wer ous, | ayer cted
with two sH of CH2C Conbi ned ¢ | ayers

Na2SO4, filteregd;: s—aﬂﬁ dhcentrated to
drynes@ HThe crude material (380 ng) was di ssol ved
with CH2C12, | oaded onto a Si 02 colum (12 g) and
eluted with he@nes/ Et OAc (0% to 100% to give gghe
hydr oxyl am ne 4 The material was |yophilized from

t - BUSA ZxewRDottpm fiisk wad@raed wath 48 737dsng Owhinmel, powelen and

Me&i—l%ﬁﬂL) .'_'Th‘i’:%g'luﬁomgs) trea@é%m°§ iggreselﬁm% I&DIH EBé_tnEI, 0.6 &’hmol,

1 equiv.). The mixture was stirred for 3h. The solvent was removed under vacuum. MTBE
was added to the residue, which was neutralized with IN HCL. The layers were cut and the
aqueous layer was extracted with two portions of CH,Cl,. Combined organic layers were
dried over Na,SQy, filtered, and concentrated to dryness. The crude material (380 mg) was
dissolved with CH,Cl,, loaded onto a SiO, column (12 g) and eluted with hexanes/EtOAc (0%
to 100%) to give the hydroxylamine 47. The material was lyophilized from t-BuOH/7% H,0
to give 213 mg of 47 as a white powder ((M+H] = 521.4 m/z).

Example 26
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HNSHH O67 W 2008/ 083248 PCT/ US2007/ 088990 50
Step AO LL O LOO S " OHO Ph / NNWO'‘Ph Cl N~.C\0 OO
WOROORI08I24651 [ 0160] A heat-gun dried flask wasPCIHR2PET088990

with dry CH2C12 (5 nlL) and benzyl alcohol (785 uL,
7.58 mmol, 1.3 equiv.). The cooled (0C) solution was
treated wwth chlorosul fonyl isocyanate (506 ulL, 5.83
mmol, 1 equiv.). Then, DVAP (1.4 g, 11.6 mmol, 2
equiv.) was added and the myjure was stirred for 1 h
at 25C. After conplete dissolution of DVAP, the
Sﬁiqgion was clear for a short period. Then, a white

y precipitate fornmed. The m xture was dil uted
with CH2C12, (30 nl) and washed with threq)ggrtions (30
nmL each) dEOwat ef,~Jhe organic |ayer ﬂied_over
Na2S04, f@lt%ﬁed and evaporatet—t0p ry e§§
desired white sdlid 51 t aken roN next step
Wi t hout purification. %?E>B\LCL OMNS-ONk 0 Ph H
G ON510 NN HO\ % +0 HOOHO HHHOHN\NS
HZN H\ I/ O11 N'' HH 52 53 [0161] A round-bottom
fl @@1'60 S &'E@it%%ﬁl dméd ﬂ‘asﬁzvag 3&r§‘ﬂa,w1@1 dyeHD ks miB;) and benzyl

uiv.) and 51 equi v.).

(18
alcqhgla@ Shttls wsSriamef, éé@ﬂwd T]PP f@q@éﬂz ) 201%)11 v dreERe Wlth
chlorosulfonyl isocyanate (506 ul., 5.83 mmol, 1 equiv.). Then, DMAP (1.4 g, 11.6 mmol, 2

equiv.) was added and the mixture was stirred for 1 h at 25°C. After complete dissolution of
DMAP, the reaction was clear for a short period. Then, a white fluffy precipitate formed.
The mixture was diluted with CH,Cl, (30 mL) and washed with three portions (30 mL each)
of water. The organic layer was dried over Na,SQy, filtered, and evaporated to dryness. The

desired white solid 51 was taken to the next step without purification.

Step B

52 53
[0161] A round-bottom flask was charged with 52 (30 mg, 0.053 mmol, 1 equiv.) and

51 (18 mg, 0.053 mmol, 1 equiv.). Both reagents were dissolved in CH,Cl, (2 mL) and the

solution was stirred at 25°C. The crude material was loaded onto a SiO; column (4 g) and
eluted with hexanes/EtOAc (0% to 50%) to give 16 mg of the sulfamoylated derivative 53
([M+Na] = 796.4 m/z).
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solution was stirred at 25C. The crude material was

| oaded onto a Si02 colum (4 g) and eluted with
wheooangRsEt OAc (0% to 509 to give 16 ng of theCT/US2007/088990

sul fanoyl ated derivative 53 ([MtNa] = 796.4 niz). 68

WO 2008/ 083248 PCT/ US2007/088990 Step CHH OCOP N

ONH ,HH OHH O- 11 OHHNOMW''" HHNS- N H O

53 50 [0162] A round-bottom flask was charged with 53

1&g, 0.021 mmol, 1 equiv.) and 11 ng of 10% Pd/C

wet, Al drich Degussa type ElAd). The material was

suspended in 2- propanol, SmL). The flask was seal %d

and purged three tiges wth)hydrogen and | eft

overni ght under 1 atyn Ty

filtered through O—&
@ ificatje by Si02 %ol\, ¢

2- propanpl 5 a
|

T%u@\ o
eluti ng wi ©Bh) 2/ MeOH (&%t o 109'=N"FHe naj or

product was | yophilized fromt-BuOHL79%H2O to give 9
nmg of sulfam de 50 6MrH = 506.4 m z). Exanpl g¢027 HN
M M ;HM OH M OF H HCGSI11 H H O55 Step
A

JAcrodisc, washed p
was_rengved u

[0162] A round-bottom flask was charged with 53 (16 mg, 0.021 mmol, 1 equiv.) and
11 mg of 10% Pd/C (wet,Aldrich Degussa type E101). The material was suspended in 2-
propanol (3 mL). The flask was sealed and purged three times with hydrogen and left
overnight under 1 atm of hydrogen. The slurry was filtered through 0.2 micron Acrodisc,
washed with 2-propanol, and the solvent was removed under vacuum. The residue was
purification by SiO; column (1 g) eluting with CH,CL,/MeOH (5% to 10%). The major
product was lyophilized from t-BuOH/7% H,O to give 9 mg of sulfamide 50 ((M+H] = 506.4

m/z).
Example 27
55
Step A

56
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HHNHHW I NI > OHOH HHHHHH OO H56
69 WD 2008/ 083248 PCT/ US2007/ 088990 [0163] A
WO ouwagis2ed t om f | ask was charged with cycl opam P@I/US2007/088990
4-en-3-one (3.5 g, 85 nmmol, 1 equiv.) and pyridine
(70 m.). The reactor was charged with Pd/C (10% Pd,
500 ng). The reaction was placed under 1 atnosphere
of hydrogen. After 3.5 hrs, LCMS showed conplete

COT@l‘GﬁPt | OR rQinaHoatbih itk \Q?Stc‘ﬁﬁﬂg@& w1tﬂ@§cl@;ﬁhﬂey4§$n—%§e (35g,
filtered off on an Acrodi sk O. mcron filter an

8.5 mawhdcawive) lingd pyrigknee(70 THe. B@lrwtﬂr wiag shar gedovi Py (10% Pd, 500
a t

mg)S g@%écgﬁh&aéﬁﬂpﬁ\ﬁ%ng&dl ﬁmo%ﬂ%%&?ﬁﬂcﬁggeﬁ %Qerr@tf) hr)s E'tqv{s showed

compieaicomsunppttioh of starting matexinl. sthe patal@steyns Ble@d B ovan @ewdwk 0.2

mic%’fﬁ%ﬁ%@%%%ﬁh&@tﬁm& "lcl)le s]pllvg/tgtkwl\é\?\é%n(gf H' b gotrot%lglregbovgl with
tolugre. (2 xg.0 n2)8 Timrdesired maq:uale6) 3.5 gCH2EHP= @]1235 ml?) vandsed as it for
theterlethyl amne (1.9 nL, 14.2 mmol, 5 equiv.). The
BEIY (0C) solution was treated with CBz-d (440 ulL,
ZpBmol, 1 equiv.). After 1 hr, LCMS showed corrpl ete
consunpti on of starting material. The m xt
diluted with water. The | ayers were cut the
organic | ayer was washed twice with vvater e organic
| ayer was dried over sodium sulfate, filterged, and
concentrated to dr ness. The product was putlfi ed by
col um chrorrat“?egﬁ “si02, 40 g) el ut| '
hexane/ Et OAc (@e tg 20% to give 57 (891 m
468.4 nl z).

56 57

[0164] A round-bottom flask was charged with 56 (1.2 g, 2.8 mmol, 1 equiv.),
CH,CI, (10 mL) and triethylamine (1.9 mL, 14.2 mmol, 5 equiv.). The cooled (0°C) solution
was treated with CBz-C1 (440 uL, 2.8 mmol, 1 equiv.). After 1 hr, LCMS showed complete
consumption of starting material. The mixture was diluted with water. The layers were cut
and the organic layer was washed twice with water. The organic layer was dried over sodium
sulfate, filtered, and concentrated to dryness. The product was purified by column
chromatography (Si02, 40 g) eluting with hexane/EtOAc (0 to 20%) to give 57 (891 mg)
([M+Na] = 468.4 m/z).
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70 WD 2008/ 083248 PCT/ US2007/088990 Step C OO0 O~

NMO ~ NM M HMHMM ~OHO'H M M Fi
WoR®sMBIM8 O HO H 57 58 [0165] In a round- bot PEGNUS2007/088990

flask, the ketone 57 was azeotroped a couple tines

with CH2C12 and dried under vacuumfor 1 h. Under

nitrogen, the ketone 2 (693 ny, 1.27 mmol, 1 equivVv.)

vvas di ssol ved in anhydrous THE (20 nL) and the

ytion was cooled to -78C. A1 M solution of

K-_s%rectrlde in THE (1.9 nL, 1.9 mmol, 1.5 equiv.) was

added dropw se. ter 1 h, the reactl on onpl ete

by TLC. The rea on was quenched by addit of 2.6

nmL of 5 N NaOH{ollowed by slow addition of 2.6 niL of

30% w H202. The C?esultlng m xture was all oged to

stir overnight.ofhe~imiure was partitioned

wat er and Et OAme,"Jhe

with Et OAc. THE ) hned organi ¢ were was¥c

wth water (huffe with a small portion

chl oride) tMegen yaA h brine. The organi Cle dri ed,
filtered cencent rated—to—a>cr ug (840 rrg)
The cr was di ssol vedudmCiRel2, | oaded on

a Si 02 col Uhm (40g) and el uted with heXanes/ Et OAc (0
to 50% to glv_:g 58 (565 ng). Step D YO YOs5¢0, 41 N Me

ONM MHMIHMM ~OH~OH M MHHOHH
HOLMPF] = ~dn arpyngd-hqttopy flask, the ketone 57 was azeotroped a couple times with

CH,Cl; and dried under vacuum for 1 h. Under nitrogen, the ketone 2 (693 mg, 1.27 mmol, 1
equiv.) was dissolved in anhydrous THF (20 mL) and the solution was cooled to -78C. A 1M
solution of K-selectride in THF (1.9 mL, 1.9 mmol, 1.5 equiv.) was added dropwise. After 1
h, the reaction was complete by TLC. The reaction was quenched by addition of 2.6 mL of 5
N NaOH followed by slow addition of 2.6 mL of 30% wt H,O,. The resulting mixture was
allowed to stir overnight. The mixture was partitioned between water and EtOAc. The
aqueous layer was back extracted with EtOAc. The combined organic were washed first with
water (buffered with a small portion of ammonium chloride) then with brine. The organic
were dried, filtered, and concentrated to a crude foam (840 mg) The crude material was
dissolved in CH,Cl,, loaded on a SiO, column (40g) and eluted with hexanes/EtOAc (0 to
50%) to give 58 (565 mg).

Step D
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71 WD 2008/ 083248 PCT/ US2007/088990 58 59 [0166] In a
round- bottom fl ask under nitrogen, the al cohol 58 (530
worgos0se& mmol, 1 equiv.) was dissolved in 5 PLCT/08§2007/088990

anhydrous CH2Cl2 and triethylam ne (800 uL, 5.81 nmmol,

6 equiv.). The reaction mxture was cooled to 0OC and
Ms-Cl (112 ulL, 1.45 mmol, 1.5 equiv) was added
dropwi se. The nmixture was stirred at 0C for 30 mn.

TLC (hexane: Et{@AC, 7:3) showed - 70% convgy sion. 70
uL of triethylamne (70 uL, 0.5 equiv.) and Ms-d (10

uL 0161 In aeigumdyYotigay ask aday aidrogen. thelqobal 38 (91 meadks¥W mmol, 1

fter ' s ' t ~ hi L
e A 2 G AR M R B 0 1R
equiyr)gdhe¢ adtappenixmeswseesbled tad*Chand Wt @r(] 10li, d dtSamrdol, 1.5 equiv)

o SRIEEERLE Dy i SR 0y R B 73

shoebdrt 70fg cuvekvidne xHndsofEti@Aglan B T0ul5 0%) equiy.)ging 81501 ((@48D, 0.1

equlllgf;gzv'ﬁe cagrggd t%&%_ réé)cﬁglﬁ%ﬁs%\{e &tﬁgol}lni%b%so%tlgg ’og g\tul_r'flt%q %i?TerI}?te
wasah#irgethahdhied feqitue Wask radidiewiteS M@t hb Srgadid QaystywawBled with
l,. 1 equiv. was .di ssalved in 2 nl of DWVPU. .T
warlo kg SORRE il BT B G TR AP v 45 hd iBCHLCL and
purifiB®lyith SiENM0 ) luig W hdxafesBEtOAC 10V td30% )b 8ived9 (430ahsd
to 25C, then poured into ice-water to generate a
solid. The conpound was extracted with MIBE (3
times). The conbird organic |ayers were washed with
wat er (2X), then ne. The organic |ayers dried
over Na2SO4, filfered, and concentrated to ite
foam (342 ng). Thegdesired material 60 was sed as is
for the next step{72 WD 2008/ 083248 PCT/ US200y/ 088990
Step F 07 NN Me

59 60
[0167] In a round-bottom flask, the mesylate 59 (420 mg, 0.67 mmol, 1 equiv.)

was dissolved in 2 mL of DMPU. The solution was treated with sodium azide (218 mg, 3.4
mmol, 5 equiv.) at 60°C for 5 h. The mixture was cooled to 25°C, then poured into ice-water
to generate a white solid. The compound was extracted with MTBE (3 times). The combined
organic layers were washed with water (2X), then brine. The organic layers were dried over
Na,S0y,, filtered, and concentrated to a white foam (342 mg). The desired material 60 was

used as is for the next step.

72



YOI~ /O O-NMe OHNM M,HM,, MM OHOHC
M M 10 HHHH N3 H2ZN' HHG60 61 [0168] In a
wo omngsiaeg t om f | ask equi pped with a condenser, PETIES2007/088990
azide 60 (336 ng, 0.58 mmol, 1 equiv.) was dissol ved
in 7 m of THE and 140 uL of water and treated with
tri phenyl phosphine (462 ng, 1.76 mmol, 3 equiv.). The
m xture was heated to 70C overnight. TLC
Sgiﬁﬁne/EtOAc, 7:3) confirmed the reaction was
onpl ete. The reaction was concentrated to dryness.

The crude naterg was di ssolved in CH2C12, aded
onto 12 g of and eluted with CH2C12/ (0 to
2099 to give th anine 61 (254 ng). Step GQO ON M
O-N M Me, H Mg, 11 "1 M % OHOH M HHOH

n H2N' H, C—S—Nﬁi~ 11,H H 61 62 [0169] Ino
round- bottom f |;ad% under nitrogen, the an1me
ny, 0.45 mmol & 1 &qui v.) was dissol ved i
anhydr ous CHQC ﬁd N, N-di i sopropyl et hyl 2

60 61
[0168] In a round-bottom flask equipped with a condenser, the azide 60 (336 mg,
0.58 mmol, 1 equiv.) was dissolved in 7 mL of THF and 140 uL of water and treated with
triphenylphosphine (462 mg, 1.76 mmol, 3 equiv.). The mixture was heated to 70°C
overnight. TLC (hexane/EtOAc, 7:3) confirmed the reaction was complete. The reaction was
concentrated to dryness. The crude material was dissolved in CH,Cl,, loaded onto 12 g of

Si0; and eluted with CH,Cl,/MeOH (0 to 20%) to give the amine 61 (254 mg).
Step G

o1 62
[0169] In a round-bottom flask under nitrogen, the amine 61 (248 mg, 0.45 mmol,

1 equiv.) was dissolved in 7 mL of anhydrous CH,Cl, and N,N-diisopropylethylamine (237
ul, 0.91 mmol, 2 equiv.). The reaction mixture was cooled to 0°C and Ms-Cl1 (70 uL, 1.45
mmol, 1.5 equiv) was added dropwise. The mixture was stirred at 0°C for 2 h. TLC

(hexane/EtOAc, 7:3) showed a little amount of amine, The mixture was charged with 10 uL. of
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mol, 1.5 equiv) was added dropw se. The m xture was
stirred at OC for 2 h. TLC (hexane/EtOAc, 7:3) showed
wW@20080832¢8 anount of am ne. The m xture was chaPgBEUS2A01/688990
10 uL of 73 WD 2008/ 083248 PCT/ US2007/ 088990 Ms-C
(0.2 equiv.), and warned to 25C for | h. The reaction
m xture was diluted with CH2Cl2 then a saturated
sol ution of NaHCO3. The | ayers were cut. The aqueous
Ms- b@m ec}’é@s end \f/ﬁﬁlteﬁ &b 25“th$} lq’in?heot@ﬁcttﬂog ﬁnﬁflre% GHheted %ﬂﬁ CHzClz
nbi ned organi c |ayers were washed with water, dried
therm/@turatmhmn of NaHePe d'hg fyetsorreeent r Breadugogs @B’%‘Fn’@é gxtracted
w1thT$H§ p%ftH)Q% 6)‘[2@1 nﬁﬂ %?bu?eqq) nIc rsﬁ%%wﬁﬁ%:& Whkn \xga%e% cg)ed over
was e ut ed hexanes % to give
Na Qe fidtentefl @miacmnd@tre@d (t@@@nfnfg)The cade p3216| n0g) Wi Nldeé t¢-m-|&l(M§olumn

(12g? %%pi’ m%%‘ﬁelgbé%‘mek[eé%fgfg%& 50‘22)?5 }_%f n\a}\%lsde 3:; % 5 ge

WwitdplH t he sul f onam de 62 (250 ng, 0.4 mml, 1 equiv.)

and 50 ng of 10% PdAC (wet, Al drich Degussa type El O

| ot 08331KC). Th terial was suspended in EtQAc (5
m.). The flask was“seal ed and purged three tines wth
hydrogen and stirr under 1 atm of hydrogen. After 3
h sonme conversion observed, but a lot of starting
mat eri al remai ned.o wery was filtered threugh Oue
m cron Acrodi sc, WH wi th 2-propanol . Th&kf'lt ate

solution was re- d to the reaction by
addi ng 54 ng of The reaction was @t ed
after 3 h. Théleg was filtered throys ) m cron
Acr odi sg, wasrl WHt h 2-—prepanel , ;and Hlivent was
oncg;mt-&am\e ffs.~ dryness. The onr@,w& (200 ng)

was | oaded ontb a Si 2 col um (12 @ andithe conpound
was eluted using a %Eadl ent CH2C12/MeOH (O to 10% to
give the free am ne’The material was Iyophiliféd

f r pon701 Bu qu/r&%ufﬂaﬁa)ﬁl mam W& clazr%xmltmhe@&lf@ﬁrr@devm (S0 mg, 0.4
powder = 491, ? e 28: Inhibition of

mm?hé emé&gét}ﬂfd) Baehly Pﬁifﬁ (E’é Aldggh Pa%sa[tmwﬁljm HEHEHHO)-
TheRRtdRY 2 SRESInbELinFROKE (5 ﬁag} I el fakik Bes &hkg gﬁos%u%éa tRi8e times

ascertained usin the foll owi ng assay. C3H
withelyldrager pid s tneer & afm phygsazen i ites B4 spime gorvsritoactas @bserved,

but Y4dt B §t£}ﬁng ih#terial remained. The slurry was filtered through 0.2 micron Acrodisc,
washed with 2-propanol. The filtrate solution was re-subjected to the reaction condition by
adding 54 mg of catalyst. The reaction was completed after 3 h. The slurry was filtered
through 0.2 micron Acrodisc, washed with 2-propanol, and the solvent was concentrated to
dryness. The crude material (200 mg) was loaded onto a SiO; column (12 g) and the
compound was eluted using a gradient CH,Cl,/MeOH (0 to 10%) to give the free amine. The
material was lyophilized from t-BuOH/7% H,O to give 175 mg of 55 as a white powder
([IM+H] =491.3 m/z).

Example 28: Inhibition of the Hedgehog pathway in cell culture

[0171] Hedgehog pathway specific cancer cell killing effects may be ascertained using

the following assay. C3H10T1/2 cells differentiate into osteoblasts when contacted with the
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WO 2008/ 083248 PCT/ US2007/ 088990 soni ¢ hedgehog
peptide (Shh-N). Upon differentiation; these

W@20080%d2a%t s produce high [evels of alkaline PCT/US2007/088990
phosphat ase (AP) which can be neasured in an enzymatic
assay (Nakamura et al., 1997 BBRC 237: 465).

Conpounds that block the differentiation of C3HLOT1/2
into osteoblasts (a Shh dependent event) can therefore
soni %edl%o l%efph@éj(slﬂﬂ N. Uggﬁ‘ gltffe%uét{bn‘&llﬁesems@glﬂ%tté ]%dlfcg ﬂ&h levels

2003 Bone : 899). The assa
of afkeling phespha@sei@ds whish gambe mwsuretrmaarr EYINAE ag§Hy &Raﬂmlﬁeet al.,
f
199% Eﬁ%@ 2% T46lsh) %&hﬁdugiﬁg th§t blécﬁ‘?heddlfférsﬁtﬁﬂ&:l éﬁé(%ﬁoﬁ%%q}{ o o

lTow'in Assay Protoco
ostepplaft(a b Wisgenderty cyemn)l cen thegbate beridentifiedibly agedic@IHLATL/ 2

] s r T e I
profiElior RSP A 2 AT P S i st Bt D AR o,
Theirerailt$ appadradatEBIC 4 Hyalhlmbla?n) ob Me wliffdrantiationpasrdyds fHown telvgy in
T bgznug/ m streptomycin (G bco/lnvitrogen) at 37C with
CO2 in air atnosphere. Al kaline Phosphatase Assay
[AQap Aol OT1/ 2 cells were plated in 96 wells with a
ggﬂzmé of 8x103 cells/well. Cells were grown to
e (72hrs). After sonic Hedgehog (250ng/m),
an @I(hcm] mﬁsmnﬁyonﬁdlﬁadoﬂaﬁi fibrblh@tﬂejl-lll?i)w&llé Qbﬁﬁdleﬂ from
ysi s buffMé&SO nvl Tri s
ATGF@ ‘l"?fﬁ 9(‘116’(5‘3‘1 m;?laéﬁl &E eéhas@‘i"i?élflﬂéﬂo%?j qupkegle@gd &HBHO% heat
inactiRieBBS @{}%l({ﬁbf\g@ﬁn@/ 18 810 B KDhg/m1 4Repeorcid Ysat es

was assayed for AP activity in al kaline buffer
(Gitgo{Tyifregen| Sigfreryithcih &2nn Ag PRS- p- Ni t r opheny!

Ripsnbah&phfi L Nssdyncubating for 30 min at 37 C, the
plates were read on an Envision plate reader ]g% 405

nml0178t &BHHY g e¢ehs wars raiedhinioivwedls with l dansBTAL B 16t edlis/well.
CelRSRfW, O\lﬂl to cfolflﬁ{ATéﬁEé gQﬁl%) é&fépgtgﬁcnlge#glfll 121 eﬁcﬁ gﬁﬂl? raﬁ('i/ots‘compound

I NSt ruct | ons Ivity was nor
treatngengItheedls e lyshibinel 10vdt of 1yis bufifdi G&neY Tiria @H * 4f1@ 1950

S e T L R L T G o

40 MTAGARA 083 248/ cBPEI AYSZ0iEY BBBIRG0e buléd keludor(Sigma) containing

gl SR B FARPILS e by for B TRR UGS <c. e plateg gege read

on ahFEnhisicdQlake reader at 405 nm. Total protein was quantified with a BCA protein assay

kit from Pierce according to manufacturer’s instructions. AP activity was normalized against
total protein. Note that “A” indicates that the ICsq is less than 20 nM, “B” indicates that the
ICs01s 20-100 nM, “C” indicates that the ICsqgis > 100 nM.
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21 B 22 A 23 A 24 A 27B 29B 31 B 33C 35 A

37 A 39 B 40 A 42 A 55 A Exanples 29: Pancreatic
w@200808320bdel [ 0174] The activity of Conpound BQI/WS2907/088990

tested in a human pancreatic nodel: BXPC-3 cells were

i npl ant ed subcut aneously into the flanks of the right

|l egs of mce. On day 42 post-tunor inplant, the mce

wer e random zed into two groups to receive either

Vehi cl e  ( 30%-PBCR,101 - GOSRReMRRACREC ., SRt 2 vwas
dosed gpdfn®/ ko/ day. Afbﬁﬁw&g&%gxﬁgg?lgiodalIy doses,
by 40% when conpared to the vehi¢le contro
(p=0.Q309). At the end of the study, the tunors were

harvested 4 hours post the |ast dgse to evaluate an on
target response by g-RT-PCR analysis of the HH

pat h genes. Anal ysis of human i-1resulted in no
nodul gtion. Analysis of nmurine d'tl-1 nRNA | evels
resul fed in a robust domn-regulat#%n in the Conpound
treat group, when conpared to the Vehicle treated

groupzZ Exanpl e 30: Medul | obl ast omd* Model [0175] The
activ?%y of Conpound 42 was al so éval uated in a
transdéni c nouse nodel of medul | ébl astoma. M ce that
are héferozygous for |oss of function nutations in the
t unor 28uppr essors Pat chedl (Ptchl)B and Hyper et hyl at ed
in CaAter (Hicl) devel op 76 WO 2008/ 083248

PCT/ U$2007/ 088990 spont aneous medul | obl ast oma.

Simlad to human medul | obl ast oma, A hese tunors
denongfrate conplete pronoter hypgernethylation of the
remai AP ng Hicl allele, as well asB oss of expression
of théOwild type Ptchl allele. Wén passaged as
subcuttaneous allografts, these tunors grow
aggreSSively and are Hedgehog pat Mway- dependent. This
nodel was enployed to evaluate the efficacy of orally

adm nj st ered Conmpound, an? to correlate activity with
@a@mles 9: Pancreatic Cancer Mode

[0174] The activity of Compound 42 was tested in a human pancreatic model:
BXPC-3 cells were implanted subcutaneously into the flanks of the right legs of mice. On day
42 post-tumor implant, the mice were randomized into two groups to receive either Vehicle
(30%HPBCD) or Compound 42. Compound 42 was dosed at 40mg/kg/day. After receiving
25 daily doses, Compound 42 statistically reduced tumor volume growth by 40% when
compared to the vehicle control (p=0.0309). At the end of the study, the tumors were
harvested 4 hours post the last dose to evaluate an on target response by q-RT-PCR analysis
of the HH pathway genes. Analysis of human Gli-1 resulted in no modulation. Analysis of
murine Gli-1 mRNA levels resulted in a robust down-regulation in the Compound treated
group, when compared to the Vehicle treated group.

Example 30: Medulloblastoma Model

[0175] The activity of Compound 42 was also evaluated in a transgenic mouse
model of medulloblastoma. Mice that are heterozygous for loss of function mutations in the

tumor suppressors Patched1 (Ptch1) and Hypermethylated in Cancer (Hicl) develop
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exposure in plasma and tunors. Oral admi nistration

(PO of a single dose of Conpound 42 led to
walowsssegendent down-regul ation of the HH pat heelUB1007/088990

subcut aneously inplanted tunors, as neasured by

decreased di-1 nRNA expression 8 hours post dose

admnistration. [0176] Daily (QD) adm nistration of

the Conpound PO | ed to a dose dependent inhibition of

spoﬁth‘&gﬁs GERMbBascdvh i Nsififiand hBHHP el QHHRSSMA Nh&E Bt demonstrate
hi gher doses. The approxi mate effective daily ora

congseprpmptesireipdiiupaton oh tl@frertlumg Higlclels. EsPrsio lgss of
oo S e VRED,EPLIPUR.L RS SEIAL, (B bkl s
tumots grave agenessively a@ct)ard él)eégehowathww deperdenp Tﬁms megdebwas employed

to e}/zﬁ 9{% @E%R%%(Erxo% ally ?&&slfé%g(g(ﬁ(%ﬁ %d a'}{gg ijonrlgga%esa&ag& with drug

expoaockeih plasinX2i t:umlotss Omi @mlmﬂramémbmmueﬂ Cyornpuuod 42
h l, ank th ht | X22 1is.
e et Sl S Aer R B O e R b i O P

tumoi3] ashndaaﬁ’eb@edbcfmmﬂt(‘ﬂi haRNY expi@kise S thouPos @ose administration,

pa ng. Thi r .respond 0

b 308 ao RaPYBI 4T CRERET R GFYPIRY PR friose dependent
inhi6itiof 6f yimoe S, %th&raﬁk ko @dgres€ibh kdag at hidad2 dmg rewses

during chenot herapy treat nent goes throu {)erl od

appwlf?aé?ﬁf%%%daﬂéiﬁ@l tereAobdg ngbttwnroé%rror 29y HFéD Oxpmg/ke.

WhéPH@hals FerNRUERE QrSioR 9] 82,8068RY teAf birVivhlYwRARMsdricd fé‘lh}H\x!qh y
to nodul ate the chenoresi stant recurrence was teste

cessgpon fALPaBEnh(FeP dayshrithi gk e tumerde- i@ r andoni zed

|Eg5ﬁpfegqegu§@@éﬂggggggyps to receive Vehicle (30%
npound, or the chenot herapy conbi nati on of

5] de m@stdbﬁr tstipityaef GomgoEndy? inGdmpwn e LEXumasmodel,
LX%]Q%@J&?&Eﬂn%& mﬂ)cgtgﬁe%usqgr 1n%(9 {18 /fllﬁﬂé gfqﬂe rlgﬁﬁje afL Bi 511%mary
consecutiv oses ere was no neasuranpl e m
xenpgtfneedeltoh8CLE elatied femdcheaioi-vdies IgatlomEzswhlcEﬂmpbsindeathmsd by
mou%g,% 1@\#}'138%} ggs%d%ﬁ)\g]ihgst tiul%]‘l%g\%/s gsdt% eg %ide%ca&bo%%altm%ﬁ?m&ﬂ&apy in
way@0argldsgy onsedblysa Jéhicall ttiran d X283 regmﬂ&ts duunpchelmmieeupy trefment,

f d
soef rorgRapyRRTHE R RN E T b Stonipscty TBIGorRalARY CORbound
singfleodde il tiviityt 4n€ ads Egifity. to ]ihﬂul@&ﬁ]&lihhﬂﬁhomsmﬂtdmmﬂeﬁdeaﬁﬁdesaid On

ral nulti-dose MTD and after 3
dayf:’gﬁ%séé ‘?r\}‘é‘P]&Bts@écetVFFé‘“r g Z%El lnﬁa@aﬁ?%a SO AQ refjve Vehicle
(30% HBFCD)ECbiihp&ihd Cor thd’bh%ﬁ@th%lf t@6bi U Bf ct6FI¥RR MAE cdrBoplatin

t he vehicle group. (p=0, 101?’3 77 WD 2008/ 083248

(E/BCFPuRHY 7 0es g@]@lms'tqq%qt poPeaaf gHmelkemay. apd pfies 1p gepagutive
dosd) ther®fva$ AEmbhsHrabR A M e 8O cdd t§e rBHE] drahekicRat P§ Etop031de

applications cited herein are hereby incorporated by

WaSraémé}iséﬁé%l v Ed@mﬁqg@ﬁtdéys EROERAe) B tlo eW%lﬂ@i Gareeplatin e
adnfifibteid i L & BGRIRE 8RdayRB4 08 ARIAR f)&t fifof [rﬁﬁhlﬂ kbﬁ'dQQ 50'Qhe E/P
nor e han routTi ne exp erlnenta 1 0oNn, nman eqU|va ents
treated ntlﬂeewgg &urfhes r@n@m;mﬁ tereaseive oither Nehiclay 27 HBRCD) or Compound
hed ei .
fonl&le ﬁ;g bRGdn %E§bt&ﬁg§#;gr&fa§ g&hl\ﬁ?s'tﬁ‘?&f & t}%@aé'rﬁﬂlt%ﬂgs%%fﬁ ope

enconpassed OW N
40mg/kg/day and after 35 consecutive doses there was a substantial delay in tumor recurrence

in the treated group, compared to the vehicle group (p=0.0101).
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WO 2008/ 083248 PCT/ US2007/088990 1. A conpound

represented by the following structure: R4 Me HN M
woroos@BIMEe H HH RL R2 R3 or a pharnmaceuti ceCT/S2007/088990

acceptable salt thereof; wherein RL is H, alkyl, -OR

am no, sulfonam do, sulfam do, -OC(OR5, -

N(R5) C(O R5, or a sugar; R2 is H alkyl, alkenyl,

al kynyl, aryl, cycloalkyl, nitrile, or

het erocycl oal kyl ; or Rl and R2 taken together form =0

‘Irfborpou(tg&av REM&@ =N(NR2), or =C(R)2; R3is H

alk al kenyl, or alkynyl; R4 is H, aIkyI al kenyl ,

§] Allgf the, U. &mtegélakgl/U S. h@bléh@blgpéqnb@nnklyatlonw@kilhyteln are

| kyl , hal oal kyl, - ORS, O RS,
heré%%ﬁ@’%m%ﬁﬁg‘%}éﬁ%ﬁoaz aO) Kl( R5) ?Rg? Y[ (R 2], - Rg,( )
HQIMLN@R)C(O)]Q% -[(W-C(O] gR5, [(W C(O Q gR5,

: { E(W?%Cs)%{%lag% a(rtv%n& Ozogﬁlzﬁgr bg g‘t}i\% %5 802 l?l% 'more

than "déhiNREI pofimeanratiof, (Iﬂgny$hg%¢ntmmhe$mc1ﬁaeinb(Wilnsnts of the invention
des?rlé)gg E%nde ué:h ﬁgl}lgﬂ%lésr %9 5 anldgd to e eg rrl&sasslgg g}? %e I}dliowdng/ claims.
hal i de; each R5 is, |ndependently, H, al kyl, alkenyl,
al kynyl , aryl, cycloalkyl, het erocycl oal kyl, aral kyl,
heteroaryl, heteroaral kyl or -[C(R) 2] p-R6; wherein p
is 0-6; or any two occurrences of R5 on the sane
substituent can be taken together to forma 4-8
menbered optionally substituted ring which contains
0-3 heteroatons selected fromN, 0, S, and P; each R6
i s independently hydroxyl, -N(R)COR, -NR)C(O OR,
-N(R) S02(R), -C(ON(R2, -OC(ONR) (R, -S02N(R)(R),
-N(R) (R), -COOR, -(OQNOH (R, -05(020R -5(020R,
-OP(O (R (OR), -NP(OQ (OR) (OR), or -P(O (OR)(OR);
provi ded that when R2, R3, and R4 are H, R is not
hydroxyl or a sugar; further provided that when R4 is
hydroxyl, then R is not a sugar or hydroxyl; further
provi ded that when R4 is hydroxyl, then R and R2
toget her are not C=0O 79 WD 2008/ 083248
PCT/ US2007/ 088990
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2. The compound of claim11l, wherein R is H hydroxyl,
al koxyl, aryloxy, or amno or wherein RL and R2 taken
w0 o@ess2u8 al ong with the carbon to which they BEBUS2007/088990

bonded, form =0 =N(OR), or =S. 3. The conpound of
claim1, wherein R3 is H 4. The conmpound of claim,
wherein R4 is H alkyl, hydroxyl, aralkyl,
-[AR)2]g-R5,  -[(W-N(RC(O]gR5, -[(W-N(R)S02] gR5,
1L (W A%Q%p%r@r]a}gr&%ntedﬁagl We- 1 GRRe strichkd - C(O) ] gRS9 or
-[(W-C(O g gR5. 5. The conmpound of claim1, wherein
Rl is Hor -OR R2is Hor alkyl,Rand R4 is H 6. The
conpound of claiml, V\hertlev[i n R HsNH\or al kyl and R2
is Hor alkyl. 7. The conp6ynd_ pf \cl @¥el, wherein R4

is H alkyl, aralkyl, -[( ﬂ’i@,a gRS,

-[ (W -N(R) S02] gRs, J(DANCR) ] g [(W-3J gRs,
-[(W-C(O]gR5, or r-O O gR5 and R3 is H,

al kyl, al kenyl, algky & yl, cycloal kyl,

het erocycl oal kyl , gror atal kyl. 8. The conpound of
claiml1l, wherein R4 is H, alkyl, aralkyl,

-of @Warﬁﬁ@)aﬁl(ﬂ?y]ag@btilble Vs\;lt fherapt; N( R) C( O) | ng5. 9. The

C ound. [ .wher.ei n is.sulfo 8. 5 5
HERE R ehakst G it S ndpilo, dhiflL HERUG -ROcoR”
iog @bwaagd. 11: A conpound sel ected fromthe group
TS SRR e faket Tl
MNRMandR Naitdn tbgetheMrive-OvES MN(BR), EN@), HN(NEYE o =C(RD,;, H

Me.HHH OO HHHB80 W 2008/ 083248
PCHy sdab Alisadogaynyt;

R*is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, -OR’, -C(O)R’, -CO,R’, -SO,R’, -C(O)N(R)(R’), -[C(R),]4-R’,
-[(W)-NR)C(O)]R’, -[(W)-C(O)]4R’, -[(W)-C(O)OR’, -[(W)-OC(0)],R’,
-[(W)-SO21R, -[(W)-N(R)SO](R, -[(W)-C(O)N(R)],R’, -[(W)-O]R’,
-[(W)-N(R)],R’, -W-NR*;*X or -[(W)-S],R;

wherein each W is, independently, a diradical;

each q is independently for each occurrence 1, 2, 3, 4, 5, or 6;

X' is a halide;

each R is, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,
aralkyl, heteroaryl, heteroaralkyl or —[C(R)z]p—R6; wherein p is 0-6; or any two
occurrences of R’ on the same substituent can be taken together to form a 4-8 membered
optionally substituted ring which contains 0-3 heteroatoms selected from N, O, S, and P;
each R®is independently hydroxyl, -N(R)COR, -N(R)C(O)OR, -N(R)SO;(R),
-C(O)N(R),, -OC(O)N(R)(R), -SO-N(R)(R), -N(R)(R), -COOR, -C(O)N(OH)(R),
-OS(0),0R, -5(0),0R, -OP(O)(OR)(OR), -NP(O)(OR)(OR), or -P(O)(OR)(OR);
provided that when Rz, R3, and R are H; R!is not hydroxyl or a sugar; further

provided that when R'is hydroxyl, then R!isnota sugar or hydroxyl; further

provided that when R'is hydroxyl, then R! and R? together are not C=0.
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CPh -N-N MM (O HM HNHNMOMH/ O,HM M
MM MH"HNMHH M _ HPhHHH OO HHH
»hoosBIMH N OM M HNM HNHM M M MPGEUSD /B8990
HM H\/\N M HMH/ H MM HHHHPh OHHH
HHH M HNM HNeeHM M M MM MHO,] M
HO,) WWHAMOONHHHHHHH M HNM HN ME
MevwwmwMe MMH OHMH O,j VHHHHNMO HH
'i H 'I%!:c':'(l)m nd"oii\él 1 IMnIH1N{, dM?x Mﬁl l,l\@l ,oV@mino
H/O'HI\/E%OI\/E%FVV/%O,H Myl My My

or

wherein R' and R” taken together along with the carbon to which they are bonded,
form =0, =N(OR), or =S.
3, The compound of claim 1, wherein R’ is H.
4, The compound of claim1, wherein R*is H, alkyl, hydroxyl, aralkyl, —[C(R)z]q—R5 ,
LW)-NRICO)GR’, -[(W)-NR)SO21R’, -[(W)-C(OINR)]R’, -[(W)-OLR’,
-[(W)-C(0)]R’, or -[(W)-C(0)O]R’.
5. The compound of claim 1, wherein Rlis Hor -OR, R’?is H or alkyl, and R*is H.
6. The compound of claim 1, wherein R? is H or alkyl and R” is H or alkyl.
7. The compound of claim 1, wherein R*is H, alkyl, aralkyl, —[(W)—N(R)C(O)]qRS,
[(W)-NR)SO1R’, -[(W)-CONR)LR’, -[(W)-OLR’, -[(W)-C(O)L4R, or
—[(W)—C(O)O]qR5 and R? is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,
or aralkyl.
8. The compound of claim 1, wherein R*is H, alkyl, aralkyl, —[(W)—C(O)N(R)]qRS,or
-[(W)-NR)C(0)]R’.

9, The compound of claim 1, wherein R! is sulfonamido.
10. The compound of claim 1, wherein said compound is isolated.
11. A compound selected from the group consisting of:
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NH M HOM HOHHH HHHOMO H ~\ P"HHO
HH Hae H ONHHO. NH ,H"H HHOONHH

WPROOBDSIME NI T N . HHHHOHHHHH ONH p PCUSOMHIS8990
"HHHHN HH Fi HHOFi H11 N HOHHZN 11 H H
82 WD 2008/ 083248 PCT/US2007/088990 HONHHH HH O
NHONO H"H~\ NNHHHH N' HAHHMO®CY HH
H HH
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NONH~HS2M HH HHHH Hand H12. An

i sol ated conpound sel ected fromthe group consisting
wW@RwsBRB HO M HNM HNHNM M M M neCMESNBT/088990

H ,HMH OHMHOH FI HFF HFI HHOHO O H

HH HOvt, HHV vte, H" M M M M M H/ O,H

M HOH HHF H Sugar Sugar H and H 13. A conpound

represented by the followng structure: R4 M, HN

MMM R RSRRROO~H M HF H RLR2R3 or a

pharmaceutical |y agceptable salt thereof; wherein Rl

is H alkyl y=@R=Mnino, sulfonagidp, sulfani doy—

(0]

12. An isolated compound selected from the group consisting of:

nQ
Me, H N

or a pharmaceutically acceptable salt thereof;

wherein R! is H, alkyl, -OR, amino, sulfonamido, sulfamido, -OC(O)R’, - N(R*)C(O)R’,

or a sugar;
R’is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, nitrile, or heterocycloalkyl;
or R! and R? taken together form =0, =S, =N(OR), =N(R)-, =N(NRy), =C(R)»;
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or Rl and R2 taken together form =0, =S, =NOR),
=N(R)-, =N(NR2), =C(R)2; 83 WD 2008/083248
weamsER2007/ 088990 R3 is H, al kyl, al kenyl, oPCT/US2007/088990
al kynyl; R4 is H, alkyl, alkenyl, alkynyl, aryl,
cycl oal kyl, heterocycl oal kyl, aral kyl, heteroaryl,
het er oar al kyl, hal oal kyl, -OR5, -C(O) R5, - CO2R5,
-S02R5, -A~(~ONR5)(R5), -[C(R 2],
A6 - )aﬁ&%&a@(yn £ (W-C(O] gRs, [(vv C(O O gRs,
[4(;\%] S02] - N( R5) SO2] gR5,
a(ljg eggl) ]11§R5’ arj[l(qp(floﬁgpgeterocxc kaN(aleiyéphgteroaryl
L r e 5
{}Pél%(a%ha offiyT, [(gﬂ? agi o RS . cotie! %U‘R 3@('@)) $R), [(:(1‘11)2]q

epen eath I'n ependent
(V\Q N(B)C(@)]qB kﬁW)@(OquRl 40w)- E&D]Qi&R ééwhOREO]]$

G %ﬁlg’ﬁm t(wgt 5:’;’ll[@)\lﬁwéar gl%yn%h@t L‘oar yl,

hE%{MRD]aREi(yWMRﬁ{C()R}[E‘]Vp—SR& wherein p is 0-6; or
g])ée 0 h QEGUr Fences o Cﬁa Q .the same substituent can
BECEL A o5 S R G IRAH: 8 nembered  opti onal |y
&m&ﬁqﬂsllud@dndenmg Iwhi3ch, soné;ai ns 0-3 het er oat ons
I.ect d fromN, 0, S and P, each R6 is,
eapféaﬁ“énuy hydroxyl, -N(R) COR, -N(R)C(O) OR,
eN(hFi;5SQ ZﬁcB))endent@( a) b}lkﬁ) ake KN B)A( Eg)c,loaikSﬁJ 2BleR:(Falkyl,
i o R oy i
SO a@%““"*’ﬁi%ﬂ dRIR %1?“%(’6’)? BRCERIMO each

Rt cdRén@R@f RY o e BAmOSubfifucinehnfRe didk etetOBUHS a §-8Bmbered
=0, R8 and R9 taken together forma bond; each Ris

IOHH@}?BYI &&ﬁthqu ang g{h@wonta]np( gr}ﬁeter(%ﬂtqg%}sy]ecteg fry]n N, O, S, and P;
%X&J 1@% Kﬂ/depa{deﬁt fhﬂ!)xyl aﬂl@gd@ﬂ@VNé@@@)‘@ﬁ% Nﬁ@@oﬁﬁ) R4,

are t aken toget her form =
@(@N@)zn@(@ﬁ(ﬁ%&uﬁ@bN%@)R;N(BXR) neYORe - @O)E@@)(@bd

t 4 he
tg‘g@)ﬁer ?@20}8 OP@(OBﬁ(ﬁnoNﬁ (Zﬁgcha ‘e ang’i@i)g §
rath & lepd Br ovilde R ohdR’ when toR8thearm R®; R9 are H and
RERL4 RS ken together can not be =0
an Z%Fo@%etaﬁt%eg?%en , R4, R8, RO are Hand , R7
anch I8 isdeperdentRl Harikly] I%Ikana]n alkpityl eyl Hyclodtkyl ofhealkyl; and
do aim elnsa €onpound, i )
GRT R Mo R ore K 1R LS o i BIEE it oym =01 R can

b elsectiydrosgl ahd RO RPONAGe 5 | sol ated. 16. The conpound of

g{/(g]:lcgglww n%?:[{e I§4§gi?r8§ e R %{}fgl?ﬁé:\(en %g%ﬁ?géﬁy%yﬁhcan

metw&aagl)agtg Jc;fmgigoaé ky!, ogs} .R L (R (2] .
Tae %? R gy ’3\0‘“2 08354 ﬁcﬂl&z@ ?g@@éan not

be =0; and
provided that when R3, R4, RS, R’ are H and , R’ andR” are H; R! and R? can not be H.

14. The compound of claim 13, wherein said compound is epimerically pure.

15. The compound of claim 13, wherein said compound is isolated.

16. The compound of claim 13, wherein R*is alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, haloalkyl, —ORS, —[C(R)z]q—R5
[(W)-NR)CO)I4R”, -[(W)-C(O)]R’, -[(W)-C(O)OLR’, -[(W)-OC(O)|4R’,
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-[(W-S02] gR5, -[(W-N(R5)SQ2] gR5, -[(
)-C(O)N(R5)JgR5, - [()-QgR5, -[(W-N(R]gR5, or

WO pospsBegR5. 17. The conpound of claim 13, whRCEUS2007/088990
each of R7 and R7 is H 18. The conpound of claim 13,
wherein RI and R2 taken together form =0 and each of
R7 and R7' is H 19. A conpound selected fromthe
group consisting of: Ph SPh O HN HN Me, HHN Me,, H N

PSR O e i
WW)HNR)]M& Me-R)HEIR M M 14 O M HOH M OHH
1% N &hﬁdﬁlﬂduﬂ% r?hﬁ&%f M%éokém%a NARTBGLRT hsCIfll' Iy

accept e ‘sa ereo ar maceut i cal

d8mpo¥he ¢apovuhpidlaindg, whaeinBo @m@lRolfakm tagathet foranmeD and each
$ har maceuti cally acceptabl e excipient. 21.

R?gr%%delggesf}gr preparing a conpound of fornmula 136: R6

19. A compound selected from the group consisting of:

or a pharmaceutically acceptable salt thereof
20. A pharmaceutical composition comprising a compound of claim 1, and at least
one pharmaceutically acceptable excipient.

21. A process for preparing a compound of formula 136:

136

wherein
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HNM e RL MRZR3 R4 R5 136 wherein 85 WD
2008/ 083248 PCT/ US2007/088990 Y is CR7/R3; R is H
W@bRaoghs32a81 no, hydroxyl, carboxyl, carbanoyl, BCROS2007/088990
hydroxyl, sugar or a protected hydroxyl group; R2 is
H, al kyl, al kenyl, alkynyl, nitrile, aryl, cycloal kyl,
het erocycl oal kyl, aral kyl, heteroaryl, or
het eroaral kyl ; or Rl and R2 taken together form =0,
356 CRRORY), =N(R9), =C(R9)2, or =N(N(R9)2); each of
, R4, ‘and R5 is, independently, H, alkyl, alkenyl,
& kyﬂwlkylaarnyno hzzslremdacra!@cgﬂxyl C%b%r@ryb@y@mdllyﬂwyl ngalifp(f)ﬂl

eteroaral kyl; or R3 and R4 or R4 and
%ﬁh&ﬁgﬂﬁMhﬁ'pr r forma bond R6 is H alkyl,

& keHydlkyl zlkepply hlky, ylllt;ﬂecyltyl @mh:xaylklbil H@ﬁtr@i@wdlc;?(lleoahlkyll,
-OR9,
Aoty o MRS ™ ¢ qO) N(RO) ( RO) °""[ o R9) 2]
' (aw) RNGERS) G4 GRe O[=(SV\¥5N@ JgRE,), ~FN 2 QD) (N
ST W e g AR LA
Wy $HaR9, arﬂkylﬂldtﬁrbafrjzlgﬁfhe&ﬁ@hﬂb}ﬂjdtg group; wherein
occurrence is a
ﬂgﬁﬁaﬁ%%g%cﬁkan heeiidBREAGRRE |y & 2. 3,4, 5, or

6<|6 &ﬁﬁCalhk}Qfallféﬁylaﬁllﬁy@ argd, cyb]@dmpleﬁaaﬁwcyoandyﬂ a@hl&ylheteroaryl
al Ken

Rorcrestalivh qabebab ey CQRAI IR SO hyr O (TSR
afwh. N(W(Qﬁ'li@ylﬂwmt@ﬁ ReY. R'Wmdwblng af@hkot )R,
het er oarg eger oaréa % cess COITPI‘I Si ng
th®)sxp o[‘(W)t%(ﬁt J2ekRg 14 é&ﬁ%ﬂﬁdﬂ » 18¥n9l.B - 136a
Wb mggwal[baéf 2jRe optmﬁlgga{ Fﬁofeytﬁlgog?&@panat i ng
agent wherein each W 1ndependent1y for each occurrence is a diradical;

each q is independently 1, 2, 3,4, 5, or 6;
each of R” and R® is, independently, H, alkyl, alkenyl, aryl, nitrile, amido, halide, or ester;
each R is, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,
aralkyl, heteroaryl, or heteroaralkyl;
said process comprising the steps of:
contacting a compound of formula 136a with a haloalkylzinc phosphate cyclopropanating

agent;

wherein

Rl, Rz, R3, R4, RS, R® are as defined above;
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136a wherein R, R2, R3, R4, R5, R6 are as defined
above; 86 WD 2008/ 083248 PCT/ US2007/088990 to form
wa@ a00d/0g2wpound of fornula 136. 22. The pr ocessPOF/USL0aT/0R8990

21, wherein R7 and R8 are both H 23. The process of
claim?2l1l, wherein Rl is a protected hydroxyl. 24. The
process of claim2l, wherein R6 is a nitrogen
protecting group. 25. The process of claim 21, where
st HmAGkeahbyindicPforRliRSBRat € cycl opropanating agent
is formed by conbining a phqsphoFl c acid of fornula
P£413a, The proedsk i daimc2l, whereia R @aphBl gabripithne of fornul a

1b: o ~ ' 1b wherein
1D g AN W, I figglfIh, oo
@#. i odhelproceseaitainf2 IRFhemid Rds 4 sittbgroepesediontztoppH,

kyl ' 1.dQ, X C an .
PRoopdoBRteS oLy wfis S9h Rl ERag: Moyt SURofpafing
lag¢re iscfarydd, by chabaingar lokphloric arid BElformawial 144a, b diatkylzine, and a
t ther have the fornmula 141c, 141d, or 1l4le; (R13)m
F&%E}aﬁﬁyf?ﬁiyf?ﬁm‘ﬁafé%R )m (R14)m (R16)M/ Rls n 141c
141d 141e wherein mindependently for each occurrence
is 0, 1, 2, 3, or 4; A¥Rdepent fly for each
occurrence is 0,1, or 2;” and,each R 2 R13 R14 R 5
R16 R17 and R18 is, indepen%lentlyf‘ al kyl, aryl,
aral kyl, or halide. 26. Thm procesgipf claim 25,
wherein R10 and R' are each 2, 6-di net hyl phenyl. 27. A
PY6Edss for preparing a conpound of formula 137: 87

each of X and X’ is independently chloride, bromide, or iodide;

each of R” and R® is independently H, alkyl, halide, amido, or ester;

each of R" and R'! is independently alkyl, alkenyl, aralkyl, aryl, heteroaryl,
heteroaralkyl; or R and R" taken together have the formula 141c, 141d, or 141e;

(R,
(R'2),,
N~ 4
NS
i
141c¢ 141d

wherein

m independently for each occurrence is 0, 1, 2, 3, or 4;

n independently for each occurrence is 0,1, or 2; and

each of Rlz, RB, RM, Rls, R16, R' and R'® is, independently, alkyl, aryl, aralkyl, or
halide.

26. The process of claim 25, wherein R'® and R" are each 2,6-dimethylphenyl.

27. A process for preparing a compound of formula 137:
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WO 2008/ 083248 PCT/ US2007/088990 R6 Me HN Me Me Y

IH / M H HH RL RZR3 R4 R 137 wherein Y is
WECRORes32R i s H al kyl, am no, hydroxyl, carborgi/Is2007/088990
car banoyl, al koxy, hydroxyl, sugar or a protected
hydroxyl group; R2 is H alkyl, alkenyl, alkynyl,

nitrile, aryl, cycloal kyl, heterocycl oal kyl, aral kyl,

het eroaryl, or heteroaral kyl; or RlL and R2 taken

together form=0, =S, =N(OR9), =NR9), =C(R9)2, or
=N(N(R9) 2); each of R3, R4, 3gpd Re-is, independently,

H, al kyl, al kenyl, al kynyMe_aryt %%Ikyl,
het er ocycl oal kyl , aral kyl, . eyt or
het er oaral kyl ; or R3 and R RO and R5 taken

toget her form a bond;
al kynyl, aryl, cyclo

, al kyl, al kenyl
hbterocycloalkyl aralkyl,
het er oaryl , het ez , hal oal kyl, -OR9, -C(O R9,
-CCRR9, - SCRRY, - CRO) MR (R9), - [ C(R9)2] gRo,
-[(W-N(RO)C(OQ]gRI, -[(W-COQJgRI, -[(W-COJgR9,
-[(W-0C(O]gR9,  -[(W-S02]'dRo, - [ (W- N(R9) SC2] gRo,
v&h(e}é\InC(O)N(R9)]gR9, -[(W-3gR9, -[(W-N(R9)]gR9,

éé X? or a nitrogen protecting group; wherein
L RV\Rmdependently for each occurrence is a

1. adi I ve) e IS
i L S IR R
ipsotedtesidedeonslesioury, H, al kyl, al kenyl, aryl, nitrile,

g{k&q{ al kaglgeslrl [aq?llﬁé,:]nﬁi:le, aar?)le;F?clgﬁlia{l,glgieg%??lgﬁgﬁpgtr!ll}éyll,_"
h@@smodymthWMy&thalkyl heteroaryl, or
& ﬁ(ﬁ ﬁa{aﬁen t%géthe%?ou n*gB O_$e Fo R arl\i(% %EI?% &t —%‘P(%I(ﬁgz)z:)‘
I&adlnﬂlRRyR"z ammRipaombatdemy &1, elpylo plaerad,iatkgnylagehtycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, or heteroaralkyl; or
R? and R* or R* and R’ taken together form a bond;
Ris H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl,
heteroaralkyl, haloalkyl, -OR’, -C(O)R’, -CO,R’, -SO,R’, -C(O)N(R”)(R”), -[C(R*),],R’,
-[(W)-NR)CO)]GR’, -[(W)-C(O)I4R, -[(W)-C(O)OIR’, -[(W)-OC(O)]R’,
-[(W)-SO21R’, -[(W)-NR")SO:]GR’, -[(W)-C(OINR?)]R’, -[(W)-OIR’,
—[(W)—N(Rg)]ng, —[(W)—S]ng, or a nitrogen protecting group;

wherein each W independently for each occurrence is a diradical alkylene having
1-6 carbon atoms;

each q is independently 1, 2, 3, 4, 5, or 6;
each of R” and R® is, independently, H, alkyl, alkenyl, aryl, nitrile, amido, halide, or ester;
each R’ is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl,aralkyl, heteroaryl, or heteroaralkyl;
said process comprising the steps of:
contacting a compound of formula 137a with a haloalkylzinc phosphate cyclopropanating

agent;
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88 WD 2008/ 083248 PCT/ US2007/088990 R6 HWe e R1 R2

R3 R4 R5 137a wherein R, R2, R3, R4, R5, R6 are as
wa@ledosgxt4eabove; to forma conmpound wth fornuPEI/LS2007/088990

R HNM e RL MZ R3 R4 R5 137b wherein R, R2,

R3, R4, R5, R6 and Y are as defined above; and

contacting said conpound of fornula 137b with an acid

to give said conpound of forrmula 137. 28. A process

for preparing a conpound of formgsa 142: R6 Me H N

M M Y'IiH / ~ M H HHMI§1+R$\|R3R4R5142

conprising the steps of: 8%, * Me

wherein
Rl, Rz, R3, R4, RS, R® are as defined above;

to form a compound with formula 137b

wherein
Rl, RZ, R3, R4, R’ , R®and Y are as defined above; and
contacting said compound of formula 137b with an acid to give said compound of

formula 137.

28. A process for preparing a compound of formula 142:

142

comprising the steps of:
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WO 2008/ 083248 PCT/ US2007/ 088990 contacting a
conpound of fornula 142a with a cycl opropanati ng agent
W@ 200B083M&  conpound formula 142b; and R6 Me ICHUBR087/088990
RR ZRBRAR 1422 R6 M, HNM M YOHMH F H
Rl RZ R3 R4 R5 142b conbi ning said conpound of
formula 142b with an acid to give said conpound of
formula 142; wherein Y is CR/R8; R is a protected
*&Mﬂlﬁ&?ﬁg la cgﬁlﬂ&{ﬁld oRPorhgiaH42@bkd b Q&ﬂ?@ﬁ%ﬁtmgaalggﬂ%&mn a
aryl, cycloal kyl, heterocycl oal K ar al
lremeewdfgmulotd2bhader oar al kyl ; each of R3 R4, and R5
is, independently, H, alkyl, alk§@yl al kynyl , aryl,
cycloalkyl, heterocycloalkyl ay kyI het eroaryl, or
heteroaral kyl ; or R3 and R4, R and R5 taken
t oget her forn1a bond; R6 is ni: cgeMeprotecting
group; each of R7 and R8 | Ni@gendent Iy, H, alkyl,
al kenyl, aryl, nitrile Maﬂﬂtn hal i de, or ester; and
each RO is |ndepende @l kyl , al kenyl, al kynyl,
aryl, cycl oal kyl, ke el oal kyl, aral kyl,
heteroaryl or heteﬁoag, 90 WD 2008/ 083248
PCT/ US2007/ 088990 KR

142a

142b
combining said compound of formula 142b with an acid to give said compound of
formula 142;
wherein
Y is CR'R%;
R'isa protected hydroxyl group;
R?is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, or
heteroaralkyl;
each of R3, R4, and R’ is, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, or heteroaralkyl; or
R? and R4, or R* and R taken together form a bond;
Reisa nitrogen protecting group;
each of R” and R® is, independently, H, alkyl, alkenyl, aryl, nitrile, amido, halide, or ester;
and
each R’ is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,

aralkyl, heteroaryl, or heteroaralkyl.
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29. The process of claim28, wherein R7 and R8 are

both H 30. The process of claim28, wherein said
w@e@Bosde’l hydroxyl group is an ester or a caP@DO81087/088990

31. The process of claim 28, wherein said nitrogen

protecting group is a carbamate. 32. The process of

claim 28, wherein said nitrogen protecting group i s an

am de. 33. The process of claim 28, wherein R2 and R3

ape HrahtoR4s 8daiRD st Rk&BiIntROARE Rekre bb@TM @ bond. 34,

The process of claim28, wherein said cyclopropanating

agent Thepigeasepialath X wherain said medtessddda dex glregioup 1pan gdter or a

SRBGhRs. 35 The process of claim34, wherein said

nmetal species is dialkyl zinc or a zinc copper

Gdupl éhe pBcesThieclpmolBewherein sgild aitrng@8prowhengedroupsiap darbamate.

cl opropanat i . ng,ls. rat mn a . .

Ehal ohF RENA! LAGACR: g%%fag%%?Elrtﬁbf?f%%%%'ﬁs%p%%we% o gaide,

BRos plibe proceas bitklapeXsi wberein Ra as@R{ are tthexddfand BY takdhegether

gr oce sdof claim 28, wherein said phosphoric acid

%rgg.* ¥%as a structure of formula 151; 0 n R1101

(4. P- Cht piOcesRaf dlailb3B, whereia ssidlcyclofrepmadng dphgriegdneraeddlom a

of and R' is independently al kyl, al kenyl,

é]flﬁl,%&a?e Ifletﬁél"éﬂeéaryl, het eroaral kyl ; or R10 and

R5. t altBOpioegebhaiim By @hérkia shiamivd] speted &, diallyl Binc @F a zinc
151c; (R17)n (R 13)" (R1I5m9(R18)" 12\ ~{ (R)m
CPARST FRYPRL6) M/ 151a 151b 151c wherein m

|36dep¢ﬂéjgrﬂt:ésy off AAimERCRhQER YA %g&gprbﬁangtingla; erbis sbne@led4iom a
91 WO 2008/083248 PCT/ US2007/088990 n i ngependent Iy
fdgrloatkape eeeh and il zige specisy. 2pd a ghespheyfc RIdpPreIS qrpgalt
MsedR16 R 7 and R18 is, independently, alkyl, aryl,

aral kyl, or

37. The process of claim 28, wherein said phosphoric acid species has a structure of
formula 151:
?
R0 on
~ R1 1
151

or a salt thereof;

wherein

each of R" and R'! is independently alkyl, alkenyl, aralkyl, aryl, heteroaryl,
heteroaralkyl; or R' and R taken together have the formula 151a, 151b, or 151c;

(R,
(R'2),,
o~ 4
151a 151b 151c¢

wherein

m independently for each occurrence is 0, 1, 2, 3, or 4;
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hal i de. 38. The process of claim 28, wherein said acid

is acetic acid, trifluoronethanesul fonic acid,
wW@bwsossaus ¢ aci d, net hanesul fonic acid or HCl . PGBUSZDAE088990

process of claim 28, wherein said acid is BF3, zinc

chl oride, zinc nethanesulfonate, or a zinc salt. 40.

A process for preparing a conmpound of formula 156: K

NIANI1IVMe DHH R 156 conprising the steps of:

QQH&%Qﬁdeﬂt@y Rr ERARBEURLN Qs Harsuw a 156a with a
orma conpound fornmul a

cycl opr ating agent to

e Rih %%qmg, RE 1?%5 a BB éw irdgpenentlyplky vy veealkg), oH

I\@H—é Fi H R1O\ \ 156b 92 WO 2008/ 083248

PCT/ US2007/ 088990 conbi ni ng said conmpound of formula

B86b Khe proegss alcdldmt 28, whereinsaid deid angretihaid triflioprmmghagesulfonic
q; rein. | ) tecting group

S8 pIoft Reia e e BRENAR, AR ©CLT 19 07 P4

a28et allbg process of claim 28, wherein said acid is BF3, zinc chloride, zinc

methanesulfonate, or a zinc salt.

40. A process for preparing a compound of formula 156:

156
comprising the steps of:
contacting a compound of formula 156a with a cyclopropanating agent to form a

compound formula 156b; and




chl oroacetate, dichloroacetate, trichl oroacetate,
pi val oate, benzoates, al kyl carbonate, al kenyl

we@aoBosRse, aryl carbonates, aral kyl carbonat ePCT/US2007/088990

2,2,2-trichl oroethyl carbonate, al koxynethyl ether,

ar al koxynmet hyl ether, al kylthionmethyl ether,

aral kylthio ether, arylthio ether, trialkylsilyl

ether, alkylarylsilyl ether, benzyl ether, aryl nethyl

%Bllﬂﬁirmng%hlld)ét)mpﬁinla%? forfE Ing With @n Réil E@Q@@saﬂf &JH%BIIKF&

group sel ected fromthe group consisted of fornyl,

%Hﬁetyl trichloroacetyl, trifluoroacetyl, phenyl

benzoyl al kyl carbanates ar al kyl

car anates aryl car bamat es, aIIyI aral kyl ,

th |1Wxng¢ﬂ1ybtectaﬂglgmqpr$ehe¢ty¢ fromalnemrkm((y)ngsthgglof formate, acetate,
e

SRR o oronctl B RORABUE BRER: penzonmes alld soroamge

tatldeajrllcyﬂbsndtq; laryl 4dkborniRles, qnarlbxiemom‘te C126-michioroethigeragbcpaie d

c 0 a atln agent is fo ) I ni a

SR BREREE RO S sigr PRy SRS SR Roiper,
dinyhal ootk eyt AR siDfl ethE) aliyilagy115Tdher benR1 efBeOakylnt thylreth@r, allyl
O#g{ SiR 158a 158b wherein each of X and X is,
i°HdefBhdent Iy, chloride, bronide, or iodide; each of

R? o6l trB&eni ghotedting gRRP @@Eﬁtécyfroﬂﬂthe@r&ﬂ condi@éd efornaii d 0

or ester; each of RIQ and R' is, .independently, alKky
&hIeEragqtyt. wichiopagpetylqfrifiuoropgetyd Rhghy) |acety1hla¢tné9yéa%11§1‘l R%floamaé?s
Ridk y2 BbaRnardsd ﬂca&&%teia el haﬂlﬁ(yi %&1%@& %1k%§ﬁethy]158d

or 158e; (RL3)m (R15)m (y i;@
@RiWWﬂhyl N3 Cxanqethyl(wwwsm@s@nlﬂ%élailﬂa/ Ospsbsmv@ates

%gggﬁggﬁgﬁ§mﬁggggg@@g@&gﬁﬁggo wher ei n m i ndependent|y

for” each occurrence is , 1, 2, 3, or 4; n
i4hd e p&heipmedsy off daimedie wheye aid mesﬁmonasat@lg Bgengfs formedauh

T

(ﬂ%ﬂdﬁdﬂﬂomhereln sald oxygen protecting group is
al kyl carbonat e,

1l
RO _P_ N
0”1 OH
0. \Féns
158a 158b

wherein

each of X and X’ is, independently, chloride, bromide, or iodide;

each of R” and R® is, independently, H, alkyl, halide, amido, or ester;

each of R* and R!! is, independently, alkyl, alkenyl, aralkyl, aryl, heteroaryl,
heteroaralkyl; or R and R" taken together have the formula 158c, 158d, or 158e;

GES
(R'),,
o~ (R,
N
g
158¢




aral kyl carbonate, benzoate, pival oate, or formate.

43. The process of claim4l, wherein said nitrogen
wEe@BegRiusg group i s benzoyl, trichloroacetylPCT/US2007/088990

trifluoroacetyl, fornyl, alkyl carbamates, aralkyl

carbamates, or aryl carbamates. 44. The process of

claim4l, wherein said oxygen protecting group is

benzyl carbonate. 45. The process of claim41l, wherein

SeHefliNi trogen protecting group is benzyl carbamate. 94

m independently for each occurrence is 0, 1, 2, 3, or 4;

n independently for each occurrence is 0,1, or 2;

each of Rlz, RB, RM, Rls, R16, R' and R'® is, independently, alkyl, aryl, aralkyl, or
halide.

42. The process of claim 41, wherein said oxygen protecting group is alkyl carbonate,
aralkyl carbonate, benzoate, pivaloate, or formate.

43. The process of claim 41, wherein said nitrogen protecting group is benzoyl,
trichloroacetyl, trifluoroacetyl, formyl, alkyl carbamates, aralkyl carbamates, or aryl
carbamates.

44, The process of claim 41, wherein said oxygen protecting group is
benzylcarbonate.

45. The process of claim 41, wherein said nitrogen protecting group is

benzylcarbamate.

94



