CYCLOPAMINE ANALOGS RELATED APPLICATIONS [0001]This
application claims priority to USSN 60/878,018, filed December 28, 2006,
and USSN 60/941,596, filed June 1, 2007, both of which are hereby
veprpsrateadsby reference in their entirety. BACKGROUND ffr/G53607/088990
INVENTION [0002]The present invention generally relates to cyclopamine
analogs and pharmaceutical compositions thereof, and methods for
preparing such analogs and compositions. These compounds and
compositions are useful for the treatment of disorders mediated by the
hedgehog pathway, such Q@%Wﬁﬁm of the hedgehog
pathwaX in certain cancers has been shown to result in inhibition of tumor
gro@ﬁh.—%&ﬁ%@éﬁfmedgehog antibodies have been shown to
antagoenide theThisefigiivafcihaahedgehiog: o B8ING0/ANEIA M) ihiéd e g nihait B3O T
tumggs. Sadsneiesuiedihiionen negahapaiiuarAciMER RIS
been shown to result in cell death in’a number of cancer types.
[00DATBEEA BT I Rea has focused primarily on the elucidation of
hedgehog pathway biology and the discovery of new hedgehog pathway
inhibllefssRHhRPIhH MR EUERTiBR hedgehog pathway have been

identified, there still exists the need to identify more potent inhibitors of the
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those with ung,at%{ tionélnég%A or B ring. In theglgresent application, the
SsurprE G B A AT bR BT BN ISR ¥ rated A and B rings.
SUMIMARY ORMHE g/ ERTedeshog pathway in certain cancers has been shown to

result in inhibition of tumor growth, For example, anti-hedgehog antibodies have been

shown to antagonize the function of the hedgehog pathway and inhibit the growth of
tumors. Small molecule inhibition of hedgehog pathway activity has also been shown to
result in cell death in a number of cancer types.

[0004] Research in this area has focused primarily on the elucidation of hedgehog
pathway biology and the discovery of new hedgehog pathway inhibitors. Although
inhibitors of the hedgehog pathway have been identified, there still exists the need to
identify more potent inhibitors of the hedgehog pathway.

[0005] PCT publication WO 2006/026430 published 9 March 2006 and assigned to
the same assignee as the present application, discloses a wide variety of cyclopamine
analogs, focusing on those with unsaturation in the A or B ring. In the present

application, the surprisingly potent analogs contain completely saturated A and B rings.

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:



[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
svolrockmsangs the present invention relates to a compound reprasenteosksso
the following structure: or a pharmaceutically acceptable salt thereof;
wherein Rl is H, alkyl, -OR, amino, sulfonamido, sulfamido, -OC(0)R5, -
N(R5)C(0)R5, or a sugar; R2 is H, allcyl, alkenyl, alkynyl, aryl, cycloalkyl,
nitrile, or heterocycloalkyl; or R1 and R.2 takqn together form =0, =S,
=N(OR), =N(R), =N(NR2), =C(R)2; R3is H ajg( [, alkenyl, or alkynyl;

R4 is H, aIkyI alkenyl, aIkynyI aryIM cloalky , hete cycloalkyl aralkyl

1(W)-C(0)01qR5, 4(W)- 0(:( (W) -SO2LR5,
CAYM{R5)LR5, 4(W)-OLR5, 4(W)-N(R)LRS5,
-W-NR534X- or -RW)- SIq‘F%S erein each W is independently a

diradical ,cah, thi% LAHERG IARDENIL sle erdoro: OF 6: X- s a halide;
wherein R' is H, alkyl, -OR, amino, sulfonamido, sulfamido, -OC(O)R?, -
N(RS)C(O)RS, 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(NR3), =C(R)s;

R’is H, alkyl, alkenyl, or alkynyl;

R* is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, heteroaralkyl, haloalkyl, -OR?, -C(O)R, -CO,R’, -SO,R?, -C(OIN(R*)(RY),
-[CR)21¢-R, -[(W)-NR)C(0)]gR’, -[(W)-C(O)R’, -[(W)-C(O)OIR’, -[(W)-OC(0)](R’
-[(W)-SO214R’, -[(W)-N(R*)SO2]4R’, -[(W)-C(O)N(R)](R’, -[(W)-Ol,R’,
-[(W)-NR)IR’, -W-NR’"X or -[(W)-S]R’;

wherein each W is independently a diradical;

each qis independently 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)Q]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)YCOR, -N(R)C(O)OR, -N(R)SO,(R),
-C(O)N(R),, -OC(O)N(R)(R), -SON(R)(R), -N(R)(R), -COOR, -C(O)N(OH)(R),
-0S(0)20R, -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 R% R and R* are H; R is not hydroxyl or a sugar; further
provided that when R* is hydroxyl, then R is not a sugar or hydroxyl, and R! and
R? are not C=0.



each R5 is independently H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl or -[C(R)2]p-R6;
wherein p is 0-6; or any two occurrences of It' can be taken together to
foonmssBrrembered optionally substituted ring which contedrzu32807/088990
heteroatoms selected from N, O, S, and P;  each R6 is independently
hydroxyl, -N(R)COR, -N(R)C(0)0OR, -N(R)S02(R), -C(0)N(R)2,
-0C(0O)N(R)(R), -SO2N(R)(R), -N(R)(R), -COOP., -C(0)N(OH)(R),

-05(0 S(Q)20R, -OP(O)OR)( OR)(OR), or -P(0)(OR)(OR

and e@&yﬁ{ |S|(?n)l Sggﬂﬁenﬂ al’ckgil 'fgﬁé%)o(xf ﬁ( 2’ Cigoaf&(r\ )rn
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othgrs, R2:is H or alkyl, R3 is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heteroc Ioalk{ or aralkyl; and/or 124 is H, alkyl, aralkyl,

-[ow) IREE8IC (o) Irvemotqey oy A SRS SRy R OING TS 1o epmpound

-[(\WE)eO kRt (A :@{0d)dd 2mg of :-[(W)-C(0)OLRS5. In other embodiments,
Rl is sulfonamido. [Q008]In another embagdiment, the present invention




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
Fomrnoermed2selected from the group consisting of: or a pharPat@geelhpssos
acceptable salt thereof. [0011]In another embodiment, the present

invention relates to a compound represented by the following structure:
R4




R2R or a pharmaceutically acceptable salt thereof; wherein R1 is H,
alkyl, -OR, amino, sulfonamido, sulfatnido, -0C(0)R5, - N(R5)C(0)R5, or a
sugar; R2 is 14, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, nitrile, or
Meepodysidilkyl; or R1 and R2 taken together form =0, =S REN(BRY)7/088990
=N(R), =N(N142), =-C(R)2; K3 is H, alkyl, allcenyl, or alkynyl; R4 is H,
alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl,
heteroarallcyl, haloalkyl, -0125, -C(0)R5, -002125, -S02R5,
-C(0)N(R5)(R5), -[C(R)2]0-R5, -[(W)- N(R)C(QQ4A5 -[(W)-C(0)1gR5,
4RW4C(0)04425 [(W) OC(0)101R5 ﬁwy 3:3R5

RS -OLR5

a halide; each R5 is, independently,HH alkyl, alkenyil, alkynyl aryl,
cycloalkyl heterocycloalkyl atalkyl heteroaryl, heteroara{kyl or




substituted ring which contains 0-3 heteroatoms selected from N, 0, S,
and P; each R6 is, independently, hydroxyl, -N(R)COR, -N(R)C(0)OR,
-N(R)S02(R), -C(0)N(R42, -0C(0)N(R)(R), -SO2N(R)(R), -N(R)(R),
WDOR82¢8)N(OH)(R), -0S(0)20R, -S(0)20R, -0OP(0)(0R)(®RY/US2007/088990
-NP(0)(OR)(0OR), or -P(0)(01t)(0OR); each R is, independently, H, alkyl,
alkenyl, alkynyl, aryl, cycloalkyl or aralkyl; each of 122 and R.7"is H; or
122 and re taken together form =0; R8 and R9 are H; or R8 and R9 taken
together form a bond and provided that when R3, R4, R8, R9 are H
and R7 and RT taker*u* rogether form =0; RI can not be hydroxyl and 122
can not be H; ot Wi - :

RT taken togethex
provided :@@
R2 takéd

and
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:



In other embodiments, R4 is alkyl, alkenyl, alkynyl, aryl, cyeloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, heteroaralkyl, haloalkyl, -OR?,
-[C(R)2]g-R3, 1(W)-N(R)C(0)IgR5 , -RW)-C(0)IgR5, 4(W)-C(0)01gR5,
WoupoanE3340.1e, -[(W)-80219R5 , 1IRW)-N(R3)8021gR3, PCT/US2007/088990
1(W)-C(0)N(R5)]gR5, -[(W)-01,1R3, -[(W)-N(R)]gRs, or 4(W)-S]qR3. Each
of R7 and RT can be H. In addition, Rl and R2 taken together form =0.
[0013]In another embodiment, the present invention relates to a
compound selected from the group consistir}%g of: Ph

Ch HNHN or a pharmaceutically acceﬁgatﬂe‘,@alt thereof. 8

or a pharmaceutically acceptable salt thereof;

wherein R! is H, alkyl, -OR, amino, sulfonamido, sulfamido, -OC(O)R5 s -
N(RS)C(O)R5 , 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)s;

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

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®),
-[CR)1R’, -[(W)-NR)C(O)]R, -[(W)-C(O)IgR’, -[(W)-C(O)O]{R’, -[(W)-OC(O)]R’,
-[(W)-SO1R?, -[(W)-N(R*)S02](R’, -[(W)-C(O)NR)]R’, -[(W)-O],R’,
-[(W)-N(R)](R®, -W-NR’5*X, or -[(W)-S]R’;

wherein each W is, independently, a diradical;

each q is, independently, 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-Rs; 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(RYC(O)OR, -N(R)SO»(R},
-C(OIN(R)z, -OC(OIN(R)R), -SO:N(R)(R), -N(R)(R), -COOR, -C(O)N(OH)(R),
-0OS(0),0R, -S(0Q);0R, -OP(0)(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 =0;

R® and R’ are H; or

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



WO 2008/983248PCT/U S2097/088990 [0014]In certain embodiments,
the above compounds are epimerically pure andfor isolated. [0015]In
another embodiment, the present invention relates to an epimerically pure
Yaprrpesiisdselected from the group consisting of: Me, HHNRICT/ BB 2088990
#Me #Mo and or a pharmaceutically acceptable salt thereof.
1'0016]Another aspect of the present invention relates to a pharmaceutical
composition including any of the aforementioned compounds and a

pharmace”“%a%accﬁé’ti'@'?z‘eﬁ@'Ei%% 1004 iR Qne ?a’i]‘en‘% "@ oo
Py

present iRvention relates @g a process for preparing cyclopr erlvatl\ies
of ByCRnbydieend %i‘ﬁé‘l‘?f@é Having the formula 136:
provided that when R*, R*, R®, R are H and, R” and R” taken together form =Q;

R' can not be acetate and R? can not be H;
provided that when R®, R*, R®, R? are H and, R” and R” are H; R’ and R? taken
together can not be =0; and
provided that when R3, R* R%, R’ are Hand,R” and R” are H; R' and R? can not
be H.
[0012] In some embodiments, the compound is epimerically pure and/or isolated.
In other embodiments, R* is alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl,
aralkyl, heteroaryl, heteroaralkyl, haloalkyl, -OR’, -[C(R);1¢-R’, -[(W)-N(R)C(0)],R’,
-[(W)-CO)]R’, -[(W)-C(O)OLR?, -[(W)-OC(O)]gR’, -[(W)-SO21R’,
LW)-NR)SO1eR’, -[(W)-CONR’)LR, -[(W)-OJiR’, -[(W)-N(R)JR’, or
-[(W)-S]gR’. Each of R” and R can be H. In addition, R" and R? taken together form
=0.
[0013] In another embodiment, the present invention relates to a compound

selected from the group consisting of:

or a pharmaceutically acceptable salt thereof.




R6 H j\l Me, Me ' 136 wherein Y is CR9le; R1 is H, alkyl, amino,
hydroxyl, carboxyl, carbamoyl, alkoxy, hydroxyl, sugar or a protected
hydroxyl group; R2is H, alkyl, alkenyl, alkynyl, nitrile, aryl, cycloalkyl,
Nerexoeyeleslicyl, arallcyl, heteroaryl, or heteroaralkyl; or RIPaTdURB0GI88¥P0
together form =0, =S, =N(OR9), =N(R9), or =N(N(R9)2.);  each of le,
124, and R5 is, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl aralkyl, hetemaryl, or heteroaralkyl or 12.3 and R4 or R4
and en t gether form a bond alken nyl,
oy, L e SR s Sebraf e B G
halﬁjﬁmyl?o@ﬁ@) -C(0)R9, -002R9, -S02R9, -C(0)N(R9)(R9),
1C(RAMABURY, 13 QAN BDEKALEE BR pricé) iMABHARDa O HnGHROALRD,

4(W O%&ﬁ?’ﬁ&fﬁﬁ%@ (W)%Jgffé \‘/iv"({ﬁi"%g 2%;?{ (W)-SIORS, o a

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! is H, alkyl, amino, hydroxyl, carboxyl, carbamoyl, alkoxy, hydroxyl, sugar or a
protected hiydroxyl 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(OR9), =N (Rg),
=C(R%), or =N(NR)2);

each of R%, R*, 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;



each of R9 and R8 is, independently, H, alkyl, alkenyl, aryl, nitrile, amido,
halide, or ester; and  each R9 is, independently, H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, hetcrocycloalkyl,aralkyl, heteroaryl, or
edeosmabizyd. [0018]The process includes the steps of contectingmo7/688590
compound of formula 1366 with a haloalkylzinc phosphate
cyclopropanating agent to yield a compound of formula 136: wherein R.".
R2, 123, R4, 118, R6 are as defined in compound 136. [0019]In another

embodiment e BleS e o ROy dea etod ar ISP arng,

heteroaryl, heteroaralkyl, haloalkyl, -OR’, -C(O)R’, -CO,R’, -SO,R’, -C(O)N(R®)(R?),
[CR IR, -[(W)-NR*ICO)R’, -[(W)-CO)R’, -[(W)-C(O)OLR’,
-[(W)-OC(O)IgR’, -[(W)-SO2]¢R’, -[(W)-N(R*)SO,]R’, -[(W)-C(O)N(R*)]R’,
-[(W )—O]ng, -[(W)eN(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.

[0018] The process includes the steps of contacting a compound of formula 136a

with a haloalkylzinc phosphate cyclopropanating agent to yield a compound of formula
136:

wherein
R!, 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



MC H Me 137 10 wherein Y is CR2RS; R1 is H, alkyl, amino,

hydroxyl, carboxyl, carbamoyl, alkoxy, hydroxyl, sugar or a protected
hydroxyl group; R2 is H, alkyl, alkenyl, alkynyl, nitrile, aryl, cycloalkyl,
veterasysadkyl, aralkyl, heteroaryl, or heteroaralkyl; or Rl aed/B&éedey3990
together form =0, =S, =N(0R9), =N(R9), =C(R9)2, or =N(N(R9)2);

each of R3, R4, and R5 is, independently, H, alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, or heteroaralkyl; or 125
and R4 or R4 and R5 taken together form a bond; R6 is H, alkyl,
alkenyl, aWFﬁH‘, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl,
heteroaratkiglCR&Salkyl, -OR9, -C(0)R9, -002R9, -S02R9, -C(0)N(R9)(R9),

e MR O Bl OSRNLAE
1(v§598f§?#\f(’ﬁ§?‘:¥iﬁ€§‘,‘lﬁ(W)-01,3R9, 1(W)-N(R9)11129, -[(W)-S1qR9, or a
nitrogen BrosdEtaligy rdiepyitiemsin riith Ay lisyneiépdridentycaadiyadiciyl,
heteroaryl, or heteroaralkyl; or R! and R* taken together form =0, =S, =N(OR®), =N(R?),
=C(R%), or =N(NR*)2);
each of R%, R*, 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;
RéisH, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,

- heteroaryl, heteroaralky], haloalkyl, -OR’, -C(O)R’, -CO:R’, -SO,R’, -C(O)N(R*)(R?),
[CR’RIR, -[(W)-NR*)CO)R’, -[(W)-C(O)]R’, -[(W)-C(O)OIR’,
-[(W)-OC(O)LgR’, -[(W)-SO214R’, -[(W)-N(R")SO14R’, -[(W)-C(OINR)]R’,
-[(W)-O1R?, -[(W)-N(R)],R?, -[(W)-S],R’, 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



each g is independently 1, 2, 3, 4, 5, or 6; each of R7 and R8 is,
independently, H, alkyl, a kenyl, aryl, nitrile, amido, halide, or ester, and
each R9 is independently Id, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
warepogysiemkyl,aralkyl, heteroaryl, or heteroaralkyl. The precessincioties
the steps of: first contacting a compound of formula 137a with a
haloalkylzinc phosphate cyclopropanating agent; 137a wherein RI,
R7, le, R4, R5, R6 are as defined in compound 137; to form a compound

with formula.1374b._137h wherein .. .RIl, R2 125. 4, R5, R6 and Y are as
ofinod IR Oy ol fhtned oottt R e i

13 ympth1dnbacid to give a compound of formula 137.  [0020]In certain
embodiments, R7 and R8 can both be H; in;@ther embodiments

Me, HN

137b
wherein
R, R% R R* R’ R®and Y are as defined in compound 137; and then contacting
the compound of formula 137b with an acid to give a compound of formula 137,
[0020] In certain embodiments, R and R® can both be H; in other embodiments
R! can be a protected hydroxyl; and/or R® is a nitrogen protecting group.
[0021] In certain embodiments, the haloalkylzinc phosphate cyclopropanating
agent is formed by combining a phosphoric acid of formula 141a, a dialkylzinc, and a
dihaloalkylane of formula 141b:

il X
R\ /P\ X'
R R
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 141¢, 141d, or 141e;

12



RI can be a protected hydroxyl; and/or R6 is a nitrogen protecting group.
[0021] In certain embodiments, the haloalkylzinc phosphate
cyclopropanating agent is formed by combining a phosphoric acid of
Wwonoulgodada, a dialkylzinc, and a dihaloalkylane of formulapCaAts2@ Qo3byo
0, R" 141al141b wherein each of X and X' is, independently, chloride,
bromide, or iodide; each of R7 and R8 is, independently, H, alkyl, halide,
amido, nitro, or ester; each of Rl and R" is, independently, alkyl, alkenyl,
aralkyl, aryl, heteroaryl, heteroaralkyl; ni 127 and @ taken to(%%ther have
the formula 141e, 141d, or 14(Bé’)m LN "

g :
N
(R“)mX ; e $ (R18) :
| X
N g (R'9),
141¢ 141d 141e

wherein
m is, independently for each occurrence, 0, 1, 2, 3, or 4; n is, independently for
each occurrence, 0,1, or 2; and each of R'?, R, R™ R R R and R® is,
independently, alkyl, aryl, aralkyl, or halide.
[0022] In another embodiment, the present invention relates to a process for

preparing a compound of formula 142;

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



wherein  m is, independently for each occurrence, 0, 1, 2, 3, or 4; ri is,
independently for each occurrence, 0,1, or 2; and each of R12, R135 R14,
R15, R16, Ria and Ris is, independently, alkyl, aryl, arallcyl, or halide.
[go2aprnsgether embodiment, the present invention relate SHOTAIRZOUAES8990
for preparing a compound of formula 142: 142 [0023]The process
includes the steps of contacting a compound of formula 14Th with a
cyclopropanating agent to form a compound formula 142b; and R6

Me,1\1 Me 4

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

wherein

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

R?isH, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, or heteroaralkyl; each of R3, R* 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; R® is a nitrogen protecting
group;

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

each R’ s, 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



142a 142b combining the compound of formula 142b with an acid to
give the compound of formula 142; wherein Y is CR7R8; R1 is a protected
hydroxyl group; R2 is H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heaenogygionlicyl, aralkyl, heteroaryl, or heteroaralkyl; each Bf1120RA88990
and R5 is, independently, H, alkyl, alkenyl, alkynyl, aryl, cycloalkyl,
heterocycloalkyl, aralkyl, heteroaryl, or heteroarallcyl; or R3 and R4 or R4
and R5 taken together form a bond; R6 is a nitrogen protecting group;
each of R7 and R8 is, independently, 14, alkyl, alkenyl, aryl, nitrile, amido,
halide, or ester; and each R9 i§13in]$gpendently, H, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, heterocycloéﬂ?&g[,%'ralkyl, heteroaryl, or
heteroaralkyl In certain embodimentsf“h? and R8 can both be H; in
other embodiments the protected hydt#ixyl group can be an ester or a
carbonatg,; thgnitiagen protecting can be a ctutamate or an amide; R7
and R8 can both be H and the nitrogen protecting can be a carbamate or
an amidé",’kﬁ"flﬁnd R8 can be H and R4 and R5 taken together can form a
bond; aneidrdfir' tyeldt dpadetind alyerditis gemetatetkftomylahditalodlkane
ang R /Rei BRENOSAE 19" QIBHUbaNe 10K A6 HRRPEA LOSRIS br 151¢;

R15 m R17 n
(R13)m ( ) \ /( )

(R12)m\’ § (R16) %
< l
(R'8)
151a 151b 151¢
wherein

m independently for each occurrence is 0, 1, 2, 3, or 4; n independently for each
occurrence is 0,1, or 2; each of Ru, R”, R”, RP , R16, R and R*® is, independently,
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., BF3, 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



[0024]In certain embodiments the cyclopropanadng agent is generated
from a dihaioaikane species and a dialkyl zinc species, and a phosphoric
acid species or a salt thereof. The phosphoric acid species can have a
struuewessfsformula 151; 0,R11 151 or a salt thereof; wheraeasivfoB90
and R11 is independently alkyl, alkenyl, aralkyl, aryl, heteroaryl,
heteroaralkyl; or R1 and R11 taken together have the formula 151a, 151b,
or 151c; wherein m independently for each occurrence is 0, 1, 2, 3, or 4;

n Indﬁﬂ)%?]dentl}(hgoprrgéae(s:sr] includes the steps of:
contacting a compound of formula 156a with a cyclopropanating agent to form a

compound formula 156b; and

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, aralkylthioc
ether, arylthio ether, trialkylsilyl ether, alkylarylsilyl ether, benzyl ether, arylmethy! ether,
allyl ether; and R? is a 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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occurrence is 0,1, or 2; each of R12, R13, R14, Ris, Ris, -17 E. and R18
is, independently, alkyl, aryl, aralkyl, or halide. [0025]In certain
embodiments the acid is a Bronsted acid (e.g., acetic acid,
wilzerdypaEanesulfonic acid, phosphoric acid, methanesulRSHIE 30T /e48990
HO). In other embodiments the acid is a Lewis acid (e.g., BF3, zinc
chloride, zinc methanesulfonate, or a zinc salt), [0026]The present
invention also relates to a process for preparing a compound of formula
56: 356,10 00 DR C T 290 958950 PA T RS P o
includes the steps ot

combining a phosphoric acid of formula 58a, a dialkylzinc, and a dihaloalkylane of

formula 158b:

i X
R _P< X
O 1 "OH
Ocqi \FéR&
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' s,
independently, alkyl, alkenyl, aralkyl, aryl, heteroaryl, heteroaralkyl; or R'® and R" taken
together have the formula 158¢, 158d, or 158e;

(R,
4
(H12)m [
SO
158¢ 158d
wherein

m independently for each occurrence is 0, 1, 2, 3, or 4; n independently for each
occurrence is 0,1, or 2; each of R'2, R, R, R, R!¢, 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
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contacting a compound of formula 156a with a cyclopropanating agent to
form a compound formula 156b; and 156b combining the compound of
formula 56b with an acid to give the compound of formula 156; where Rl is
APy EI2M¥otecting group selected from the group consisBRE/BS TR0
acetate, chloroacetate, dichloroacetate, trichloroacetate, pivaloate,
benzoate, alkyl carbonate, alkenyl carbonate, aryl carbonates, arallcyl
carbonate, 2,2,2-trichloroethyl carbonate, alkoxymethyl ether,
areay Rl et alcdiiamelih RN ARl Hua sk ARl ener
litylarylsily 1 Il yl et ly)

trialkylsilyl ether, a ether, benzyl ether, arylmet er, a

ethEFE AR S BHitgR PrRECRG oD sekse RbPmEn RdGrpecitic
consisting, eftfermyividiityeacepals tfahiogaagetyl, trifluoroacetyl, phenyl
acebyjofanzoyis, AllyhGarbamales Al fabAmAleS. AvloAhamates
ally!, aralkyl, triarylmethyl, allcoxymethyl, aralkoxymethyl, N-2-cyanoethyl,
il 1B SR BTSSR PRSI OB o PR AbRates
andefiiatiopl slbylvhikén 2@08MBBRIBRCT/US2007/088990 (00281In certain
embagimgnts e RYHORARANRINGAGE NS TRy MECRY SOMPINAL Ay the

phospharic acid of formula 58a, a dialkylzinc, and a dihaloalkylane of

forRSOFE1SERY&R 112, 0 OH
0

N

R50
wherein R50 and R54 independently represent a hydrogen, an alkyl, an alkenyl or
-(CH2)m-R61,

where R61 represents an aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a

R54

polycycle; and m is zero or an integer in the range of 1 to 8,

[0033] The terms "alkenyl"” and "alkynyl” refer to unsaturated aliphatic groups
analogous in length and possible substitution to the alkyls described above, but that
contain at least one double or triple bond respectively.

[0034] The terms "alkoxyl" or "alkoxy" refers to an alkyl group, as defined above,
having an oxygen radical attached thereto. Representative alkoxyl groups include
methoxy, ethoxy, propyloxy, tert-butoxy and the like.

[0035] The term "alkyl" refers to the radical of saturated aliphatic groups,
including straight-chain alkyl groups, branched-chain alkyl groups, 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-C3q 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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158a1581) wherein  each of X and X' is, independently, chloride,
bromide, or iodide; each of R7 and R8 is, independently, H, alkyl, halide,
amido, or ester; each of Ri andis, independently, alkyl, alkenyl, aralkyl,
ArQI 200848334y, heteroaralkyl; or Rm and R'1 taken togetheP¢EU8200&088990
formula 158e, 158d, or 158e; wherein  m independently for each
occurrence is 0, 1, 2, 3, or 4; n independently for each occurrence is 0,1,
or 2; each of R12, RI3, RI4, R15, R16, RI7 and R18 is, independently,

alkylp RLYh AR éﬁ%&r E%ﬁk -EQ%%?H*‘ 9N LGEHND ¢ %’é} REA0.08

in some emb ents, se fected from alk carbonates aralkyl carbonates
(e.gMIB A afiveth é‘fé}e bB?&'Sséfé?Vﬁl?r]é%@’fé SRS Fﬁ?éﬁ%@ “’Fﬁ)éyﬁm%ﬁ%?ﬁl
pratecting geoikp. can be selected from benzoyl, trichloroacetyl,

tnﬂuo[r&% cyl, ?Ré"{%}% azlﬁé& %E%’Pe%%?ﬁxz@é%téﬂ ﬁﬁf&a@ﬂﬁ&é& cgrbonyl and

benzylcarbamare), aryl carbamates, dituylphosphinamides,

dial BTGP B e P RIRSF RS R BRARFH BRI E T AILED
DESCRIPTION OF THE INVENTI

R51

/
N

R50
wherein R50 and R51 each independently represent a hydrogen, an alkyl, an

alkenyl, -(CH2)m-R61, R61 represents an aryl, a cycloalkyl, a cycloalkenyl, a heterocycle
or a polycycle; and m is zero or an integer in the range of 1 to 8, or R50 and R51, taken
together with the N atom to which they are attached complete a heterocycle having from
4 to 8 atoms in the ring structure. Certain embodiments of the amide in the present
invention will not include imides which may be unstable.

[0038] The terms “amine” and “amino” are art-recognized and refer to both
unsubstituted and substituted amines, e.g., a moiety that may be represented by the

general formulas:

R5
R50 0
+

—'—'—'N\ ——=N-—R 51
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 ary} 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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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 fields. Where appropriate,

M@ ppsifRsadion is provided. The definitions apply to the terrSHESIIY 188890
used throughout this specification, unless otherwise limited in specific
instances, either individually or as part of a larger group. [0031]As used
herein, the definition of each expression, e.g., alkyl, m, n, etc., when it

oIS, OIS J0AN oNGe.In AN stiuctite, B, ended o b ndependent of
its definiion elsevihere in the same structure. f&ﬁﬁ efierm acy aming'”

reféfRURS R YGiBR(PIPR IR &Y e et RSB HedRh ¢ 1P &cgelisEpdIttarmiia: -NR54
R5kkterosytieres 'RaS-@nahR 4. intependentinsepresenibaihyer agaia, oatore

alk%ﬂfg %sfd‘éﬁwli& 5 'égbuggtlitﬁgl@slas des %5%1%99; {&%%%%%@,318@ Qﬁ}’a!xz%e,

cycloalkyl, a cyc oa‘fkenyl, a heteroc?/c e or a polycycle; and InTs zero or
an qpﬁégaé@mltﬁg«f%gaék@ﬂ{(fgqloalky , hydroxyl, alkoxyl, amino, nitro, sulfhydryl,

imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio,
sulfonyl, sulfonamido, ketone, aldehyde, ester, heterocyclyl, aromatic or heteroaromatic

moieties, -CF3, -CN, or the like. The term “aryl” also includes polycyclic ring systems

having two or more cyclic rings in which two or more carbons are common to two
adjoining rings (the rings are "fused rings") wherein at least one of the rings is aromatic,
e.g., the other cyclic rings may be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or
heterocyclyls.

[0041] The term “Bronsted acid” refers to any substance that can act as a
hydrogen ion (proton) donor.

[0042] The term “carboxyl” is defined to include esters, thiocarboxyl, aldehydes,
ketones and the like and thus includes such moieties as may be represented by the general
formulas:

0

0]
/J]\ /RSS \ /ﬂ\\
X350 X50 R56

wherein X50 is a bond or represents an oxygen or a sulfur, and each of R55 and R56
represents independently a hydrogen, an alkyl, an alkenyl, -(CH)),-R61, where m and
R61 are defined above.

[06043] The term "diradical” refers to any of a series of divalent groups from alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaryl, and heteroaralkyl

\ o

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

. .
O -
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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[0033]The terms "alkenyl" and "alkynyl" refer to unsaturated aliphatic
groups analogous in length and possible substitution to the alkyls
described above, but that contain at least one double or triple bond

W OR00%i083348[0034] The terms "alkoxyl" or "alkoxy" refers toRGTAIKH0G088H90
as defined above, having an oxygen radical attached thereto.
Representative alkoxyl groups include methoxy, ethoxy, propyloxy,
tert-butoxy and the like. [0035]The term "alkyl" refers to the radical of

saturated aliphatic groups, includin chal Ik

bran(ionc'f\ R ﬁgm%&% grxgufﬁgmé{?/ﬁclolg%lifﬁlcycw C)° eng gﬁﬂ(ﬁ & 1g%itgl]?ed
cydiBamyMgestprd Al gEsRi Icatip stie e =iy F@)awelméévtaﬁmd one is
embodiments, a straight chain or branehed chain alkyl has 30 or fewer
carbon atoms in its backboj e.0)-G1-C30 for straight chain, C3-C30 for
bragichedlenamyoreucirfewer. \EiKewise, @diiaioasattoalkyls have from

3-10 pwmn atQﬁé&éﬂnthﬁiroﬁiﬁﬁ $Hu§3waeraimdr&ﬁw§ahan@@r&pcvﬁere
carbonsdn eg s 0p3eThe (e Aldinialdefers oan gl
grou as de?lne a?o g’ﬁgvm A sutur acfca a cftherg?

cerfﬁiﬁee%ﬂ%@ﬁﬁéﬁ@etﬁéa@lkm@*%@@lé bpigeesented by one of
-S-alkyb4s3-alkenyterd abomyomng u&d%aﬂlnaﬁaamdﬂﬁﬁejmﬂs} asgeRG@lher
are n Repr, ative, alk h|o ups.include meth Ithlo
ethy él%l%%r?ﬁ ?%grf)ﬁen §6%Im eFtkéartmIX a{)rrnnlsggolls? z?grr%ncglgn edc};g an
amlﬂliﬁiS iHEY 2 rémd includes a moiety that may be
reprefid@d byTthegantiatiarrylaor "heterocyclic group” refer to 3- to 10-

membered ring structures, in some instances from 3- to 7-membered rings, whose ring
structures include one to four heteroatoms. Heterocycles can also be polycycles,
Heterocyclyl groups include, for example, thiophene, thianthrene, furan, pyran,
isobenzofuran, chromene, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole,
isothiazole, isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole,
indole, indazole, purine, quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine,
quinoxaline, quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine,
acridine, pyrimidine, phenanthroline, phenazine, phenarsazine, phenothiazine, furazan,
phenoxazine, pyrrolidine, oxolane, thiolane, oxazole, piperidine, piperazine, morpholine,
lactones, lactams such as azetidinones and pyrrolidinones, sultams, sultones, and the like.
The heterocyclic ring may be substituted at one or more positions with such substituents
as described above, as for example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,
hydroxyl, amino, nitro, sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl,
carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an

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

[0047] The term "isolated" in connection with a compound of the present
invention means the compound is not in a cell or organism and the compound is separated
from some or all of the components that typically accompany it in nature.

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

pair acceptor.
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0 /R51 R50 wherein R50 and R51 each independently represent a
hydrogen, an alkyl, an alkenyl, -(CH2),n-R61, R61 represents an aryl, a
cycloallcyl, a cycloalkenyl, a heterocycle or a polycycle; and m is zero or
WP iB¢8348% the range of 1 to 8, or R50 and R51, taken todH#th&iS R HOfses0
N atom to which they are attached complete a heterocycle having from 4
to 8 atoms in the ring structure. Certain embodiments of the amide in the
present invention will not include imides which may be unstable,

[003@5% e é§ 1050804 RIS A SAIECQY ﬁ]eedd AL %ﬁ%ﬁ'tgst?;%’éﬁ‘
an t

unsubstituted stituted amines, e.g., a molety at may

rePREIAMENTAR MY PR RiREA L oTes Y Rering fme f@\twen%@w%lm 5
2 sorwhergitiRGE ntl B lo(@ndoptianallyiRbpeachdndependakyise,

repigaenha Ripoan. el A el Al (GHAY ROk A B RALE

defined as above. Thus, thé term "alk arnlne includes an amine group,

as laﬁﬁ‘??é]élyﬁb&%mi‘%ﬁmt?ﬁdé{‘@aﬁs‘hfﬂPéWiﬂ?@@B@ﬁ?&Féﬁ%?Rﬁl%tﬁéH%@f
theilkgd, i.e., at least one of R50 and R51 is an alkyl group. [0039]The

term iiﬁfs#ry"' &s eer-narain safersdo-analkierour suhstfiggd with an
aryl group (e,g., an aromatic or heteroaromatic group).
designates -F, Cl -Br or -I; the term "sulfhydryl” means -SH; the term "hydroxyl" means

-OH; and the term "sulfonyl" means -SO»-.

[0051] The term "oxo" refers to a carbonyl oxygen (=0).

[0052] The terms "polycyclyl” or "polycyclic group” refer to two or more rings
(e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which two
or more carbons are common to two adjoining rings, e.g., the rings are "fused rings".
Rings that are joined through non-adjacent atoms are termed "bridged” rings. Each of the
rings of the polycycle may be substituted with such substituents as described above, as for
exarmple, 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 sterecisomers 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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[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,
RN/ B34, thiophene, imidazole, oxazole, thiazole, triaZ8I&USHei26R0
pyridine, pyrazine, pyridazine and pyrimidine, and the like. Those aryl
groups having heteroatoms in the ring structure may also be referred to as
"aryl heterocycles" or "hetemaromatics." The aromatic ring may be

SuRiluieR 1k ORe RF ROLE 1R RASIIONSVHIRSHERIRHASUHERIS AT free of

described above, for example halo%en, azide, alkyl, aralkyl, alkenyl,
alkSRIROESR Semes ISP ARG FURURS ToMAD, nitro, sulfhydryl, imino, amide,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio,
sulfonyl, sulfonamido, ketone, aldehydes, est@teterocyclyl, aromatic or
heteroaromatic moieties, -CF3, QI\Q{,‘ i teterm "aryl" also
includes polycyclic ring systemshg @.v Gy more cyclic rings in which
lta'pwo/adjoining rings (the rings are

cyclic rings may be cyclo ¢
heterocycly/lls.z[og4ler17e t7e;rm8 Bronsted acid" refers to any substance that
cavheeiaka Ry&oBoRioR’ (Fotd)Rderior Joined priryviEnimesiselp Ryt is
delipggolndneldcie estansn Hiagalwyyl naldabydes ieienes apechikeikanan
and thus ipcludes such moietie may be represente he general
bont 104 N M%@é‘% Y5 Sr1eR d by, he.gene
forranﬁ\las: jot% y RE5R 0 g v@hér‘&rslsfgbe is a bond or _?e resents an
oxyHEIviErReRERIPPaHd ekttt Rioe cEPratarmscHeepen dentya
hydeagenoaialadd analkase c¢@pa)m-R61, where m and R61 are
defln?&b@ﬁ OVE-The phrase "protecting group" as used herein means temporary
substituents which protect a potentially reactive functional group from undesired
chemical transformations. Examples of such protecting groups include esters of
carboxylic acids, silyl ethers of alcohols, and acetals and ketals of aldehydes and ketones,
respectively. The field of protecting group chemistry has been reviewed (Greene, T.W.;
Wauts, P.G.M. Protective Groups in Organic Synthesis, 2™ ed.; Wiley: New York, 1991).
In some cases, the functional group being protected and the protecting group are together

referred to as one moiety. For example, the fragment shown below is sometimes referred

to as a benzyl carbonate; i.e., the protected (underlined) O makes up part of the carbonate.

O
___Q_/’U\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.

0]
/U\o/\Ph

—N
|
R
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[00431The term "diradical" refers to any of a series of divalent groups
from alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, aralkyl,
heteroaryl, and heteroarallcyl groups. For example, '7..is an alkyl diradical;
B peosapsadkyl diradical:-\)-7-15is an is an aralkyl diradical;F&idUS2007/088990
(alkyl)heteroaralkyl diradical. Typical examples include alkylenes of
general structure (CH2),, where X is 1-6, and corresponding alkenylene
and alleynylene linkers having 2-6 carbon atoms and one or more double

or t”"ib%é?ﬁ”dsrrﬁé(?é%u% Pe, QIOUAR A #}grégt )8 MRERnARd aralkyl

groups wnerein one open valence is on the ary rlng and one Is on the

alkyPpoTOR e HispsTa T STiSbsRBrsh D duamPIESRE ATC PhAITARXANCSS Used
he fetm e fetigs toran safiay hgsoheravhieneyehopdddesett crraldid Bith loytefi tgens

ha}é%é%ﬁﬁﬂvr %R@Qﬁ%ﬁ@ﬂ'ﬂnaetﬂ@“ wut% ReRAlRaAKYh Ph %Ee flkgtde

hydrogens have been replaced a halide. [0045] erm

"h&RPOHBTS S %@Wlﬁ%ﬂ%%%%&ﬂﬁ%?%dé@ﬁ&m16%}1%%%
cartbopraehydrogen aExanoles obietef oatorhwiiizoing S tags mapincgdn but

OXY e HBQ&PQQ{H&,SMMB@SQQ(?SLQHW, allose, altrose, glucose, mannose,

gulose, idose, galactose, talose, glucose, and trehalose.

[0057] The term “sulfonamido” or “sulfonamide” as used herein includes a

moiety having either of the following formulae:

ICI) i)l
N S=——PR56 -———-IT—-—-N(R50)2
R50 O o)

wherein R50 and R56 are as defined above.

[0058] The terms “triflyl”, “tosyl”, “mesyl”, and “nonaflyl” refer to
trifluoromethanesulfonyl, p-toluenesulfonyl, methanesulfonyl, and
nonafluorobutanesulfonyl groups, respectively, The terms “triflate”, “tosylate”,
“mesylate”, and “nonaflate” to trifluoromethanesulfonate ester, p-toluenesulfonate ester,
methanesulfonate ester, and nonafluorobutanesulfonate ester functional groups and
molecules that contain the groups, respectively.

[0059] The term "thioxo" refers to a carbonyl sulfur (=S).

[0060] It will be understood that "substitution” or "substituted with" includes the
implicit proviso that such substitution is in accordance with permitted valence of the
substituted atom and the substituent, and that the substitution results in a stable
compound, e.g., which does not spontaneously undergo transformation such as by
rearrangement, cyclization, elimination, etc.

[0061] Certain compounds of the present invention may exist in particular
geometric or sterecisomeric forms. The present invention contemplates all such
compounds, including cis- and frans-isomers, R- and S-enantiomers, diastereomers, (D)-

isomers, (L)-isomers, the racemic mixtures thereof, and other mixtures thereof, as falling
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[0046]The terms "heterocyclyl" or "heterocyclic group" refer to 3- to 10-
membered ring structures, in some instances from 3- to 7-membered
rings, whose ring structures include one to four heteroatoms. Heterocycles
X 2488@%3e4polycycles. Heterocyclyl groups include, for exd¥@phés2007/088990
thiophene, thianthrene, furan, pyran, isobenzofuran, chromene, xanthene,
phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole, pyridine,
pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole, indazole
P AHINRUEING R RN AAaln G Rl BRSOV enc
quinoxaline, quinazoline, cinnoline, pteridine, carbazole, carpol ne,
phéiBPHHARNREC RS R ARY bSRRRIdHES Yok ERREEH 51! $51RikaiggHdhereof, are
pheneardaizing; phieaat axinaydutiazart, phenoxazine, pyrrolidine, oxolane,
thiolayspxazole BB idine: AIRFHAFNG MAPAlRE-astensso AATS

such as azetidinones and pyrrolidinones, sultams, Sultones, and the like.
ThERBIBARAQIUIHI A &P SGhatitREg SR BINh3Ad Hesiisnemhls of

sudthm&@saﬁg&wﬂp&ﬂlaMami@Mﬂmm@m-h@I@mm alidyl, The
af%@ﬁﬂwﬁ&k‘éﬁﬁ%ﬁ@f% e YRR Y B XU RTIENGes RR: SN Yn.toxic,

imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,
alk{NPEFBUIS ANO ARk tE S I RatiR Ol SmRp PR E RS R I S B atie Bt
hetetcaroraticpmaietysi+Gi- Qe @Nipotritienlilebicl0 04k dvsaperfortisolated” in

co %ﬁ%@ﬂ)ﬂﬁ@%@c@%@&’ @é{a&ﬁt@?ﬁr@!&ﬁ%@%@f@é&%ﬂ&@ﬁ&&f mginvention in
compound is not in a cell or organism and the compaund is separated

froht SRR AT St tha HERRISSHERIE ThRORANC A LRI rABERS heiftlh dite
[00M8]EH duirersihsequisemitfivaters Repanynsuvs ticathide darhalrotasnaire,
elegl iR NaHIACSEMO bisViHik: 200HRES 2ABRCEM B 20RHUAB AR, paimitate,

[OOA{9aLUnI ss th numtbe of car ons IS oth?rwis_,,es eci{ietde, 'f'lowe{ alkyl"
as USBHHEPEH R a NG PORRB 2L Wl S b 0VRSBE WAV from
onéuRsitate.caitiseh samth gain anetyioditvesheptirenta, dastobiomsise.cadoon atoms in
its haskhonesteusidradlikenisGelowesalkerybeard: pwen alkymyhlaye

similar.chajn lengths (ﬁg in alkyl groups are lower alkyls. In some
e;%agtéih?sirﬁlgﬁ%slﬁb% i u{er?t designated herein as alkyl is a lower [0050]As

used 98681n, thEreatpamideBticHase PRI tdintomppsadf desigrates
-F, inkdntiBd i91ukethe éeimenissndhyshigkidngans qokbinthe dermnibyidraxyt the
megns -0kl gnpl ftrr(;e term "sulfonlyil" means -S02- [QOSlLTh term "oxo"

non-toxic orgadic or inorganic acids, 'Forexample, suc
refers to a carbonyl oxygen (=0.
conventional nontoxic salts include those derived from inorganic acids such as
hydrochloride, hydrobromic, sulfuric, sulfamic, phosphoric, nitric, and the like; and the
salts prepared from organic acids such as acetic, propionic, succinic, glycolic, stearic,
lactic, malic, tartaric, citric, ascorbic, palmitic, maleic, hydroxymaleic, phenylacetic,
glutamic, benzoic, salicyclic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic,
methanesulfonic, ethane disulfonic, oxalic, isothionic, and the like,
[6064] In other cases, the compounds of the present invention may contain one or
more acidic functional groups and, thus, are capable of forming pharmaceutically-
acceptable salts with pharmaceutically-acceptable bases. The term "pharmaceutically-

acceptable salts” in these instances refers to the relatively non-toxic, inorganic and

organic base addition salts of compounds of the present invention. These salts can

25



100521The terms "polycyclyl” or "polycyclic group” refer to two or more
rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or
heterocyclyls) in which two or more carbons are common to two adjoining
M12)2008/¢p32H8e rings are "fused rings”. Rings that are joinedRGTFALRGHN7/088990
non-adjacent atoms are termed "bridged"” rings. Each of the rings of the
polycycle may be substituted with such substituents as described above,
as for example, halogen alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,
hydrox mino n 0, sulfthydryl, imino, ami onat
o B B P R R B ctome,
aldBrfectete P,“%F?féﬂte’?éﬁw atgly %ﬁi‘ﬁﬁée@“ﬁ%‘té F@ﬁ’fﬁﬂﬁ&ti@ i distycid
-CKanr G ofulbelbkase Q0&3]J ihe Hairvki &) tnesicallyr purebdkeanaection
W't A 1%(:3 ol e Rresentinyention means that the ﬁomﬁceupcal y-
stantially free of stereoisomers of the compound whetein't
coﬁﬁﬁ@%h %ﬂr@@tﬁé@ﬁé%é@@ﬂﬂ%@ﬁféﬁuﬂwmqsfﬁﬁwm§1}ﬁ\1}é¥té&ahne
Foeetamplaame pimaiicallyopure, pampouncippiesantieduby dheafatlowing
forggﬂiaﬁnd Yﬂgﬁk%l %re&%taﬁ% o%%m%%%’xr@;r usRI§1 f%pgnﬁ%rr% SRR Pt? féged

below, is substantially free of compounds represented by the following

forfddiEoPAlNRSl ISR ety et il R Ienpdkanpne, FANRIIRSS, and

R 9dénb aasl deifingeipba lowve.abdilia éikie dByepivke caiplo Brrgsccontaiprigss than

about 20 % by mass, less than about 15% by mass, less than about 10%

by mass Iess than about 5% by mass, or less than about 3% by mass of
iv 1 i rrtne configuration of the stereogenic

ce nteﬁﬂﬂtiél R|3Tsebmgd:eglat(de|$ sevedtdadidiadiveiatihe domipedimehve can be

(005437108 RIS %o R AIRFLIREARRHR: aSHeadIRASRID MG ARSAEIRAGsMereof,

In certain instances, the steroidal alkaloid starting materials can be cyclopamine or

jervine. These steroidal alkaloids can be purchased commercially or extracted from
Veratrum Californicum. Briefly, the process of the present invention comprises the steps
of cyclopropanating suitable starting steroidal alkaloid derivatives followed by ring
expansion rearrangement of the cyclopropyl derivatives. In some instances, it may be
desirable to suitably protect or otherwise transform reactive functionalities present on the
molecule prior to cyclopropanation. For example, an alcohol present at R' and a
secondary nitrogen present on the fused furano-piperidine ring can both be protected prior
to cyclopropanation. In certain embodiments, protecting groups that are efficiently added
and removed from the alkaloid, yield intermediates in the synthetic process with
improved handling properties and which allow for the efficient purification of the
synthetic intermediates formed may be preferred.

[0066] Examples of oxygen protecting groups include, but are not limited to
formate, acetate, chloroacetate, dichloroacetate, trichloroacetate, pivaloate, benzoates,
alkyl carbonate, alkenyl carbonate, aryl carbonates, aralkyl carbonate (e.g., benzyl
carbonate), 2,2,2-trichloroethyl carbonate, alkoxymethyl ether, aralkoxymethyl ether,
alkylthiomethl ether, aralkylthio ether, arylthio ether, trialkylsilyl ether, alkylarylsilyl
ether, benzyl ether, arylmethyl ether, and allyl ether.
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substituents which protect a potentially reactive functional group from
undesired chemical transformations. Examples of such protecting groups
include esters of carboxylic acids, silyl ethers of alcohols, and acetals and
Nededenebeiu8hydes and ketones, respectively. The field of proTacigy/088990
group chemistry has been reviewed (Greene, 'LW.; Wuts, P.G.M.
Protective Groups in Organic Synthesis, Tid ed.; Wiley: New York, 1991).
In some cases, the functional group being protected and the protecting

grou @g ogether referred to as one moiegé.%F.ore a% le, th fra%] ent
Chowi UG R A B B SRR D IR

proi¥etddchigisrsatre tictiorearayl.upfhareast tHerbent oeeivd . bonzgdp henzamides,
[005iby Sd nrtkasitivesthex fraigraeah SB008(B. LRI citbathiel) g Iuetastack Milyl,

makes up part of the carbarnate, is,referred to as.a henzyl .carbamate.
S By S A R
herdtkpdrersrbéramitatated vy RRoSHRATIGAPhORS &3kt e, disaccharide or
oligogeassiaride edtpiisifngang Siotape tRapyER MO Seco [ tiamesedsogte The
SUQRLMAY RGEY A A QAnded.1 the stereidal alkaloid OFING PIesent.
invention through an ether linkage or throgégh an alﬁyﬁmkage. In certain
embFdirveAtsifféosaldnalitey ﬁﬁg‘éﬁ/ Ipfay%5e: covalently bonded to a
steroi@abgilkaloidvafi¢tyepredesbpavahiiageatsanndiaasae (Ccganpespahdae the

Sa%g}éiﬁg%lﬂﬂgldsfﬂﬂﬂ{ﬁ, aﬁi@)fn'&gf ld%pl@%s@iﬁ% IQ:Q&IU@ Ltl%glégrgl%ﬁég to as

arabinose, xylose, lyxose, allose, altrose, glucose, mannose, gulose,

idoSBPYAILL B SO TANGRY, R COS¥ RTEPREHRAISEES (65T Trasente v Dpically

"sutfedearsiigol' dicdsifaramitdesdisnsed hergihanaigdesaaincigtychavings

eitflﬁ{zﬂf m.&@,l QW&QQ&?E%H@,@E&NM or palladium. In certain embodiments, Et;Zn
and diiodomethane are used to generate the 1,1-haloalkylmetal species.

[0070] The reactivity and the ease of handling of the 1,1-haloalkylzinc complexes
can be modified by the addition of certain reagents, such as acids. It is believed that the
addition of an acid to the 1,1-haloalkylzinc species generates an alkyl zinc mixed salt. In
the examples described below a biarylphosphoric acid is combined with diiodomethane
and diethylzinc to generate a putative haloalkyl zinc phosphate cyclopropanating agent. A
variety of phosphoric acids can be used to generate the putative haloalkylzinc phosphate.

[0071] Other known cyclopropanation methods such as those utilizing sulfur
ylides to react with an olefin conjugated to a carbonyl to add a CH, or CH-alkyl or CH-
aryl group, and metal-catalyzed decomposition of diazoalkyl and a-diazo-carbony}
compounds, such as diazomethane and ethyl diazoacetate, can also be used: these
methods readily provide cyclopropanes having alkyl, aryl, alkoxycarbony!l (-COOR), or
acyl substituents. Additional cyclopropanating agents are described in Masalov et al.,
Organic Letters (2004) Vol. 6, pp. 2365-8 and Hansen et al., Chem. Comm. (2006) 4838-
40.

[0072] The cyclopropyl ring may be substituted or unsubstituted, In cases where
the cyclopropyl ring is substituted, the groups attached to the methylene of the

cyclopropane will be installed onto the D ring after rearrangement and ring expansion,
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NSR56 11l R50 0 wherein R50 and R56 are as defined above. [0058]The
terms "triflyl", "tosyl", "mesyl", and "nonaflyl" refer to
trifluoromethanesulfonyl, p-toluenesulfonyl, methanesulfonyl, and
Nohafhaosa@tanesulfonyl groups, respectively. The terms "RiflEtes2007/088990
"tosylate”, "tnesylate”, and "nonaflate" to trifluoromethanesulfonate ester,
p-toluenesulfonate ester, methanesulfonate ester, and
nonafluorobutanesulfonate ester functional groups and molecules that

contaj groups, respectively. [0059]The term "thioxq" refers to
carbzfnag?gjjlfu%%fgﬁ B%aﬂﬂ?%,&i Céloun}% & 5%880 T 1] St o1 (1o e
"subdtatleeal Rt ineEscdie thevith phidiehrbetss thidsnrthosyasetie dimyiasri-
accargdanaryveiivp eimiiedvale nee ithe suhsiitdedaiam, and ibe

subgfisent, and et ihe subsiivioniesullz i melabls.comnauRd;.e-0-
whic oes not spontaneousfy ungergo transformation such as Yy '
redtYSiogRRea sl et satior, henramt atideiecUson ST rRam B AE difis:of
theepmmmﬂumxmhm@q@mbmqomtenﬂa«ngeqmeﬁﬂﬁeopcﬂheagmgaﬁéms,
foriien INERIARAC! dMERRRRLSTRAER AL AHED a%%ﬁ&%fe%%ge@gs
cis- and trans-isomers, R- and.5-enanj[|omers_, |astereomers,

isoPHEVS, FPITE SPHERS: tHiedsEia i rRndisats: Heiorrmathans ih dieinakantaged
thefeolie agcfapliopgnaith imbidne sicope ﬂﬁdbﬁ_ﬂiﬂﬁk&i&ﬁﬁmaﬂdjid iil@aal asymmetric
carbqg@igms may.ReARseIk IR SHASHUSHLEYCR ASiRRAlky! group. All

such isomers, as well as mixtures thereof, are intended to be included in
thi §¥ﬁ’\98’f‘?ﬁ’t‘>‘ﬁ‘.‘mg agent is prepared by first adding a solution of a phosphoric acid to a

solution of diethylzinc, followed by addition of diiodomethane to the reaction solution.
The cyclopropanation substrate is then added to this solution. Alternatively, the
cyclopropanation agent can be prepared in the presence of the cyclopropanation substrate
by changing the order of addition of the reagents. In certain embodiments, the
cyclopropanation reaction is conducted by first adding the phosphoric acid to a solution
of dialkylzinc, followed by the addition of the cyclopropanation substrate, and finaily the
dihaloalkane is added. Using this method the cyclopropanating agent is generated under
controlled conditions and immediately reacts with the cyclopropanation substrate. The
cyclopropanation methods described herein can also be used to cyclopropanate other
polycyclic compounds, for example, those with steroidal backbones.

[0075] Following synthesis of the cyclopropanated steroidal alkaloid core, the
compound may be derivatized using a variety of functionalization reactions known in the
art. Representative examples include palladium coupling reactions to alkenylhalides or
aryl halides, oxidations, reductions, reactions with nucleophiles, reactions with
electrophiles, pericyclic reactions, radical reactions, installation of protecting groups,
removal of protecting groups, and the like.

[6076] In the presence of Lewis or Bronsted acids the cyclopropyl analogs
undergo arearrangement and ring expansion to afford steroidal alkaloid analogs in which

the D ring has been expanded by one carbon,
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[0062]As set out above, certain embodiments of the present compounds
may contain a basic functional group, such as amino or alkylamino, and
are, thus, capable of forming pharmaceutically-acceptable salts with
plibepriessetscally-acceptable acids. The term PCT/US2007/088990
"pharmaceutically-acceptable salts" in this respect, refers to the relatively
non-toxic, inorganic and organic acid addition salts of compounds of the
present invention. These salts can be prepared in situ in the

o LS B 005 I O AT RIS S50 U

separate reactlng a e inventioh In its ase
forfFAFHiRA Y SElPAPIES DGR EV6r TSB FYARTECHeT e atTliPRasFatingiRehsalt thus
forepadpeligeing sLbsatigenppuichcadicdRedrasentativecsalts vecturiietihed
hygrobyg Ofﬁllg?e Y QBQ%QL%HQ& SUlRtE. RISHI AR PRSI RORIR: (U e

acetate, valerate, oeateéég mitate, stearate, laurate, benzoate, lactate,

ph%‘i’?&?@%&% é‘i%p“@ﬂr eﬁ?&@&té"‘?ﬂ‘r‘r‘%ﬁ@ é‘ﬂ%é?ﬁéf%a‘taéﬁﬂé%"ated mn
napthydaie, ahwgsivatoagiucpihe ptanite alledtthianatenalveslaumng Seiphandte
Sa&m}@ &Q:en%'g% AR RGE £ BRIQGEHA SR SRR RAGsUlGRL:

Salts"; J. Pharm. r| 66:1-19) [0063]The pharmaceutically acceptable
salt$ &%@WB&WSHWBP&@’ ‘fWé‘r‘?ﬂt‘?ﬁ%ﬂéﬁ&é&f}?@@dﬁ?}éﬁﬁbvﬁal

nohtexsagadts or quaternary ammonium salts of the compounds, e.g., from

non- m@prga@gcdggcmmmp@éeﬁ%ﬁ@mg BUERERVERHANRL 4 is
nontoxic salts include those derived from ino %anlc acids such as

hy@P8ehiBRE &Y HoRIeBra T atifInE Sl iR BIT P RDTIE CHitPRECRIE e
likeyddn e salidep od peitddefrods orjakiduedaglohited tacaiicaltydpionic,

suesiﬁggmgimi'gqle§tﬁﬁgiﬁaslaﬁiﬁumﬂ§; mmis‘au@it&iﬁmmgmg RAJmitic,

ei dro ym Ie|c etic, glu nzoic, salicyclic,
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pharmaceu acceplable Salts WI armaceutical ccep a
ba@@éﬂdmecwmmggwm&ée a%an&baété@wtam dadighy’ OPHdtfﬁ%é Tpdiigtinees
refees ttmﬁhatrﬂiactiu@mlagmeaex&ﬁs mmg&a&b@m@sopgwialb asetealitienasalts
of comgound fthe esent mventgoré ‘gh S€.8 gg (y V\gs(;:h Sk
o e SRS SR R e
manufacturing process, or by separately reactlng the purified compound in
its fheiehadiddapsumdith a suitable base, such as the hydroxide, carbonate or
bicarhggie of @ pharna &%ﬂg%'b!ss%‘ﬁﬁﬁiiﬁa&?iﬁm%@i GP&&%}M}&@Q’EQ&B?

or with a pharmaceutlcal -acCeptable organic primary, secondary or
oG R S SHUARE ARARE AT TR RN e
lithaureipsaiing patabsefinis eadonabfringigne sivrof e chedumikingoatistand
the.like,;Representative organic amines useful for the formation of base
addition salts include ethylamine, diethylamine, ethylenediamine,
etha&hine, %Fé‘%@ﬁﬁfﬁﬁ%@roﬂfﬁﬁpﬁ|??é’%?1‘6‘1ﬁéﬁl?§%§é’§‘”’fﬁﬁ%ﬁ%ﬁ?e
Bettgchelgahos ppia)aSy Mt esis/ bfBtechidtdb Alkatoviy 4 om peaifasef0§65] The
ring SxRapded @5%%@&@45@4%@ asgem%mﬁ@emﬁ APONBLARD e that

prepared directly from naturally occurring stergidal alkaloids or synthetic
ané‘fB@%‘?ﬁé‘F&%? saham fﬂ%?g‘r‘?(}%g“fﬁé“si‘éciréﬁd%?%%ﬁié% TGPERAR R Xie of al
mdiefalNaare B2l cyeipamireior¢arvinectddresd Sterli daicadkataidsroan be
purchased commercially or extracted from Veratrum Californicum. Briefly,
the process of the present invention comprises the steps of
cyclopropanating suitable starting steroidal alkaloid derivatives followed by
ring expansion rearrangement of the cyclopropyl derivatives. In some
instances, it may be desirable to suitably protect or othenvise transform
reactive ftmctionalities present on the molecule prior to cyclopropanation.
For example, an alcohol present at Rl and a secondary nitrogen present
on the fused furano-piperidine ring can both be protected prior La
cyclopropanation. In certain embodiments, protecting groups that are
efficiently added and removed from the alkaloid, yield intermediates in the

synthetic process with improved handling properties and which allow for
tha afficiant niirificationn of the ovnthetiec intearmediatece formed mav he




WO 20081083248PCT/U520071088990 [0067]Examples of nitrogen
protecting groups include, but are not limited to formyl, chloroacetyl,
trichloroacetyl, trifluoroacetyl, phenyl acetyl, benzoyls, benzamides, alkyl
seolassiasesisarallcyl carbamates (e.g., benzyl carbamates) pamyis2007/088990
carbamates, allyl, aralkyl, alkoxymethyl, aralkoxymethyl, N-2-cyanoethyl,
diarylphosphinamides, diallcylphosphinamidates, diarylphosphinamidates,
and triallcylsilyl. [0068]Additional protecting groups that may be used in
the methqds_of the pre ntion are_descr Gree T W.: Wut
RN el e R A
Soﬁ‘;‘}, Wsall@%ﬂm%lgjwl&aﬁm BP YOO arER e BYReHaeh R Sé psed
to cyalepiefanatoihasieleidahatdlgictid cidaloBdiinetal. mm;lax@seand
"%f}é"%ps‘ic"fﬁ S(e‘%%%%d %80%21\?%%%9'%%’1 é?) Ochn%Qr st% al. (2003)
clopropanate ole |ns AiS are typicar ly ma us ng
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examples described below a biarylphosphoric acid is combined with
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phaésphatg oydidiphbpanat(Bgragesntq/A 20800 Sheatias pHisFEl portsreai be
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known (ﬁ}/clop opanation methods such as those uhhméq@z‘sulfur 1;_/illdes to
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Cocr:n %960 203 %2949 %1? QEAING SYglonapyling may be substityred,or

unsubstitlited: Th'case
hematologmal ma11gnanc1es (Watkms and Matsui, unpublished results), basal carcinoma
(Bale & Yu, 2001, Human Molec. Genet. 10:757-762 Xie et al., 1998 Nature 391: 90-92),
medulloblastoma (Pietsch et al., 1997. Cancer Res, 57:2085-88), and gastric cancer (Ma
et al., 2005 Carcinogenesis May 19, 2005 (Epub)). As shown in the Examples, the
compounds disclosed herein have been shown to modulate the hedgehog pathway, and
selected compounds have been shown to inhibit tumor growth. It is therefore believed

that these compounds can be useful to treat a variety of conditions, such as various

Cancers,
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the cyclopropyl ring is substituted, the groups attached to the methylene of
the cyclopropane will be installed onto the D ring after rearrangement and
ring expansion. WO 2008/083248PCT/US2007/088990 [0073]The
syalppseezmation reactions may be conducted in an aproticEuE2007/088990
Suitable solvents include ethers, such as diethyl ether,
1,2-dimethoxyethane, diglyme, t-butyl methyl ether, tetrahydrofuran and
the like; halogenated solvents, such as chloroform, dichloromethane,
dichloroethane, and the like; aliphatic or aromatic hydrocarbon solvents,
such as benzene xylene toluene, hexane, pentane and the like; esters
Lailgisint : HiPRA acetate, acetone, and 2-butanone; polar

aprot[omhve ntsn sush-asnacataaitrie giretvsuligaRides pharmaceutically

dimethyl qrmamld and.the like: or cambinations offt /0 Or more olvents.
acce a € CO 0ons Wth (hnil T15€ & era euuc f 1ve amou 0 & OI"
In a certain em iments, dichlorome &'18 the solvent used

cya@m@ﬁ@ﬂa%nowwé ﬁeepahﬁwr%é@ﬁal@%mﬁﬁmﬁeo@ arseére[oom] In
the})&é@ﬁm:fél@ﬁdli@iﬁéﬂp&@lb&JﬁWstaSﬂiWB@ﬁaﬁ%fQﬁﬁﬂ@@sthﬁlS}bﬁl@ﬂﬁ@&ﬂi@aﬂng
ag%&%]'s SR géefsés Ladding 8, “téoé‘cP 2DNOSANPHIC ¢ ?n?nli?rﬁlon in
solution ethy Zi ollowe CF'[I n of dilodomethane 1o 1
rea%’ﬂiéﬁrétﬁlEiﬂéPFmFH@%%B)‘;B‘Pé?)é‘ﬁlaﬁéﬁ%ﬁﬁsfﬂ%%@tﬁéhoﬁéd@alw‘fﬁ%@n
soltsierariyi€ diaithelyadherayal apiopasat eshaigaNbrarpasipiopatRs)e. the
Pfetﬁ&@%%gftet!f?OPM&JQHSJ%?}HQ&A?%%’#%O i A8 BYENARIRAHE BIRELOT

addition of the reagents. In certai ments, the cyclopmpanation

re RATEHTS EBRtETcRat S Jor ARPREIIRTG e FAREeD ﬁ@rﬂ?‘ﬁ%‘iﬁaﬂé‘%{’%@ﬁ?ﬂéﬁ’f‘oﬁof
diadkyimpie; bjoitbevea doyst heraml ditidar Of dtaes oyel opepidanaiiguatsubst fate, and
finally ipe dilalealkrns. §r§95%§9suéds&l GlDiRdReiod G GHEAPISPapRINg

agent is enerated under controlled conditions and immediately reacts

witPPRNEEPR S B3R i B STt ST e E  SRIPTIISAR It RACR RS gRray
desppiizdddibeakincan ialsodgmalyed horaycidydpanatepbihen pahacyclicam or
CORRAUS SufRh R ﬁmbeocthﬁge m@ammﬁi lﬁ@%ﬁ%@ﬁu@@?@i ngglwmg

syntheégls of the cyclopropanated steroidal alkaloid core, the compound

may b %Séruva%&ﬂgﬁﬁé Séilk?aﬁé“ﬂ%"r“ﬂﬁ?éﬂt?fﬁ%ﬂ}%ﬁﬂ%??%é%fr&}ﬁ& &%Wn in
thecatloRdpnabephativecsicahpliapanidnsef galfadintmrcocpiingateactiond.to
alkgsyinalaas.o EIgEH N R TR HIFBHOPSy EBTIGE QR o BAGHRNAM Hhd

nucleophiles, rea t|on Wlth %kect ophles eI’ICXChC reactlgps radical
suitable mlxhtl i@ t] CI’CO 01 S Suc 1Ve O I} l]l_‘l ectable oreanic esters,
reactions, instaiaton of p foc ing groups removal o groups;

anduthedikidy[o7e] | Rrener Predirmen bsf meinsined. Blmgfmladqzi ﬁlehee of coating

Cyeiﬁmlsmg)e&mdsim HERAIARG ORI Ve dIPGHRINARSIORGase of
aff(ard ster0|dal %%md alg in which the D ring has been expanded
i

by OrtS catbor WES568 48BcT/US2007/088990

[6086] These compositions may also contain adjuvants such as preservatives,

wetting agents, emulsifying agents, dispersing agents, lubricants, and/or antioxidants.
Prevention of the action of microorganisms upon the compounds of the present invention
may be ensured by the inclusion of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the

compositions. In addition, prolonged absorption of the injectable pharmaceutical form
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[0077]The cyclopropanation and ring expansion can take place in a
two-step one reaction vessel process or in a two-step two reaction vessel
process. When the cyclopropanation and ring expansion are conducted in
We ¥uR8Idaction vessel the acid used to initiate the ring eREEMAESNT/088990
rearrangement is added after completion of the cyclopropanation reaction
Under certain conditions, the zinc salts that are generated in the course of
cyclopropanating the steroidal alkaloid can themselves act as Lewis acids
to catalyze t xpansian rear actl of he zinc
sa s a!e)%tztéraéé f% tebeﬁteec?ggsﬁorgﬁa %‘%ﬁv%ang}a%na dr fPe yt & addition
of ARTIEE! GonersieihoIesslttiVe Lewis acids, [0078]As described below in
the epggmles saation, dt@mttgana@uﬁﬁﬁumtaﬁidd&aﬁﬁ@h@sthmude the step
C 0, leti Io tion,
V%ﬁ? g@g%t PR c%? 8@&’ ‘?Fh%gr%& LA o‘il‘m&{t% é%rdﬂg%%

xamp es o SUIta e aCI s Include, but are not limited to zinc
salRBLpRsHE BE RTPRRIR A eIy iessdisnsaks sl iHe rmreafeERE SamRarcd

aluspimiforabltsdtinisakdy lanifianin satidadoiluosometiiortesupiestin acid,
digryIRNASPRY %Fd%&lgém ao‘%‘%th%t% 1% AR08 G8iiangmaRgdiments

of the invention the Lewis acid used Is a zinc salt or BF]. '[0079]These
rinGeE AN BEPES MG HEMSY be further functionalized using a variety of
functi®ngsizatiowraabti onsponodyfithtpecsnit iRepresentafivmsamples
inchcley Pl SRHRHO S EEAGHATSHY @Lﬁﬂ%@ baligasosam Bﬁmg&uucal

oxidations, reductlons reactions with nucl eo§> iles, reactions with

el ERPESAIHAR CPRPIBiRE COFSXRNBI s HA R4 IS8 Bh S Rty 8F about 10
pratetithgporioany $0 re Atoved iwh pt 6 te Qfig gravaps] tnd fefikeivetil gy diént in
Coggggﬁtgﬁicﬁ%[ &Q@%Q}Mﬁ?&g%gg@g&@%ﬂéﬁgﬁgphtlal in rr;anyLstages of
eve nt, especially in formation of left-ri mmetry. Loss or
v G R R S
andompdfgionatibhe pesaichthgionastystekmgdoowhiekbgisyslapfant of the

go%tlgﬂagﬁéﬁtéﬁelqgaagﬁeﬁe@tﬁfr@&%&&@@ﬁé@ﬁﬁ@gﬁﬁ&%@@@@ﬁg@ftga |
epen n the he 60 athya e growth of suc san SUI‘ vVa
ol B AR oy DRS e F A e AR SH e v SR R e on
Repisty, it has been reported that activating hedgehog pathway
m Uta[W&]OCCUfhE\s&B&Ea@KéQQS@&GHIW @Ga«laty@!f t(aLQQBMatage
Y R AL Tl RS S bRl
system é/l rger etal ‘&%’5 %0 nder | T}% Sla ’
Untirit Site SmReation e MQ@%%&%P.WEW één&l%ﬁfﬁé@n%ﬁ\‘ﬁﬁfin
NuUBXeralLs 6AamneabdyHe sfShchhAR Rk H’cﬁﬁ[i(ﬁﬂmlsaig HENGRQ thanes eadiestent

eS%PL‘&Q ?1 rgﬁt%tﬁt?a‘%%ﬂ%%(ﬁf‘e ’E‘ﬂ%&e& L A3 NG e@o%%t
Thayer eta 2003 Nature 425: 851-56) lung cancer (Watkins a al. (20 3)

NatsFe ‘222‘“@‘%‘%‘1‘7‘%%@%@%&%@@&%&’@%@9@260"&)‘ N4tehe 431
70¢e1&1iGheng el imb R ) ridolecidsimGancel B ZoicdPhdrgredtad, {20014

Endoerinologay 1405, 3961:4Q); Rrgast cancer (Kubo a al. (2004) Cancer
Research 64: 6071-74, Lewis et at (2004) Journal of Mammary Gland

BiolofP9%hd NEGsReEh 2suiigblerdsily 4 Haremeaundiar ‘Eaﬁﬁfét“(%té’ﬂi?&? et
al. {2085y ST Deconienexiceidd ohim lotalstRBOEFAMNE R ponlecanbg)peutic

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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[0082]For example, small molecule inhibition of the hedgehog pathway
has been shown to inhibit the growth of basal cell carcinoma (Williams,
etal., 2003 PNAS 100: 4616-21), medulloblastoma (Berman et al., 2002
BOiamsa39®. 1559-61), pancreatic cancer (Berman etal., 2008/ Dsa07438990
425: 846-51), gastrointestinal cancers (Berman etal., 2003 Nature 425:
846-51, published PCT application WO 05/013800), esophageal cancer
(Berman et at, 2003 Nature 425: 846-51), lung cancer (Watkins et at,
20 422 d cancer (K dk r 12004
Nagure %Off ° 6@8@&1 5{1% ?@r? | Ora é’eﬁmwow% t%té m Or about
cafldep Qbﬁétsl Pave Eﬁﬁc@ﬁﬁ@‘l@d‘h&%ﬁ%ﬁ%ﬁh@ﬂ&@éﬁ@@dﬁ étﬁ%yelféi%
exan[poezpreas"he:&n@@it ficehmethal el Canceriieseasel) Bdubiog 1-4),
g}%%%l lar, GG *(‘k Rl eén%to@ig RanGH £ %RH?QM%&&HE@%@%%
bstract #2942 Slc lick etal., 2005. ASCO annual meeting, abstract
#9@!?8? ﬁé‘rﬂ‘é’t@b@‘?@ﬁ?ﬁ&li@ﬁ%bles (Watkins and Matsui, unpublished
results), basal carcinoma (Bale & Yu, 2001. Human Molec, Genet.

1?'1;47)@31 %@%a&% et al., 1998 Nature 391: 90-92), medulloblastotna (Pietsch

ancer Res, 57: 2085-88), and gastric cancer (Ma etal., 2005
Carci[rqg%%nesghﬂ’ﬁye’]}@m?mb@ﬂﬁﬁ?ﬁrﬂg gffﬁ?\ﬂ?qrfttﬁ@ll??(%l@éd‘ﬂﬁe
comydetstods Wisctosed foeheifolhanesieeanpkhowhictonmoduidiéthelhéagehog
Daga%@%s%@ﬁl&@ﬁﬁiﬁgf% & DAYVEREEMSROYHELHNIR IR, and

rowth. It is therefore believed that these compounds can be useful to
treﬂ?é‘%é‘ﬁ%‘i?fegf%lérﬁ&%h%ve§8% as various cancers. Pharmaceutical
Compositions (0084]In another enibxadipleeht, the present invention
provides pharmaceutically acceptable compositions which comprise a
therapeutically-effective amount of one Qrorore of the compounds
described above, formulated togeth She or more pharmaceutically
acceptable carriers (additives) g@ dl uents. The pharmaceutical
compositions of the present irferifion may be specially formulated for
administration in solid or liquid form, including those adapted for the
following: (1) oral administration, for example, drenches (aqueous or
noéi%%eous solutions or suspensions), tablets, e.g., those targeted for
buccal, sublingual, and systemic absorption, capsules, békses, powders,
granules pastes for ap e%o to the tgngue; (2) pare te;&fi’
iy by stibéttaneous, intramusEaal fintravenous

[ b spension, or

or epidural |nJe 3
sustained-relgaseformulation; (3) topical appligation or example as a
cream, ointment, or a 6ontrolled release patch or spray applled to the skin;
(4) intPa¥HginaRywysintizgé craldpafoneX dihple 34d apekday icdsasohy otin
foamiy@@qhﬁmv@kh@(ﬁmauﬁ% M trrsdarmaiv dBiRuirenariyoial,
(g)agg ?r?e!l ’IaﬁL%ggﬁJ Exafﬂﬁ’ l?s Of ﬁf}% \ggc? b 5 azn c%?oro ue §
carriers which m ém Io eq i t armaceutical composi long oig
the’fﬁ:ﬁ/@ﬁmﬂ4h@qmw@waieﬁf&h@ﬁe¢dmry@|so@wlmé§g%w sirasyiehe
glyee hadéxloimesbmhﬁﬂ ﬁrgdy&p;én&iﬂ@ll &h&i%e&wfg&uﬁmmmw%m@mm 03

ta Su oliyg ail, and.in e organic. est uch a
ethgﬁ) ofea brop(eélr T? %dltﬁean ?é"‘r’ﬁ%.glegﬁéae oEr% gxa%‘n %r@t lec}Bus?aulgf
coﬁmam@@h@@mﬁ%wraé)@éwﬁ@ﬁ?bm@#fatﬁtéﬁaﬁ@é%flﬁw@méqtﬁ%@e
partigle sizeeietha Caseratdigpesions, land ibyrihpouse@hshicackants.
[0086]These compositions may also contain adjuvants such as
preservatives, wetting agents, emulsifying agents, dispersing agents,
lubricants, and/or antioxidants. Preventign of the action of microorganisms
upon the compounds of the present mve%%lon may be ensured by the
inclusion of various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
desirable to include isotonic agents, such as sugars, sodium chloride, and
the like into the compositions. In addition, prolonged absorption of the
injectable pharmaceutical form




may be brought about by the inclusion of agents which delay absorption
such as aluminum monostearate and gelatin. [0087]Methods of preparing
these formulations or compositions include the step of bringing into
sasemgRsn48 compound of the present invention with the caeriarsaon/088990
optionally, one or more accessory ingredients. In general, the formulations
are prepared by uniformly and intimately bringing into association a
compound of the present invention with liquid carriers, or finely divided
solig carriers, or both, and then, if necessary, shaping the product.
0BT e R A B SRR S S
phardrebenticekangshuihaddideng] aphedeys msjieaitbelgiveheprenestas
a phaouageutiqat comRATLIAR capaining pjasexampie) abawd diie S,
or abput 10 to 50%, or.about 10 to 40%, .0r about 10. or.about 10,to
SRR Ap s REARe e SR SOl 5 Rt al
phéathmatdgt elnbhaechpreisiotainere [apBYARLHrdbReEgE fede < ofllse
activetbgrediepdadnsthe ey macaut ealcaompeasitéansdfidrenpiesend
'“VEJEE 2 “?%th rc}{%rﬂ?%%f’(ﬂié&a‘? bfﬁé’@@e’ﬁc%‘&%ﬂ&% hgacly %i%?&rﬁq{?&t
which is effective to achieve the desire therapeutic response for a
paffctiarptthentilutshpiiabiraid Hodadds gefihietisaddwitiotBéiig
toxic haihe pakientad0aRekbtiens eleeted:dokdge(Ivahiyill Adepeidroysarirting,
vafigh ah{agotsiapl chng (s anl ibeal e RamEHlAr G B of

present invention employed, or the ester, salt or amide thereof, the route
of AHFAIPYEEAIABIT tHEATrac st TRE kISR Pl by URRA{ 4 mL) and
metaboelisin THetbanparicillanaonporobeih granleysd cihecdtedand
exteRt QL ARSPIPURARNNESH WAHON RIHE LS REHy RFARMEAIUSRe product is

compounds and/or materials used in combination with the particular .
comPBt AU EHRIBY eI JErERs, TheighiCRaIRC NP Rghd
pridittra@aicedshestenith oblthee paitemt Werig o reate dpawel gikeofateot § Saedlof the
knQuitda figynedical arts. [0091]In general, a suitable daily dose of a
corgpound of the invention will be that amount of the compound which is
th st dose effective to produce a therapeutic effect. Such an
effective dose will gene‘?ﬁ% depend upon the factors desc above.
Generally, oral, intrav’r@ggﬁ]ogjﬁgggmmw'doses Qf the’gompounds
of the present inventigh Yorta patient, when used for the/indicated effects,

i alde 001 to about dehrry]g OF 3 001 to about
100 mg, or about -0 about 100 mg per,
or about 1 to about 58 mg per kilogram of body weight ger day.

[0096] Bis(2,6-dimethyphenyl)phosphate (10.65 g, 34.8 mmol, 3.1 eq) 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 diethylzine 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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[0092]The subject receiving this treatment is any animal in need, including
primates, in particular humans, and other mammals such as equines,
cattle, swine and sheep; and poultry and pets in general. Exemplification
[®028§F/besaes/ention now being generally described, it will branos200eH6EHE0
understood by reference to the following examples, which are included
merely for purposes of illustration of certain aspects and embodiments of
the present invention, and are not intended to limit the invention. Ea lel 1

L CE[hZOgJI] Eb'\{nzai slzga(i‘:a!felzf)%gk?gompound 3(7.20 g, 11.4 mmol, 1 eq) is dissolved in
anhydrous DCM (36 mL) and transferred to the reaction flask. After the addition is
complete, the ice bath is removed and the reaction mixture is allowed to warm to rt. After
6 h the contents of the flask are cooled to —53 °C. A solution of methanesulfonic acid
(3.38 g, 35.2 mmol, 3.1 eq) in anhydrous DCM (3 mL) is added, maintaining the reaction
temperature below —45 °C, After 10 min morpholine (20 g, 230 mmol, 20 eq) is added to
the reaction mixture, maintaining the reaction temperature below — 40 °C. The reaction is
allowed to warm to rt-overnight. The morpholine salts are removed by filtration and the
filter cake rinsed with DCM (22 mL). The combined filtrates are washed with 2N
aqueous hydrochloric acid (2 x 140 mL), 5 % aqueous sodium bicarbonate (140 mL), 5 %
aqueous sodium bicarbonate (70 mL) and 5 % aqueous sodium bisulfite (70 mL), and
brine (144 mL). The organic layer is dried over magnesium sulfate and filtered. Without
going to dryness, the DCM solution is concentrated and solvent exchanged with methanol
(280 mL). The suspension are chilled with an ice bath and stirred for 40 minutes. The
solids are isolated by filtration, washed twice with cold methanol (2 x 25 mL), and dried
to a constant weight to afford 5.94 g of the desired product.

Step C

1. Pd(OH),,1 atm H,
2. DIBAL
3. A{OBu),, 2-butanone

[0098] In a round bottom flask, compound 4 (11.67 g, 18.1 mmol, 1 eq) and 20 %
palladium hydroxide on wet carbon (2.40 g, 1.71 mmol, 0.09 eq) are placed under a
nitrogen atmosphere and diluted with EtOAc (115 mL) 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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[0094]Recrystallized cyclopamine 2 (14.1 g. 34.0 mmol, 1 eq) is dissolved
in anhydrous DCM (70 mL) and anhydrous MeOH (29 mL). The clear
solution is cooled, and triethylarnine (10.4 g, 102.7 mmol, 3 eq) followed
myoeozysekdorofortnate (6.20 g, 36.3 mmol, 1.1 eq) is addedtTAfseo0thess990
addition is complete, the solution is stirred in the ice bath for 30 mm.
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
niL), while maintajning the temperature below 20 C, T ixture is stirred
for VET, DRRGPLAT LB R CPeSHIae AT SLGar 4k e SRJEHE Byer
is dierbriesred e dtiarentariel Wherdthomifarbernbifisatifitratbdsdusfered
witE qufggjroulsmiﬂ%i&%fﬁgxﬂ’tgép@&zﬂg&}ﬁ@%&@‘i@dism@l\éﬁﬁ};&@&ﬁhggmdé
wit itional anhydrou riding (4 nd con ed. The
sl B e ar st e B e s e e i o
ad@livmal arhgorahide mairiEng@B e ray imrierapszschsivskioridard-3y'C.
68 AiBOnid 84 dscasidedsiendy iathedeaotiomn)di@aiangd thedeaston

's heated {0.4 Crlhegeacion is,stimed al 49.Cifor 30 min 1he reacion;is
cooled an quencﬁeg y the additiorof a L’hyé]rous eOH Mog mL). The
quérdded; ipeetion inddareaenstiniegrarld et seinienef 29&h G aamsays
tolunre( éaniloand jsTe adaatisg gelenibab yusthsisaie sddedinl) @Adsa 18w
% ?ﬁ%ﬁﬁgﬂﬁe%‘i’e%'&’ﬁ‘ &8¢ é’E‘er? SR8 HON A0 M RNV Jé?éﬁ%ﬁﬂﬁﬁ%%
the ayers are sep%ated an ﬁ1e organlcqla er IS washe twice W_I'[ water
(2 $B308-mThednpbirr s dayrsurateshstritieralr G Farddiied fyer
rinseduwiultaliane Mgﬂgémmmmwdﬂﬁdﬁemmhiﬁdaﬂeﬁltrﬂteﬁl&% is
congeniiied . and SQENL XERAosIWIRLERNGRRIERES P falugne (145

mL) and further concentrating to dryness. The product is recrystallized

froRPTStEEn & REE HEPEARITHS LRASEARPR T ICH S RSt BR Luktith
filtraition] wigsivpciwichl Soltl)HEptanelanddries toheaconstantmisight to

aff%rﬁl&geﬂe&lp{mgeﬁiéesglm&gfg%oﬁtﬁao%m& 12 B1635 p &R ARANA for
011212 2. MsQH Ar = 2,6-dimethyl

- ( henyl 4 e .
[00YBIBIEE - YifE Y SHEPS BSAS: bﬁfé?étff&%%'ﬁfoﬁﬁf@%?ﬂ’o‘ﬁagﬁdévdﬁhis
drigdpbyec@ncéntration fiiwh tanlyditausvB iy 4o |7) 7Arcbhidkddesidér a
nitrgggn@tmosphere. The phosphate is then redissolved in anhydrous

DCM mL). In a arate flask, a solution of neat diethylzinc (4.17 g,
s A T R ot o e e e e LS e !
-25 G 0ThéTghomphdtedsolutidnms st uiendsf €l 348 entres st eq),
contapting dhgueiethyizine)salutioneyal 1ob gmaintabningherte Rpesaturegsat
or bel 1Q C. The clear ethylzi lution is warmed to Q C

O St s Fce B IIE R R ISR F AR MR

slopligveddeered et thpipRpHOFIMATS RURSHIBRM, SAYEIM: Eiite SHetipadion)
tempelailieikeiveadudranthh 'ChoAllgeihondditien isrcrrmieteThd e gintare

carpenoid;splution i stired fpr Anadditiona) 20 Milkeiie sait (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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WO 2008/083248PCT/US2007/088990 100971In a separate flask,
compound 3(7.20 g, 11.4 mmol, 1 eq) is dissolved in anhydrous DCM (36
mL) and transferred to the reaction flask. After the addition is complete,
Wie r0e8i08atwés removed and the reaction mixture is allowedROTAE209 THE0
After 6 h the contents of the flask are cooled to -53 'C. A solution of
methanesulfonic acid (3.38 g, 35.2 mmol, 3.1 eq) in anhydrous DCM (3
inL) is added, maintaining the reaction temperature below 45 C. After 10
TORININE 30 . R0l B0 SR AIe G eacion e
mainta e reaction epmperature e react n S
allé*arémé"\ﬂlaﬂm et ing hb, TREitseph Sinerediesiaraseshoib d-pgptane
filtration and thrdiltercake /insedariiirbdpMdaée nth). The combined
flltrgttegjare washed with 2N aqueous hydrochloric acid (2 x 140 mL), 5 %
ague sodium bicarbonate (140 mt.), 5 % aqueous sodlum bicarbonate
(70 mL) and 5 % aqueous sg¢ %
The organic layer is drl
going to dryness, th ‘r.’
exchanged with @@ @l (280 mL). d('é'esus o@. pare chilled with an
ice bath and stigedr for 49 mlnutes The solid¥ solated by filtration,

wash cold et anol (2 x InL and dri a constant
ot L G e PR MR BB e (L0 R
atragH@HD 7 Bladivd) i @2RN \30@uk) aHerselids4s: SUSPended in pyridine (4

mL). The suspension is placed under hydrogen atmosphere (1 atm) and the mixture is

stirred overnight at rt. The reaction mixture is filtered through Celite® and the filtrate
concentrated in vacuo. The crude material is purified using silica gel flash
chromatography ( MeOH/DCM 5:95) to afford 93 mg of the desired compound. ([M+H]
=426.6 m/z).

Example 2

[6102] 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 Zh. The mixture is cooled to 1t, treated with 30 mL water, heated to geta
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[0098]In a round bottom flask, compound 4(11.67 g, 18.1 mmol, I. eq) and
20% palladium hydroxide on wet carbon (2.40 g, 1.71 mmol, 0.09 eq) are
placed under a nitrogen atmosphere and diluted with EtOAc (115 mL) and
Wzee/(®a4nL). The solution is degassed with nitrogen (3XRCWis2007/088990
evacuation/purge cycles, and the process is repeated for hydrogen. The
suspension is vigorously stirred at it for 1.5 h. The hydrogen atmosphere
is replaced with nitrogen, Ethylenediamine (0.57 g, 9.5 tninol, 0.52 eq) is
added to the reaction, and the resulting mixture stirred for 20.min. The
ol i Ehep S e OB L R 0
(wiRv)ed L rediegeddtibriéme thy fseerkhid iested svHRPPEHeN ofaraser 1338 50
mLphianddlage diige:evasactssmosuiaten dib@dpyiogiagentiszce mexned by
filtration and the fil; i ncengrated to dryness under vacuum. The
soltlgl&slet at e%easiig]ié%a?rén cﬁ%s%‘éﬁv%i?é %ol ue%ce%?gex %ré}ﬁlﬁf) on the rotary
evaiigdtor and the resulting material used without further purification in

anhydrous DCM (26
solution of DIBAL in D
reaction tempe
quenched - Site
or below 0 C. After sti¢ring the quenched reaction mixture for 17 min, it is

DT O R R SRR TSNS a5 160 ALl 0P S
B AT oher Pere AR SR O e (s 463

ivepaeciainddEl HJuiousaper ipibk extrenten it BEMWY38 8L TiThe
SCRMRAINSGAMBRMGIRY s @awashReithwaten (B87 ). b dsied Qves,

so&i}urq 5_';uh‘ate.ojl'gg gr ing a entfs.remtov%d fiItrlation.an(ii @sc?r&ed.
$ie Titrale s e oneentrate ILIJ% & 33%?1%m(a1r‘? SONENt exe a’ngéd to
ngltlehd ¢22 8 BEM tdaalin Pisrtionlioy brids essliithdd s ttenbribigt thand
IRARERBIARGI0 3 BUSRensioR (SO sk )eurd dilutech withdeptane Kdd anal).
The resulting mixture is heated until fyrning, ho S(92C). T
R R R A P R e S et e
pnatha GgsraiRtEole et REoRaReR A esRides n/filtratibm AR crggror 15-
2bepinag @eadkddid) and ditieshdpoianatient ool {a@tprdahidtigeahdhe
' : ' ' With
e ey
stired feblid Ribre e Metg Poaim il af) andihg Gitee folersarsively yaghes,
vammm ane(®hlg, ﬂa@AsmmmBieq)a.oﬁdne(zuqoemsj,omt& I(ﬂaﬁ@dnmdﬁr a
vREQes et | Q%Eg&gg?é&xmu}f@t@-J&%n'%?a@e?ﬂ%‘»c}&w&ed@ﬂé@d§dtlfh%'3mde

“allowed to cool to 49 'C. Aqueous 20 % (w/w) potassium sodium tartrate
isBiifien o3y p1b LA T ne S P EHE KIS et dhspufrstbrrisme
(tifrechal, R6POY &.SehleTid tayérg.are separated. The organic layer washed
Wit‘gﬁgﬂ‘yeous 20 % Rochelle salt (2 x 250 inL) 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
nal, added portion-wise) to a final solution mass is 41 g fully precipitated
the desired product. The suspension is diluted with of additional heptane
(40 mL), stirred at it for 1 h, and filtered. The product is washed with
n-heptane (17 mL) and dried to afford 5.389 of the desired product. Step D
H2, Pel/C

B mtaining the
he reaction is




Pyridine 51 [0101] A round-bottom flask is charged with starting
material (110 mg, 0.26 mmol, 1 eq) and 10% palladium on carbon (106
mg). The solids are suspended in pyridine (4 mL). The suspension is
Placew/tfdéey hydrogen atmosphere (1 atm) and the mixtur8G3/552pa¢E088990
overnight at it. The reaction mixture is filtered through Celite(r) and the
filtrate concentrated in vacua. The crude material is purified using silica
gel flash chromatography ( MeOH/DCM 5:95) to afford 93 mg of the
desired compound. ([M+Il] = 426.6 in/z). Example 2 NOCbz0 26, 101021
Cyclopamine 2 (5.02 ﬁﬁ X mmol, 1.0 eq) is dissolved in ank)
pyridine (75 mL), DMAP{300 mg, 2:44smnal, 0.2 eq.) andyriethy)amine
(5.5 naL, 39.1 mi a 2Jci)) are added, followed by BtO,
) T\ eated at 40C for 2h, The mixturéis
treated wi @@ Hwater, heated to get a homogeneas-solution and
allowed10 cool to room temp. The white precipitate that forfned is

colleggeglsby iltcaiianm trediiusahaissuashechwdinirastiensaliaater (3 X

58 m'l?f)f’ and, d iefi in air to f(glor 53 g of crude material which i
R o R LT G B g 055
ngeddirdd qrb dbeflskepemcaaiog and filled with hydrogen three times. The mixture is
stirred under an atmosphere of hydrogen for 1h. Neat ethylene diamine (0.38 mL) is added,

stirred for 1h., and the catalyst is filtered off, The filter cake is washed twice with
EtOAc:toluene (2:1, 12 mL). The combined filtrates are washed with a 2% aqueous solution
of ethylene diamine (3 X 20'mL), dried over sodium sulfate and concentrated in vacuo to give
2.46 g as a white crystalline solid.

Step D

H

H N
1. A(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-fert-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 concertrated 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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Cbz0Cbz 67  [0103] To a solution of diethyl zinc (572 mg, 482 ML, 4.63
mmol, 3.00 eq) in 5.0 m1, DCM at -20C is added a solution of
bis-(2,6-Dimethylphenyfiphosphoric acid (1.42g. 4,63 mmol, 3.00 eq) in
DCrEIBITMS) maintaining the reaction temperature below -BOT/US2H¢5/088990
solution is aged for 15 min. at 0 C, neat diiodomethane (1.24g. 374 gL,
3.00 eq) is added, aged for 15 mm. at OC before adding a solution of
(BisCBzcycIopamine 1.05g. 1.54 mmol, 1.0 eq), in DCMmL). The cooling

sgs?p;[(r{]xslxsorg 1 4 dvg{h o_;N %Eetr b th at aner{QO m%l)nt‘?m?at rtt %I Eqr 4, Sé{glte?e%e

(e is o0 Ice-acetone tredted drop
Thegaogie lwﬁﬁﬁégﬂﬂfbhﬁetm@b@m agg|drirsHq ol Snohthniedrstion
péo&?ummol 3.0 eq) maintaining the reaction temperature below -74 C. The

mi tturegls aged for 15W20 min. and quenched drop wise with moipholine
(2.6973, 2.70 mL, 20 eq) maintaining the react|on temperature below -65
'C. The cooling bath is rem }
h., the white precipitate¥
washed with 2.0 M ‘_)@ . 0* mLL%%_jodlu C:
mL), water (2 x Zand brine (20'HL. Dri @& magnesium sulfate,
concentrated in¥atudtosdryness and the créide fspurified by silica gel

flash ato h nes/Et0Ac 17:3-34:1) to a 924 1.33
mmo[%g@%‘ of (?E &/()S? Spr’o RLped i aring 5.6535@ §b?u?tf%§1 o‘%
egbmfbé)%@amile@ on Sudaniffong. efeisrlidsetetivmnefiEpasridineranl).
T 164840 i pRckded of @y@%geauaﬁum&y@ rmﬂ%mé:@rm (8&&&&9
Oe§n§ {tho | e]ieg,&?)nl-nu?tlﬂea% red %%t%%alqd@)ﬂ”ec{j thvélI ]fltﬁ eC(I:E)% entrated
ifnes. THe mixture \s stirred under mosp ere of hydrogen for
l&?ﬂ%éﬂl@ﬂﬁ%@ﬁ@%ﬁﬁrﬁé@%smyll%@ﬂ deshahreaTopreny, ( HsPHBECM
seppdy strisditenechoifife dhadiltRmpelaiisManedlvsaeyyith EtOAc:toluene
(2:1, 12 mL). The combined filtrates are W§Shed with a 2% aqueous
solution of ethylene diamine (3 X %‘mﬂ‘ﬂrled over sodium sulfate and
concentrated in vacua to give 2,46 g as aywhite crystalline solid. Step D

,ﬂ(@. {ite (2 x 20

[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 mmel, 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;SOy, and concentrated to dryness. The colorless oil was purified
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a [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
(@0 gnok/@42t80l, 7 eq). The suspension is heated under a NiFOYER2007/088990
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

far 3. T s are separated. The organic layer washed with
S bt i s e
wdaongsditnnadso Hatesssn dHileselding bié wesiiselsdrin dEBBNithdphsberbwBowater

@) 20ehiscardeshn bRGCAmIDRGi NDaRIGE @er@qaﬂé:m%%@ XQ,90/NE8Sed
gsmual tr(-zdatctli)fn gglvents re rem ve(tj from th ter E?/ 127
o r%%lné) rom %panol fﬁg m eradaesci‘ por |oﬁa%1 B "f o-afinal’ 2).

solution mass of 44 g, Solvent excﬁaﬁg@iﬁom 2-propanol to n-heptane
(275 mL added portion-wise) to a final solutlon mass of 41 g fully
precipitated the desired product. The sugn ion is diluted with of
additional n-heptane (40 mL), stirred & "£7h~ and filtered. The product
is washed with n-heptane (17 d@fied to afford 5.4 g of the desired
product. Step E [0106] Areus hottom flask is charged with starting
material (110 mg, 0.26 mmol, 1 eq) and 10% palladium on carbon (106
mg). The solids are suspended in pyri#fhe (4 mL). The suspension is
placed under hydrogen atmosthere (1 atm) and the mixtiyte is stirred
overnight at rt. The reaction gukture s filtered thrub elite(r) and the
filtrate concentrated in % Phe CRIHE materi 4@- dfiep~using silica
gel flash chromatog WWMed H/DCIVI 5:9 Nefférd 93 mg of the
desired compou e/Q =426,6 m/z) Exampte 3 9 [0107] In a seal
tube, ketone 6 (85 mgs 0.199 mmol, 1 equiv.) was gharged and

[0108] A sealed tube was charged with compound 5 (223 mg, 0.52 mmol, 1 eq) and

DMF (1mL). 2-bromopropane (1.3 g, 10.5 mmol, 20 eq) and Na,CO; (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 1t and
water was added. The residue was extracted with MTBE (3X). The organic layers were
combined washed with brine, dried over NaySQy, 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.

[6169] 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 HCl aq. (2x) then with water. The organic layer was
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triethyleneglycol (2 mL) was added followed by hydrazine monohydrate
(500 mg, 10 mmol, 50 equiv.) and potassium carbonate (138 mg, 1 minol,
5 equiv.). The rube was sealed and the reaction was heated at 150C for
WO200BII@3dRCtion was cooled to rt and water was added. THEEE2eI488990
was extracted with chloroform (3X). The combined organic layers are
washed with water, dried over Na2S04, and concentrated to dryness. The
colorless oil was purified using silica gel flash chromatography

d{' ovew g’& gfﬁlte}) UCI‘(I)f I%d i %ge? %a%ﬂe and §W ated to

r ness. 1he fesu tlng OiFwas ssolve and ASHE Water

a@m,mziww Fomewratzaderth AN FH ardaritsitietrory R [dyer Tbg e drpad
oegé@[cm@&‘@@&e Wieredwand-.awaapiateckioalorditdrea gnof dheotes imd
ater wat% %é/\llrlﬁ tel E‘Aam o(f[ cH ]’fhe4 oli%dz E? in??was plg%r)%d r%sl}#%FH aejl and

sealed tube was ch arge with compoun

o R P bR rES SR Cfdogtiee 84 of dzorehyraﬁm\r&%d@e (73
4887 /68 mmol, 1.3 eq) were added and the flask was sealed and heated
to 50 C. The mixture was stirred foéx]a%% &4 which point -70% conversion
was observed. Additional (0.26 g, mol, 4 eq) was added. The
reaction was stirred for 2 h and additionalig-Btomopropane (0.13 g, 1.1
mmol, 2 eq) was added. The reactionywa'3 ,' red for another Ih, The
reaction was cooled to rt and water mas ad déd, The residue was extracted
@@ ®re combined washed with brine,
dried over NaZSO4 filtered, &nd eoncentrated to dryness. The white foam
was purified using silica gel flash chroppatography (DCM/Me011 99:1) to
glve 206 mg of the N |sopropyl derivative as a white foam [0109] The

) t pEECRIER placed undj
and Pd/C 10% (W Aidrich Begussadypg:E101 fomg

A

under 1 atm of hydrogen. Celite was added“o the reaction mixture. The
mixture was filtered thréugh a small pad of Celite(r) &hd washed with

EtoAEPHAEBAgArE-Paem P FERRR AT R Bpolokshers ie!ved
inaledrdse BRyamd. | aligr missraiviact el O XS P4ridite @4 tholgimaotteq

A0 EYARUBIEH (950IME, B4IMLRA T %%eT%%Q@%%J@eXfr T%@%omogeneous
neutralized with 2N KOH and exfracted with DCM (3X). The combined

PRGHR ST PETRES IO QR W ARG SUERL A B P s P, TRt
apvocisk bottising siuoov DiskdE0witRTthessiditial 84 ¥ of eridtM THEe Thade

caaigEab aﬁcnwéwer@mﬁaim&ﬂaahmm%mmmwe/ﬂom
6 421 ord 80 mg.0 of deswe%lprodérct (M = 468.7 mlﬁ)
ncehtrated under reduced pressure. The crude was unﬁe 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 1Th. Most of the MeOH was evaporated
under a stream of nitrogen and 1N HCI (500 puL.) was added. The material was extracted with
DCM (3X). The combined organic layers were washed with water, dried over Na,SOy,

filtered and concentrated under reduced pressure. The crude was purified using silica gel
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Eatle5 11 11 [0110] In a round-bottom flask, compound 6 (88 mg,
0.21 mmol, 1 eq) was dissolved in anhydrous THE (1 mL). The mixture
was cooled to 0 C. Pyridine (84 pL, | mmol, 5 eq) and benzoylperoxide
Wo0mi@HsEr82 mmol, 3 eq) were added successively. The RETGEVSO8/90
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
ter, dried over Na2S iltered trate der reduced
e B SR R TR e,
PrR@eattBYETDA(3:1 192k 1)) to give the N-O derivative product (60 mg, OA
1 mmol) as a white foam. This foamxw@agedissolved in 2 na, of MeOH
followed by 2N aqueous KOH (0.4 mL). The reaction mixture was stirred
for Ih. Most of the MeOH was evaporatégdOnder a stream of nitrogen and
1IN HC1 (500 pl.) was added. The r al'was @xtracted with DCM (3X).
e washed with Water, dried over

Na2S04, filtered and conce *Under redd@pressure. The crude
was purified using silica geﬁ flash chromatography (hexanes/EtOAc (from
88:12-)1:1)) to yield 11 mg of e desire2product. ((M+H] = 442.5 m/z). 12
Step A

Step A

NHCBz

[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 NaHCO; 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 HCI (156 pL). 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 NaHCO; solution. The organic layer was collect and the aqueous layer
and was extracted with EtOA¢ (2X). The combined organic layers were washed with brine,
dried over NaySQO,. Filtration and evaporation gave the desired intermediate. This material

was used in the next step without purification.

Step B
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oHcNHcez Na(Ac0)3BH 0 H6H13 [0111] In a round bottom flask,
compound 6 (89 mg, 0209 mmol, 1 eq) and
N(benzyloxycarbonye-aminoacetaldehyde (148 mg, 0.85 mmol, 4 eq)
Werdewessised in DCM (2 mL ). Sodium triacetoxyborohyd RE&/US2P Hg3990
0.85 mmol, 4 eq) was added and the reaction was stirred for 3 h at rt. The
mixture was poured in saturated agueous NaHCO3 solution and the
residue was extracted with DC:v1 (3x). The combined organic layers were
washed with Water dried over Na28a4 filtered though cottop and

oy formea. The resultlrfg slurry
Filtration ga @@' 0 fng of white solid. The ma $ as dissolved in EtOAc

and treated with a saturated agueous NaHCO3 Sblutlon The organic layer

was t e aqueoul er and xt ac 2X). The
comt? %@@a’dhlcelgﬁer%awere & Washed Wi & OVr‘T’ne %erle éver(il'5 DY EE3F
viihed P A% @ih@eratﬁbﬁ@a%ﬂb@%emetﬂﬁtérm@ﬁmé WEhpsalndiradal
pWasiused HRdheinaxlusiem wim@ftﬂbw;tﬁigﬁatmr Biep Bhydddet. ArdP14 ]l

fthe material from Ste andt
cf ?éf“f%é?‘ ?‘5@ m%mp\\/lv ?drlc eg us%%%%‘é%?é%\cfhg Eg VES
%%Ie@lm pigedotiree times with hydrogen and left overnight under 1
atrgw@f dydrogen. After 16 h, the mixture was filtered through a small pad
of Celite(r) and Washed with EtOAc to afford 52 mg of the amine as a white

foam. o HN-N

= ON
HO N

EDCI, DIPEA

[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 1t for 4 h, The reaction was quenched by the addition
of saturated aqueous NaHCOj; solution and the residue was extracted with DCM (3X). The
combined organic layers were dried over NaySQOy, 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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Step C [0113] A round-bottom flask containing the amine 14 (52
mg, 0.11 mmol, 1 eq) was charged with the 1H4etrazole-5-acetic acid (21
mg, 0.166 mmol, 1.5 eq), DCM (2 mL), EDCI (42 mg, 0.22 mmol, 2 eq)
H2pesdago propylethylamine (57 mg, 0.44 mmol, 4 eq) TRERES2AMIFHEE8990
yellow solution was stirred at rt for 4 h. The reaction was quenched by the
addition of saturated aqueous NaliCO3 solution and the residue was
extracted with DCM (3X). The combined organic layers were dried over
Na2804 filtered though cotton and evaporated to give 62 mg of off-white

potassium carbonate (150emg, 1.09 tnmololo éq) The SO|IdS were

suspeadafl AnMbRLREMK lPdemeihangy a2 NIGh 2 RO WRAR,
added and the mixture was stirred for 2 at rt. TLC (DCM/MeOH 95:5)

T GO LY P LTSI BRRBIRR S 4 Gt MBI (P4 BL T8 ighvsre i“é%?j‘%sé“ 2
el dela tHedremttion (ifixiure 2vhiohl \Rag) stay eddéd rdhihethistpeaetiostimed

60 Mtée T%@(E@%ﬂlé’!ﬁi?@ﬁ%‘?ﬁg@@@@%V&_I{ﬁp?&%r%%@xﬁ@ﬂaﬁ@?fl@ g&a@i%
were dri an ntrated 1o dryne e resi rifea using
e PSR SE B AR L TIEOP R SO B A g o
mn@uwexsmqwbwa {t-piihes AviD: Sepratale ded thplag@nics were dried and

concentrated to dryness. The residue was purified using silica gel flash chromatography
(DCM/MeOH 100:0-298:2) afford 34 mg of the desired product ((M+H] = 440.5 m/z).

Example 8

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 puL, 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->90:10) to afford 52 mg of the desired product.
(IM+H] = 639.5 m/z).
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16 11:1 01416 [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
re@ctiogosasscharged with iodomethane (80 pL, 1.29 mmol, ¢ &g} @nosso9o
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§5§§%%1%§)t0 afford 52 mg of the desired
product. ((M+H] = 639.5 ink). Example 9, —Step A

17
Step A

OHG._ NHBoc

‘»,HNH Na(AcO);BH
e —— -

[6116] In a round bottom flask, compound 5 (50 mg, 0.12 mmol, 1 eq) and N-(#-
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 NaHCO; solution and
the residue was extracted with DCM (3x). The combined organic layers were washed with
water, dried over Na;SO, 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

[0117] A round-bottom flask was charged with starting material 18 (800 mg, 1.4
mmeol, 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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18 [0116] In a round bottom flask, compound 5 (50 mg, 0.12 rnmol, 1
eq) and N-(t- butoxycarbonyl)-anainoacetaldehyde (6 mg, 0.38 mmol, 3.1
eq) were dissolved in DCM (2 nth). Sodium triacetoxyborohydride (8 mg,
©/0809%ne48.1 eq) was added and the reaction was stirredHOT/2$2@t/088990
The mixture was poured in saturated aqueous NaHCO3 solution and the
residue was extracted with DCM (3x). The combined organic layers were
washed with water, dried over Na2804, filtered though cotton and

evapor ted to give a foamy solid (95 mg). The crude material was purified
us ica gel flash chromatography (EtOAc/Hexanes 1:1) to yield 55 mg
of compound 18. Step By /NHBoc. TFA,DCM NH2 18195 [0117] A
round-bottom flask w »Q. withstarting matedal % ~mo mg, 1.4

mmol, 1 eq). The m‘/@ 26 ’dlssm*vedﬁﬁﬁ-solutlo @ i wavd‘NTEA (10
niL, 1:1). The g bh was stirred for 45 min g e

@@ reaction Was

partitioned b&tween a solution of 10% sodi ngte and DCM. The
Ofgafllﬁi@?%%&Fﬂ@@é@&lﬂ%ﬁﬁ%'&ﬁ%@d@@@s@r@&@%&@@%&eO'EE%)mol

anic phase w rate yness. The residu S use
eerd Fx)th rl%&?é%&“éﬁ,t Xt treacuon was cg g },’3@ form ?dehyde
in water (240 pL, 3.22 mmol, 5 eq) and sodxum cyanoborohydride (64 mg, 1 mmol, 1.6 eq).

The mixture was stirred for 30 min at rt. The reaction was then 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->10:90) to give the desired material.

Step D

Hg, Pd

H 17

[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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1920 [0118] A round-bottom flask was charged with starting material
(300 mg, 0.64 mmol, 1 ag) was dissolved in THF/ACN (1:1, 4 mL). The
reaction was charged 37% formaldehyde in water (240 AL, 3.22 mmol, 5
) woglogsdbum cyanoborohydride (64 mg, 1 mmol, 1.6 eq)PThEsmixtasesso
was stirred for 30 min at rt. The reaction was then 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/DCIVI
5:95-'10:90) to give the dgsired materal. Step D HIO119] A
round-bottom flask wi ¥ 2830 mg, 0.06

mmol, | eq) and @/ aslium omoarhon (301g), Fhe solid¥ Were
suspended in Pyrc

@ (2 mL). The suspen"s placed under
hydrogen atrfiosphére,and the mixture wads stitred gyernight at rt. The
reaction mixture was filtered on Celitc(r) and the filtrate concentrated to
drynd @29 KoreratbiRonatdhsk W snied hsing simsgel fagpe, 0.20 mmol, 1
eghvesBtsgredinyDEAE GHMDC M 600 90) thaggavevithaVel@sikeehylpietialide
M. 70 ARoY, A1 &Y EsauRlgh Lhcelokyborohydride (170 me, 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

g

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

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.
(IM+H] = 601.8 m/z).
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[0120] A round-bottom flask was charged with starting material (85 mg,
0.20 mmol, 1 eq) was dissolved in DCM (4 mi.). The reaction was charged
with N-(2-oxoethyl)acetamide (80 mg, 0.70 mmol, 3.5 eq) and sodium
wiacedngizesohydride (170 mg, 0.80, 4 eq). The mixture weRCStIiseed TopI0
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 chromato y (MeOH/DCM 5:95) to give
the desired material. ([LM+H] = SM@Example 11 22 [0121]
Compound 22 was synthesized accorg to the procedure described in
2y

example 9, using N-methyl-N-(2 PXQE ,,,p/a\cemide in place of
N-(2-oxoethypacetamide. (]! @ N25.7 w7a-Example 12 23
[0122] Compound 23 Was thésized according @ e procedure

described in example 107 using N-(2-oxoethyl)-3-phenylpropanamide in
place of N-(2-oxoethypacetainide. ([MgjH] = 601.8 ink). Example 13 24

[0123] Compound 23 was synthesized acconling to the procedure
desc &l m&éﬁx@a}sdgmgsmﬁd according to the procedure described in

ehbsmpizthg:udibg M aveiet iy 2-ploethylpsapanyipideninsfuiaieptt N{ 3-(2-
REARINRAGRIRMINEHPNs o i, $15.9 miz)

Example 14

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;SQy) 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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Example 14  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 naL, 49.7 mmol, 5.0 eq) and benzyl chloroformate
Mb2osg32®B 93 mmol, 1,1 eq) were added and the mixture RgagistingaB$ero
1 hour at a. The reaction mixture was partitioned between saturated
agueous bicarbonate (100 nth) and EtOAc (100 mL). The phases were
separated and the organics were dried (Na2S04) and concentrated to
dryness. The crude material was purified using silica gel flash
chromatography (EtOAc/Hexaries 2:98-)14:86) to give 3,75y of material.
Step B [0125] A My ' iy '
heptahydrate (260 _ >
borohydride (24 |@@= mmol, 1.2 eq), sti\rb. A5 min, and then
cooled to -78'C. A ¥HF splution (10 ml) of ketome 26 (300 mg, 0.54 mmol,
1 eq) was added, and the mixture was stirred for 1 h and then warmed to
rt. WaPd#50 MrPER etiemd (50 iy sneretacdpisle haiaby ditiel @98 1g/&re
spbit, Thegorgan day etansd svixb kediienl buvatshiedevathniyi 065 30n6i))1. 2l sgd

sHMEd §§P‘¥§Jﬁﬂ1§ %fmen%gl&ﬂg (_:%’liéat& Q‘IL@ ?oi{m&?( {6 ?ﬁﬁ%? kg—tgr?e %';SU@SO mg,
g roduct was purified by silica gel flash chromatography (ether/hexanes

1:*133116 eg%gagg@d?ﬂga% t@%&?ﬁ“ﬁ‘?&‘fﬁéf@?@ for 1'h and then warmed to rt, Water

(50 ml) and EtOAc (50 ml) were added, 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

2:3-21:1) 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 pm polyethylene membrane and concentrated to a clear oil. The oil was
purified by silica gel flash chromatography (NH;OH(aq)/MeOH/DCM
0.5:2:97.5-20.5:6:93.5)-to give 130 mg of compound 25 as a white powder. ((M+H] = 427.4
m/z)
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ato_c HO' 2725 [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 Dep,ussa
twoeé20432560 mg) was added. This mixture was sparged WHOTNIg@genss990
and then hydrogen gas and stirred at rt for 3h. The mixture was then
sparged with nitrogen, filtered through a 0.45 pm polyethylene membrane
and concentrated to a clear oil. The oil was purified by silica gel flash
chromatography (NH40OH(aq)/MeQH/DCM 0.5:2:97,5 0.5:6:93.5) to give
130 mg of compound 25 as a Whitg%%waér? (IM+FI] = 427.4 m/z)

Example 15 Step A 2829 [0127] A THE sglution (10 ml) of ketone 26
(300 mg, 0.54 mmol, 1 eq) at -78C was tre ] with K-Selectride(r)
(Potassium tri-sec-butylborohydride) ‘.@ I”O‘ 58 mmol, 1.1 eq) and
stirred for-60 min. Methanol (1 ry ;added and the solution warmed to
rt. Water (50 ml) and EtOAc (36"mtlwere added, mixed, and the layers
split. The organic layer was washed w, égw brine (30 ml), dried over sodium
sulfate, and concentrated to a white réSidue. The crude product was
puldEciby silica gel flash chromatography (Ether/Hexanes 2:331:14)10
give 170 mg of pure 3- aIpha alcohol 29. Step B [0128]Lompound 29
(170 mg, 0,30 mmol, | eq) wH ak:

bar and rubber septum.
10% (wet, Aldric --.~r-~
was sparged wij; e’(’o‘a ol
The mixture was théh sparged with nitrogen, fllteredgthrough a 0.451. tm
polyeffiiens Meruhiane 3o Qlﬁ%f'fé&[}ﬁéai@%@ ,@ég;k%l fthol e %Lé""’i@"c was

purified b}/(SIhca gel flash chromatography ( AQH(aq)Thil
treated with K-Selectride® (Potassium tri- sec-butylborohydnde) (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
m}) 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 alcchol 29.

StepB

[0128] Compound 29 (170 mg, 0.30 mmol, 1 eq) was dissolved in EtOAc (3 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 lim polyethylene membrane and concentrated to a clear oil, The oil was

purified by silica gel flash chromatography (NH;OH(aq)/MeOH/DCM
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0.5:2:97.5-30.5:6:93.5) to afford 76 mg of compound 28 as a white powder
([M+1-11=427,4 m/z). Example 16 30 Step A 0 NO Me2SC)i WY"

WO 2008/083248 PCT/US2007/088996

0.5:2:97.5->0.5:6:93.5) to afford 76 mg of compound 28 as a white powder ((M+H] = 427.4

m/z).
Example 16
30
Step A

[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 pL, 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
3:7->9:113) 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 1t for 3h. The mixture was then sparged with nitrogen,

filtered through a (.45 m polyethylene membrane and concentrated to a clear oil. The oil was
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2731 [0129] Compound 27 (100 mg, 0.18 mmol, 1 eq) with
benzyltriethylammonium chloride (8 mg, 0.36 rnmol, 0.2 eq) was dissolved
in DCM (5 ml) and stirred vigorously with dimethyl sulfate (130 pi, 1.43
wmodpSBoepiand 50% aqueous potassium hydroxide (0.5 mbaatutiorh8so
The mixture was partitioned between water (30 ml) and EtOAc (30 in!),

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/Hexartes 3:7-39:113) to give 75 mg
%‘f‘?heggﬁﬁihfﬂ B SProRriar By Ny BHaAl OH/IY%0] compound 31
(68:Ach R0LG Mot glvedd wasf disgphvetiBihaEGdd awtleir| BVl vAtht
5. bar and rubber septum. The solution was sparged with nitrogen, and
Pd/C 10% (wet, Aldrich Degussa ':'ége Elzl, 20 mg) was added. This
mixture was sparged with nitroge hydrogen gas and stirred at it
for 3h. The mixture was then sparged with-gitrogen, filtered through a 0.45
1.tm polyethylene membrane and cen ,Hed to a clear oil. The oil was
purified by silica gel flash chromate @ N114011(aq)/Me014/DCM
0.5:2:97.530.5:6:93.5) to give 7ot compound 30 as a white powder (
[M+11]= 441.4 m/z). Exampte ]

32
Step A

—N
“H Cbz AczO, DMAP, DIPEA
e Rkl el

Aco™

H 27

[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 3:7-29:113) 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 1t for 3h. The mixture was then sparged with nitrogen,
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32 Step A [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
wdgdsioss13.070 ml, 0.72 mmol, 4 eq) were added. After strcingsion7iavas
rt, the solution was split between EtOAc (30 ml) and 5% aqueous sodium
bicarbonate (15 m1). The organic layer was washed with brine, dried over
sodium sulfate, and concentrated to a clear oil. The crude ester was

ur|f ed by silica_ gel chromatography (Ether/Hexanes 3:739:113) to give
b S e AR R £33 g A b T 35
p@m@d’hgsmcmqirﬂmhlPnr(auﬂtwa@@ﬁﬁlﬁﬂm)ﬁi@@www) in a flask with
0415525 300 BBDEN SSRIUB mbRE SRIPHRIA WA SRATRSWILP MIEageD @
Pd/C 10% (wet, Aldrich Degussa type E101, 20 mg) was added. This
xture was sparged with nitrogen and then hydrogen gas and stirred at rt
for 3h. The mixture was then sparfeatplith ditrogen, filtered through a
0.45 pin polyethylene membrane and concentrated to a clear oil. The oll
was purified by silica gel flash chromatograighy) (NRIOH(aq)/MeOH/DCM

0.5:2:97.530.5:6:93.5) to give 45 mg of 0.-- vatnd 32 as a white powder (
[M+H] = 469.4 m/z).

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

[0134] Compound 34 was synthesized according to the procedure described in
example 17, using compound 29 in place of compound 27. MS (IM+H] = 469.4 m/z)

Example 20
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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]
®awnpeunsse®} was synthesized according to the procedure pleresbmaigsoso
example 17, using compound 29 in place of compound 27. MS ([M+1-1] =
469.4 m/z) Example 20 36 Step A

Step A

o Gz NH,OH-HCI
NaOAc

H 26
[0135] An ethanol solution (5 ml) of compound 26 (185 mg, 0.3 mmol, 1 eq) was
treated with hydroxylamine hydrochloride (140 mg, 2 mmol, 6 eq), sodium acetate (160 mg, 2

mmol, 6 eq), and water (0.5 mL), and the mixture was stirred at rt for 1 hr. The mixture was
split between EtOAc and water (50 mL each). 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 chromatography (ether/hexanes 2:3->1:1) to give 193 mg of oxime 37.
Step B

—~N
“H ChzNH,OH-HC!
B
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 pm polyethylene membrane and concentrated to a clear oil. The oil was
purified by silica gel flash chromatography (NH,OH(aq)/MeOH/DCM
0.5:2:97.5-20.5:6:93.5) 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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CbZ NH2011-HO NaOAc 37 [0135] An ethanol solution (5 nil) of
compound 26 (185 rug, 0,3 mmol, 1 eq) was treated with hydroxylamine
hydrochloride (140 mg, 2 mmol, 6 eq), sodium acetate (160 mg, 2 mmol, 6
avd, aosbssater (0,5 mL), and the mixture was stirred at rt for¢osIdoeosssse
mixture was split between EtOAc and water (50 mL each). 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§thr%matography (etherthexanes 2:3 -1:1) to give 193 mg of oxime 37.
Step%—N, H Cb7NH20H HCt Na70Ac 3736

- CozHN_COM
"4y Cbz DMAP, DIC
I s

o
cozin A o

H 27
[0137] Compound 27 (42 mg, 0.075 mmol, 1 eq) was dissolved in DCM (5 ml), and 4-
dimethylaminopyridine (2 mg, 0.02 mmol, 0.2 eq), N-Cbz glycine (23 mg, 0.110 mmol, 1.5

eq), and diisopropylcarbodiimide (0.023 ml, 0.150 mmol, 2 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 flash chromatography

(ether/hexanes 2:3->1:1) to give 35 mg of the ester as a clear oil

Step B

o
HaN A e

[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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[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
WdsTIIMixture was sparged with nitrogen and then hyREGFSL0GEES8990
and stirred at rt for 3h. The mixture was then sparged with nitrogen,
filtered through a 0.45 i_tin polyethylene membrane and concentrated to a
clear oil. The oil was purified by silica gel flash chromatography
(NH40OH(aq)/MeOH/DCM 0.5:2:97.5-)905:6:93.5) to give 15 mg of
compound 36 as a white powder, a mixture of cis and trans oxime isomers
( M+ LenBore §0 miea mvpleegized meapline to the pagdpre deppibanin 27 (42
eRagipR. 07 mémpeimpoesy 29as slissolwehpodndIV, (Bvral)] ansb4rm/z)
dimethylaminopyridine (2 mg, 0.0 ~Q.2 eq), N-Cbz glycine (23 mg,
0.110 mmol, 1.5 eq), and diisoprozs))(/c (r?{cz)giimide (0.023 ml, 0.150 mmol,
it, the solution was split between

2 eq) were added, After stirring for 12
gimy-Bicarbpnate (15 m1). The organic

EtOAc (30 ml) and 5% aqueous pa ? H
layer was washed with brine, d var sodii te, and concentrated
to a clear oil, The crude @@ purified by silica gel flash
chromatography (etherTHexahés 2:331:1) to give 35 mg of the ester as a
clear oil Step B 0 CbiHNA. 39 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 €q). 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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[0138] Compound 39 (235 mg, 0.42 mmol, 1 eq) was dissolved in EtOAc
(7 nth) 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
Wigrwassazided. This mixture was sparged with nitrogen anelCthres2007/088990
hydrogen gas and stirred at it for 3h. The mixture was then sparged with
nitrogen, filtered through a 0.45 p.m polyethylene membrane and
concentrated to a clear oil. The oil was purified by silica gel flash
chromato NH40H )é DCM 0Q.5:2: 30.5:6:93.5) to give
e A RS i Ay T et
neRdpihle 22 40 [0139] Compound 40 was synthesized according to
the propedwe.desesilesikexanplessd witbing Gesypeund 294nplagel,afeq)
compound 27.. +H1= Am/z) Example 23 41 . 140] .
e A e o e hcn a2
Taxapnk 1O curbbreseG sety oz Brve i see hrREET Dhadioreaction
ix(@eoxpatay backetamited (hhidetHita &8ér /MY EIxfmxarapi@rad for 30 min. The

mixture was filtered under vacuum, rinsed with water and air dried and used directly without

purification in the next step.

Step B

e, N\
“H Cbz 1. PPhy
2. MsCl, TEA

43

[0143] A round-bottom flask was charged with azide 43 (8.35 g, 14.23 mmol, 1 eq)
and THF (120 mL) was added. The reaction was then charged with triphenylphosphine (11.2

g, 42.7 mmol, 3.0 eq). The mixture was heated to 50°C and stirred for 20 h. The reaction
mixture was then cooled to 1t and the solvent removed under vacuum. The residue purified
using silica gel flash chromatography (MeOH/DCM 10% -> 20%) to afford the amine.

[0144] A round-bottom flask was charged with the amine (5.10 g, 9.09 mmol, 1 eq)
and was dissolved in DCM (60 mL), The reaction was charged with N,N-
diisopropylethylamine (5.88 g, 45.5 mmol, 5.0 eq). The mixture was cooled to 0°C and
charged with methanesulfonylchloride (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 (EtQOAc/hexanes 10
=> 30%) to afford the Cbz protected methanesulfonamide.
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[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 unmol, 6.0 eq). The mixture was
vapPeeBiBRE® and charged with methanesulfonylchloride (1.B6QUES.®/088990
minol, 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 ss. The residue was purified using silica gel flash

ch ography (EtOAc/hcxanes 10 -> 25%) gave the desired material
mesylate. [0142] A round:hetfom flask was charged wu.t he tnesylate
(9.1 g, 14 22 mtnol, 1 egha ias dissolved in 50 mb of @ M The
reaction was charged @ " u'kaézhdgd@ 62 g, 7 4.%5.0 eq) and

heated to 60C. 'lSh ﬁ@: was sti red for 137 eactlon mixture was
then cooled to lf aha-gharged with water. TRENTIXIre was stirred for 30

min. The mixture was filtered under vacuum, rinsedsavith water and air

d“edg(ﬁﬂ%#&%erﬁ&ﬂ}{n"\‘ﬁ's‘l?%&&?&{d&%%%ﬁl'tEl %ﬂ?&%&%ﬁ%ﬁﬁ%&f&%m@

%%4 %A round-bottom flask was charged with azide 43 (1

8134 ahd se¢ 19% plsdinge %&@anfh%%&éﬁdﬁ \ﬂﬁa\gefﬁé}lﬁpended
mh@rgmmmﬁ@ tniph amylphpspline dsldlazed p4@:3 hpdngkihnegphedehaddixture
n‘ﬁé&&@@@é@@%& ?&Q ﬁﬁldzé"’ttff%ef%&%bmmef @%HQH i{ﬁ}@gﬁr&x Waﬁet@%ﬂd the

cooled to rt and the solvent removed under vacuum. The residue purified

G e et fRdpestothsisiiory hias i esira s s Bl8h) o afford
cthemmminhy (DEOIAON hontb it deidvasighehged\dt the)amine.

(5. 1082 Q9oL l-egy &ad was dissolved in DCM (60 mL). The
reaction was charged with N,N- diisopropylethylamine (5.88 g, 45.5 mmol.

5.0 eq). The mixture was cooled to OC and charged with
methanesulfonylchloride (2.8 g, 18.2 mmol, 2.0 eq). After 30 minutes,ﬁe

sodium bicarbonate a QAL The © amcdgg%r was collected, dri
over sodium sulfate cokydentr he residue wag—

purified using SI| cq ash chromatography (EtOAdhexane
to afford the ﬂcted methanesulfonamide. 49#9
HO” o)\o

24a
[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 roomn 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
3.0g).
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[0145] A round-bottom flask was charged with the Cbz protected
methanesulfonamide (5,37g. 8.41 mmol, 1 eq) and 10% palladium on
carbon (1.0 g). The solids were suspended in 2-propanol (50 mL). The
N p@asItvas placed under hydrogen atmosphere and tHCHA&2005/088890
stirred for 4 h at 25C. The reaction mixture was then filtered on Celite(r)
and the filtrate concentrated to dryness. The residue was then purified
using silica gel flash chromatography (DCM/MeOH 0 --> 5%) to afford the
desired product. [M+H] = 505.6 m/z. Alternate Synthesis of Compound 42
24a [0146] Recrystalli edhcyclopamine (2.07 g) is charged to an Ho
i i éf)ang p@fgggzp@ge; an i)nert atmogpharé
3 g), andgymmgo rug) are o-::°~
Ly

t
’ eTOW

EtOAc (7.6 g), triethyla
sequentially. The suf

temperature is¥#aintained while methanol (26.4 g) is sIowa addd to the

reactjomixbueesiDe- amk%&w&bg&ﬁ&ps&@c&m 100 gﬁérmw@ethme
nd stir edforatle % 'igatﬁ;]le rude S:tlscoll ed bg/flltra

8dr|nse Wffﬁ nc ( el S VA Broﬁﬁl%

e solid rle nder va

se@ﬁ%ﬁﬂomq@%t @ﬁaur@eﬁ%fém PdeirdiaMh é?it&lﬁ@s @ chs Riaranharedluiereird 29
gy hie Iattesd()@@mpmgmma@ 4 Qdgdd ¢Gentially at or below 25 °C. Diiodomethane

(?99%{ %%E gr:lytlr;lé‘qf"ezagggr{ is s%?r%g at 28°C for 4-6 hours. The reaction is cooled to
-45°C and a solution of methanesulfonic acid in DCM (566 mg in 1.5 g) is charged. After 15
minutes, morpholine (1.711 g) is added and the mixture is allowed to warm to room
temperature overnight. The organic layer is washed twice with 2N HC1 (2 x 13.6 g) then
sequentially with 4.8 wt % sodium carbonate (aq), 4.8 wt% sodium sulfite (aq), and 4.8 wi%
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).

"’l,

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

24b 24¢
[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
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[0147] Solid bis(2,6-dimethylphenyl) hydrogenphosphate and 24a are
pm-dried and placed under a nitrogen atmosphere. Neat diethyl zinc (722
mg) is charged to an appropriately sized reaction vessel containing DCM
W®m29)8/mEM solutions of the phosphate (1.83 g in 17.9 g) arcried28826800
(1.34 g in 3.6 g) are added sequentially at or below 25C. Diiodomethane
(1.58 g) is charged and the reaction is stirred at 28C for 4-6 hours. The
reaction is cooled to -45C and a solution of methanesulfonie acid in DCM
5 6 mg.in 1. er 1 S, mor holln 711
S o e LR e
anpbed hgah@W@awesﬁéwtw@esmﬂﬁgzmamhe(m% B3y Stde for 15
SR NtRI lél&wb%@qdwbaamomﬂee(eqnél@ withsaui il

and 4,8 w °/ brin each arganic | IS drj red,
gt e i sk s e
teﬂfé!eaﬁﬁ%@d)fﬁéﬁh%ﬁaﬁ o By teadied 24a aittorhise ﬁﬁﬁemléﬁels@ds‘ lgj4 & 98%
ydltation with a methanol rinse (2.6 g) and drying afford 1.09 g of 24b
(79% isolated yield). [0148] Johnson Matthey RUC catalyst
A-305038-5 (890 mg) is charged to an appropriately sized reaction vessel,
followed by 24b (2.24 g) Thetlon vessel is purged with N2 and  H

toluene (21.8 g) and Q.7 9) Aredggdedisequentially. The o\,
system is degassed a dund ra-mtrogeﬁatmosphere ang/thel._/~
ti§, maintained at one atmosphere fgf 2

Jair) gen. The Q&I stirred V|gr
reaction igdwons o@ either TLC or HPLC. If incomplegie ke
WO 2008/083248PCT/US2007/088990 inerted, addltlonal catalyst (145
mg) is charged, and Hl(ca hydrogen atmosphere is returned for anothe
hour. Et I%/Ienedlamlne (12.9 mg) is charged and the mixture was stinted

for 15 ¥RLIEAs (Frienghisaters fe AARBEPBIA I SiehTGORKFA Yot frdlaysA by
ai3udipuinseutbkiaefiratannolimns €s are, conceniiaeehanchs Ohasy, 15 vol). The

SHERRNYER IR SOIERNG LOAREPEE IS AN %t@%% g&ﬁ%&%%%@'m&%oﬂ%%%génw

and heptane (18.0 g) to afford 24c as a wh alline solid (1,34

1 reawamfe M&?P?&@@M%@%%’W&Fﬁ%% %léﬁﬁ?&p r%f‘ely
rgizéohrigguticheddssid fotinwwed bynedustiincirilgdatoRide (526 ag)atojuedee
hBe3yidorooh)s ARtk FPLIRRORE (U588 OrHkiRbusThE SRS e flask

are de(gassed with evacuation/nitrogen purge cycles to remove %(ﬁlg@fg

SSRARG BT TR IRIGTE RAFIEBIEFES ¥ tﬁ‘{?Fg‘gr‘(?B@‘L‘?tﬁ?ri%é)
(AG\s. Thherpesiclinnrisiguentined by thehed ditiofresh Ageletels sRoshiel e €2.6 g

i8al. ézg @zege&‘? +hd Bl Wﬁi‘%‘x@t&'%@ztbg) mm%uvﬁgg@m sijeed#QLqQne: hour
at 45 C. The agueous and organlc Ia?/ers are separated. The aqueous,
Skt s

TP el it B RIS S toiif8 e ©‘°gdf%ﬁﬂcé’t%‘i&lbziﬁ ¥g).
chirgeovamiciayeisnardy corrsinege dind wish &b witinfrésh Rpche (@5 Sdlhe

tﬁewﬁmﬁa Hughi-29-3 & Waler b aRsl dhanRBualeblidded &) rifiReide Sulking
do %anl %/Sé & 5%rded over %ggluml ulfate (_97 g), filtered, and
coneénirate

e vac e product is crystallized via a charge and
concentration solvent exchange first to IPA (6.5 g) and then Heptane (7.7
g). The thick heptane slurry (-23 g) is stirred overnight and solids are
collected by filtration. Vacuum drying affords 24d (550 mg) in an 85%
yield, WO 2008/083248PCT/1JS2007/088990 24d24e

‘4,
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[0150] The enone 24d (459 mg) and Johnson-Matthey 5% palladium on
carbon (A503023-5, 101 mg) are charged to an appropriately sized multi
neck reaction vessel. The vessel is purged with nitrogen and 3-picoline
26psiesdh@rged as the solvent. Stirring is started and the REEISRIS IS990
degassed using nitrogen and then stirred under hydrogen at atmospheric
pressure for 8 hours. At the end of the reaction, the catalyst is removed by
filtration through 0.2 micron media, rinsing with ACN (1.4 m1). The filtrate
and rinse are combined in a Qlean reaction vessel equipped with
mechanical stirring, an im,t Ral temperature probe, and a mtroger \

crystalllnesr recovered by suction filtratio &» 3
(3.7 nil). Afte¥ drying, the citrate salt, 24e, is isoldted as a hydrate (3-5
wt% water) in 89d5% yield (622 mg) with a P:a ratio approachir?ge90:1.

24621?6150] f@é@ﬂﬂn@zéﬂd(@% i&@%&ﬁ%@ﬂlm&?h?y%%@pi&&tﬁmd@zﬁ@n
I thet tetrahydralur sodium
(‘éﬁgé%ga q?gﬁ‘ o LRGAR S B’ey:‘"’ VEHISFS o‘%lr%?%t‘ée‘( zt°“°n)v’mel The

@S%ﬂWmWWQGGM)%%M drassd ditibhshlivane Serrngie

staaetion tﬁea@gwﬁ@mﬁm&ﬁg@w@lﬁ@ m&&&%&mﬂﬂ@%&m&e&gﬁ%éﬁ at
com lete, the stlrtrlr%ghls sto ’(tg ers are ted and thg organic

alaye IS washed twice with %’%"r‘aamctafes%tssf%‘“e(f Over of

féemawgm&%@gypﬂﬁ@% wwréet@éféd e dieR fHfragy end rinse are
c3h0BHIS3 24@5}{}3_2[&1&5 2004/0RBIHR0 winitelifliechl coaifurtnentyal temperature

pRCENration. fom. fresh @ H‘soﬁ é{ t&%&%‘!ra%f é ﬁ%ﬁ nd sheymajerial
IS transferre as solution in anhydrous 2 met r uran tO the next
tedbggrartion vessel at or below 30°C, and IPI-335589 is allowed to slowly crystallize from

solution as the citrate salt at 20 and then 0°C. The crystalline product is recovered by suction
filtration and washed with water (3.7 ml). After drying, the citrate salt, 24e, is isolated as a
hydrate (3-5 wt% water) in 89.5% yield (622 mg) with a B:a ratio approaching 90:1.

HOLG

oy NH2 \J.' CBZC' N32003
“H , e

0L AT ) MeTHRMH,0
COLH

24e 24f
[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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241249 [0152] Commercial 1 M K-Selectride in THF (1.20 g) is
charged to a dry reaction vessel under a nitrogen atmosphere, diluted with
anhydrous 2-methyltetrahydrofuran (2.10 g) and cooled to -65C. The
Sodurdosigssf (0.41 g) in 2-methyltetrahydrofuran (1.5 g), i®UTAUSSI0TAIE8990
added to the reaction vessel to control the internal temperature at -655C.
The reaction is stirred for 2 hours and warmed to -20C over approximately
1 hour and stirred for an additional hour. The reaction is monitored by
(EéLsre s that ar;aggg? Igte}&r |ven t{?g rtnpleé |th
drtrona se ect r| &UFRETEaLtion is quenc dAETOW erﬁrrl)
MaEsoalis@3sieyedte AoBNPNEEMY AR e?ﬂyd}er@trydrww/%nmémgehreacuon-
peroxide in water (1.04 g) at ar below 5C, then stirring overnight at
ambient temperatures. T ayers are split and the organic layer is H

washed sequentially MLgqueous NaQftfig.ml), 05 M aquegus g™ YN
Na2S03 (2 ml), anddvater(2 mly BBuster-oaprof 3 with H g~ o
organic layerig drigd-ever Sodfum sulfate (0.82 ), filterpeg

bFbduct 24g (0.457 g) is re-concentga
(0,9 g) arttl us
24924h [01%8] 249 (1.36 Q) is charged Wrth anhydrorMi)CM (18 19)

to an gpRORsialR 3l Zl%@@%'l@&ﬁé@%%ﬁ'@% gﬂ‘é%ﬁﬁ&:éﬂ%@ &V‘?é%%@&?re
and cooled to -20C. Trret?ﬁlamrne (0.61 mgq) is charged followed by the

VSRS Eﬁﬁd‘tFS?%é’fH%sﬁ’g SRR RRY S Rl SHROUISIEBENT ©
%@O0kAg o THIECSRetiohtiorstirPdE (Bt o draathBE AT feat ibh gk is then

STHRItERE BYnd ok fon ARG BIRAS BRTIARE AR HFN RN CospietioRwith
sulfon Ichlorlde en com Iete t e reactio

Sla et e cacionis ..
e e R R ac N o BT P wecY ok arm 3 foour i spired for

aﬁesé%tmeéﬂ@nd Thereresianics grilorsdpadHa withraSiouodhaiogidrpomplete are

daicaraRalfldlod. &ieh Anmdhax waleriGtOr8paditn RrgRAiGIEMabS dried

over f sod 4.9 |I ed duct

t%% Sﬂo‘?{"is‘” }SO?UI wﬁjﬁé‘aﬁ% ed mﬁ%gl a(?(%(?éﬁ ra-{ qr§ultyl

DRt in feer(@ao sy %rrhelﬂ*reﬁq @eawﬁemgfavecrxrgesetteﬁbammpﬂamre&

Hy-ayeimiinaneanndBidarc fapt)is Thenbavibapiuliony s MsqekciseattyHn?
SN SRSHON, SN A {203t SoRmARER (Qhrd o BARRIORAL

an ap riately sized reaction vesse e’solution 1 46 9) in

&(E’f 4 &5“?9 EYE&FQ@H“PO“{H@?%%% fecsednd; RFG RTaY- ddaRieAt 242
(DMPY) KrScgnceifratslspamxion (o atdddal GG fmxidfdeaors, maintaining
a nitrogen sweep for the entire geaction. The reaction is cooled to ambrenL
temperature and diluted with- M BE (11.7 g). The organic solution is y
washed 3 times with\% € 12 3x8)), d/rladEpNer sodium sulfate (44 N
filtered, and conceptré gr c —rs—eeﬁgeﬁtrated from TI-JF (B4 )~08n

. A ction. . S

24g 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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OBNnPh3P, THF, 55C E2hr 24i24] [0155] The crude 24i (L34 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
e reesdidarHds heated to 55C for 15-24 hours. When compl@eg/tise007/088990
reaction is cooled to ambient WO 2008/083248PCT/US2007/088990
temperature, dried with magnesium sulfate (1.4 g), filtered and
concentrated. The solids are dissolved and concentrated from three

S0 X9 urifie SI|I J chromatogr sing
BRitene it b R ey e
Plovirse Whrstienipliie B mRASHErHIEr iy HES sy s Sbive) %d[attqwe(tst@‘fg@)‘m
m@g&amﬁ@a@daxﬁ%e@@g&m@ afigraimﬂmpmu&&@&&&&ﬁtg)

ch Is used in th actlon 4] (1. and
tran§ er@?‘é‘?ﬁ%@&% rlat(gl())/r aiglgda?légictlorli%eése(ée So%% jroué DCM
fiteed, grderagsmeEd: (heaerdusitolgesn anebspHedangsd @bﬁh‘ﬂ@% #8tooled
ctm&éﬁtraNdN t6l H&ﬁm@md@thy{amme 3 Pahmpgnalsl dxaethyned soastigom-

Wg}%?d&&?e TABGR IR PRAYGIR édu‘é‘{&{'g ?d'&&%&i”%%”ﬁ?% ature
en bel ow C. The reaction is monitored by HPLC. Incomplete
rFé%{t?t‘i'ons are driven to completion with additional methanesulfonyl

chlorlde The reaction is quenghed with O 4 M aqueous sodium

propanol yé:8 >remove residual DCM and used difgctly
reaction. OBn_ then Bay,in IPA H2, Pd(C), IPA; 24i
[0154] Sodium azide (0.74 g) is charged to an appropriately sized reaction vessel, 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.

‘e,
14

N
W )y-OBn __ PhaP THE,
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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OUS/ H N--H is stirred under a 1 aUn of hydrogen at ambient temperature
for 8 hours. An inert atmosphere is returned to the vessel and a second
charge of catalyst (125 mg) slurried in 2-propanol (0.5 g) is added to the
MQctionisFHé reaction mixture is degassed and placed und@Ca/vsa@ges6990
atmosphere, and the process is repeated with hydrogen. The reaction is
stirred under 1 atm of hydrogen for another 15 hours at ambient
temperature The reaction is monitored by HPLC. Incomplete reactions
pdisaiediy Arloal colel PG HooED, D SOm IR Sl
ction is fifter ated with s eam vated car and

diveebed ansapncrientsd firm thiscoeir i pRAMI @ sriceitdneiflisdbsidiceeeto a
cmeaﬁﬁ@gry@gsel@mmwmm@w@ﬂ&dﬁeus rEmfﬂﬂeig@hIGa@e@Mba&edl@n
tnbo?ema IE1eo'[1|1 gentra%eg ?0 MYE‘%&];’O %fjltlo I\'P 8 E ﬂ 1 64 atedti(])

charged over 20 mlnutes Th oride salt cryst izes s owy wi
dpestrerstifngiinsd a8 susrabers meﬁﬂai?oﬁ VIR Bryaaia RearhsaeiPvith
2-propanol (2.5 g) and vacuunydried to afford Compound 42 (916 mg, ¢
80% yield) as a 1:1 IPA s¢ . Example 25 47 Step A HO ‘

-N i —N
8 )«OBn MsCl, iProNEt, _ o VOB“
DCM

24j 24k
[0156] 24j (1.09 g) is dissolved and transferred to an appropriately sized reaction

vessel with anhydrous DCM (15.8 g) and placed under a nitrogen atmosphere. The solution is
cooled to 0°C. N,N-diisopropylethylamine (357 mg) and neat methanesulfonyl chloride (0,165
ml) are charged sequentially while maintaining temperature between below 5 °C. The reaction
is monitored by HPLC. Incomplete reactions are driven to completion with additional
methanesulfonyl chloride. The reaction is quenched with 0.4 M aqueous sodium bicarbonate
(11.4 g) and warmed to ambient temperature. The layers are separated and the aqueous phase
is back extracted with DCM (5.8 g). The combined organic layers are dried over magnesium
sulfate (0.55 g), filtered and concentrated. The product 24Kk is dissolved and striped from 2-

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

4y,
45y

Ha, PA(C), IPA;
n————#
O»’ 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

g) 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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4248 [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 (0C) mixture was treated with
vemzepipesmside (1.6 g, 6.5 mmol, 3 equiv.), The mixture wasTsiszex/ 685920
hours at OC then overnight at 25C. Reaction mixture diluted with MITE
and washed with a mixture of saturated aqueous NaHCO3 with 1 N NaOH
until the layer split. The organic layer was collected and the aqueous was
re- -ext acged nee ith MTBE, C mblned or ayers were washed with
5 N SO T RRE CorreCH B SE G Byt e

rme, ary over a
i oS BeIvest g preconCHRE ,ck@@mvédl Shree Slogied dngrrrohanah(@Ad

g@M@Q&[%ﬁh@@éﬁ%ﬂ&ggﬁi@ﬁ%@g%iﬁéqg/dlé%ﬁw&ﬂﬁawg Zyt Qﬁ{t’ﬁé)@éh/e 48
H 541in 15 und-bottom
Pl b e b one Hhe rackn M R R,
Wﬁ@%@lﬁﬁ@%ﬁ@ﬁrb@t@dﬂmt mrm@s@mé‘l@frzawwe@@m@ymew
Imamqheteaquo)mmermdeawalw&ﬁtﬁmdti@rst?dﬂdmﬁo'geiyw&wa&rr@&w@d
reac gr \é %ére?% (S \{Ka§e§rrq gc gls}t% ha(?rbrgns V\f and tere g'\ %%alﬁ

ﬂ\’l I-f ﬁayers were cut and the aqueou ayer WaS e racteg with
W%ﬁﬁi’ﬁé bf RrigicarenttHisiHatlorgance rysianwesel aribdilpod pith
AR -Hilbpiesl, (andrunesaiated mwemﬂgselzrhelcwdemﬁeﬂabﬁ?@@

&Z&gkn"‘ﬁa(% Jﬁé? Vgg‘ V%égvg 2rg: 1;1‘ %ésl oﬂg‘?&d%" tﬁo%c?e Sa (LP ¢ ”Erh sqgvaalnd ith

ellited with RexanesfEtOAe (0% to 100%) to give the roxy amine 2
sepfle Migiagardiaspsshn S erHImTh e RS P‘szefb“gi% -DPRAARY @P4Y as
aadvhtienpavaiab giibtd-JompaRhd4ntia).6 mg, 80% yield) as a 1:1 IPA solvate.

Example 25

Step A

42 48
[0158] A round-bottom flask was charged with the amine 42 (1.1 g, 2.1 mmo], 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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Example 26 H2N-S-W 8 H 50 Step A 00 0 hoHe-Mh Cr. -N. CND 51
[0160]A heat-gun dried flask was charged with dry CH2C12 (5 mL) and

benzyl
WO 2008/083248 PCT/US2007/088990

stirred for 2 hours at 0°C then overnight at 25°C, Reaction mixture diluted with MTBE and
washed with a mixture of saturated aqueous NaHCO; with 1 N NaOH until the layer split. The
organic layer was collected and the aqueous was re-extracted once with MTBE. Combined
organic layers were washed with brine, dry over Na;SQy, filtered and concentrated to dryness.
The crude oil was dissolved in 5 mL of CH;Cl, loaded onto SiO; (40 g) column and eluted
from hexanes/EtOAc (10% to 50%) to give the benzoyl derivative 48 (380 mg) ((M+H] =
625.4 m/z).

Step B

= >
=
&

48 47

[0159] A round-bottom flask was charged with 48 (374 mg, 0.6 mmol, 1 equiv.) and
MeOH (5 mL). The solution was treated at 25°C in presence of 2 N KOH (0.3 mL, 0.6 minol,
1 equiv.). The mixture was stirred for 3h. The solvent was removed under vacuum. MTRBE
was added to the residue, which was neutralized with 1IN HC1, The layers were cut and the
aqueous layer was extracted with two portions of CH,Cl,. Combined organic layers were
dried over Na;SO,, 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/EtCAc (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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alcohol (785 uL, 7.58 mmol, 1.3 equiv.). The cooled (0C) solution was
treated with 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
Stiorzndsio8324b at 25C. After complete dissolution of DMAP, #eTres0tigessso
was clear for a short period. Then, a white fluffy precipitate formed. The
mixture was diluted with CH2C12 (30 mL) and washed with three portions
(30 mL each) of water. The organic layer was dried over Na2S04, filtered,
and evaporated to dryness. The deswg white solid 31 was taken to the
next step without purification. Step B 5253 [0161] A round-bottom flask
wagigharged with 52 (30 mg, 0.053 mmol, 1 equiv.) and 51 (18 mg, 0.053
nunol, | equiv.). Both reagents were dissolved in CH2C12 (2 rot.) and the
solution was stiged at 25C, The crude material was Igadéd onto a 8i02
column (4 g) a;néﬁej|dedﬂfalthphexanes/EIOAc (0% m&gr\rﬁe 16 mg of
the sulfamoylated déavative 53 (LL24-i ;N a] = n/z? 5350 [0162]
A round-bottom flask was char@@vﬁfq 53 (16 |’ng 0.021 mmol, 1 equiv.)
and 11 mg of 10% Pd/C (wet,Aldrich Degussa type E101y1 The material
was suspended in 2- propanol (3 ml). The flask was sealed and purged

threelfihe8k with hsatrpuahiesfinss fvovibansghwiihder Qtagmh GfirhddvisybenzThe
awumay(mslﬂtﬁs%dnthwugha@l& MITHE BoAISHNUIBY s¥yasiaeshyvitheds papanol,

d th t d

B e n S e [ 1 oy et 2"
%Yé Wﬁ?@é@ﬁﬁ WadnBEHIT & FFEmdIBUDRI 20H 26t et ﬁl@f@fmon of
[ﬂummeewiéﬂ\ﬂvﬁldﬂear 806 ¢hon/Boribexarngl ea vhitdMGfy precipitate formed.
’I%]gargesg zéﬁ? CyC W%QQY 8{%’%%9[, a:tli? %L]éa‘he% Q{QI%EOI{&&'&%‘&W%ﬁ each)

opamlne -en-3-on
of water. The organic layer was dried over Na;SOy, 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
(IM+Na] = 796.4 m/z).
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8.5 mmol, 1 equiv.) and pyridine (70 mL). The reactor was charged with
Pd/C (10% Pd, 500 nig). The reaction was placed under 1 atmosphere of
hydrogen. After 3.5 hrs, LCMS showed complete consumption of starting
wasngsIHe catalyst was filtered off on an Acrodisk 0.2 mREBUSHET /B30
washed with toluene. The solvent was removed by azeotropic removal
with toluene (2 x 10 mL). The desired material 56, 3,5 g ((M+H] =412.5
m/z) was used as it for the next step. Step B 5657 [0164]A round-bottom
fla lt<w s charged with 56(1.2 g, 2.8 mmol, 1 equiv.), C1-1202 (10 mL)
an hylamine (1.9 mL, 14.2 mmol, 5 equiv.). The cooled (0C) solution
was treated with CBz-C1 (440 ul.,2:8 mmol, 1 equiv.). After 1 hr, LCMS
showed complete consumgtion,efstarting material. The mixturg was’
m: €“giand the organic layer wgs Wag
twice with water. The_a g@}» aye s dried over sodiu s iltéred,
an Qg@d t @ $. The p ucff“Wé’é’Taunj;ﬁed
chréatographg [5i02, 20 g) elutin h bexahefSteic YO0 20%) to give
57 (891 mg) ((M+Na} = 468.4 m/z). Step C 5758[0165]in a
round-bottom flask, the ket®ne 57 was azeotroped a couple tiri®s with

A

[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,0 to give 9 mg of sulfamide 50 ([M+H] = 506.4

m/z).
Example 27
55
Step A

56
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CH2C12 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 1 M solution of K-selectride in THF
W®2p8/083B8mmol, 1.5 equiv.) was added dropwise. After | PCTHE 2eE®$6790
was complete by TIE. 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 H202. The
resulting mixture was allowed to stir overnight. The mixture was

partiti between water and EtOAc, The agueouys layer ywas pac
ctrall Lo it B B Boie i et S B e O e

§Butrerkd ith-a2sfmdiseddh e atimsaranen sy tHehRaeH K Bd. The
0§y dRCNeendvie glatilenadkrancheepeentfairiien Ardele Fean (849 smeked
ru erial was. dissglved in CH202 loaded on a Si02 colun
PHpSLR R Ty e R SR
micrapAtter o Rs BB ates2 3by OB 8 IGSBEY ved bp 156 ARig removal with

totugne ch attomifjagkamderdnitiegensdltesal cona BSAB0n 1Y) wAsIBemunalfck
tﬁgﬁgy&t@@s dissolved in 5 mL of anhydrous CH2C12 and triethylamine
(800 uL,5.81 mum!, 6 equiv.). The reaction mixture was cooled to 0C and
Msﬁéﬁ—}%llz uL, 1.45 mmol, L5 equiv) was added dropwise. The mixture
was stirred at OC for 30 min. TLC (hexane: EtOAC, "7: owed - 70%
conversion. 70 uL of triethylamine (70 uL, 0.5 equiv.) a s-CI (10 uL,
0.1 equiv) were charged to the reaction vessel. After 90 , a solution of
grged and the residue Wagg)rgtrctﬁg with
, /as washed with water, drgd<and
concentrated to a off'% Hite/fpam, The material was di¥8g effin CH2CI2
and purified with @ g) eluting with hexanes/E10 @ to 50%) to
give 59 (430 mo)-Stet: *ﬁh. 7 flask, the
mesylate59 ¢Z201g, 0.67 mmol, 1 equiv.) wasrdissolved in 2 mL of
DMPU. The solution was treated with sodium azidé& (218 mg. 3.4 mmol, 5
equiv.) at 60C for 5 h. The #ixture was cooled to 25C, th&€h poured into
ice-WHIE4l0 genetaid-BowdiiEB8Rlichs the o maoshd e 8xiiacteiceyil),

T i . nbi rganjc. | o[ S } er
e S [ S Bl fhon
TRt aRed A 4 hité fammekd £auig) Aftrel dedifed Swbrerdrenrliss

casethasoisdiidiia gexts4e p 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 (5102, 40 g) eluting with hexane/EtOAc (0 to 20%) to give 57 (891 mg)
([M-+Na] = 4684 m/z).
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Step F 6061 [0168]In a round-bottom flask equipped with a condenser,
the azide 60 (336 g, 0.58 mmol, 1 equiv.) was dissolved in 7 niL of THF
and 140 uL of water and treated with naphenylphosphine (462 mg, 1.76
Wi ebpBoespasy.). The mixture was heated to 70C overnight. #¢120S2007/088990
(hexane/EtOAc, 7:3) confirmed the reaction was complete. The reaction
was concentrated to dryness. The crude material was dissolved in
CH2C12, loaded onto 12 g of Si02 and eluted with C1-1202/MeOH (0 to
O(got) tg.give the amine 61 (254 mg). Step, G 6162 [0169]In a
unanbottom flask under nitrogen, the amine 61 (248 mg, 0.45 mmol, 1
equw.) was dlssolve7 mL of anhydrous CH2C12 an%
Ii Vit [ e reaction
equiv) was

N,N-diisopropylethylasgne (237 uL, 031 mmol, 2 equiv.);
mixture was cooled to QC and Ms-C1 (70 uL, 1.45 twin* X
added dropwise. The mixture was stirred at OC for 2 h. Tl_ﬁ

(hexane/EtOAc, 7:3) ﬁ, awed 5'Ifitle amount of amine. Th% as
charged with 10 uLMs{ ™ *
0 b HO )
57 58
[0165] In a round-bottom 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 1 M
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 CHyCl,, 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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Ms-CI (0.2 equiv.), and warmed to 25C for 1h. The reaction mixture was
diluted with C1-12C12 then a saturated solution of NaHCO3. The layers
were cut. The aqueous layer was extracted with one portion of CH2C12.
Woewsnisied organic layers were washed with water, drieBICaV&§2007/088990
Na2S04, filtered and concentrated to dryness. The crude (326 mg) was
added to a Si02column (12 g) and was eluted with hexanes/EtOAc (0 to
50%) to give the sulfonamide 62 (256 mg). Step H 6255 [0170]A
round-bottom flask wgs charged with the sulfonamide 62.£250 mg, 0.4
mmol, 1 equiv.) and 50 mg of 10% Pd/C (wet,Aldrich Degussa type E101
lot 048501 E@yromrbbrieme datkvrades niferidie mcEitolRS (Bing. Fenimek |
eWﬁiS) sealaekanel pusged dtuﬂejd'mes:mm hygltogryatick $svoed., tmciefﬁrhcﬁ,tm
gen, After.3 h some conve ved Igt start
et e s U U
%%@WWQ%%}S&W&SWWH@%W% % 8iGtion3Rainr 1 dertes Bme: 7: 3)
sheactionopnditiatidy addingfhdetngaafieatzlyst. ThejrsactiamnmMaas (10 ul, 0.1
CSRDRIEIEAAE & fe SIS RHNOUAN Oc? isIRn ACIRGlaE

washed with™2-propanol, and the solvent was concentrated to dryness.

Wh@%é%%ﬁé‘?@d@%ﬁﬁ}%ﬁ%%&&%&gm@&%@‘E&M‘?ﬁﬁaﬁl‘ﬁa&eﬁ%‘h
vifter chiapodrdnvasaddied ofingia Gradidhe GHAGTRAMESAVE to AIDIA) sad
r , ) 0to
gt iR DRt A S P A
InKSREN of the Hedgehog pathway in cell culture [0171] Hedgehog
pathway specific canc Il killing effects may be ascertained using the
following assay. C31-1(BI?1/2 cells differentiate into ostegblasts when
contacted with the soni¢ hedgehog peptide (Shh-N). Uponidifferentiation;
these osteoblasts produg% hlgh levels of alkaline phosphatage (AP) which
can be measured in an® gniymati€ assay (Nakamura et al. .;1199 B%RC
237: 465). Compoundg thatptock the differentiation of C%L QT1/P Iinto

reduction in AP pwedudtion (van der Horst etal., 2003 9) The
assay defails ribed below. The results appt{fSima% ECso for
inhibitiomsofThe-gifferentiation assay is shownNQ @ dble I. Assay

Protocol © * TH
59 60
[06167] 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
NaySQy, filtered, and concentrated to a white foam (342 mg). The desired material 60 was

used as is for the next step.
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Cell Culture [0172] Mouse embryonic mesoderm fibroblasts
C3H10T1/2 cells (obtained from ATCC) were cultured in Basal MEM
Media (Gibco/Invitrogen) supplemented with 10% heat inactivated PBS
Wocasey3s@ units/ml penicillin and 50ug/m1 streptomycin PCT/US2007/088990
(Gibeo/Invitrogen) at 37C with 5% CO2 in air atmosphere. Alkaline
Phosphatase Assay [0173] C3H10T1/2 cells were plated in 96 wells
with a density of 8x103 cells/well. Cells were grown to confluence (72hrs).
Aftgr sgnlc Hedgehog (250ng/m1), and/or compound treatment, the cells
eTelfysed in 110 [IL of lysis buffer (50 mM Tris pH 74, 0.1% TritonX100),
plates were sonicate d lysates spun through 0.2 pm F plates
(Coming). 40 RI, of I@‘es was assayed for AP activity i aline buffer
solution (Sigma) containing Img/m1 p-Nitrophenyl Phosphate. After
incubating for 30 min gf 37 C, the plates were read on an_Efvision Plate
reader at 405 nm. Toa.l Nroteitifwas quantlfled with a Bqﬁ te Massay
ki ¥ agtjvity was

normalized agalnstt ) c’ﬁeln Note that "A" |nd|cate the'IC50 is
less than 20 / dicates that the ICsois 2048 »€" indicates that

the ICsois > @@ Table | -- Appro, «@@ 50 for Inhibition
CompouH\le efentiation Assay EC50 1A 7%N9 10H3A 20A

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 CHyCl,, loaded onto 12 g of

Si0; and eluted with CH,Cl/MeOH (0 to 20%) to give the amine 61 (254 mg).
Step G

61 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-C1 (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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Ms-C1 (0.2 equiv.), and warmed to 25°C for 1h. The reaction mixture was diluted with CH;Cl,
then a saturated solution of NaHCQO;3. The layers were cut. The aqueous layer was extracted
with one portion of CH,Cl,. The combined organic layers were washed with water, dried over
NayS0;, filtered and concentrated to dryness. The crude (326 mg) was added to a SiO; column
(12 g) and was eluted with hexanes/EtOAc (0 to 50%) to give the sulfonamide 62 (256 mg).

Step H

62 55
[0170] A round-bottom flask was charged with the sulfonamide 62 (250 mg, 0.4
mmol, 1 equiv.) and 50 mg of 10% Pd/C (wet,Aldrich Degussa type E101 lot 08331K().
The material was suspended in EtOAc (5 mL). The flask was sealed and purged three times

with hydrogen and stirred under 1 atm of hydrogen. After 3 h some conversion was observed,
but a lot of starting material 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 sluiry 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,0 to give 175 mg of 55 as a white powder
(IM+H] = 491.3 m/z).

Example 28: Inhibition of the Hedsehog 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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55A Examples 29: Pancreatic Cancer Model [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.
o0 tayes22post-tumor implant, the mice were randomized IREXIUSR0QTH8F90
to receive either Vehicle (30%HPBCD) or Compound 42. Compound 42
was dosed at 40magiday. After receiving 25 daily doses, Compound 42
statistically reduced tumor volume growth by 40% when compared to the
veh control ) e.end o the stud tumor.
FEGORETA TEE Wirhe o T A B e
ofy afelipagRosAlYASi 8D tHe OB FAnAtRRaY iR @8 PM&%§%¥W§@W@|€1¢”
mslﬂmimmmmpmqﬁandgﬁ@kya&pﬁlmffaelﬁmdi@ﬂ@oiﬁvglstsesuIted

t n-re ulatlo mteCm rou Wh
osteo askt) %q}g\g can tnere ore (fgr(iiu?ec?é (P b?ag

compare Fe treated group. xamp ?oma
Pmé‘éfé‘lo[di!%ﬂ*wfé%?éﬁt/ﬁ&ﬁ BB FstiscdntP AR wWas sy @alﬂa%@iﬁr@ed below.
THa RSURNUGPRORIUSE: MBOGetop inmedoHpb astoimiacMite dhabpresheianazygaus
ng)réqss of function mutations in the tumor suppressors Patchedl (Ptchl)
Hypermethylated in Cancer (Hid) develop spontaneous
medsbBIa¥eMa, Similar to human medulloblastoma, these tumors
demangitaie complete promoter hypermethylation of the remaining Hicl
alleleasellas 1ons, BhexRessianel iR MHsHYPR Biahalelehsh

passaged as subcutaneous allo rafts these tumors grow aggressively

eI BB NS e S RS PR SER TS et
isvalaaitiBe @Effidacy, 60 onalimbpiminikterelb@empowptnanstk to correlate
(?ﬁi&\éﬁ){%&@éﬂ%@g@&ﬁﬁyg% B asmaanddiigpors. Oral administration

kof a single dose of Compound 42 led to dose-dependent
dohd pathway in subcutaneously implanted tumors,

as mEHSAEBBi0ToCredisedrSHat ORI AvdikpridssidmBshofifrs Postidosk.
cﬁ%@}b@i@%@@{? conﬂ%&lzt@wy) (R) ﬁﬂmt@éag@ﬂg@z@é&!ﬁm&%%m eREBAd
edioa ependent i m W
e ATE SR el
WWBO%BMﬁ@ﬂ@@&MW@@@WQM% B24mgNdoEiates (Gainiedls
4W§Leotf@§4@siv@£3a§9;y2dlfmamogytﬁrﬂkﬁmm?demm&ﬁ@ig&@)f@mmﬁg
?m?%ﬁéﬂgiphfna’} >60 te 1 %’u alttlggl I%('glrejg)omrx]no a%%m%, Egé%[e?t\é\ét\gére read

on an Envision plate 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 ICsg is less than 20'nM, “B” indicates that the
1Cs01s 20-100 nM, “C” indicates that the ICspis > 100 nM.
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[0177]To test the activity of Compound 42 in a human SCLC tumor model,
LX22 cells were implanted subcutaneously into the flank of the right leg.
LX22 is primary xenograft model of SCLC derived from chemo -naive
padiesutspsyhich has been maintained by mouse to mouse pasIagsng 7/ §zso
tumor responds to etoposide/carboplatin chemotherapy in way that closely
resembles a clinical setting. LX22 regresses during chemotherapy
treatment, goes through a period of remission, and then begins to recur. In
the LX22 model, Compound single agent activity and its ablllty to
modulate heche(rpores?é?gﬁt e%ﬁ %8 ek “CBR' ?ﬁ/ 32 post
tumortmpran werefrahaoty —- v e
Vehicle (30% HBPCD) Compound, or the ct@motherapy combination of
etoposidg and carboplatin (E/P). Compound 42 was administered at a
dose of 4mg/kg/day, and after 16 consecutige doses there was no
measuralbfe difference between the treated afid vehicle groups. Etoposide
was admidistered i.v at 12ing/kg on days 34,785, 36, and 48, while
Carbopl was administered i.v. at 60ing/kg’on days 34, 41, and 48, post
tumor im@lant. On day 50, the B/P treated mi¢e were further randomized
to receivg-gither Vehicle (30%HPBCD) or Compound follow up treatment.
The Compound was administered at the oral snulti-dose MTD of
40mg/kgftay, and after 35 consecutive doses there was a substantial
delay in ®fmor recurrence in the treated group, compared to the vehicle
group (p.3-0.0101). Incorporation by RefereBce  [0178] All of the U.S.
patents U.S. published patent appllcatloﬁs cited herein are hereby
incorpordjed by reference. Equivalents [02791 Those skilled in the art
will recogfaize, or be able to ascertain using 1}p more than routine
experimefgation, many equivalents to the spgcific embodiments of the
invention4described herein. Such equivalentsaare intended to be
encompassed by the following claims. CLAIMS 1.A compound having the
structure:

Examples 29: Pancreatic Cancer Model

[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 g-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
mode] of medulloblastoma. Mice that are heterozygous for loss of function mutations in the

tumor suppressors Patched1 (Ptchl) and Hypermethylated in Cancer (Hic1) develop
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or a pharmaceutically acceptable salt thereof. A pharmaceutical

composition comprising a compound having the structure: 15 20 ora
pharmaceutically acceptable salt thereof, and at least one
priazengesseaically acceptable excipient. PCT/US2007/088990

spontaneous medulloblastoma. Similar to human medulloblastoma, these tumors demonstrate
complete promoter hypermethylation of the remaining Hicl allele, as well as loss of
expression of the wild type Ptchl allele. When passaged as subcutaneous allografts, these
tumors grow aggressively and are Hedgehog pathway-dependent. This model was employed
to evaluate the efficacy of orally administered Compound, and to correlate activity with drug
exposure in plasma and tumors. Oral administration (PO) of a single dose of Compound 42
led to dose-dependent down-regulation of the HH pathway in subcutaneously implanted
tumors, as measured by decreased Gli-1 mRNA expression 8 hours post dose administration.

[0176] Daily (QD) administration of the Compound PO led to a dose dependent
inhibition of tumor growth, with frank tumor regression seen at higher doses. The
approximate effective daily oral dose for 50% inhibition of tamor growth (ED50) is 4mg/kg.
‘When animals were treated QD for 21 days, long term survival was observed following
cessation of treatment (>60 days), with little to no tumor re-growth.

Example 31: Lung Cancer Model

[0177] To test the activity of Compound 42'in a human SCLC tumor model,
LX22 cells were implanted subcutaneously into the flank of the right leg. LX22 is primary
xenograft model of SCLC derived from chemo -naive patients, which has been maintained by
mouse to mouse passaging. This tumor responds to etoposide/carboplatin chemotherapy in
way that closely resembles a clinical setting. LX22 regresses during chemotherapy treatment,
goes through a period of remission, and then begins to recur. In the LX22 model, Compound
single agent activity and its ability to modulate the chemoresistant recurrence was tested. On
day 32 post tumor implant, mice were randomized into three dosing groups to receive Vehicle
(30% HBPCD), Compound, or the chemotherapy combination of etoposide and carboplatin
(E/P). Compound 42 was administered at a dose of 40mg/kg/day, and after 16 consecutive
doses there was no measurable difference between the treated and vehicle groups. Etoposide
was administered i.v at 12mg/kg on days 34, 35, 36, and 48, while Carboplatin was
administered i.v. at 60mg/kg on days 34, 41, and 48, post tumor implant. On day 50, the E/P
treated mice were further randomized to receive either Vehicle (30%HPBCD) or Compound
follow up treatment. The Compound was administered at the oral multi-dose MTD of
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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Incorporation by Reference

[0178] All of the U.S. patents and U.S. published patent applications cited herein are
hereby incorporated by reference.
Equivalents
[0179] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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CLAIMS

1. A compound having the structure:

F
5
]

5
10
or a pharmaceutically acceptable salt thereof.
2. A pharmaceutical composition comprising a compound having the structure:
15 =
20

or a pharmaceutically acceptable salt thereof,

and at least one pharmaceutically acceptable excipient.
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