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10BACKGROUND OF THE | NVENTION Fiel d of the Invention This invention
is directed to the synthesis of deoxycholic acid and salts thereof as well
as to internedi ates useful in the synthesis of deoxycholic acid. In one

enbodi ment, this invent] I OV] nt het.i c far preparing
deoxycholic acid or a®é§§£9§h§¥%§§§ f&?%bﬁﬁygf%£§%§95%%ortisone. Thi s
invention is also directed to internediates such as 12- keto, or

12- a- Rydr oxyst EriprBicalomgpingde feielt opkoe @sasord ppplifaiipn prrE&h arabeon. This
i nventiongstdd |3 wEtherprovi.de. 1 i f 0xXYiGhakl g .acl psi tions and
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i deal , an ny. substances have been c|ained to acc li,.sh _such results,

al t hough ITRhARaR RERWT 191884 aﬂfﬁhscfﬂ}@mfdl %%P‘acaf'i%ré%g@@éga 28&%#@& abi es
for the ramvalicRlrdi@lorpd i ohrdh 98k REGEALERY, aNRRY, Medi cal practitioners
due to safety and efficacy concerns, although honeopathic and cosnetic

cl ai n8 have been nade since the 1950's. Mesot herapy was originally
concelifved in 75Eur ope as BAGBURQUSD (i THE BgVEWtab&ous i nj ections
containing a m xture of conpounds for the treatnment of |ocal nedical and
cosnetic conditions. Although nédddkétiapinveasSet raditionally enpl oyed for

pain relief, its cosnetic applications, particularly fat and cellulite

Famoval . have FBEGRER S arbel it SRR T oh TOHY £ed o 3t Beiereesuch
reported {Eeal MERerhaliabocalilizethd ShibaduchifYehMiLh WasPeRubaki-aed in
Brazil and uses 30i njections of phosphatidyl choline, has been erroneously

consi der edissyymmipnoosy iddstshinthv® potedos popRdTE SOty o6tibe mesichiterapy.
Despite its attraction as a pyrported "fat-dissolving” injectiop, there is
Db s B AR R e n hRGE fen b iR b P RS s 1

Rot unda” kisdvb oatlaMydkal/aedness, asDen rmt:ok egir6ccokdiget thly pdebaratdhST480 (2006)

(" Mesot her apy and Phosphatidylchotine Injections: H storical Carification
and Revi eWr§itiogREd dpitlhey ppabidssmadiof deepatuieaibporpeiiamasnd et &raci d,

deoxychol i c.aci-d. . and. s - of ..« have. fat -FemVvi Rg. properties when

i nj ect ed #%ggﬁ?%%%ggggﬁgéﬁggggﬁ&gi%ﬁ%Q%EETL&EPé§g§%5?%@00 and WO

2005/ 112942, as well as USZOOS/OZg%ZQS% U§%Q05/0267080; US2006/ 127468; and
US20060154906, al | incorporated hetBEH EY #8¥erence in their entirety).
Deoxymhol at e i RjRE t@EoJaNEObd@Lfat ik 95 W8e-dROHAM e df BdnCRbLiEndth Aade Bahol yti c
10mechani sm Because deoxycholate injected into fat is rapidly inactivated
by exposui@ticg thpeoaimishrerhiRantsy dBicdey favebaierigots resés.i MYlesthaialy cont ent s,
its effecis. are-. Lal |- ontained:.As. a.result of thi tte tion effect
that “cont Sy 0T AREAPRL L FERMANER i BTl b bl U8 ARUR, L0 Pe' &
--- 6 sesghafinesthiug (b edalisngdiiaty camemMa) aiMolpobtmtheivead f@mesurgery is
beneficial not only for therapeutic¢ treatpent relating to pathol ogical
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without the attendant risk | nherent In surgery (e. ., liposucti H), See,
Rot unda. &t thaltreatren watwhl mSlicgeny c80nctit0D1di008 ARBAL) (¢sDdterngents ef f ect s

of sodiumd 0Xéﬁh0|a .mpj,or .feature of .an. inje

e are a , ct abl
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W t h subcut aneous deoxychotate injections"), i ncor porated herein by
r ef er encercpertechietatmenitivr letglized fataddlictipenvhinlanys papdriadin Braticindgstrave a
12- a- 'ydiraoﬁxx_nsqu swthi ‘E;le {iiol? }hehfac}b L] n}g iQf ':Eih’e is‘}‘?rrpc%]dﬂ SLTIICh con ounds

i ncl ude, BYHAY G SERPIE T B R OeHS TEUER U EE SR TR PR BT e hol i ¢
acid, lithocholic acid, and the |like. Heretofore, such conpounds 25were
typically recovered from bovine and oviine sources which provi ded a ready
source of bile acids on a cost effective basis. However, with the recent
di scovery that pathogens such as 'prions can contam nate such sources,
alternative nethods for the synthesis of bile acids from plant sources or
synthetic starting materials have becone increasingly inmportant. For
exanpl e, deoxycholic acid fromanimals in New Zeal and are a source of



30bil e acids for human use under US regulatory reginmes, as long as the
animal s continue to remain isolated and otherw se free of observable

pat hogenswoSatnm7stoni ngent conditions WD 2011/ 075701PCTPUS2AGB2@00611560
inmpose a limtation on the anount of suitable mammalian sourced bile acids
and does not preclude the possibility that the bile acid will be free of
such pat HEEERETapIhdPePiie HanHace ead Fortelyifttgbre amntice i@k there Bfittle aci ous
bil e aci ds ek agdeeRiehpkic achdil pakndhe KpoWREAM e auset Lo be
free fromnoieties of animal origin (10r pat hogéni ¢ noi et es capabl e of
acting i nkalmdani, Melmaiphpid Subay| 3y dofattteR0@rdvkerhdrappimdise, having a

del eterious effect . on human) , .and qther_ harnful| agents such as ani mal or
mi cr obi al* P%@b’f@@@?@a{nﬁﬂﬁi@% Histeredi ﬁb”&&?%%éﬁe‘f%‘%%%s, such as
pyrogens, for use as nedicanents in humans. |In addition, there is a need to
prepare a bil eReendy eopbed bicshurrarorsfthgthebilapihidaeenieie idendenls. I n
this regagd,. It . IScknown LB Lan;:sour-ced. deax. i i g, aghd is
cont an nat Sgohieh AR AL ERETBLL AR FR o 1R SR <
acid i s am(esisents akd BaARPITENI2oUn, dshe:lf Brin®Goori26t 2 Yalk IS260H0_ST080;

deoxychor V20l & ik et RRL Hallh o rtorPugishoreR BorR SR BRl wi ¢ b of her

bite aci d&gtir&?ﬁ%;%x%f:%%e i34 pA308 idi s ck08as: L& I8YM Deabguef deoxycholic
acid starting w th 9a-hydroxyandr ost -4-.en-§, 17-dione. In that synthesis,
t he ilit ermedizatser. Rechydrderyy@piie angrostodill yaedly ITaoneged §y diksrshoged as

bei ng derived from 9a- hydr oxyandrost-4-en-3,17- .digne, Wile

ou- hydr ox/ARH it R LRl PP SHEE M EHEL U 1 6hoas FEPEE Heoxychol | ¢

aci d as dicsedi@sedid Hrkfiabs Pl SRbuatkHReshs QhideaueN ki, agkdhnbyom
hydrocorti sone would ', |1 be of particular value as hydrocortisone is wdely
avai | abl etherapies typGsliyireone ‘anf shipomec dbtsilewhecth@y eenaryal withet dhopeed for

11- P- hydr oxy. group respectively, rather than the 12-a-hydroxy .group of
deoxychol fetesd A MeBREEREIb oy oL e RR-breugte BB S SHBEn (e
st er oisdal fabagkbong. 4 alykhg dea ( espORd ingedit-Rchy:arexX i B¢ trddndeet O IgNoUp 1S
non-trivial as not only nust the conversion be nmade it nust be nade

st er eosel BERSGEPYCOSIgHE FH AT OTAM DETEAE ARPERRICAY IBRETIRIBE FEEETYER ENo.

' W02008/ 157635: f.epat.t. LiblLe heackiiog, seh 1 2R An8Rstance, a
341 -acet oy T Ret arereTalg TP BRTEICRRE BT S0MES bD: AUBARKE

3- 13- acet @kytskiFsodinyddcox ystoenond avhgof tanmt bOm wfectably Sholfdhaedelcholine
functionality i.n said steroid fol.l owng by allyljc oxidation at the

12- posi t i SRR BHFGRE {‘Pﬁﬁﬂf'f—’lﬁgé%i"{ﬂ%?mﬁiﬁg 0 Tordickiro i 0 5 f de provi des
modesty yi ghdsiaf (0he PrDAl 130608 F2r Qi Unehinakidhegrang side products
generated by this reaction encunber purification of the ‘desired product.

Mor eover , inglhord b oty inoxpdetddsichiig by yeltoricin thidOentirety.

2011/ 075701PCT/ US2010/ 061150 corrosive, and carcinogenic. It is the main
exanpl e of hexavd@lisnt, chrompmanancenisiimonredivahyhazasndstitise @ftherom um
trioxide in %@g oxi datj on procesg shogl %,b,e limted, [n vi y\{ro{ t he above,
there is BWHAE" B5 P oVide R ISYREHEE VER W‘/@‘f‘fi’ieéfﬂélﬁ{& T FoeP THor 45

conver ti ng.ldormiz Rydr oxde Ll kebensitcer Qi, dsq 1R e HeRlb s P Qﬁ"blq% unds |

C
A-9,11-ene, 12-ahydroxy/12-keto steroids using environmentally conpatible
and |#ss woxitgpiokhydiegivegedigenteyvinPhad mace atirca wigrladeveled mirealyssonaguilt e

consistently reproducible |eyel.s of purity. .ln some enbodinents,

ur' 11 cat TAPaRas BT IS Vel e e SRSy oy PAROLEB east 99%
purity. HeweuehsioRUahibeakiam iRhabulkeasteB8%d Scheghni arldwinehabl sngi ng.

For example, solvents used in the purification process can becone entrapped
wi th the présduon plaserebyesredushetty stargnpmaianipisdiide dedvere isoisedngiiant s can be

carried over by any purificatign.process, This problem]s, particulaply
"l evant WA Ry eRRE G ARIELOETRE o LB MY FEMRLBBROLENY Bl

di sclmsedsif-oicididBnelman ekt U8 Ngyubgdesslahbe fate depes dostinkee, e.9.,
U.S. Patent No. 7,622,130 which is incorporated herein by reference inits
entir et y. ropgiciseletifad preeEdn fies ohplscenblorsiipene st eringing rerlidaiet y
standards are typically required by regulatory authorities. SUMVARY OF Tut:
I N 20Thi s i nvention provi des nethods and conpositions useful in the
preparation of bile acids or salts thereof as well as nethods for
purification of the so prepared bite acids.



In one enbodi ment, there is provided an oxidation process which either
elimnates or limts the anount of chrom um (V1) oxidizing agent enpl oyed
during alwgf2oo/ogiodati on at the 12-position of A9, 11-en@CItuse@ioasiishhe

oxi dation enploys an environnmental |y 75conpati bl e co-oxi dant m xture which
provi des conpounds 1, 2, and 3: WD 2011/ 075701PCT/ US2010/ 061150 123
wher ei n PgHoge alipyiarex g tsrawiaet phypighlsupriunRisnssonrge Sgeacidngier 86510t or
-0Pg, is the d7aside chain.af.a:bil i o0 i.he.acid is selected from
the grou Igﬁﬁéygﬁﬁﬂgﬂﬁpﬁggﬁgﬁ.gﬂagﬁﬁ?ggkgé%%@?gﬂéﬁ#ﬁngﬁé, taurocholic
acid, and glycocholic acid, wherein the carboxyl functionality of said side
chain is opti obalrt wrester ndddddr wiithleau@ititCs odbKicheignobips acahdsuR2ad s
hydrogen, .or Rl .and R2 together with the carbon atom attached.thereto form
a keto grétipydils akﬂéi?%&lﬁf ‘_o‘?*éé iﬁamg?%w,wéﬁ S B rogTmRsli &gl IR i s

i ndependepyt E&(th%ml@m_l&g?@i LR actid) @ dhUhiRE! p2ti@Rarld DewARRM Sl sk Ure is
treated wth a Chrom um (VI') oxidizing agent to convert the partially

oxi di zed lprodustshaing héelaipripegiffacom & bunie, ool stbepomaivigekes srd.asin this
process, the amount .of chrom um (Vl). oxidi zing.agent enployed is .

B Gn 1 catity Mol R AT E e euat et B e p B &R ek oo,

12/ 153, 446 vhingllieapheyeduehsom um tri oxi de as the sol e oxidi zi ng agent.
15Accordingly, in one enbodinent, there is provided a nmethod for effecting

ai | ytic oxidatjoRdplont M6relik 2 ROSI i (28:08 2 B19sdd BRG.SLSH RELEt sig@pound 4: R2
Pg0's 4 to the corresponding ',.-Keto conpound 3:° 3 which nethod
conprilsesusonedmtitlsgesiompotimoregandi i ks lenopo- i dammahixswredaonprdheling al kal i

hypochlorite. and |-al kyl .. r.ogen roxi de wunder, oxi di. zj ng,.condi.tions to

o vt de_cisipbana LT RIR PR G T s LIRS SR ki o

hydr ogen, eshyiaDxdthpor@ht mQRgformaidher dall-ssdide. abBadbirefy, &hdhbd ls@natkdingWhi ch

bile acid is selected fromthe group consisting of cholic acid, deoxycholic

aci d, tautséhopiidganehodsnar piepe argelwdic geidiieple methode werkosxk yesult

functi onal.i f. .4, :Si in.j.s optionally esterified with a C-C6

al kyl grgﬁﬁﬁxghﬂuéghﬁg k%ﬁ?gggﬁg“%r RI and R2 together with the carbon atom
ecti.n up,..10i n, anot her

ambodient . o BETON: P CnpOURE AW R AT S BT ORRE TRV E Blbvi des
conpoundsg.- i @RIEHHIRLORL:RB1 D4RAR2 In that synthesis, the intermediate 3u-hydroxy-5§-
androst-9(11}-en-17-one is disclosed as being derived from Sa-hydroxyandrost-4-en-3,17-
dione. While Su-hydroxyandrost-d-en-3,17-dione 1s effectively converted to deoxycholic
acid as disclosed in that patent, synthesis of deoxycholic acid from hydrocortisone would

20 be of particular value as hydrocortisone 1s widely available.

Cortisone and hydrocortisone have an 11-keto or 11-pB-hydroxy group respectively

rather than the 12-g-hydroxy group of deoxycholic acid. Conversion of the 11-keto or 11-
B-hydroxy group on the steroidal backbone to the corresponding 12-a-hydroxy or 12-keto
group s nou-trivial as not only must the conversion be made 1t maust be made

25  stereoselectively. International Patent Application Publication No. WO2008/157635
reports multiple reaction schemes where, m one instance, a 3~-B-acetoxy-11-keto steroid is
converted to a 3-B-acctoxy-12-a-hydroxysteroid via formation of a A-9,11-ene
functionahity in said steroid following by allylic oxidation at the 12-position with
chroorium trioxtde. The use of chromium trioxide provides modest yields of the A-9,11-

30 ene-12-oxo functionalitics and side products generated by this reaction encumber
purification of the desired product. Moreover, chromiur trioxide is highly toxic,

3



PgOPg0 OO 1011.0* R2 23 wherein Pg is a hydroxyl protecting group, Ris

hydr ogen, hydroxyl, or -0Pg, 15is the 17-side chain of a bile acid, which
bil e aci woQoseél7emied from t he group consisting of cholip CTHERMOdeemychollc
acid, taurocholic acid, and glycocholic acid, wherein the carboxyl
functlonallty of said S|de chain is optlonally esterified wth a CI-C 6

al Kyl gr oty osHRdREardneipHicoden hiopamlcxami ! cry e syedme Fugintne e car bon at om

attached Shepfl ol OLMA HoLO SRR BB et OHRLAIAAL) O BKaHRIaNd each of

R3, R4 an i s 1 ndépen ent € m xture provi
optional | yngah be treated mnth a slight excess of a chrom um oxidi zi ng
agent to provide conversion of conpound 2 and optionally conpound |l to

conpound 3 thereby i yi ng t he. overa d of .compound 3. A i ngly,
PRt embo e o ReRhore e piugutie kb flsd PorbrTgetrg TG
OXIdaG‘Oﬂxﬁﬁaﬁﬁellﬁ?ﬁﬁﬁbié@ﬂk&%Q&Jﬁﬁgu%%g%B@wébﬁhﬁggél9QQ@B@UWMB4 GO Pg0
4 to the correspondi ng 12Z-keto conpound 3: Wwhi ch process conpri ses

cont act i ngydeonpblikdo 4tcvw1tihl!san$@1mx>ﬂn?anmilv nixpuEge sohierd Ok g <8Ykikdl i
hypochlorlte and frail:yr" hydrogen peroxide (THEW under oxi di zing
condi ti o fs: provide a m xture of conpound 1, 2, and 3; and further

oxi di zi ng sai nlxture ith an effective anDunt of a chr 1) .

oxt di 71 g agent GG dE EGRBUTT S0 GHOPRP TS e Gy BISRY! BPdect i ng
group, R ?n&uhﬁé@%&ﬁ@ﬂmrﬂy %ﬁﬂﬁyitruriq{mc&bﬁg:g@u Bﬁardvﬁi Re:lloh derighaisn of a
bile acid, which bile acid is 10sel ected fromthe rou? consi sting of

chol ii® aclieakt 98%@)@57@?10%@ & Cay mlﬁfauﬁ@mllwét %%odstmainmczg Weettaite ki d,

wherein the c X ctl i d e chain is op 1 i
eotert i cdmiin o e e ittt mfBlssts BSparislunto oMM ity
t oget her wmki:hy Eémc@gmqmna,tmcaﬁémh@ﬁnﬁm ehdef@rda ket pagr pui@tioa keto
protecting group. In one optional enbodi nent, the nixture of conpounds 1, 2

and 3 ar ePiPExét ed 15under hydrogenati on conditions to hydr ogenat e t he
A-9, 11-ene prior to oxidation with the chrom um (VI) oxidizing agent.
When sai d opt iBmatﬂ tﬁvmrl ogeratilaly vbarsvigr ﬂwyﬁmimxﬁutﬂfaﬁfﬂoaﬁiwht«mt be

chroq .e.are rovided novel inter | ates o of formula 5 and 6:
2. y ng 3 1& ?I."“kl\f%i |f BSPERSSE 10 Femoving un e%n”a 1 Yat deposits. Seeg, €2
U.S, Patent No, 7,622,130 which is imcorporated herein by reference 1o is ontirety, As
cosmetic procedures are entirely elective, higher safety standards are typically required by

regulatory authorities,

SUMMARY OF THE INVENTION
20 This inveuntion provides methods and compositions useful in the preparation of

bile acids or salts thereot as well as methods for purification of the so prepared bile acids,

In one embodiment, there 18 provided an oxidation process which cither eliminates
or lumits the amount of chromivm (VI oxidizing agent employed duaring allvlic oxidation
at the 1Z-position of A-9,11-cne steroids. The oxidation employs an environmentally

25 compatible co-oxidant muxture which provides compounds 1, 2, and 3:



OO 2056 a wherein Pg, RR2, R, R' and R5 are
as defined above in a preferred enbodi nent, hydrogenation occurs

af ter oxiwetooarm7step(s) is (are) conpleted, POTAISRM 10061150

enbodi nent, this invention provides a process for preparing A-9,11-
5ene-12- ket o cgrrpound 7: fromthe corresponding A-9, 11-ene conpound 8:
R1 108 3 ¢ i'g is a hydroxyl ecting group. Rl igthe 17-side

chai n of abillza’gci Eh bile acid is |%dfromthe gr oyp ycahsi
of cholic acid, degxyeto{it acid, tauroch aci d, and gl ycoghotHt
wherein the carbpxl ball §@ side chain is apfi
esterified wf &6 g
15t oget he i i ¢arbon ato 3= hereto for vkerg

kern prot %%49/: ng gr oup;a wher ei nn%% d pr@cessﬁcorrpri segz?g H effecting
allylic oxidationjat the 12-position of gonpound 8 by reactiog with an

t-ai kyt hydroperoxide of the formula (R3)(R4)(R5)C-0-014 in the presence of
a co-oxidant, wherein each of R3, R4, and R5 is independently Cl1-Cl al kyl,
to first provigeedinMekUunedehy COMRRURLs Bp A& hanbeh: hydMyl, or -OPg, Y
2011/ 075701PCT/ US2010/ 061150 =~ " 9107 and optional Iy wherei'n conpound lib is
t hen furtihéle bkiide 2ledn ol & hilaachromiciumig Wi soxiadicdi ihgn dyanpur eoppbvg de t he
A9, 115_ ensx ?‘1%- N A 90"1'1@(119{7@ ta5i'or2‘} e, 9 t-iﬁgn%‘l'cameﬁgocdgcg? erh’%rﬂtirhﬁwm xture of
conmpounds” ¥, 1’ GV 7R & KRS Uinge RV &ogenation” conditions to

hydr ogenatghd:Re fifrcBodalit £88saRT $108 citadn BXpdakdlBesWrirlad theé LOr-0pblm ¥,

oxi di zing agent. \Wen said optional hydrogenation occurs prior to oxidation
with the @Hrions GHIERD. 6% R Rnépadentvithiiesaabery doprgiligddhereipdprm a

i nter medi gt e 310% of QI {9‘0&!@9‘&1&“&0%%&1 %Qckﬁgfgf{i B3Qnd R s independently C-C;

alkyl.

10 Optionally, in a further step, the above mixture 1s treated with a chromium (V1)
oxidizing agent to convert the partially oxidized products at the 12-position to the
corresponding ketone., In this process, the amount of chromium (V1) oxidizing agent
employed is significantly less than that reported in Example 10 of U.S. Serial No.

12/153,446 which employed chromium trioxide as the sole oxidizing agent.

15 Accordingly, in one embodiment, there 1s provided a method for effecting allvlic

oxidation at the 12-position of A-8,11-eue steroidal compound 4:

PgO“‘

to the corresponding 12-keto compound 3:




R4-yOH FR, RSOOR2 (0. OO lial Ib wherein Pg, R, R2,and R5 are as defi ned
above. In another enbodinent, this invention provides a process for
converti nyoan1lor57013- hydroxysteroid to the correspondi rgTAR2Ke6E6@r Oi d
wherein said process conprises: 15a) selecting an appropriately protected
11-Ii-hydrongteroid; ) . b) dehydrating the 11-P-hydroxysteroid to
provi de t HBICANG IO T BEnATAsHER FEyPPIdehvih teareidpnt mixture conipriging
effecting,g i L dati ons at, ek o ption. by & Li g r ol d

ot oduct |7 BsEhBHCR PRR i kBRI ke S EREL AR 1% PR

co- oxi dantommanmdd 20d) hydrogenating the A-9,11-ene functionality to yield
the 9-a-hydro-1 1- djhydro-12-ketosteroid;, an e) optionally reduciing the
| 2-keto functVBHaK %gy{s 6fhyfbr?é?>'§m&£¢ﬁya$ &f&@:@ﬁ%ﬂ@)&j%m %&zﬁe&io &l &
produced i d)7.aROVEiNLE hhaRa8h FeeLE Y8 AMBUNLIRcdard 8 d1cPE, Ag8RLNE BF
provi de the 9-a4hydro-11-di hydro-12-a-hydroxysteroid. |In another

enbodi nentholit hiig, damgditdlionrcigl ouiabsliaznetand g foorhgcepal migrasotipound 512

e PRl M TR T ik /S e TR A
I n anot hefdetbiedimeatn, ot RI' Snd RY &bilePwRh ONd 8850AubRtMach4i0rerBleBah kg a

compound of fornula 14 _
keto group or a keto protecting group.

10 In another embodiment, oxidation of compound 4 with said co-oxidant mixture

provides compounds:

wherein Py is a hydroxyl protecting group, R is hydrogen, hydroxyl, or -OPg, R’
I5  isthe 17-side chain of a bile acid, which bile acid is sclected from the group consisting of
cholic acid, deoxycholic acid, taurocholic acid, and glycocholic acid, wherein the
carboxyl functionality of said side chain 13 optionally esterified with a C;-Cq alkyl group,
and R is hydrogen, or R’ and R” together with the carbon atom attached thereto form a
keto group or a keto protecting group; and each of R?, R* and R is independently C;-Cy

20 alkyl.

The mixture provided optionally can be treated with a slight excess of a chrominm
oxidizing agent to provide conversion of compound 2 and optionally compound 1 to
compound 3 thereby improving the overall yield of compound 3. Accordingly, in this
embodiment, there is provided a method for effecting allvlic oxidation at the 12-position

25 of A-9.11-ene steroidal compound 4;



15contacting hydrocortisone: OH 4000. O with at |east a nolar equival ent

of hydrogen under hydrogenation conditions to provide

4, 5-di hydwohydrosmint i sone --- conpound 15: OH 15 5b) comCaatseeg/ocuspound 15

with at |east 2 equivalents of a reducing agent under conditions wherein

the carbonyl groups are reduced to al cohol groups to provide conpound 16:

CH 16 10c)contacting conpound 16 with a vi%kgal al cohol oxidi zi ng agent
Dt 17: 17 el)selectively

| to provide a 15 conmpound of

g}ecting group; e)contacting the

protecting the 3-hydroxyl group of co
formula 13: 13 where Pg is a hyd

conpound of fornula 13 under dehyd gcpnditions to provide a conpound
of formula 12; Oand renovi ng9the hmdroxﬁl protecting group to provide
conmpound 14, i n anot her enbodineat, this invention provides a nethod

of preparing a conpound of fornula 18: 10 PgCY
to the corresponding 12-keto compound 3:

which process comprises contacting compound 4 with a co-oxidant tmxture comprising

(4]

alkalt hypochlorite and #-alkyl hydrogen peroxide (YBHP) under oxidizing conditions to
provide a mixture of compound 1, 2, and 3; and
further oxidizing said mixture with an effective amount of a chromium (V1)
oxidizing agent to provide compound 3, wherein Pg 1s g hydroxyl protecting group, R is
hydrogen, hydroxyl, or —OPg, R' is the 17-side chain of a bile acid, which bile acid is
10 selected from the group consisting of cholic acid, deoxycholic acid, taurocholic acid, and
glycocholic acid, wherein the carboxyl functionality of sard side chain is optionally
esterified with a C;-Cy alkyl group, and R” is hydrogen, or R' and R? together with the
carbon atom attached thereto form a keto group or a keto prolecting group.
in one optional embodiment, the mixture of compounds 1, 2 and 3 are reacted
15 under hydrogenation conditions to hydrogenate the A-9,11-cue prior to oxidation with the

chromuum (VI} oxidizing agent.

When said optional hydrogenation occurs prior to oxidation with the chromium

(V1}, there are provided novel interrmaediates of formoula § and 62

OH sz



said nmethod conprising: contacting hydrocortisone: OH with at least a
nol ar equi val ent of hydrogen under hydrogenation conditions to provide

154, 5- di worohydsmeorti sone - conpound 15: OH 15 PCT/USR)1000NB@Ct | Ng
conpound 15 with at | east 2 equivalents of a reducing agent under

condi tions, wherein the:parbonyl gJoups are reduced -to al cohol groups -to
provi de 5VBERBANE- £6: ROl HEdnd Bgre as delined pbexgnt act i ng conpound 16 with a
vi ci nat al cohol OX|d|2|ng agent under oxidizing conditions to provide
conpound 17: H@prefevedoupsewotitydiogepmtonactimglicheiGlispdicoky lis @roup of
conmpound L0 L9 rovi de conpound 13: Pg0's 13 where Pg is a hydroxyl
protectlng é% @; e)contacting the conpound of fornula 13 under dehydrating

condi ti ons to 45 provide sonpound 12i.and. 92, PA12, 304, gomyeri g compound

12 under ol efi-
5  ene-12-keto compound 7:

7

from the corresponding A-9,11-ene compound 8:

10 8
where Pg is a hydroxyl protecting group, R is the 17-side chain of a bile acid,
which bile acid 1s selected from the group consisting of cholic acid, deoxycholic acid,
taurocholic acid, and glycocholic acid, wherein the carboxyl functionality of said side
chain is optionally esterified with a C-Cg alkyl group, and R is hydrogen, or R and R?
I5  together with the carbon atom attached thereto form a keto group or a keto protecting
group;
wherein satd process comprises:
effecting allylic oxidation at the 12-position of compound 8 by reaction with an
r-alkythydroperoxide of the formula (R3 X R‘gj(RS}(_}O—()H in the presence of a co-oxidant,
20 wherein each of RY, R?, and R’ is independently C-Cs alkyl, to first provide a mixture of

compounds §, 18, and 7:



conmpound 18; 5i n anot her enbodi nent, this invention provides a nethod of
preparing deoxycholic acid or a salt thereof, said nmethod conprising:

a) foll owvogotigsenocedur es above to provide conpound 18CT/US2010/0b)15¢ eact i ng
conpound 18 with an al kyl propiolate CH --ECC(0)OR or an al kyl acryl ate
C12=C1 1C(0)OR ' wherein Ris alkyl in the presence of a Lewis acid to

form 10conpoun Wherein the dashed Iin%H--z- is a single or gouble bond;
CO2R h)Rsf eactsl F?Qe conpound of fg@rgulfa 19 with 1-12 undqr Rﬁ
hydrogenati on condj < to form compoung” 28-—~P 2 C2R reactif :-'woﬁpd 20

w th an oxidi zjn§ ] 0 provide cg | CO2R lreacting
conpound 21 uﬂder hydrogennﬁiti ons to pr ogpound 22:
1)contactLQ%v.ov.- Ad 23 under depr'at eplien and hydrghés > itions to
f orm deoxy€hol i cHaci d or the salY” thergof. in another®embodHment, this

invention provideg a nmethod of preparing4qeonpound 1024 sai ¢ met hod
conprising: a)contacting conpound 25: WO 2011/075701PCT/ US2010/ 061150

and optionally wherein compound 11b is then further oxidized with a chromium (V)

oxidizing agent to provide the A-9, 1 1-ene-12-on¢ compound 7.

5 In one optiopal embodiment, the roxture of compounds 8, 16, and 7 are reacted
under hydrogenation conditions to hydrogenate the A-8,11-ene prior to oxidation with the
chromium (VI oxidizing agent.

When said optional hydrogenation occurs prior to oxidation with the chrormium

(V1) oxidizing agent, there are provided novel intermediates of fornmmula 11a and 11ib:

10
iia iib

. I p2 pi pé :
wherein Pg, R', R°, R7, R" and R are as defined above.

i another embodiment, this invention provides a process for converting an 11-§~
hydroxysteroid to the corresponding 12-ketosteroid wherein said process comprises:
15 ay selecting an appropriately protecied 11-p-hydroxysteroid;
b} dehydrating the 11-B-hydroxysteroid to provide the A-9,11-ene
functionality in said steroid;
¢} cffecting allylic oxidation at the 12-position by reacting the steroid product
of b} shove with r-alkylhydroperoxide m the presence of a co-oxidant; and
24 d) hydrogenating the A-9,11-ene functionality to yield the S-o-hydro-11-
dihydro-12-ketosteroid; and

g



025 under hydrogenati on conditions conprising hydrogen and at |east 8% by
wei ght of a50% wet (with water for safety) Pd on carbon in a sol vent

sel ect ed woamdig7ogr oup consi sti ng of acetone, i sopropamrolr/USedtpbliacet at e,
N, N- di et hyl f ormam de, and tetrahydrofuran in an 5autocl ave nai ntai ned at

el evated pressure to provide conmpound 26: |))dehydration of conpound 26 in
the presence of &ul#ipeihaEdacingder! Conaiimcspalinar @Fﬁ"%i”%‘ﬁ’"}iisdr}g}"ﬁfﬁi nat ed
Lo, provi der campaunth Bicd 2 1) JCL AN ACLERA,COMANIT . 2o kS B @xCESS of
lithiumtri-t-butoxyalum num hydride ‘under selective reduci®ng conditions

i ncl udi ngpravide mpet-athyries-of -dfirvdr-ADE-tydrex ydibtaid.o provi de conpound 28:

d) contacting conpound 28 with an excess of ethyltriar il phosphonium halide
15under W tti ginf@atit eRbedndht LonBvbaigr @viides £arpeure @89 ariRompound

2011/ 075701PCT/ US2010/ 061150 e) protecti ng the 3-d-hydroxy group of conpound
29 under ¥cetyl ation conditions including an excess of anhydrous acetic
anhydri de to provi de conpound 30: Ocont actisg conpound 30 with an excess
of nmethyl acrylate in presence of 5an excesqd of C] -C2 al kyl al um num

di chl ori de under aikyiating conditions t

lydpogenation catal yst sel ected
|@ an inert sol vent under
tocl ave mai ntai ned at an el evat ed

fromplatinumand dry palladiumo
10hydrogenation conditions incl ugi
pressure to provi de conpound 329¢

12

comprising contacting compound 13 wherein Pg is a hydroxy! protecting group:

Pg O\\\\“"

10 13

under dehydrating conditions to provide compound 12.

In another embodiment, this invention provides a method for preparing a

compound of formula 14

HOY

15 a} contacting hydrocortisone:




h) contacting conpound 32 dissolved in an inert solvent under co-oxidizing
condi tions including an excess of C4-C6 t-al kyl hydroperoxide as a. first
oxi dant awo an/aS®tcess of NaOCl as a co-oxi dant under @xirdiSzémgensnditi ons
optionally followed by further oxidation with a slight excess of

pyri di ni unthl orochronmate to provide conpound 24: which conpound is washed
Wit h net haitB Rt ieast a molar qawivalist RBRY BARSEAIABNEY BPSVRIY FHGEINES Shitoviére i s
provi ded axl fior. ar i , holic acid or a salt thereof which
met hod cdﬁﬁ?@é@%&mggﬂggﬁgg%tFﬁg@g%ﬁg%ﬁnd 24 wi th hydrogen and Pd/ C:
under hydrogenation conditions conprising hydr8den and Pd on carbon in an
autocl ave nmi ntained at el evated pressure aoptigonally foll owed by oxidi zi ng
any of the 12-hydroxyl groups formed during Yydrogenation with

pyri di ni unchl orochromat e under oxi diHg] ng.c¥ndi tdons to provi de conmpound 33;
0""'" 10AcU33 b) reacting conpoy 3 with lithium
tri-t-al koxyal urni num hydri de under $img egonditions to provide conpound
34: COOMe AcO ; and. pSENY conpound 34 to &protection
and hydrolysis conditions to for cHolic acid or the salt thereof.
in anot her enbodi nent, this i rovides a nethod of preparing
conpound 26 by contacting conpound®25: 025 5under hydrogenati on

condi tions conprising hydrogen and 10%Pd/ C using a solvent selected from
the group consisting of N, N-dinethylformm de, acetone, isopropanol, ethyl
acet at®e and adueouscamtetiogecmpoprd 6 wgh sipeto 2 5%iwakets.of a reducing agem anot her
enbodi ment, this. invention provides a nethod for preparing deoxycholic acid
(DCR) havi STy s Bariong hd Besg Foieq o ETpherant ' R n

10met hod GRMYLLE 8! (a) contacting DCA having a purity of about 95%
or less with a solvent conprising dichloromethane under conditions to form
a. DCA sol ution; (b) crystallizing the B€ A fromthe DCA sol ution
obtained fromstep (a) to provide a solutieg, containing crystalline DCA; |I
S(c)recovering the crystalline DCA which has“@ purity of greater than 96%

I n anot her enbodi nent, this inventi o proyijdekwar met hod for preparing
deoxycholic acid (DCA) having a. purit ater than 96 % which nethod

conpri ses: (a) contacting DC -ﬁ% purity of about 95% or |ess

with a solvent conprising dichlo ind et hanol under conditions to
forma. DCA sol ution; (b). izing the DCA fromthe DC. e. k
sol ution obtained fromstep (# to pio ide a solution containing
crystalline DCA

16

10 c} contacting compound 16 with a vicinal alcobol oxidizing agent under

oxidizing conditions to provide compound 17:

d) selectively protecting the 3-hydroxyl group of compound 17 to provide a

15 compound of formula 13;

11



(c) recovering the crystalline .DCA and renoving sufficient amounts of the
di chl oronethane to provide a purity of greater than 96% for the recovered
crystal | iwe 2DGA75®%] n anot her enbodi nent, this inventi oRCpASICGH61180

synt heti c deoxycholic acid (DCA) or a pharnaceutically acceptable salt

t hereof, wherein the synthetic .DCA or the pharnmaceutically acceptable salt
thereof has a purity of at |east 99 %o | nfanot her enbodi ment, this

i nvention provides a conposition conpri A _HCA having a purity of at

| east 99% or a pharmaceutically accept hereof and a
S5pharmaceuti cal |y acceptabl e exci pienrg]. g anot her enbodi nent, this

i nvention provides a conposition f rgi cal renoval of localized fat,
sai d conposition consisting essept a .DCA having a purity of at

| east 99% or a pharnmaceuti cal IRf®accepthble salt -thereof wherein the DCA is
essentially the sole fat renoval conponent of said conposition. 110in

anot her enbodi nent, this invention proygdes a conposition conprising DCA
and a sol vent, which solvent conprises dichloronethane with or without

net hanol , W#iePaiina hr&osyriveisetut g76wof DCA. to solvent is from40:1 to
about 10:1. BRIEF D y ) , AW I\ i dahodentn ELQUEE 1 provi des
a proton Nwlsﬁéctrggggﬁhggﬁggﬁﬁgoﬁ‘u8|ﬁé%g§§§f%%%dﬁ%?%¥ﬁgﬁ%§%?3%‘8

. Fi gurse Zprpridy isdesipaudB6E dvRulsaect rum of conpound 9 using a 125 Wz
instrunment. Figure 3 provides a nass spectrunka conpound 9. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 20Thr oughout thyi g7 di scl osure, vari ous
publications, patents and published pate *Hﬁ'ifications are referenced by
an identifying citation. The disclos lthése publications, patents and
fncorporated by reference into

publ i shed patent specifications ar m@
the present disclosure to nore %@bk» descri be the state of the art to which

this invention pertains. used hereilf, certain terns may have the

fol  owi ng defiped neaNLRAYSH AS: i1 Ryl 08 SRBGIHS 1:GRLY: 90 «oliaigs, the
fed, npant H}Q‘?zélg,'?ﬁ &k%ﬁ?xé n%mm% ;@&}ﬂﬂa%\ 18%@3?%1&5%

singular form' 3 ude singular "and references

," "an" and "t he
e bne Conkexbuel eabbe Al RS ARSI AG , LliBaS BldGrM g | nd! cated.
all nunbers expressing quantities of 1 redients, reaction conditions, and
so forth asegeuht of Remsperd:fi cation and clainms are to be understood 20 WO
2011/ 075701PCT/ US2010/ 061150 as being nodifieq in all instances by the term
"about." Accordingly, unless indicated to the xontrary, the nunerical
paraneters set forth in the foll ow ng speciffi gati on and attached clains are

ec

approxi mati ons. Each nunerical paranet @w at | east be construed in

i ght of the nunber of reported sigaNjeadi~digits and by applying ordinary
the term "conprising” is

0% i
roundi ng techni ques. As used
intended to nmean that the conpeypds~and t hods include the recited
el emenpts, but not excluding others. "d%nsssting essentially or when used to
define conpositions and nethods, shall mean excluding other el enents of any
essential si gndaid samhee comptiiegconpounds or net hod. "Consi sting of' 10shal
mean excluding nore than trace el enments of other ingredients for clained
conpounds and suﬁ%tantidﬁmﬁ@pﬁ%gy§P@ﬁ§$“Ehbodinents defined by each of
these transition terns are within the scope obithis invention. Accordingly,
it is intended that the methods and conpougds/can include additional steps
and conponents (conprising) or alternativel yinclude additional steps and
conmpounds of no significance (consisting-lpbessentially o or alternatively,
intending only the stated nmethods ste ig;l pounds (consi sting of).

2 al urar’'ed al i phatic hydrocar byt
groups having from1l to 10 carbo pri 1to 6 carbon atons. The term
"l ower alkyl" refers to an al ky}J”v carbon atons or 1-4 carbon atons.
This termincludes, by way of 20exanple, |inear and branched hydrocar byl

groups suthh asiomsemytlag guiglont celpzqraHgoHR oz iROPYHICCHIGROR- ) |
I soprpyl 4,5 fd%)a%%’('ﬁ()wm%%‘t— %!_nnpo und 18

12



(CH301204204. 2-), isobutyl ((CF13)2CHCIT2-), sec-butyl
g0-13) (0-13CF12)CH), t-butyl ((( H3)3( -), n-pentyl (CH3CH2ZCH2CH2( H2-),
and neopewOeb11(a7§70H3) 3CCH The term "t-al kyl " or "tert - alPkylUS2018f0er1s0t 0
tertiary al kyl groups of the fornula 25 RIR2R3C- where each of R, R2 and
R3 are independently al kyl of from1l to 3 carbon atons and a total of 10
carbon atons. Such groups preferably have nd"nore than 4-6 carbon atons.
The term "oxidizing agent" refers to a rfggent which can accept el ectrons
in an oxidation-reduction reactionyoln thif 4y, oxygen can be added to a
S . a nol ecul e. Oxidizing agents
t, tert-butyl hydroperoxide,

i nclude by way of exanple only Jongs
sodi um hypochl orite, pyridini um [/®75701PCT/ US2010/ 061150

chl orochromate and Cr03. In o eX.2 e, the oxidizing agent is specific to
vicinal (1,2) alcohols and include perihedate conmpounds. Such oxi di zi ng
agents are sonetines referred to as "vicinal alcohol oxidizing agents”. The
term "chrom um oxi di zi ng agents” refers to chrom um VI conpounds capabl e
Sof effecting oxidation, |n one dient, the chrom um oxidizing agent is
capabl e of osi T 2 ng B Rery R ETEgS S U3 bisnenguaereas Sl s cohol s
to ket onegdeBusiiiseb @Gl de RafBnyMy0xpkirg ragcagenlSohal eroliyPicgablije

cornpl exed with a base such as pyridine. One particularfy preferred

chr onifum @¥duzi A8 agent is pyridi ni unchi orochromate. In anot her

enbodi ment, the chrom um oxidi zi ng agent is lggapabl e of oxidizing a

nmet hyl ene group al pha to vinyl unsaturatiop t¢ eMet formation of an allylic
ketone. In that enbodi nent, preferred chrom\dm oxi di zi ng agents incl ude
chromumtrioxide and a co-oxi dant i WOMa0Cl and t-al kyi hydrogen
per oxi de such as t-butyl hydrogen peroX MP). The term "h.ydroxy
protecting group” refers to a grouyp~< e~of protecting the 15hydroxy
(-OH) group of a conmpound and rel g he hydroxy group under suitable
deprotection conditions. Conmomcsu ups include acyl (which fornms an
ester with the oxygen atom of the hydroxy€group), such as acetyl, benzoyl,
and groups that, forman . ether wt he, oxygen atom of ..t.he h. ydroxy group,
alch s benzytand CHERHBRSMEPHIT 1ot T ARE DO BTt rS o2 SO e i
known i n 4hgi-figebddatnorgaeiige syaphiegiy: 20The term "elim nation
conditions" refers to reaction conditions in which a small nol ecul e, such
as H 70, HO or 1-iE3r, etc., is lostyfromg 'onpound conprising a

hydr oxyl, chioro, or bronb group, etc. B0 PMeri a correspondi ng conmpound
conprising an al kenyi group. in one_exhpp el imnation condition

i ncl udes dehydration conditions V\,he,i|hydr oxyl group and the vicinal
hydrogen atomare elimnated to FNQ 2 yl 25group (an "cue") group.
Dehydrati on conditions may include convertizng t he hydroxyl group to a

| eavi ng group such as chloro, brono, tosyl, nesyl, -0S(0)Cl. The term "Ac"
referidl to an adet ylsofpcougywhitetiingake $hadfoayheaibap OH3OMCTNE 1 dp moviklst 0"
refers to_the LQYp (>C=0). The term"keto protecting group” refers to a
group caﬁﬁﬁﬁ%“%? grotecting a keto 30group of a conpound and rel easing the
ket o group under suitable deprotection conditi®ns, WO

2011/ 075701PCT/ US2010/ 061150 Common stitk_grdufs i ncl ude ketal s and acyl al s.
Keto protecting groups are well known | eI d of organic synthesis.
Sui t abl e hydroxy or keto protecting-gredpsi-and ot her protecting groups

whi ch may be enpl oyed, and the cond 0 f&r their renoval, are described
in books such as 5Protective grBe®s ™h organic synthesis, 3 ed., |I. W

G eene and P. G M "Nuts, eds., John WIley & Sons, Inc,, New York, N.Y.
111, S, A, w899y ;208y kil REcWeld ckpown to a person of ordinary skill in the
art, which is incorporated by re%erence inits entirety. The term "ketal"
refers to a group haviasgng i coORR2ugeolpsuhat Pacldedddhpdtabes samblioartbon at om
in a mwlecul b\mhene(%%%,r presents an al kyl group or the two R22 groups 10
t oget her Wffﬁ'ﬁﬂgwﬁgﬁ d"?omand the two oxygen atonms attached thereto
forma ring structure. The two -OR- groups nay be the sane or different,
The term"acylal" refers to a group having two -0(C=0) R23 groups attached
to the sane carbon atomin a nol ecule, where R23 represents an al kyl group
or the two R23 groups together with theé3carbon atom and the two -0(C=0) -
groups attached thereto form 15a ring structure. The two -0(C=0) R23 groups
may be the sane or different. The term "reducing agent” refers to a reagent
whi ch can donate electrons in an

P




oxi dation-reduction reaction, allow ng hydrogen to be added to a nol ecul e.
Sui tabl e reduci ng agents include |ithium alum num hydride, sodium

bor ohydr iwe,20s0d619m cyanobor ohydri de, and the |ike. 20TReTiusSeomo/vanse yl ati ng
reagent” refers to a reagent in which can add an acety group CH3C(0)- to an
al cohol noiety of a nolecule. The tern1"acid".refers to regents capabl e of
donating FL The term"Lewis acid" referg to an electron pair

acceptor. Lewi s acids include oraganonet eagents such as al kyl

al um num halides (e.g. Et2A1Cl and MeA 'iﬁ ! The term "hydrogenation
conditions" refers to suitable cong bns [and catal ysts for introducing 112
across one or nore double bondsP LA zs‘!:t1 n catal ysts include those
based on plati num group netals(ﬁfatinunl palladi um rhodi um and rutheniun)
such as Pd/ C and Pt 02 . .verine o term “olefl L on, 4, rrefers to
egents that riact Wi R e P R R R e e e
term "ol efdpdued dBng conditions” refers to suitable conditions 23 for
carryout such transformations. Exanples of such reagents include Wttig
reagents and Wttig ol efination conditions. The term "refl ux
conditions" refers to conditions wherein _alliquid boils, and the vapor of
the boiling liquid condenses and runs pa b into the liquid below 5The
term "pharnaceutically acceptabl e sa T/t o pharmaceutically
acceptabl e salts of deoxycholic ac htisalts are derived froma

vari ety of organic and i norganirgot rons well known in the art and

i nclude, by way of exanple only, sodidﬁ11@otassiun1 cal cium rmagnesi um

anmoni um and tetraal kyl anmoni um The nunbering of the steroida
scaffal d as usgd, hgr.ei | . . . eral..l nyentican: Lt is to be
under?tood that ‘un §§§98§ﬁ%%§¥§g§%%g%??ﬂé§Fd§§%8§§§$fg§§gd%%%y represents

t he posi td@Ryeiolicatidan aat D MRreddn@idmetDl eohpridagbet ween two adj acent car bon
atons may be a doubl e bond and one or nore of carbon atons be may

optional |y sub®t ifeiipvaas thegrpeedpss oy o Pravighersp@ardiidal * or "A-9, 11-ene
conmpound” as ed..| L. r S 4, eroidal.. . Vi-Ng . oubl e
bond bet ween ﬁﬁqungﬁngnggg%%%&g%gﬁgﬁgk?%ﬂ@%gﬁ9%g@?§g¥2§é%Fg&ﬁﬁg t he
scaf f ol d @fyladk& H,=(48 @00RE wheram R 1is Hilavhydihoyyessterodiadaiwis erid tdlfbedi - hydr oxy
compound” as used_herein refers to a steroidal cqnpound having a h.ydroxy
subst“&uéﬁ?ﬁﬁﬂngﬂg"Cﬁ3%8§ﬁgﬁgﬁlgﬁﬁ§éﬁEﬁﬁgﬁFﬁhﬁ@ﬁngﬁﬁhbe represented by
the scaffold of: 18 The term "11:Kk Rsteroidal" or "11 -ki.to
compound" as used herein rk.4.ers to a stéyoidal conpound having a keto
substituent on the 11-position carbo whi ch can 5be represented by the
scaffold of: 18

Pgo"

H

19 .
h} reacting the compound of formula 19 with Hy under hydrogenation conditions

to form compound 24

CO,R

Pgo™

H

20

15 i} reacting compound 28 with an oxidizing agent to provide compound 21:

14



The term " 12-keto steroidal"™ or "12-keto conpound” as used herein refers to
a steroidal conpound having a keto substituent on the 12-position carbon

at om whi cNocan/az8tee r epresented by the scaffold of: PCT/US20l0@61166 m
"12-al pha- hydroxy steroidal™ or "I 2-al pha-hydroxy conpound” as used herein
refers to a steroidal compound having a hydroxycgy stituent on the
12-position 15carbon atom which can be repre d' by the scaffold of:

17-position carbon atom ZOSynthetic 5ses WO

.  DCA from hydrocortisone
in one enbodinent, this invent |des a synthesis of conpound 14 which
is an intermediate for syntehesiziAfg oxychotic acid (DCA), or a
pharmaceutically acceptabl e salt Hhe&eof 5Schene 1. Synthesis of
3a- hydroxy. 5f -androst-9(11)-en-17-one (14) from Hydrocortisone 14 where Pg
is a protecting e cdohpFRizg m&ihp@kuﬁ@mmg@m@%@@(&mﬁkgxsqagmw 13 (the
synt hesi s of ich is described bel ow) WO 2011/ 075701PCT/ US2010/ 061150 12
and renoviasgrhé 2Rydroxyl protecting group. 5in sone enbodlnents Pg is
-Q(0) R, wherein Rl is lower alkyl. In sone enbedigents, |'gis -CXO)043.
In one enbodinent, t he dehydration corti t'Tgfs onprlse convertlng t he
hydr oxyl group of the conpound of forw 3to-L, where -L is a |eaving
group, such as -0S(0)C1l, -0S02R2 ( ¥ is tower al kyl or phenyl or
phenyl substituted with al kyl, ¥pl e, -CH3 or -C6H5CH3), or -OPX2
(wherein X is brono or OR3, wh ) iks | ower al kyl). In sone
enbodi ments, the dehydrat|6nobo dik™~ons conprise thionyl chloride and

pyridine. I n some enbodi nent's, 28onpound 13 is.prepared by a nethod
conpr|5|ng sel ectively protectlng the 3-hydroxyl group of conpound 17: 17
5 k} reacting compound 22 with a reducing agent to provide compound 23:
OH CO,R

Pgo"

H

23 s and
i) contacting compound 23 under deprotection and hydrolysis conditions to

form deoxycholic acid or the salt thereof
In another embodiment, this invention provides a method of preparing compound

10 24

COOMe

AcO 24

said method comprising:

a} contacting compound 25:

[y
L



in one enbodi nent, the protecting group Pg is -C(0)4ower alkyl, for

exanpl e, -C(0)CE13. In sone enbodi nents, conpound 17 is exposed to

acyl at i orwoandia7sms to form 35, such as by treatnent ofPCIUSMmhcaSEt | C
anhydride and an organi ¢ base such as 20triethylam ne ' E1L3N), pyridine,
and/ or di met hyl am nopyri di ne. In sone enpbodi nents, compound 17 is
prepared by a nmethod conprising contactingjycgnmpound 16 HO'. 16 with a

vi ci nal al cohol oxidizing agent under o ) g conditions. In
sone enbodi nents, the vicinal al cohg g agent is lead tetraacetate
5(Pb(0Ac)4) or sodium periodate ( In sone enbodi nents,
compound 16 is prepared by a nethgehegorpri 3sng contacti ng conpound 15 OH
10with at least 2 equivalents of "a reduci ng agent under conditions wherein
t he carbomykr@whupsma@@;m&ﬁﬂnedoﬁ¢ﬁ@hg@h@bgqnmub&ia%ig%ﬂxnmmgmnéaSGW

enbodi nents,. the reduci [ises sodi,um roh dride, sadi
cyanobordﬁ?dpﬁmﬁdWH%mlﬁﬁféggﬁPﬁﬁﬁgﬁﬁﬁ?r éuﬁﬁﬁ”Fﬁ Cgroupcm"“’“n"‘:linsone
enbodi Menf $ont AR Q@A&L%gﬂ@ d&&ﬁpq«; edabyerd MRhbadic meuhﬁihﬂgoﬁ;?ﬁﬁh'aﬂg
15hydrocorti sone: | east” a nol ar equi val ent of ‘hydrogen under
hydr odenattitgnacondinirei st clenatsopssemnbodirnent spmpaendidfdr ogenat i on condi ti ons
conprise Pd/C as a catalyst. 28 In sone enbqdinments, the hydrogenation
conditions conprise DMF as a solvent. in_sdng enbodi nents, the nethod of
prepari ng conpound 12 conpri ses: g hydrocortlsone: OH 5with at

| east a nol ar equival ent of hydrog Rydr ogenati on conditions to
provi de 4, 5-1-di hydrohydrocortiso npound 15: OH b) contacting
conmpound 15 with at |east 2 equig@dberis—-0Of 28 reduci ng agent 10under
conditions wherein the carbonyl groupd are reduced to al cohol groups to

provi de conpound 16; contacti with a
ol nat al conal oxi S TgoBgesmemadA sk BT RE L OrT EE e ovi de
conmpound dhditions wherein water is elirminated to provide compound 27:

O

O H 27

>
10 ) contacting compound 27 with an excess of lthium tri-~butoxyvaluminum
hydride under selective reducing conditions including a temperature of from -40°C to -

45°C to provide compound 28:

o

HO o 28

d) contacting compound 28 with an excess of ethyltriarylphosphonium halide

15 under Witlig reaction conditions to provide compound 29:

/

HO 25
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WO 2011/ 075701PCT/ US2010/ 061150 d) sel ectively protecting the 3-hydroxyl

group of conpound 17 to provide conpound 13: where Pg is a hydroxyl
prot ecti Myogrups70e) subj ecti ng conpound 13 to dehydrat i rgTaS2@l006086 t O
provi de conpound 10i n anot her aspect, this invention provides a nethod

of preparing conpound 28 conprising exposing conpound 12 to deprotection
conditions, |n Sonel8imbe Mertehyigxy gravged rorpmeid 2 wifer afd e
deprotectign:..con '/'ﬁpﬁ comr.d Si:S., ik i R d 30-
enbodi nen Ogl,aﬁt&%égﬁ/ﬂ r ol a3’}15TQ{SHB‘(’:‘\’On 't %?1% %65%%%E$§“§QET E@Q@? ‘r“lledﬁ“ %%gpﬁhg/%ﬂ}'oxi de or
al kal i ne nmetal al koxi de and water. 15in sonme enbodi nents, this invention
provi des a nethod of preparing DO e-k or a $alt thereof, said nethod
conprising: a-c) preparing conpound 12 & d€ i bed above 0 f)converting
conpound 12 under olefin form ng copdi i f orm 20conpound 18
g) reacting conpound 18 with an alk ol ate CHEECC(0) OR or an al kyl
acryl ate CE2=CHC(0) OR wherei n Ryi¢ alt n the presence of a Lewis acid to
f orm conmpound 19 wherein the dashed |ithe --32 s a single or double bond
CO2R h) .reacting the conpound of fornmula 19 with 112 under |
hydr ogenati on cbndi ﬁqna%g%5@%?%@&56%%6%% %@{?ﬁ%ﬁ’ga%‘é%dﬁr?ae%wt h H
under shydr,0genatdren. € oRdhiti 0ns  1:Q:i {195 MLAMROMAG B8Ry cMBitions to form
2011/ 075701PCT/ US2010/ 061150 P CO2R

compound 31:

COOMe

AcOT TR 31 :
;
g} contacting compound 31 with hydrogen and a hydrogenation catalyst
sclected from platinum and dry palladium on carbon in an inert solvent under
10 hydrogenation conditions including an autoclave maintained at an elevated pressure to

provide compound 32;

COOMe

AcO 32

h}  contacting compound 32 dissolved in an inert solvent under co-oxidizing

conditions including an excess of Cs-Cg r-alkyl hvdroperoxide as a first oxidant and an

[,
(4]

excess of NaOC! as a co-oxidant under oxidizing conditions optionally followed by
further oxidation with a slight excess of pyndmwmchlorochromate to provide compound

24:

COOMe

ACO\“ 24

17



k) reacting conpound 22 with a reducing agent to form conpound 23 CO2R
PgONs. 23and 1) exposi ng conpound 23 to deprotection and hydrol ysis

condi t i orsote1fagsTn deoxychol ic acid or the salt thereof PCT/US2010/061160e
enbodi ment, the hydrogenation conditions of part a) conprise a Pd/C

catal yst. In sone enbodi nents, the hydrogenation conditions conprise a

sol vent DN@95§0%W§%FVéﬁf“h$%W6%éwgﬁﬁ%blnent t he reduci ng agent of part b)
i's NaBl-14. 10In one enbodiment, the vicinal al cohol oxi di zi ng agent of
part c) is Nal oin arjothes pmbedisal pemis, H'itm'?éwpﬂbtf@oﬁ pirﬁrgfdgr‘i@upem@dbﬁ t he

compound of fo for .exanple, -C(O)CH. In
sone enbopcff:?rémlgs “m‘%rrﬁgw ﬁ%fdf%ag‘% 81) "G?\é\%m‘thm Wlfi é?m%rm&ondl tions to form
35, such as by gﬁﬁ@hﬁﬁﬂ&c§ﬁ$ddhdﬂ4th acetic anh.ydride and an organi c base
such. as Et3N, pyridine, and/or dinetitylam nopyridine. Ii 5in one

embodi nent, the dehydrating condition® of s epcgbygonprlse converting the
hydr oxyl group of the conpound of fopiJlgd 13 t0 -1, where -L is a |l eaving
group, such as -0S(0)C1, -0S0717?. n RR is |ower alkyl or phenyl or
phenyl substituted with alkyl, o e, -CH3, -C6H5CH3), -OPX, (wherein
X is bronp or OR3, wherein R3 al kyl). I'n sonme enbodi nents, the
dehydrating conditions conpe0sSe yl oghl oride and 20pyri di ne. in
one enrbodi nent, the olefin fornln& condltlons of paft 1) conprise ar ig

?‘9 ent suc Qit?ﬁ v Et}g@@%i%? ¢ Bhder x@lr &gﬁﬁ&ﬁg ?% %?%PE Lmh@?wlggmg(? 0 ?iﬁ' B0 part 9)

is EtAl Ck. Tn’ong ment, the ate
nmet hyl pr oprhol atee. auimia@amaerm@dai aefityvatddhecabikydptiacsliyl @flewod bparidigyg 1 S
met hyl acryl at e. one e odi nent, the hydrogenation conditions
of part he)ﬂ‘vééﬁl&risa‘«@owi@?ow feec %éﬂg?%cwwﬁa embodi ment, the

oxi di zi ng,@0eNLehicRRE orhdie LR QRBtizing conditidhs @R m@m%%h{}%ﬁ&i 3k he oxi di zi ng

agent of ‘part 1) conprises tert-butyl hydropero I de. one enbodi nent, the
>QSS &f tert butyI hydroperOX|de

of pUW\h)pochlorlte 10(e. g.

(e.g. about 0-5 C). In another

oxi di zi ng agent of part i) conprises @n e
(e.g. about 35 equivalents) and an exgqds
about 7 equivalents) at a Iom1tenpe
enbodi nent, the oxidizing agent~¢ conprises a palladlun1reagent
(e.qg. Pd/C) an excess of tert hyﬂroperOX|de (e.g. about 5
equi val ents) and pot assi umaegrbeagte~i n di chl oronet hane (DCM). I n one
enbodifnent, the hydrogenation conHitioR3 ofconprlse a Pd/ C 15catalyst. In

one enbodlnent t he redUC|n I n one
embodi nent, thebkpﬁbﬁgﬁ%ﬂbﬁ‘%Hgfﬁéﬁﬁgﬁgg EE&HH??V@Q?”BWﬂgéngq?m%ﬁen Pg is
C(O)C"‘?’}(égﬁ'ﬂ?ﬁé@&}dﬁi%ﬁ% BEb SRR 384w th an al kal i metal _ hydroxi de,
al kali metal _ al koxide, or a nlxture of both. 20In one enbodi nent, the
al kali netal hydroxide is LiOFlI or b one enbodi nent, salts of
deoyxcholic acid can be prepared by d @YWean alkali netal aikoxide
or hydroxide. Salts of deoxychot| c ynclude the sodium (Na'), potassium
(K-"), and lithium (Li+) salt g I n one enbodi ment, this invention
provi des side products as sho i anple 3 25whi ch can be recycl ed by
chem cal nodification to Repudsedlbas”i nternmedi ates in the nethods descri bed
herein. WD 2011/ 075701PCT/ US20108/ 061350 B. Conver sindn of 114- hydr oxyl

-keToid: to the Corerx%%gzgg gorngound 34 to deprotection and hydrolysis conditions to form

15 deoxycholic acid or the salt thereof.

In another embodiment, this invention provides a method of preparing compound

i8



hydr oxy112- ket ost er oi ds i n anot her enbodi nent, this invention

provi des synthetic processes for the efficient conversion of

11- p- 1i yowoxyiilarstoet o steroids to the correspondi ng PCT/US2010/061150

12- ahydroxy/ 12- ket ost er oi ds whi ch conmpounds are useful in the synthesis of
bile acids. The processes preferably enploy sferoids such as 9-HAD,
cortisone or hydrocortisone, which may al sqg s prepared synthetically and
converted to conmpound 4 by net hods descy for exanple, in U S.
Provi si onal Patent Application No. / filed on February 12, 2010,
titled "Preparati on of Deoxycholie nd | nt ermedi at es Thereof," which
i's 10incorporated herein by referengs g& entirety. in one of its
process aspects, this invention I's diHected to a process for converting a

A-9,11 -ene conpound 4: 4 to the correspondi ng 12-.keto conpound 3:

153 -here Pg is a hydroxyl protecting group, IR is hydrogen,

hydr oxyl , byofomdding colbodsl fdhe 17-side chain of a bile acid, which bile acid
is selected from the group consi sting of ChO|IC acid, deox:,,,chotic acid,

taurocholic acid, and glycocholic acid, whqrepfn the carboxyl functlonallty
of said side chain is optionally esteri A\th a C1-C6 al kyl group, 20and
R2 is hydrogen, or RI and R2 toget ¢ carbon atom attached thereto
forma keto group or a keto protec oup, such as a ketal; wherein said
process conprises: WD 2011/0757 1@/ 061150 effecting allylic
oxidation at the 12-position of Conpound 4 by reaction with an

t - al kyl hyehrdepeydxiaetiof c&fﬂﬁzdrﬂmﬁuﬂpaqaﬁagﬁ)«(}ﬁ@rﬁ Ra) GOPOH teing heoclpeesence of a
co- oxi dant mherel each of nd RS j.s |ndS pendently Cl1-C3 alkyl, to
first pr e %Hﬁf@ulb?o%%?ﬁﬁ%ﬁﬁ%\'14“3@3511%‘&?3@“ ©, a8qlone, ISOPTOPaBHly wher ei n

conpound élthgnagéﬁfe Aadly u&)‘?&'a@@éjrx]é (}S’Oé %Mi@\%g} oy eLted to provide the

A9, 11-ene- one conpound diments, the t-alkyl hydroperoxide

s bert. buty! hvdrener ol dfyA0The £n Rl dankel 2uluplosl LY, AN, OXi di zing

agent which works In concert w dro eroxi fect
OXIdatlOﬂkﬁ@vﬁhﬁik&ﬁﬁﬁﬁbﬂﬁmmﬁghnﬁkhymh@hh@fﬁﬁﬁéﬁ%XDﬂa&ﬂomcmbﬂwﬂﬂﬁﬁ an
aIIyllc ket% an allylic alcohol or an allylic peroxide as shown above in

f or miYas me‘2¢9%ﬁﬁﬂﬁﬂ'ln sone enbodi nents, the co-oxidant is aqueous sodi um

hypochlorite (MNaOClondn,0ne CHRQLL 1 gf%ﬂxtm 51@8@@214% b&i&&kﬁ@%k@i@uﬁt the

12-position of 5compound 4 is eff@ an excess of tert-butyl
hydroperowhmﬁﬁﬁgﬁgdﬂmmn&ﬁumb@méxkﬂﬁmaqmaMahanu§ﬂ;@bohn0above 6 equival ents,

at or above 10, equi val ut 35 equival.ents) and, an excess, of sodi um
ypochiori te (&g, Svtr pediuPoa bdy B AR B i BE Lt S paar e "or

bel ow 22 drovdt aQbhbeh owd@ide cranshiiabouts.0-5 " C.), The tert-butyi

hydr oper oxi de nay be added as an aqueous solution in a concentration of,

for edanple, alsbut PoinFie QosalinumHypbihiter kperivey deitadiet®@s. an
aqueous solution in a concentration of, for exanple, about 2.5 (1,10 to 13
% about 5 % lorandGebembadisene ﬂémbwdxhthmr}trsyidbﬂenﬁtHo;&Ifmcprowird@t ion is

effected in a SO | vent cted fromthe oup ¢onsi ng of water, ethyl
Scetat o HRREHRTCHORHPLAIIE AR Ot Sy Toa R o T AR SRy BF Sanc
petrol eum et hegy; anddicaherRT 085N uﬁf(Q%H&h@ﬁbp9ﬁ§m$®§5§@$xutn Sorme
enbodi ments, a phase transfer 25ca F st can be enpl oyed. The use of these

CO- OXi damamlmr‘mg Helgofoor: ot dad pethand thmht utrhiei'uu@éo it heCroxileicsthr omi um VI
(()))j: d%t s. In S%ne egrty)‘gdl HZIRg tl%d L)Eha ﬁom b gy s\ ﬁtlsonaobtdmcc! iromnpt,p%njjt such as

provide a solution containing crystalline DCA;
{c} recovering the crystalline BCA and removing sufficient amouunts of the
dichloromethane to provide a purity of greater than 96% for the recovered crystalline

DCA.

25 i another embodiment, this invention provides a synthetic deoxycholic acid
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WO 2011/ 075701PCT/ US2010/ 061150 in some enbodi ments, the allylic
oxidation is effected in the presence of palladiumon charcoal and a base.
I n anot hewoentadsTeent, the allylic oxidation at the 12- ppodistéionetso
conmpound 4 is effected by a palladiumreagent (e.g. Pd/C, Pd(QAc) 2. Bl NAP,
Pd( OCOCF3), or Pd(QO Ac),-, on charcoal 2 an _excess of tert-butyl
h. ydr oper &G deorapdirmataaten vaicestiabla pit theteat svherie dipoRiere é)i(-'*%ﬁﬂfihém
bi phosph ﬁrt#xgceﬁtia?ﬁ! fvag@t—‘ptaiﬁygzgt ﬁ%i‘@%%‘&'mriw of iNeR0B o8 mbodi ment s, the

0 Und 1 chrrpr

conver si conpo to conpound I'ses addition a palladium
reagent 'e.g. Pd/C, Pd e BUNAP,  Pd( OCOCE3) 2 or PdOA02 on. char 1), an
excoss of i ortroarhie Ny B Ebsk DU R iRy PbaE € e by A Sat SEASER hssrum
10car bonafiiya sady wmbitphosphatiphamacsotignceptdlthsAshBeM anda I n sone
enbodi ments, the oxidation of conpound 2 conprises addition of an oxidizing
agent Scapdlirasertiediydcssiglap @piebhol functionality (-OH) to a keto
functionality (=0), which are known in the art, for exanple, pyridinium

chl or ochr onat eln(@CBEr chedimsol, Hsedverthe Enodet & mnlwiiﬁ(dligf wen-shikeebchr omat e
enpl oyed js significantly less than use 150f chromum [NML], ~trioxide. For
exerp o, teoR A ef PRt B R ol By R aF R AT P b b s

enpl oyed @tat &:a800984 of @bt AROW adcbpraBleRak hee@TPOURGL Theandaps ef erabl y at
about a nolar ratio of 1.1, This conpares favorably with the anmount of

chr oni um EF96RiHEreusidapravvsleypangtigiifsaigicosiogdiion about 4 tines nore.
In sonme enbodi ments, conmpound 1 is first isolated fromthe m xture and then
20conier t ed t olncenisundbdignt ddssbemnairbhided peoareiplnecorprisaguei Ag agent

such as al um num anmal.gam,or catal.yti.c hydrogenation. RoR2i |k, R2i 1k R2
w1117, QOB R oot E B o L SRR R G B RERS onpound
391 WO 2084046y OIRETHIUSAVTWIOB 1d &0vent i3Pemubere Raghief. P, R R, R R3,
R4, and R5 are as defined above; wherein said process conprises first

reacting said mxture under hydrogenation conditions; and then reacting the
product formed therebyWE@rD%§§ PEMANGRAHE SRAWINGS ' sone

enbodi nents, the hydrogenation of the m xture of conpounds |, 2 and 3 forns
a mxture of cHEBBIhEXVESNBITPAG N BipeEnagscBiongand 939ing a 58g4bi210i n sone
e”b()dii‘ﬁ”enih&nrﬁgﬁ hydr ogenati on conditi ons conpri se hydrogen gas, a catal yst
and a solvent. I'n some enbodi ments, the catalyst is selected fromthe group

consisting of platipnum (Pt) i3palladium (Pd), rhodiym(Rh).,.and ruthenium
(Ru) based cat gﬁg%%g?mé"ﬁ,@ﬁ “as” g&“f%bpﬁ%i% %F%‘T?)%“%ﬁ&lbﬁg—iﬁ’diz“Iﬁkﬁgéome
enbodi mengsyuhfie, sol vent is ethyl acetate (AeOEt).

Figure 3 provides a mass spectrum of compound 9.

DETAILED DESCRIPTION OF THE IRVENTION

20 Throughout this disclosure, various publications, patents and published patent
specifications are referenced by an identifying citation. The disclosures of these
publications, patents and published patent specifications are hereby incorporated by
reference into the present disclosure to more fislly describe the state of the art to which
this invention pertains,

25 As used herein, certain terrus may have the following defined weanings. As used
in the specification and claums, the singular form “a,” “an” and “the” inchude singular and
plural references unless the context clearly dictates otherwisc.

Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood

20



15i n sone enbodi nents, the oxidation conditions conprises an oxidi zing
agent capabl e of oxidizing an al cohol functionality (-OH to a keto

funct i onawot2911(0z8)01whi ch are known in the art. Oxipdattisemomendeé t i ons
known in the art include, but are not limted to, Corey-Ki moxidation
(using N-chlorosuccinim de and di net hyl SUfingg Dess-Martin oxidation

(usi ng 202-hc8doRyHERS &1 ! WERECEPYIRS SENNEPYUIN AFEPTBE hatiesy Indigiiekto

oxi dati o ing Cr0 . N Qg datd (HSi i et-hyl jf oxi de and
oxal yi o 821 By s B pEYESBrE T By bR B R P 2

enbodi mentisichddhdaimeizek Zgymgriageants. | Bcpynivdiiod] paraekltorshelidamatg HPCC) . O her
oxidizing a ent‘n?. i ncl ude,  but. are not linit?d.to, yridi.ni um.di chr omat e,
sodi um pefCarHonar g 9o %%%@ﬁf&ifep%a&%gnkimé Tk P68 Ry um
perca@boqa%gmng&ﬁgﬁﬁxggogen per oxi de, and oxone, etc. 5Wen R and R2
together with the carbon atom attached thereto forma keto group, the keto
Tet hods. Knoan nc e b g G LaRPRLhE O LA Wy Bsd BB W ch
is incor mrdahﬁdodiﬁeihﬂhdeb& re@fedrcémemtd, bul A cedltidingbyhers, “Consisting | n one of
its process aspects, the process further conprises reduci ng conpound 39 10
to provi RESEbHPBEhd" AT used to detine q@ﬁ?%ﬁffﬁ%%*da?fﬁeﬁ?& §?}?S‘tfﬁ%'mr%<& gi%n of
conpound &Qeé&exﬁé&é’b%;&é@é@ﬁ%&‘?giﬂﬁczﬁﬁ% 118 @8RG &l PR o e‘é%&i'si%{g ggent
capabl e of stereasel ectively, preferably stereospecificany, reducing a keto
f unctlifonadbiatl yne@n@)cludingmuak dohdtact alsotchvrdlotitey gr@Hnts foorleexahpl e 1ithium

tri-ieri-butoxyal um num hydri de. . l.h .so odi, nment.s i and R2

toget her T bR G kL e Gt AT aTEs TR 4T Rat oo Ghetip. n
some enmbogiiRRhSernk ar@AehR2hE @@t Re thiMdbnddie Lalhansial oM atchashasd dbereto
forma keto protecting group, such as: whereinnis 1, 2, or 3 and the
wavy | i nemgthpdsandoopinssedt gntipdupoiddition! depedttionporoit tenmpasmngoer t he

nol ecul e. ;] n_songe . dj nents,i.s the 17-side in La bile .acid, which
bile acidﬂ#gmigpgé %gaf%%§$fﬁ%§”ﬁﬁﬁgﬁéglgPQSV%gloﬁm%%g f%hggﬁg%h%eoxycholic
aci d, 15t ausseghalil eNagiatermande! 38ntciBng 0L/ 107 SAQERGTHAIS20:L0 60 6ddbAgk ycochol i ¢
acid. In sone enbaodi nents, the carboxyl functionality of said side chains

i s option&PTYStEEtdified with a Cl-C6 al kyl group, for exanple a Cl-C4

al kyl group, such as a nethyl group. In sone enbodinments, Rl is selected
fromthe grouplleorgiStlkng roferstheraionalRet jagrhiphelipilik pdmadbyhgowewy |ine
ont 6 o AERASR g1 SRRl AL CEREEH AR ! R RAGROSLA RSBt P10l 0o
al kyl opticenality of ulsdai ot Renybt hioagohatdriy ertgubsihiibtlieadsshsehgeted from
the group consisting of halo, -G 10 and phenyl optionally substituted with
one t&¥ fiSeihdpparganbansbedivideerard sraums seifoigneBrdsbingh st hal o, | ower

al kyl, ang+7;ORL3: \ kPR3 Aqs N, ey L ower 8 . In sone
enbodi nen é?gg%}fg%@@%%gQ?ﬁ%%Agi‘?%f%ggﬁngﬁ@%e?ﬁigg%§%9nbodinents, :Pg is
I n sone eiftiodithEntEH, Pgististyl R whieC &l 1), Ribub g (S8l oEtied H O )t heugr oup
consisting of laower alkyl optionally substituted with phenyl, -OAB or vinyl
(e Zors e osfial Miiad s U e F R Ryt e ShEAY Topt Bal 1y subst i ¢ ut ed
with one to five substituents selected fromthe %Eoup consi sting of halo,
| oner al kyl, ahip ORI Balkyiher eiont-Hirg” refery fagemn oyl zewer ohiRyPEHd each R15
is i p by aeleclied 4 r em,f hesgraup. consistbng of..omer; a and
N A R P R

atoms and a total of 10 carbon atoms. Such groups preferably have no more than 4-6

carbon atoms.
The term “oxidizing agent” refers to a reagent which can accept electrons in an
oxidation-reduction reaction. In this way, oxygen can be added to a molecule or
30 hydrogen can be removed from a molecule. Oxidizing agents include by way of example

only Jones reagent, fers-butyl hydroperoxide, sodium hypochlorite, pyridinium
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20consisting of: /O -CH3 The process of this invention enploys
conversion of an 11-13-hydroxy steroid (which may be prepared froma
correspormipregiiln7izodcet ost eroi d by conventi onal reducti orChrsaemwioonsof the
keto group) followed by dehydration to provide a A9, 1lene steroid, which is
oxi di zed to the corresponding 12-keto steroi d by an al kyl hydroper oxi de.

Thi s pr oc@8&opiealeddiibp &t prsdtpm g ihopetide s 46 H onpsF e WivihopL &Yl ousl y
known pr o ' 0xi gzl . | : R GODNEL L N e

Ao 1 en K R o e R R g 0%
2 bel ow, Hhe “yicalatlaiobhal ekinlg-i6¥ OFndliri ng t he 10preparati on of deox:,,,chotic
acid was typically less than 50 f)./70 or less than 40 % Using the process
of this inventTianertnexpectedkidh@heyieldsrsal conetin®Oy(dboddunes epabitai ned
consistently. Moreover, the use of NaOCl (bleach) and TRHP is significantly
nore envi HonietarigatEngacnd PebedErTe oM amueVIAdgsasdissniig cag@%%f. in
anot her of_.jt oc, aspect syt hls. invention.qis diracted te a process for
T5conver (i AR R OAREE] Sl bk S LM RD L Sl R 1 Bt er o1
wher ei n saidgdtipe daessurc ORpiisesgond)ars elpéedlivrgmaitxap pritbpriaat elch 4pr ot ect ed
11-P—hydrox¥ster id; D) d?h%ggqting t he 111%;rhydrox'steroid to provide the
A-9,1 1- ek ‘i‘%ﬁ%“‘r%@“ ¥ Prelsicd cErBHEIerie OER 98t etting al lylic oxidation
at the 125n08kiLineMoR¢IGRAGLT RhrblRr SH8E@LRLIRAYE MR BidBROV MW §h

al kyl hydroperoxi de in the presence of a co-oxidant; and d) hydrogenating

t he A9, Idpetle of undidugnatuicthylane gydugl dpliaie vinyl unsaturation to effect formation of

944- hydro- 11-di hydrol2-ketosteroid; and . . e). optionally reducing the
Tkt o bl RErey ot b S Ren, ol bred copmhiy AP bi Qo e b bt SERAS, &
produced {RodlunaROMeIMih @Poebfealikve: amoand 8 318 UYEi-B8n BaBRd:t O

provi de the 9-a-hydro-11-di hydro-12-a- hydroxysteroid. in sone
enmbodi mentush as hbuty] kydrpgatripperidxiid8ii)s tert-butyl hydroperoxi de. The
co- oxi dant may be one of those described herein. In some

enbodi nent s, tHe itd= 1Bydipdy poystieg gicdpi sefpeépagedipoypriddoCpmgchng the

correspondi ng 11-ketosteroid with, at, | east taichionetric a t of a
ot ho A BV S Pmbowta B wfaRbe b Rbia S0 by SR

enmbodi MendrotbRRnklndidohy droxyshend doliss RyHuoean (iBRAGHM: & Rdkagorti sone
derivative, such as a protected hydrocorti sone. It is to be

under st odde chzgen avein el dedlydsepsoum, 1k aprotdsbesodestt fbeps therleim asan be
done sequentialdy as describ ut, are not necessarily . performed .
sequent rarty e SRV EGREME B o R0 AROEE R RF LS R e

| ar ger sched@xy SRkl lob®@hs iafe dHel@iin BaRe fielddifloygdn@ashietler parts of the
conpounds descri bed herein to nake anal ogues of these conpounds.

C. Synichesi s of TicORRUAG:#AG AT SNGQIROUIEs 20 B 3NQIB R IonS HPRHIARNalt Ni s
invention provides a nethod of preparing conpound 1524 sai d met hod
conpri si ngolcayleonthet Hefd. dohpoltiy, 945, is lost from a compound comprising a
hydroxyl, chlore, or bromo group, clc. to form a corresponding compound comprising an
alkenyl group. In one example, an elivination condition includes dehydration conditions
wherein the hydroxyl group and the vicinal hydrogen atom are climinated to form a vinyl
25 group {an “ene”) group. Dehydration conditions may wchude converting the hydroxyl

group 1o a leaving group such as chloro, bromeo, tosyl, mesyl, -OS(OC)CL
The term “Ac” refers to an acetyl group which has the formula CH3C(O}-.
The term “keto” refers to the group (>C=0).

The term “keto protecting group” refers to a group capable of protecting a keto

30 group of a compound and releasing the keto group under suitable deprotection conditions,
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025 20 under hydrogenation conditions conprising hydrogen and at | east 8%
by weight of a 50%wet Pd on carbon in a solvent selected fromthe group
consi sti nyoabliaoetoone, i sopropanol., ethyl acetate, NN @#CEaiskylofdonsam de,
and tetrahydrofuran in an autocl ave maintai ned at el evated pressure to
provi de conpound 26: b) dehydration of conpound 26 in the presence of

sul furic Genmofrady 2eBndReiign solierd pfy Nat &1 JOBEING AREBYZE v Prlevrde

conpound 27 . .27 r¢).contacki.ng conpound 27 with an excess of lithium
tri-i-but%é%%ﬁﬁ%f%g#ﬁ%g&%ﬁﬁgﬁgnder sel ective reducing conditions including

a tenperature of from-40 tq -45 C to provid mound. 28:  d) contacting
cormound 28 wi tHR KRR B TR rU R B LG SRR SRR P11
reacti on woaghiti@Nsnd MeROOVLIIR: ©OIRAUBGRS, are described IBDodik @lgCdsi ng t he

3-6- hydroxy group of conpound 29 under acetyl ation conditions including an
excess of P@iyidt BissPasetiemiarhyaride oo TpMovigencBido thd 3t uts, ydy., John

2011/ 0757QAPCI 0; 16. 20 t acking ] 0 Wt h excess. of

met hyl acgéllﬁ"ggey%“ %1%32%«%‘290}? %ﬁgxﬁéﬁ‘ssi (%? ’n%%}j%gl %Qﬁ%{}} k'ﬂf%%ﬁgﬁﬁkhl oride
under al kyfatlinmg skdhahi the enswhioh ionmerponpauindeRience in its entirety. g) contacti ng
conpound 31 with hydrogen and a hydrogenation catal yst selected from

pl atinum and drik pahFrbumRR GarROn g€ sRh¥eMacHPEeN the same
hydrogenati on conditions including an autoclave naintai ned at, an el evated
pressur e $PPravide 2eaipdimage R rerioniscemial tf iy ¢ dhpoind 3powisssol ved

in angn etlrcs%et < h‘%/;i‘gi? I WRARE 605 9 B2l %x?Q&d%%ﬂ%§) Qt}}%}@«? Ll DG B0, 1?1%%? ess of

A-C6 t-alky roperoxi de as a. fIrst- oxi an excess o NaOCl as
a co- oxi danttusndeiic wod Az neruee Nty thic oNsSsaaft draimdtdeyt. f ol | owed by furt her
oxidation with a slight excess of pyridiniunehl orochromate to provide
conmpound 24:  ThaMaiE MaSIPeYBd th & pnashadingithb -met-hayiol eroups attadhBd @Nthe
alternative enbodi nent, this invention provides a nethod of pr%ggrlng
conpound ®me carbon atom in a molecule, where R™ represents an alkyl group or the two R”

groups together with the carbon atom and the two -O{C=0}- groups attached thereto form

15 aring structure. The two -O(C=0)R™ groups may be the same or different.

The term “reducing agent” refers to a reagent which can donate electrons in an
oxidation-reduction reaction, allowing hydrogen to be added to a2 molecule. Suitable
reducing agents inchude lithiurn aluminum hydride, sodium borohydride, sodium

cyanoborohydride, and the hike.

20 The term “acetylating reagent” refers to a reagent in which can add an acetyl (Ac)
group CH3C(O)- to an alcohol moiety of a molecule.

+

The term “acid” refers to regeunts capable of donating H

The term “Lewis acid” refers to an electron pair acceptor. Lewis acids include

oraganometallic reagents such as alkcyl aluminum halides {e.g. ERAICT and MeAICh).

25 The term “hydrogenation conditions” refers to suitable conditions and catalysts for
introducing H; across one or more double bonds. Hydrogenation catalysts inchude those
based on platinum group metals (platinum, palladium, rhodium, and ruthenium) such as

Pd/C and PLO,,

The terny “olefination reagent” refers to regents that react with ketones to form the
Ihe term “olefinat gent” refers to regents that react with ketones to form th
30 corresponding oleting. The term “olefin forming conditions” refers to suttable conditions
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by contacting conpound 30 with nethyl acrylate in presence of a Lew s
acid. in another enbodinent, the Lewis acid is EtA1Cl2. in another

enbodi merwg 20tigsiomvent i on provi des a net hod of prepari rgTAS@OOAAS0 by
contacting compound 25: 025 under hydrogenation conditions conprising
hydrogen and 10% Pd/ C wherei n hydrogenation occurs in presence of

N, N- di neti%wi@r%ﬁ%ﬁf@é%ﬁva@é%ﬁeI PP 6F e rerasa i e WAV EreyERENen
occurs i g&ﬁ& I n anot her enbodi nent, this
|nvent|02wgé %ﬁgﬁnet ﬁﬁfor preparing conpound 1524 whi ch nethod
conpri ses: ntact tio ndi tJ.ons
conpri si ng hygf%g Hnan uxggﬁg %?3§$f§t9w§n§%9n%?ﬁug%ﬁ%l @b%@>6% cgrbon in
a sol ventvget ecthedoflihgmgtRie:cgnoups SaNSHS badgicad deehonguiditeaps.opanol .,
ethyl acetate, NN-dinethylfornmanide, and tetrahydrofuran in an autoclave
mai nt & ned at bl @MAtEEhRLESSHAE 4QcRaVisge camPRUNG R icunidenydiatit on of
conmpound 26 in the presence of sul furic acid under conditions ,v-hereiri
water is whtbm ésatxeebqim dpxdowhdvéi s@bw@@ﬁd»@foenlﬁom)@bmfa@gdlmmblﬁpmm 27
with an excess. iii umtr1 q% alyrnlnun1h ‘iiﬁg . 3e|ect|ve
reduci ng COR t‘"“&ﬁ"‘“e FRErdd g A C eIy P e Bt P40 -e8 25 C 1 o provi de
conmpound &ﬁaxbw\ﬁﬂgaﬁﬂulﬁ QR ReT /520104, 064 1hRuike)angastiast | ng conpound 28
with an excess of ethyltriaryl phosphoni um halide under Wttig reaction
conditions to P}E@erﬁ@;rﬁ}?rﬂ?%@ 18l xmﬁ)ﬂdp&@;@&%u&g b8y 3o By groxy group of
conpound 29 under acetylation conditions 5including an excess of anhydrous
aceti'® antvypdeitde:to provi de conpound 30:

It is to be understood that unless otherwise specified, the scaffolds only represents the
position of carbon atoms. (Une or more bonds between two adjacent carbon atoms may be

a double bond and one or more of carbon atoms be may optionally substituted.

) be term “A-9, 1-ene sterowdal” or “A-9,1 1-ene compound” as used herein refers
15 The t “A-9,11 t {al “A-911 17 dh f
to a steroidal compound having a double bond between the 9 and 11 carbon atoms which

can be represented by the scaffold oft

20 the term “11-P-hydroxy sterodal” or “11-B-hydroxy compound” as used herein refers to a
sterotdal compound having a hydroxy substituent on the 11-position carbon atom which

can be represented by the scaffold of:
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contacting conpound 30 with an excess of nethyl acrylate in presence of an
excess of Cl-C2 al kyl alum num dichloride under alkylating conditions to
f orm conpwondiidars70110 Aair  COOVe contacti ng compolru$2@/06d 150
hydrogen and a hydrogenation catal yst selected fromthe group consisting
of : platinumand dry palladiumon carbon; in an inert sol vent under
hydr ogenati on conditions including gs aut-clave mai nt ai ned at an el evat ed
pressure to provide conpound 32; 15 4 ]
2011/ 075701PCT/ US2010/ 061150 h)c facling
sol vent under co-oxi di zi ng condi { g u@ing an excess of C4-C6 t-al kyl
hydr operoxi de as a first oxi dants's £xcess of Na. 00 as a co-oxi dant
under oxidi zing conditions optlonafly‘ﬁollomed by further oxidation with a
slight excess of pyridiniunchl orochromate to provide conpound 24: AcO'
COOve ; and  1jnOoRid onakbiy, @S RY “CPLAPOUBEpdndM dshy BBk Hamabicrd B 22 firther
enbodi nent, step a) conprises acetone as a solvent; 10step b) conprises
di chl or one¢makbcaspand dhviagt: ket epsiéyenomphi §bsoaney ear bmatpéw ikl g#of ur an
as a | v, here; Wttig reaction conditions of step d)
conprﬁge %otg%gvgai%er%gﬁg%gggge i n anhydrous tetrahydrofuran as a sol vent
in an inert atnosphere; step e) conprisesgtriethylam ne and
4-di ni et hyt am nopyridi ne; 15C1-C2 al ®yl zal umi num di chl ori de of step f)
conpri ses ethylaluninunldlchlorlde K Eqb1§s di chl oronet hane as a
solvent in an inert atnosphere ajf he hydrogenation catal yst of step
g) conprises dry palladi um on car %thyl acetate as a solvent; and
the Cl1-C6 t-al kyl hydroperoxide © Pep tonprises t-butyl hydroperoxide in
wat er as a 20solvent at a tenperatureebelow 5C. In another enbodi nent,
this invention provides a nethod for preparing deoxycholic acid or a salt
t her eof whi ch Tiettkod “thapoissiragal” or “12-keto compound” as used herein refers to a

o 1|4

_

sterotdal compound having a keto substituent on the 12-position carbon atom which can

10 be represeuted by the scaffold oft

The term “12-alpha-hydroxy steroidal” or “12-alpha-hydroxy compound” as used
herein refers to a steroidal compound baving a hydroxy substituent on the 12-position
15 carbon atom which can be represented by the scaffold oft

OH g

The term “17-side chain of a bile acid” refers the substituent ou the 17-position

carbon atom,

20 Synthetic Processes



a) contacting conpound 24 wi th hydrogen and Pd/ C under hydrogenati on
condi ti ons conprising hydrogen and Pd on carbon optionally foll owed by

oxi di zi ngwearrgtiaf7stome : 12- hydroxyl groups formed during Ryedmusgenasiion wt h
pyri di ni tanchi orochromat e under oxi di zi ng conditions to provide conpound
33; 10b)reacti ng conmpound 33 with lithiumtri-t- alkoxyalurnlnun1hydr|de
under reddci ng*EBReRit $IAS Alsoprivirawrgistifound 34: AcO COOMe ; and

c) exposi ng conpound 34 to dePr) ection and hydrol ysis conditions to form
deoxychol i c aciﬁdﬁﬁ@rﬁmméiwaﬂ s hrercab pifwﬁez@EI%@?‘S?@&@@WW@&(W}@@&@SO

fcg?pnargdf |0 m&%‘ﬁ& 1Qt%g_fg1 umbgd%xl%c@lggﬂudggi)g%)paljloatle dtmmewulf, aoilfj«grrp%u:’]g of
hydrogenﬁmbMQMQxymtﬁ@ﬁm£0Pg, Rl is the 17-side chaln of a bile acid
selected fromthe group consisting of cholic acid, deoxycholic acid,

taur oghol §Geatel 1, SHRBES (EE &pﬁwﬁ%&b%yglmfﬁww PPA- I;Mn@hmmnm de chain is
optionally esterified wt - benzyl group, and gl ycocholic
acid and §QQQWﬂ§MWW§rogen or R and R2 together with the carbon atom
attached thereto forma keto or a keto protecting group; and each of R3, R4

and R5 is independently @ -C3 alkyl In sonel®nbodiments, Rl is sel ect edh

fromthe group consi st al kyl and the wayy || ne
rt AP represents th: 17-position ofst er o] dal

scaff O d. WOH

—_—
PgO™
? Hooq2
o 33 {pg = Ac} 38 {pg = Ac)
—_—
where Pg is a protecting group.
10 This method comprises exposing compound 13 (the synthesis of which is

described below):

Pgo™

where Pg 1s a hydroxyl protecting group, to debiydrating conditions to provide corapound
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In sone enbodinents, R is the 17-side chain of a bile acid selected from
the group consisting of cholic acid, deoxycholic acid, taurocholic acid,
and gl ycorbabiiw7amid. | n sone enbodi nents, the carboxyl PCunseé1onaiise y- of
said side chain is optionally esterified with a Cl1-C6 al kyl group, such as
a nethyl, ethyl, or tert-butyl. in sone enbodi nents, R and R2

t oget her Wth e carbon atom attached thereto forma keto group. I n
sonme enbodi ments, Rl and R2 together with the carbon atom attached thereto
forma keto protecting group, such as: 5 ' ; einnisl, 2, or 3 and the
wavy |ine a-W represents the point of cghhectyon to the rest of the

nol ecul e. I n sone enbodi nents, the cg formula 1. is conmpound 4 R3
R4 COOR6 Pg0' s 41 10l n sone @ |qts t he conpound of fornula 1
is selected fromthe group Cons#s\$-o 5 'onpound 42, 43, 44, 45 or 46:
4243 in sonme enbodi nents, the ound of12 formula 5 is conpound 47:

in some enbodi nents, the conpound of fornula 5is selected fromthe group

consi sti NehaQk m%“?”é%%‘“}?x ﬁ@(yiﬁﬁgﬁtcé&g gﬂu or

5 In some embodimenis, Pg s -C( O)Rl, wherein B! is lower allkyl, In some

embodiments, Pg is -C{O)TH;.

In one embodiment, the dehydration conditions comprise converting the hydroxyl
group of the compound of formula 13 fo -L, where -L 18 a leaving group, such as
~OS(OXC, -O80,R” (wherein R” is lower alkyl or pheny! or pheny! substituted with alkyl,

10 for example, -CHj or -CyHsCH;y), or -OPX; (wherein X 18 bromo or OR3, wherein R is
tower alkyly. In some embodimeuts, the dehydration counditions comprise thionyl chloride

and pyridine.

In some embodiments, compound 13 is prepared by a method comprising

selectively protecting the 3-hydroxyl group of compound I7:

O

o
(9

i one embodiment, the protecting group Pg 1s -C{O}-lower alkyl, for example,
-C{HCH;. 1o some embodiments, compound 17 1s exposed to acylation conditions to
form 38, such as by treatment of 17 with acetic anhydride and an organic base such as

20 tricthylamine (ERN), pyridine, and/or dimethylaminopynidine.

In some embodiments, compound 17 1s prepared by a wethod comprising

contacting compound 16
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5051, and52 In sone enbodi nents, the conpound of fornula 6 is selected from
the group consisting of conpound 48a, 49a, 50a, 5la or 52a: WD

2011/ 075 ORAT/02382010/ 061150 D. Synt hesi s of DCA frompcomseaundsé B30

i n anot her enbodi nent, provided is a nmethod for preparing deoxycholic acid
5(DCA) or a pharmaceutically acceptable salt -thereof, said nmethod

conpri ses: (1) reacting a conmpound of Brmula 53 P 0" COOR 53 with
a reducing agent to forma conpound of forP . 54 wherein Pg is a
protecting group and 1?.. is alkyl R4§’ OGPRH054; and (2)
exposi ng the conpound of fornula 54 toYdepfokecti on and hydrol ysis
conditions to form deoxycholic aci _ar maceutical ly acceptable salt
thereof. WO 2011/075701PCT/ US201 o in some enbodi ments, Pg is
-C(0)R1L, wherein RI- is |ower 'allok\ sone enbodi nents, 1'g is -C(O)CHl
In sone enbodi nents, the hydrolysis cHJnd|1t;| ons conprise an al kali netal

hydr oxi de, al kali netal al koxide or a m xture thereof. In sone enbodi nents,
t he al kal al. hydr o . enbodi nents, the
conpound %*iﬂ?ggﬁﬁiéﬂ |és;&§“§ n%o%n & {N?(g]r_!ngl augg%v\hl ch is nethyl

3a- acet oxy- 51 ]Chgl aé:rr]n‘ilﬁum "mn leo 3?0md1;m oM ?eaqt&gaag&%t@l ad4is
a conpound of forhula s Wn? \fé at‘h‘hf & a5

3aacetioxyFtauA by dsoxynbbPrehokanr3dzgat e: 10

In some embodiments, compound 16 1s prepared by a method comprising

contacting compound 15

10 with at least 2 equivalents of a reducing agent under conditions wherein the carbonyl

groups are reduced to alcohol groups,

fn some embodiments, the reducing agent coraprises sodium borohydnde, sodium
cyanoborohydride, lithium aluminum hydride and the like.

in some embodiments, compound 15 is prepared by a method comprising reacting

15 hydrocortisone;

hydrocortisons
with at lcast a molar equivalent of hydrogen under hydrogenation conditions.
In some embodiments, the hydrogenation conditions comprise Pd/C as a catalyst.
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AcUs COOwe in sone enbodi nents, this invention provides a nethod
for preparing a conpound of formula 26, which is

9a- hydr oxwQ,201/6G5@ndr ost an- 3, 1. 7-di one:  whi ch net hod cecpriss@s/osBact i ng
9a4di ydr oxyandrost-4-en-3,17-dione 120 25 with -1-17 under hydrogenati on
conditions to form 9a-hydroxy-5p-androstan-3, 53 . in sone

enbodi nentisonerEvdHRSYe Mt hERC LA VAT cEs APEPEE BMIGISERtvRhi ch sol vent
is DMF, acetone, ethyl acetate, and the |ike. In sonme enbodi nents,

t hi s i nvent i oningrovictddanenst, liodmeidpd pf pisarirpecaponpddndmgfisdsor nul a 27,
which is 5 -androst-9(11)-en-3, 17-di one: which nmethod conprises reacting a
conpound of forinul acompictihg Apdracérdseme: f orm t he conpound of formula 27,

I n sone enbodi ments, this invention providésia nethod for preparing a
conpound 110of formula 29, which is O
(g)-3a-hydroxy-5P—pregna-9(11),17@%9)-die
reacting a conpound of formula 28
reagent under olefin form ng condi

e: and the nethod conprises
ixt'Ha t wo- carbon ol k. 41nati on
form

-di’ene. in some enbodi nents,
t he conpound of fornula 28 is_prepareg rea?ting a conpound of fornula 27
with a reducing agent to forn®the conrpould & F8¥mul a 28. 51n sone

enbodi ments, this invention provides a nethod for preparing a conmpound of
for mul®a 18D at logd apnalas Wy edmd et Bydioesd werpbila sy Rgitogs dprovide

4,5-p-dihydrohydrocortisone — compound 15;

b} contacting compound 15 with at least 2 equivalents of a reducing agent
10 under conditions wherein the carbonyl groups are reduced to aleohol groups to provide

compound 16:

) contacting compound 16 with a vicinal alcohol oxidizing agent under

15 oxudizing conditions to provide compound 17:




10t o the conpound of formula 18 wherein Pg is a protecting group. In
sone enbodi nents, Pg is -C(O)RI, wherein Rl is |lower alkyl. In sone

enbodi nerwe,2011/g5ios - C(0) C1-1). In some enbodi nenPsT/ush@omernpound of
formula 18 is a conpound of forrmula 30, which is

(Z) - 3a- acet oxy- 5P- pregna-9(11), 17(20)-di ene: 15 A cO" wherein the net hod
conpri ses exposing the conpound of fornmula 55 to acylation conditions to
form (2) - 3a- ac®t oxyseBr8vyly eyHeciog1iy 3-hydreyl goepet compound i tg prayide

enbodi msn(Lg}%,R tuh58$j nvention provides a nethod for preparing a conmpound of
formul a 19" Bg " CO2R wherein Ris alkyl, Pg is a protecting group, and
the dashed line ---- is a single or dﬂgble bo
reacting a conpound of fornula 18 1
CH =-CC(0)OR or an al kyl aerylate CH2=
acid to formthe conpound of fornul@
-C(0)RL, wherein R is lower alkyl., onE enbodi ment s. Pg is -C(0)CH3.
In sone embodinents, Pg is CH3XX®) andiRis CH3. I n sonme enbodi nents,
t he conpound of forrmula 19 is a compound Bf forpula 31 which is nethyl

3a- acet oxy-513-chol -9(11), 16-di en-24-oate: 15 AcO COOWwe and wherein the
met hod cogR&t gsgg%b;(ﬂ%@teg@{%gﬁ% of formula 30 WO

2011/ 075701PCT/ US2010/ 061150 ~ Wwith CH2CHC(0)0Cl113 in the presence of the
Lewi s acid to $lor m fwbtesiihe Sanpoetiddyo BPatgrgcondiiond B+ mivers 2dampant el

In sonme enbodi pents, this invention provides a nethod for preparing a
conmpound 5of fotrnula 21:

d, which nmethod conpri ses

piih an al kyl propiol ate

@@ n the 10presence of a Lew s
-Sonme enbodi nents, Pg is

O

Pgo™
g A 12

10 fn another aspect, this invention provides a roethod of preparing compound 28
comprising exposing compound 12 to deprotection conditions. In some embodiments, Pg
1s ~{C{0) lower alkyl and the deprotection conditions comprise hydrolysis conditions. In
some embodiments, the hydrolysis conditions comprise alkaline metal hydroxide or

alkaline metal alkoxide and water.

15 fn some embodiments, this wnvention provides a method of preparing DCA ora
salt thereof, said method comprising:
a~¢}  preparing compound 12 as described above
0

Pgo"
g no 12

5
H converting compound 12 under olefin forming conditions to form

20 compound 18



Pg0". CO2R wherein Pg is a protecting group and Ris alkyl, which nethod
conprises reacting the conpound of fornula 20 CO2R Pg0". 20 10with an

oxi di zi ngvagento7s™1f orm t he conpound of fornula 21. PCTIUS2610/0%1150

enbodi nents, the conpound of fornula 20 is prepared by reacting a conpound
of formula 19 PgO\' CO2R WO 2011/075701PCT/US2010/ 061150 w t hunder

hydr ogenation conditions to formthe conpound\of formula 20, wherein the
dashed line ---- is a single or double b J In sonme enbodi nents, the
conmpound of forrmula 21 is a conpound o 24, which is methyl

3a- acet oxy-513-chol-9(11)-en- 12-one: g and t he net hod conpri ses
reacting a conmpound of fornula 56 0 aH oxi di zing agent to formthe
corrpound of formul a 24. PgO" poAe enbodi nents, this invention
provi des a nmethod for preparing a corrp'éundleof formula 53: Pg0's COOR

53 wherein |'g is a protecting group and ft is alkyl, hiLh nmethod conprises
reacting a conpoundeedtidfgaompoand 78 Wi@az@ifﬂﬂ;ﬁm@ﬁi?@l@@w USZ010R 06 28 Blky!

acrylate CHZZCHC(Q}OR wherein R is alkyl in the presence of a Lewis acid to form

Pgo"
5 H 19

h} reacting the compound of formula 19 with H; under hydrogenation
conditions to form compound 26

CO,R

Pgo"
H 29
i} reacting compound 28 with an oxidizing agent to form compound 21
, CO5R
e} ‘. 2
Pgo"
10 H o 21 .

i) reacting compound 21 with H; under hydrogenation conditions to form

compound 22



with T-12 under hydrogenation conditions to formthe conpound of fornula
53. in sonme enbodi nents, Pg is -C(0)RL, wherein R - is |ower alkyl.
;1 n sone wotodvatemts. Pg is - C(0) CH3. | n someCerdsedivmenss, the
conpound of forrmula 53 is a conpound of fornula 33, 5which is nethyl

3a- acet oxy- 5P-chol an- 12- one- 24- oat e: and the hod conprises reacting a
conpound of fornula 58 wth Bl 2. Cﬁg rogenation conditions to
form met hyl 3a-acet oxy-513-chol an- 12- gipd 10oate. In sone enbodi nents,
the nethod conprises (a) reacting a @ hd of fornmula 21 Pg0's CO2R

wi th H? under hydrogenation COii:I Rg_te-forma m xture of the conmpound of

formula 53 15and a conpound of a $9: WD 2011/ 075701PCT/ US2010/ 061150
53and59 (b) contactipgotT i re of the conpound of forrmula 53 and
the conpound of formula 59 with artosbdi zi ng reagent under conditions to
forma m xture of the conpound of fornula 57 and the conpound fornula 53,
and 5(c) contagti ngrebhiBrplboxipelied 9f wihe conpeundnof hanrbhgodd 2nd the
conmpound of forrmula 53 with H2 under hydrogenation conditions to formthe
compound of formula 53. in sonme enbogynment, idizing agent is

pyri di ni um cht or ochr omat e. The:cpnygounds of preferred enbodi nents can
be prepared fromreadily avail abl e g materials using the follow ng
general nethods and procedures L_bé 10appreciated that where typica
or preferred process conditio ,Areaction tenperatures, tinmes, note
rati os of reactants, solvgﬁys, prjessures, etc.) are given, other process
conditions can al so be used unl esis herwi se stated. Optinmum reaction
conditions may vary with the particul ar reactants of*“sol vent used, but such
condi tions canpybe dgtgtinl R DRI & oh And REIBNLIsRYndiABEd RForm

optim zation procedures. 15Additionally, as wi fl be apparent to those
skil | €d ideohehodic rsideomiveysititherabl. prot ecting groups may be necessary to
prevent certain functional groups from undergoi ng undesired reactions.

Sui t abl e pr ot elatdnpgngodinsitftbe hwdbgausot vnctionalf pgn aupsnassevwdtd/Cas
suitable co dit%ons'forhgiotect%ng $ndwdeprgtecting‘Ea[Iiquar‘f n i onal
groups ar€iETH FHBHNET R REN S PC RS OBEHPI BN RURSS U BT %P‘é‘é’?’fln’é élr oups
are describediidai T. W Geene and G M Wits, Protecting Goups in Oganic
S ynthesis, Third Edition, WIley, New York, 1999, and references cited

t herein. 1n 8 SHRAELAY i{%@%e%&!:iﬂ g %fgﬁ@g?ﬁt}\%ﬁ}%f the reactions
descri bed herein are generally kno Conpotinds” or can” be prepared by known
pr Ocei%ur es o ﬁbo\ﬁle%% @H}?rgénftﬁl £& Hy%ﬁ? alcohol oxidizing agent of part ¢} 1s NalQy,

In one embodiment, the protecting group Pg of the compound of formudas 13-23 1
~C{O-lower alkyl, for example, -C(O)}CH;. In some embodiments, compound 17 is
exposed to acylation conditions to form 38, such as by treatment of 17 with acetic

anhydride and an organic base such as EgN, pyridine, and/or dimethylaminopyrnidine.

5 i one embodiment, the dehydrating conditions of step ¢} comprise converting the
hydroxyl group of the compound of formula 13 to -1, where ~L. is a leaving group, such as
-OS(OYCL, -O80,R* (wherein R” is lower alkyl or phenyl or phenyl substituted with alkyl,
tor example, -CHs, -CgHsCHzy), -OPX; (wherein X 18 bromo or OR”, wherein RY is lower
alkyl}. In some embodiments, the dehydrating conditions comprise thionyl chloride and

20 pyndine.

In one embodiment, the olefin forming conditions of part £) coruprise a Wittig

agent such as Phy PCH,CH, Br



t hereof For exanple, many of the starting nmaterials and reagents are

avail able from 2. 5commerci al suppliers such as Aldrich Chem cal Co.

(M | waukew0 20Wmostesi n, USA), Bachem (Torrance, Cal i fornip@T/uS3Ap/o6ERKka- Chem
or Sigma (St. Louis, Mssouri, USA). WD 2011/075701PCT/ US2010/ 061150

O hers may be prepared by procedures, or Oovious nodifications thereof,
described in stdfiaartodesrardheberiecy QueH Mds BASEr and Fi eser’' s Reagents
for Organic Synthesis, Volunes 1-15 (John WIley and Sons, 1991), Rodd's
Chemi stry of Gan@emr@@dﬁwme? ai%l@lpmm@mr 8 pand supmleimmaﬁaée (El sevi er

Sci ence Publishers, 1989), Organic Reactions, Volunes 1-40 (John WIley and
Sons, 1991), anmh%sﬁmdhanmeﬂe@kghnfﬁa&hénﬁﬂgb%gnﬁﬂphnyﬂﬁiey and Sons, 4th
Edition), and Larock's Conprehensive Organic Transformations (VCH

Publ i shers | ncin,onk@8Hpdinkon, teXARbesnatiyd t@ciidisSOper batohgriprepased from
cortlsone sing conventional reduction techniques. The various starting
mat er i"al s CrigBdye ¥fedi at es, and conpounds of the preferred 10enbodi nents nay
be isol ated and purlfled wher e appropriate using conventional techniques
such as preci pitaeicshedtpdnt.ribt Podizing asnadtinagtal isdrOsevapor at i on,
distillation, and chromat ography. Characterization of these conpounds may
be perforned umhmga@éﬂdéﬂﬁﬁdh@bXME®hDd5ne®hhﬂa$wmypmﬁ$nanmEbint mass

spectrun1 clear netic.reson nd vario us ot. ectroscop
ahalyses, MEHERUIOGS o chto g RIS bR et st S RRS of RVt Ton
enpl oy de@»@y&hym\e@p@ﬁax@hd@@&admgs BGuidaiPtE | 4nk : afcx@&%h&ﬁ%a% h&s&iand, in
sone cases, purity of about 80%or |ess. These nethods enhance the purity
of thidse tf@C/-\b%ﬁ’p@gMi oot 2t ploat teppagturabouitaboeds-8r Cat ! rfl @aﬁtﬁf 99% in one
aspect, thi on d for ur. i f lic acid
(DCA) to %*r‘%"d‘“ “&D{%ﬁ N 9%?4?%“3&% Seer R Ghea e ‘?’igg? 99%
I n one en&@dﬂbﬁﬁﬂéiI~bt&®€hfi&bﬂ&dm@@(@éle&)@ﬁt 5 égﬁﬁﬁ@ﬂit@@aﬁld@gid%h@thoﬂ@tcan purity
of about 95% or | ess mnt a solvent conprising dichloronethane under
condi t i on&cigropetiatg (PBBN- sol ution; 25(1)crystal lizing the DCA fromthe DCA
sol ution obtained fromstep (a) to provide a solution contalnlng
crystal | i ne D& ocngembodigaiérihaydragenatige eendifians of DOA aeehremsviddg
sufflggentnﬁngunts of the dichloromethane to provide a purity of greater

6

t han % T0Or’ the recovered crystal line DCA in sone enbodi nents,

this inventlo _provi. 0 for puri oxycholic acid (DC A)
to provide DC R fWévPﬁﬁﬁahﬂ&ﬁﬁtg%BP“ F%ﬁ%@??ﬁﬁgﬁ gg@ﬂg¥é§iﬂleast 99% in one
enbodi ment, the neth d . conp bses (a)cont .having a purlt of
about 95% or |Ies<§le\m‘it Lia‘n@a BAEPIRIGH &) w B GHETH 2h 8F AR 8t FRanol

under condi&t@R§1LQ, éta?mm@&a tu%n?ﬁl u‘ﬂE g th((l}) ﬁfqéﬁ?ﬁa@!gﬁ h#dBGat Ne AL om the

DCA sol ution obtained fromstep (a) to provide a solution contalnlng

cryst al | i slec:iBAor ) irnecovigrdting the crystalline DCA and renoving sufficient
anounts of the di chl oronet hane to provide a purity of greater than 96%
for tde recovemashcenpstimhdanke ARNCHA] hndweaie ientuddiondBatsf. either of the
above process is repeated. I n one enbodi nent, DCA having a purity of
about 95% or | BSHeictibdtESokwals bﬁ@}ﬁé%ﬁ}@&@;d@ﬁﬁ@b%{’Bp@fﬂtbfvlr@{dﬁmﬁﬂﬁﬂﬁd?ﬂ

met hanol . if necessary, di ssol ution can be facilitated by heating the
Sol vent {BkibMEkAKRiFE ReRybPEic a8t et dssargoliangid ikokdbs 4 wpANIDI es can
be 15renn(%g;€§h K4t£9ﬁh§£ﬁ§§9ﬂ%%kly filtering the solution at an el evated
t enper at Tilter having a pore size of about 5 inn
or |ess. The a f dICh| r onet hane. and than initiall

orl oyed i n t ne ot My LubhiS oo R TR S Dot e RS Shave At P best
defingd bynRhwel BOtcchdbd By oferibghholionRichanee ied®tianetdigks furigen about

100: 1 to about 3:1, or from about 50:1 to 20about 4:1, or from about 20:1
to 10: 1. methods quseribaddigitinof DCA enpl oyed rel ative to the total amount of
solvent initially enployed is best defined by a ratio of solvent to DCA of
fromabout 40:1 to about 10:1, or about 30:1 to about 15:1 or about 19:1.

i n anot her enbodi nent, additional dichloronethane is added at the rk.41lux

%)
29



25t enperature. The anmpunt of additional dichloronethane ranges from about
20 to 1100 vol une percent of the initial anmount of dichioronethane

i ncor por awveaoimusothe sol vent system I n sone enbodi nenPsT/usb@oasaant of
addi ti onal dichloroneth.ane is fromabout 30-70 vol unme percent or about 50
vol ume percent of the initial anount of di ch | oronethane used 30Upon

di ssol uti®n andewyprrignafl Hif-Eyderyd I-kstibyesmds Wty caresprnding It hanol i s
then renpy 4 c distillation at atnospheric pressure |eaving a
soIutlonmg%%%?fglgéﬁg%%§§$lIy di chl oronet hane. Crystallization of the DCA
from t he di ehl Brasnéthanbofineui, des infortiddGAcvidavivmgcaic purcictsys 6fr tat | east 96%

or at |east. 99% one odi ne he DCA is derived from
mamal i ar® ?aee%%§WLVMméﬁlﬂéﬁ%@%ﬁ@réi?§Oé6ﬁﬁ3§%ﬂ%rpyﬁﬁvaefasﬁéﬂ~|n anot her
enbodisrent . LRe %41&0%%%@& q%Mg%xﬂ@E hGalsh iy mN%[’ b@gﬁxbgbqgi HePRK] e
synt hetic DCA are described herein and in U S Patent Application -No.
12/ 035, 339 ccpul firshetihasniSy 20084 03¢B8Y0-IALD, amtsddeSr hpditvemttis#pp Mihedit i on
No. 12/ 153, 446 9- 0270642 Al hi,ch ar ereby.
| ncor por sttty oF BrarBAee Py ATogHerat i c eoipbliPonefod I Hhdyne o
its conpogi bk ORpIBSRECE SProlRical mteﬁtwﬂcmﬁwweﬁ /R 3EBPAMAG tHRBAakS1 2,
synthetlc deoxycholic acid (DCA) or pharnaceutlcafgg accept abl e sal't

it

t her eof , H&r Bilg tiepasytivmhdt n@xmherﬁ%xheubmﬁméewl feoq” @é}@«@p@abl e salt
t her elt(?)f ?ig r?ox%ltjedlﬁt elgg‘v?’éferleg@ mu e%%%?t}é. _In anot her of I ts conposition
aspect’s s invention’ provi or a solution conprising Ii)CA and a
sol vent which conpri ses dlchloronethane and net hanol wherein the
concentrati on Bforsalfveptocto JOEAL, shif roonddi i diroctabaud piboest fandnhunihper
wher ei n the rati o of dlehloroneth ane to nmethanol is fromabout 100:1 to
about 3: 1220 THE SOMFEHES 6n al so provi des a conposition conprising a DCA
having a purity of at least 99%or a pharmacestically acceptable salt
t hereof and an acceptabl e exci pient. The vgnkPon al so provides a
conposition consisting essentially of _.a ﬁ!baV|ng a purity of at |east

d ‘hef eof wherein DCA is

99% or a pharmaceutically acceptable 8
Fof said conposition, 25The

essentially the sole fat renoval c
conposi tions can be conprised efotT Ok this invention in conbination

with at | east one acceptabl e excipient! or pharmaceutical Iy acceptable

exci pient. Such excipient may be any salid, liquid, sem-solid or, in the
case of an aerosol conposition, gaseous excipient that is generally
avai | abl elottlee grecspendiig | 4-ket comecund 3: Sol i d exci pi ents incl ude

starch, cellulose, talc, glucose, |actoseg sggrose gelatin, 30malt, rice,
flour, chalk, silica gel, magnesium stearafe, sodlun1stearate gl ycero
nonost ear at e, sodlunlchlorlde dried skf and the like. Liquid and
sem solid excipients may be sel ect ‘ erol, propylene glycol,

wat er, ethanol and various oils, | grt hose of petrol eum vegetable or
synthetic origin, e.g., peanutgght ybeap oil, mineral oil, sesane oi
etc. Exanples of liquid carriers, particularly for |njectable sol uti ons,
inclugf wat er, saline, aqueous dextrosegs and glycols, The DCA in the
conpositions can be at a concentration of about *0,001 to 10, 0.01 to 5, or
0.1 to 2% W W, whbe¥, Poqmubmszyz1f&@&e@g1ea$®15n§ﬂk@mtmena% &amplgeehts
concentration of about 0,1-5 % ww or about 1% in sonic enbodi nents,
the fin diredédisviergaisciiatisrcigompidnduls aapi i 62 q@@d frem thpgroug@ongsting of]1 0. 5,
gné ] 0? 8|5\th§%<§gx%ﬂ (S)(,Oégﬂfh()}lullggir %xrrgoccﬂ ahé uﬁd e{@ﬁ g?}ta QCT ((11 ffggitr & 19 an ﬁf bile acids
deoxychol aftgoxyt ﬁunctmdemn})s@mlcenb@dtamem@nmhdla &meshmﬁm& beamyhoﬂongl ude no
l'ipids, ph.ospholipids, or phosphatidylcholine. In some enbodiments, the
conpod t | e%isR Héhe@rﬁn% &F %éﬂ% fagethys ity hqgagborgrogyaltaghegtirsto fom a
Phosphot | 8k 3Bl RRGRANGLLAN £00h 1 N1gh o s sore erbod! ent s, the
conposi tions“cah turther §sé"a second t herapeutic agent selected from
t he group consmh@bmgamﬁneamsLmnpn&ﬂblaI agents, vasoconstrictors,
anti-thronbotic agents, anti-coagul ati on agents, suds-depressants,
anti-inflammatory agents, anal gesics, dispersion agents, anti-dispersion
agents, penetration enhancers, steroids, tranquilizers, nuscle rel axants,
and anti-diarrhea agents. in sonme enbodénents, a 20solution is in a

contai ner that contains up to 500 nL of solution. Such container can be a
syringe or syringe-|oadable container. Methods of Use The DC. A of
this invention preferably with at least 99 % purity or a pharmaceutically
acceptabl e salt or conpositions thereof are useful in various




25 pharnmaceutical or cosnetic applications, formexanple as described in
U S. Patent No. 7,622,130, and U S. Patent Application Nos. 2005-0267080 Al
and 2006-W02¢d@B5Ai1, which are i ncorporated herein by reCensaee/osnse heir
entirety. I n one enbodi ment, the present invention relates to

met hods for reducing a subcutaneous fat deposit in a subject. Such nethods
conpri se the sti&sting 2lyin anidttienishgedatseioneicamgowisiot by Eretrisviaen deposi t
in the subject.. ( Sit10 b B S(A4 ) adf atr. . dlLSSol.vi fective
amount of ey SReT eiaer Rl SRIRLEPUTHE fG:b-Biffune pRAGROLY: BoRIEE: oS
or a sal twhéreineatl of BT, FExanipl e isbgindmde 0%, alkyéholfatieroidd ) maxtare of
pharmaceutical , veterinary, or cosmetic excipient; and wherein the DCA or
sal t ther%%?’fi‘@dsegs‘e’ 'n3al ly the only fat renoving conponent of the
conposition. IR, sqye enbodi nents, the fat deposit is cosnetically

unappeal i ng ar}g/\q’he‘q empyal of it is to improye the appearance Cof tge
subject. :In sdne; efddilmRnts, the fat depQ$i fL-Rs associ ated wH 4R,
condition sel ect -@l he group consjs @ obesity, fa i bution
syndronme, eyel at ni ation, ered s di seasg i ophy,
buffal o hunp t Hophy, dorsocHg fHt, visceral t¥l, breast
enl ar gemenge" Nypéredi’posi ty, di pjarses body“Rat ar oundgd't On “ROar ns, and

fat deposits assBciated with cellulite? In some enbodi mentst the above
met hod; does not ihclude performng sur gerly on said subject. 3 The
foregoi ng and ot her aspects of the enbodi nents disclosed herein may be
better understood in connection with the follow ng exanples. :Exanples II
5in the exanpl &% Werawcangoarsbapbpe? isprirelbpaeheh warven opreidordni ng

abbrevi at ons, have the indicated nmeanings. If an abbreviation is not
defi ned, ‘?’?p%%és@fﬁggggﬁé@a C? accepted neani ng. Ac20 Acetic anhydride ACN

AcOH CAD Acetopit i) e Agetic. ael g charaed aerosol. det setor, aONG.

Concentrated (C),Irnof:s}mﬁ':hr oM URT LY i OX] &ey %t% E)%Sx%hoﬁ I'cacl %‘PW? gﬁ Al)

T R R AR s B BB
alkylhydroperoxide to effect oxidation at the 12-position albeit whether the oxidation
provides an allylic keto, an allylic alcohol or an allylic peroxide as shown above in
formulas 1, 2, and 3. In some embodiments, the co-oxidant is aqueous sodium
hypoehlorite (Na(3C1). In one embodiment, the allylic oxidation at the 12-position of

15 compound 4 is cffected by an excess of rers-butyl hydroperoxide (e.g. at or above 1.5
equivalents, at or above 6 equivalents, at or above 10 equivalents or abowut 35 equivalents)
and an excess of sodium hypochlorite (e.g. about 7 cquivalents) at a low temperature (e.g.
at or below 22 °C, at or below 10 °C, and about §-5 °C). The rers-butyl hydroperoxide
may be added as an aqueous solution in a concentration of, for example, about 70 %. The

20 sodium hypochiorite may be added as an agueous solution in a concentration of, for
example, about 2.5 % to 13 %, about 5 %, or 10 %. In some embodiments, the allylic
oxidation is effected m a solvent sclected from the group consisting of water, cthyl
acetate, hexane, heptanes, toluene, t-butyl alcohol, dimethoxypropane, petroleum ether,
and dicholoroethane, or combinations thereof, In some embodiments, a phase transfor

25 catalyst can be emiployed. The use of these co-oxidants provides for oxidation without

the use of the toxic chronuium VI oxidants.

In some embodiments, the co-oxidant 18 a metal compound such as Cul

4

3

{



H2SO4 Sul phuric acid -, HCO Hydrochloric acid HC104 Perchioric acid HPLC
H gh pressure liquid chromat ography HPLC-RI Hi gh pressure liquid

chr omat ogwaphy/onstolm refracti ve i ndex detection Hz . KBr RCOUSRI10M6erISE

Pot assi um brom de Potassium tert-butoxide Li A1(O Bu)3H Lithium
tri-tert-butoxyaiumnu Il hydride LiOH Lithium hydroxide LO D Loss on

dryi ng Me0. 11 WEeRErSIPoNERem4. Ahad e garerey g 4 Memresensser! Mmvo |

M11i ol epm&mM)J\r?cM&% and a base. In another embodiment, the allylic oxidation at the 12-
position of compound 4 is effected by a palladivm reagent {e.g. PA/C, PAOAC) BINAP,
PA{OCOCE;s),; or PA{OAc); on charcoal}, an excess of rerr-butyl hydroperoxide {e.g.

5 about 5 equivalents) and potassium carbouvate or sodium biphosphate in a solvent, such as

DM,

in some embodiments, the conversion of compound 1 to compound 3 comprises
addition a palladium reagent (e.g. PI/C, PA(OAc) BINAP, PAOCOCK: ), or PA(OAC); on
charcoal}, an excess of rers-butyl hydroperoxide {e.g. about 5 equivalents) and potassium

10 carbonate or sodium biphosphate in a solvent, such as DCM,

fn some embodiments, the oxidation of compound 2 comprises addition of an
oxidizing agent capable of oxidizing an alcohol functionality (-OH) to a keto functionality
(=0}, which are known n the art, for example, pyridinium chiorochromate (PCC). When
so used, the amount of pyridinium chlorochromate emiployed is significantly less than use
15 of chromium [VI] trioxide. For example, in a preferred embodiment, the pyridinium
chlorochromate is employed at a molar ratio of about 1 to 1.5 to compound 2 and
preferably at about a molar ratio of 1.1, This compares favorably with the amount of

chroorium trioxtde used previously to effect oxidation — about 4 times more.

In some embodiments, compound 1 1s first isolated from the mixture and then
20 converted to compound 2 by reduction with, for example, a reducing agent such as

aluminum amalgam or catalytic hydrogenation,

in another of its process aspects, this invention is directed to a two-step process of

converting a nuxture of compounds 1, 2 and 3:

Pgo"




Met hyl tert-butyl ether -Na2SO4 Sodi um sul fate NaOH | NMI Cbs Sodi um

hydr oxi de Not nore than Observed PCC Pyri di ni um chl orochromate Pd/ C

Pal | adi urworrotizo7bmm NO?. Pl ati num oxi de Rep Reported TERCTHA206#E61150
Triethylam ne Trifluoroacetic acid Tetrahydrofuran TLC Thin | ayer

chromat ography UNI U traviolent W Weight, WO 2011/075701PCT/ US2010/ 061150
General: Al mani pul ati ons of oxygen- andf nlsﬁure sensitive materials were
conducted with standard two-nec.ked fla +F | asks under an argon or

ni trogen atnosphere. Colum chromat og performed using silica ge
(60-120 nesh), Analytical thin | aye 2 aphy (TLC) was perforned on
Merck Kiesinger 60 ..1:234 (0,25 -sH Vi sual i zati on of spots was
either by W light (254 rim or By : W) With a solution of sulfuric
acid (5% and p-anisal dehyde [%$% in %thanof. Appar atus: Proton and
carbon- 13 nucl ear magneti c resonance 0%fctra (1H NVR and 13C NVR) were
recorded on a Varian N@rcury Gem ni »(1H NVR, 200 MHz; 13(; NWR, 50
MHz) or a Vari u oya 3 (@, 0 Nm k, 125 10MHz)
spect ronet er w?‘{1 GVRAH sol v(ce{?llbt_g ;Ré)séonfgir)\ges}%as @ Ee‘““.%ﬁ‘?élm d éogagﬁrfdar ds (1H NVIR,
CHC13 at 7.26 Whﬁl’hmrsaﬂ\;ﬁ&mt c@mprigp mrdnchcBDVBEaid nEROratnddr BRdrppmatidd(; N MR,
CDCl 3 at 77.0.p r DMSO at 39.5 ppm), 1H NWR data are reported as

fol |l ows: TH ﬁf@ghm hift (6, ppm), nultiplicity (s = singlet, d = doublet, t
= triplet, Q-SpQUaLEela th@?)rmiu@f Raded [HRrdbylAHEL dRhRh cok@HPAd N CONSt ant s
(Hz), and integration. rared spectra (FT-1R) were run on 15a JASCO 460

nodel , Mass spectra were obtained with a Perkin El nmer API-2000
In some embodiments, the hydrogenation of the mixture of compounds 1, 2 and 3

forms a mixture of compounds comprising compounds 8, 6 and 39:

OH R
Rz
+ a +
A
Pgo\\ ’ R Pgo\\
H
5 6 39
10 In some embodiments, the hydrogenation conditions comprise hydrogen gas, a

catalyst and a solvent. In some embodiments, the catalyst is selected from the group
consisting of platimum (Pt), palladium (Pd}, rhodivrn (Rh), and ruthenium {Ru) based
catalysts, such as Pd/C, RhCHPPhs}; and PtO,. In some embodiments, the solvent is ethyl

acetate (AcOEL).

15 In some embodiments, the oxidation conditions comprises an oxidizing agent
capable of oxidizing an alcohol functionality (-OH) to a keto functionality (=0} which are

known in the art.

Oxidation conditions known i the art include, but are not himted to, Corey-Kim
oxidation {using N-chlorosuccinimide and dimethy! sufide), Dess-Martin oxidation (using
20 Z-wodoxybenzoic acid or Dess-Martin periodinane), Jones oxidation (using Cr(3y), and

Swern Oxidation (using dimethyl sulfoxide and oxalyl chloride).



spectrometer using ES + node. Melting points were determ ned using a

LAB-1 NDI A nel ti ng point neasuring apparatus and are uncorrected. HPLC

chr omat ogwarzss1veas®1r ecor ded usi ng a SHLIMADZU- 2010 nodel Peirtus2@oBEAs0
detector. Specific optical rotations were determ ned enploying a JASCO 1020
at 589 nrn and are uncorrected, 20Chem cals: Unl ess otherw se noted,
commerci al | y adPrasneotenygénhike wefisingseaniis pristitinpusiieiosorsk (PHlet hyl

et her an - i.stille 4Q hen Qr. de
anhy dr ous” B e R e e
used. Exampiebdnalb Syiakhesizsicabid3&-8eoKynb Il (andridst gneadhondit-w@ned7- one 6)
from Hydrocorti sone‘ft ep. WO 2011/ 075701PCT/ US2010/ 061150 To a

sol uti on BITIRFAMSESTTS 8Hhe 8558 g) in DVF (150 inL) was added 10% of Pd/C
(L5 g, 6-wt %9 _and _the resulting slurry was hydrogenated in an autocl ave

(60 psi) for 6WheaR 25d 85 tagethgpyihdynpirbireatengdippcdribriee lorm gtkai g

material, zas.evidenced by STLG . (30 (- 1/ QFL0Ae. Ln. DEV)y,. thes r ude reaction
m xt ure \A%g%%i?‘ﬁ’{rgsg%‘%ﬁ%ﬁg‘%&g tég{g‘l }’E'e %@%85“@) &E’leid(' ah}gf}"m{g'gkgyd&ﬁn&toﬁ& DMF (100
i nt). Thekseivienke wasucomphetedopctteton 840Dy SWRE | @iticois ivadesrascdcuum at

bel ow 65 'V, which afforded conpound 15 as a white solid (23.0g. 91.5 %.
10 Step 2ereinPy GCEHFHEY S onpound 15 (23.0 g) in ethanol (350 nL) and
DCM (350 trit) 15was added sodi um borohydride (2.4 g), and the resulting
sol uti on was siideed it grocgsspspgcta e pragiselurker eomBipsirefucBoeRGueb s

acet o ( . \ d to quench the excess reagent and then sodium
peri oi at ei%?pg%\%g(g%%ga ded, The resulting solution was stirred for 16 h
at 25-35 C. TLC showed conpl ete di sappeafdhca,of the intermediate (40%

Et OAc in DOA), Water (400 int) was added @ the, reaction m xture, The
phases were 20separated and the aqueoys was extracted with DCM (600
m.). The organic | ayers were conbi : the€n washed with saturated brine
solution (200 nL). The sol vent was atled under vacuumto provide crude
conpound 16 as a white solid (&0 ! €Rcrude product was stirred in
hexane (200 nmL) at 30C for | h, filtefedoand washed with hexane (50 int) to
afford conpound 16 as a white solid (19.0 g, 98 (Y0), Step 3 WO

2011/ 075701PCT/ US2010/ 061150 To a solution of conpound 16 (19.3 @)
in DCM (340 niin)somesudddadenty, ilat degtaiminng cohpoddgds oDvaRd¢ Compowg)l 4nd aceti c
anhydride (12.9 g), at 25-35 C After stirring for .2 hr at 25-35 C, TLC
analysi s (BT ErEn R e ol i esBri G et ony ot e, The
reacti on Wstdcaifvasy, Vasbeg Mddnsatistiated-padi.HmdbheanRanatgygabysi on (200
nit) followed by a second wash with brine solution (100 The organic |ayer
was dri edfcpverniNe 2goam (sgegputirdaliiitien 8iklridrhe filtrate was concentrated by
vacuumdistillation to afford conpound 35 as an off-white solid (18.0 g, 82
% . Step 4 Scﬂnzbwreirrdjoﬁénems,ﬁé @sd R together with the carbon atom attached thereto

forma a keto group.

. ‘ { 2 . 4
In some embodimentis, R and R together with the carbon atom attached thereto

form a keto protecting group, such as:
)n

wherein nis 1, 2, or 3 and the wavy line vwv» represents the point of connection to the

L)

rest of the molecule.

In some embodiments, B! is the 17-side chain of a bile acid, which bile acid is
sclected from the group consisting of cholic acid, deoxycholic acid, taurocholic acid, and
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3536 To a solution of conpound 35(18.0 g) in pyridine (100 inL) was
added thionyt chloride (6.0 nt) at 25-35 '"C. and the resulting solution was
stirred fwo20im75m1 25-35 '"C. At this point the reacti oRCras2@deerisd ned by
TLC (30 % Et0A.c in hexanes) to be conplete. Pyridine was renoved by
evaporati on under vacuum at below 60 'C. The 15crude material was djssol ved
in a mxtevesplinatier I ror eatodiamys.dbhgarbasdfgicsopalep of #iy sidaghdikei*phases
were sep v IR AgUE phasg. Xt L a Wit h-etihyl e .(,l180 n)
and e ol B A B e B e s
w th 2N He:ihiD@onk) and saturated brine solution (100 nil.). After drying
over anhydrous Na2SO4 (40 g), the mxture was filtered and the filtrate was
concentrated t® s20@drynRSandYs, VGuLIRBiSEbhIRE eap tongayisde conpound 36 as
a white solid (15.0 g, 88 %9 . Exanple 2

(2) - 3a- Acgl oxy- 513- pregna; 9(11), 17(@0) - di ene (30);, AcVs 30 o

Conpound 30, be prepar €t progledures sinlar % at scribed in
Exanpl e 758’£2§hue*¢®ﬁm)c oun to compound 30 Met hods and
exanpl es Y preparing afdVpuri fyi ngN frqg}%oﬁﬁahnd 60 arg egeri §5§in
GB2452358 and U.S. Provisional Applicati 617°288, 132, titled " OR

THE PURI FI CATI ON OF DEOXYCHOLI C ACI D', f#l ed on Decenber 18, 200%, both of
whi ch areyj ncorporated by,referencechereby in thejr entirety 5Exanple 3

| npurities™ ated durings Prephration of DCA™ er nefii at es Ther eof
The followpg c Pt wefe re ed as inpuriti¢s dund the synthesis
descri bedvHerein: WO 201&%075701PCTNUSZQ&?%gS%}5QV‘ Th&—cOnggEndseset
forth3above have utility as i nt er nedfat es Stan be recycl &d in gOsR

reaction schene |eading to conpound 18. For exanple, conpounds 61 and 62
and 5 be Wehydridgerarediy cebiveritviyomgl e daas cialsghondigect rangtBndpe

conpound whi;c! e_reh, ydrogenated to provide the proper stereochem stry
at 5-posﬁ'réﬁgogﬁgn%?$ﬁ%n%%g§§%ﬁfgroup of conpound 63 and 65 can be

protected by conventignal mneans .such . as ketal formation, The. 3-hydroxyl

G oup of bot h BoNpouHES s End 28 N HaRBe b arud b P e o ket o
group. FofubeoaRaunth &2, 1o debydreaenaldRacatida tedeSupl@nRReht bomé obiroed by
hydr ogenati on will provide proper stereochem stry at the 5-position. For

bot h donpodndsngPréatalbssubpladige tvidrorsfio five sghauacatsgebaisd o Bwetowry
deprotectjon. of the -ket o, gr oup Jrov|.de: #eYo]) o] 18, poynd 64 can
be sel ect‘io\%éllt’ES?III‘““p;iI[(;l %%’3 %‘Zﬂ‘“‘a%?kﬁ h“ge)n%S- ydr%%ﬁ%%nfégolﬁg}?%%%{ggle%%ff giﬁ{g’rp'ohl!hydr oxy!
group cansdhiembeiaxiidized -Cahkohed -0y deprotlect k@ne ahbédigedshygisoxyl to
15provi de conpound 18, The 3,17 di-ally!. conpound 66 can be oxidi zed
to provide the 3,17 di-keto co QP whi clb can be reduced by conventi onal
nmeans to provide the 3, 17-di hydr P _conpaund _such as conpound 64.

conmpound 67 can be oxidized at”“th fbositio nd then reduced and the 3-
20hydroxyl group protected to prowyHje ggnpou- 8. Simlarly, the
remai ni ng conpounds can |ikew se be nodified to generate one or nore

internedi ates ysed in.the nmethads .of this inventjon., . WO,
2011/ 075701PCT ORI TO BRTHAR s gt o i rein gy R e mrah i 80 11 om
conmpound Fshyn@onBtBodkof ofthhsily mbentitcdnvith phenyl, -OR" or vinyl ((CH=CH,};

-8i(R"*)3; heterocycloalkyl; and phenyl optionally substituted with one to five substituents
selected from the group consisting of halo, lower alkyl, and -OR"; wherein R" is
hydrogen or lower alkyl and each R' is independently selected from the group consisting
of lower alkyl and phenyl. In some embodiments, Pg is selected from the group

20 consisting of!



conpound 79 (120.0 g) was oxidi zed using 70% tert-butyl hydroperoxide
5((CF-13)3C-0-0H) in water (35 equiv.) and 10 % sodi um hypochlorite (MJX1)
(TO equi woaddedsiom 7 hours duration) in ethyl acetate &CTARS280/0Q15Af t er
work up, the organic |layer was treated with sodiumsulfite foll owed by PCC
(1.0 equiv.) treatnent _provided 185 g of residue. The residue on slurry
purification in 20% nmet hanol (2 io0l) provided 75.2 g (60. 6% vyield)
pure conpound 80. 10 Harl son procedure of synthesis of conpound 80 from
conmpound 79 u5| ng CrO ° Cr03 (65 g, 599 nnuol) was _added in two lots
(40 g and 2 H3t0 a §o tlén of _conpound 79 (65 g, 139 i) in AcCH (975
int) in a_c f+ask, tion H ghly g ?’L@-LI‘#’CCH:COH'[I’M t he
tenperaturelbe ow 50 th ice water Lipg, as@ed) The resulting

m xt ure was“He@lted a -35 C for 3 ower .te at ur els of 4& 25-35 C nay
be used. Uponyreggction conpl etl on by TLC (30 % EtO0A.c in hexane, NMI 2% of
conpound 79) |so%ropyl al cohol (108 nL) was added and the m xture was
stirred for 15 mn before the sol vent was evaporated under vacuum bel ow 60
C. To the resi-gue,ABLELI Bl N\@@lt%@%ﬂﬂc‘@@t@%ﬁvéﬁ%ggi me) 1 a0d MR L8P0 ).

The two phases were separated and e ‘aqueous | ayer S extract ed with MIBE
(2 X 650 {vdtigh mThée pogrivic dé‘dmmag@mmpomaygrll-\ha@smhéyl cmm\tnmmmiea'du(:ﬂ@@ m.)

and brine sagl uti 3 The .sol v was. conpl.e enoved. under
Pacunr boa e R B P R o RS e - 1 bR HE NGt he
sol vent wagick @pligh&d ¥ theemyadoNdiag Y@@Hﬂérﬁké}bﬁtﬂgldiﬁﬁ c}QH‘}@@ﬂv&M\Al@@ ©hisMet hanol

(130 inL) was added again and the m xture was cooled to 10-15 C, stirred
for 1 proeass E?Ue‘fligb@ﬂx‘fﬂﬁlﬁtvéi’vefdniah}dkiﬁlﬂé compercdad hjaetiedwkedwic hiocksses (0- 5

"C) msthaQ o | nL € r ot, drier at
50-55 C.: ?’“ "’?‘g‘{ﬁ‘ 5)&85*“ “r\faﬁ&o‘t’ 9/‘?%61“ ?@?’égé%‘?rg%mﬁ%%ég” %2‘6{@’, 53.7 %
yield). Af@m’&ﬁL&i &Bﬁ%Q&Wd&M&ZQEQé@@&L% &mmc(msmmmm@ thed = 5.71

(s, 1H), 4.71-4.75 (i H) 02-2.31
(m 24, @ﬁgﬂr@%on a4 O‘(‘f]_di@i}i, ggugg’va(\ltw;c,@isbiemlihguiq gg}%ﬂlsﬁ‘mr}gﬁib/o F"l@a télg 3H),

igé4 9021’{%9”%‘1?@ ‘%ZH%?BEQT%“ iiggh?wé%m “‘”%%é S %@Q% 2, 4?);:13) °

39. 8, 37.&knsB&nly. Bhréyve83hOyse3T \&O(B @hisach29nd TE2E, 6 si@iAntiPbod; 26. 1,

24.1, 21,2, .19.4,
"environmenially compatible than chromium (V1) oxidizing agents.

in another of its process aspects, this tnvention is directed to a process for
15 converting an HI-f-hydroxysteroid to the corresponding 12-ketosteroid wherein said
Process CoOmprises:
ay selecting an appropriately protected 11-B-hydroxysteroid;
b} dehydrating the 11-B-hydroxysteroid to provide the A-9,11-ene functionality in
said steroid;
24 cy effecting allylic oxidation at the 12-position by reacting the steroid product of
b} above with alkylhydroperoxide in the presence of a co-oxidant; and
d} hydrogenating the A-9,11-ene functionality to yield the 9-a-hydro-11-dihydro-
12-ketosteroid; and

¢} optionally reducing the 12-keto functionality of the 9-¢-hydro-11~dihydro-12-

N2
(o]

ketosteroid produced in d) above with an effective amount of a reducing agent

to provide the 9-g¢-hydro-11-dihydro-12-a-hydroxysteroid,
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Mass (rniz) = 445.0 [M+ + 11, 462,0 [M + 181. IR = 3437, 3045, 2946, 2870,
1729, 1680, 1252, 1168, 1020, ml. inp. =137-139(from Et 0Ac/ hexanes

m xt ure) ,WOQpajis11+93 (¢ = 1% in CHCL3). Exanple 5 PCT/Is2010.0b1160 Ng
tabl e shows the results of the preparation of conpound 80 from conpound 79
using either G 03 or 'CH3)3C 0-OH and NaOCl as the oxidizing a ent Reagent
| NPUT OUTPUT YiIPERDSEMhoCaRinty Sy indirdreperpridRes (eASSANweroproxic®, §Rg 1. 0 Kg

38. 70% 82, 1520113 ..90%. 03, % o49. 20% 80. 29% 75. 30%
(Cl-13) 3C oé‘é% ”%1 34 %géi %’S’gg@“?%‘g%gg 53% 96. 62% 90. 20%
In some embodiments, the [1-f-hydroxysteroid is prepared by reducing a
corresponding ! i-ketosteroid with at least a stoichtometric amount of a reducing agent to

5 provide the H-B-hydroxysteroid.

In some embodiments, the 11-B-hydroxysteroid 1s hydrocortisone or a

hydrocortisone derivative, such as a protected hydrocortisone.

it is to be understood that individual steps in the processes described hercin can be
done sequentially as described but are not vecessarily performed sequentially, OUne or
10 more of the stops can be performed as part of a larger scheme. One skilled n the art can

readily react other parts of the compounds described herein to make analogues of these

compounds,
. Synthesis of compound 24 from compound 25

In another embodiment, this invention provides a method of preparing compound

COOMe

AcO"

said method comprising:

a) contacting compound 25:

24 under hydrogenation conditions comprising hydrogen and at least 8% by weight of a 50%
wet Pd on carbon in a solvent selected from the group consisting of acetone, isopropanol,
cthyl acetate, N N-dimcthylformamide, and tetrahydrofuran n an autoclave mamntained at

elevated pressure to provide compound 26:
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(C1-13)3C-0-01-1 and NaOCl 20.0 g 12.8 g 62% 97. 06% 89. 60% ( CH3) 3C- 0- OH and
NaOCl 50.0 g 32,0 g 62% 95, 35% 87, 30% (CH3) 3C-0-OH and NaOCl 50.0 g 31,5 g
61% 93, 5080261100%%60¢ CH3) 3C- 0- OH and NaOCl1l 120,0 g 75, 2 gP6TAGS2E0060PG86, 20%
15* purity based on ratio of conpound peak area to total peak area **
purity based on ratio of conpound peak area to the peak area of a known

reference standard Exanple 6 20l dentificati ,' of Peroxi de Conpound 81 After
her |iquor enriched with

filtration of pure conpound 80, the fiI
' 4 mnutes) was coll ected. The

inmpurity - 30%at with a retention
3.14 mnute inpurity was isol ated m chr omat ogr aphy, whi ch provided
S2@10/ 061150

100 ng of a pure 73 WO 2011/075%¢

b} dehydration of compound 26 in the presence of sulfuric acid under

conditions wherein water is eliminated to provide compound 27:

ﬁ&g
O H 2?’;

5 c} contacting compound 27 with an excess of lithium tri~~butoxyvalunyinum

hydride under sclective reducing conditions inchuding a temperature of from -40 to -45° C

o)
HOY : I E
) 28

d} contacting compound 28 with an excess of cthyliriarylphosphonium halide

to provide compound 28:

10 under Wittig reaction conditions to provide compound 28:

@5)%
HO i 29 :

¢} protecting the 3-&-hydroxy group of compound 29 under acetylation

conditions mcluding an excess of anhydrous acetic anhydride to provide compound 36:

Ctgj%
AcO A 30 :



product as an oil NVR & Mass data revealed that the inpurity is
12-tert-butylperoxy conpound 81, which are provided in Figures 1-3. Exanple
7 5 wo20finesm2-t ert - but yl per oxyconpound 81 (50 ny) Paagiskeieasado wit h
Pd/C (12 wt (YO), tert-butyl hydroperoxide (5 equiv) and potassium
carbonate (0.025 equiv) in dichloromethane (10 pads) at roomtenperature
for 24 hours, EPPLCOUHSHPYSPEPPEeH widh 8t ?W%@@@@%@a%‘fy'ia@gﬂ)@%%ew-qfeact ed
conmpound 12-tert --butyl per . erved. onl f. ound 80.
Compound B0 e T8, ) i R e B d IS BB o 7
(25 W Ycanpoatlipli: acetate (25 parts) at 45-50 C under hydrogen pressure
for 18 hours provided -25 % of allylicalcohol which was treated with PCC
(1,2 equiv) at roomtenperature for 2 holrs\ thgpywashed with water & brine
solution. A half of the organic Iay g 15distilled under vacuum and then

re-subjected for hydrogenation using Pd/C (25 wt% at 45-50 ' C under
50 psi hydrogen pressure for 18 Wi ch provided 9.5 g of conpound 82
( 95% vyield with 87% HPLC- R1 E WO 2011/ 075701PCT/ US2010/ 061150
Exanpl e 8 I n Schene AZ0heloWw, thgp_ is provided a scheme for the
total synthesis of deoxycholic acid. Schene 2 Sel ection of Sol vent Sever al

sol vents were %Pdi &ﬁ%tdggn% gﬁnﬂg@du 108 QuBbed BaS oen tlﬁ%h(',fa%lmw ng

10experi nments re conduc ng the aboveé sol verits and the results are
t abul at edschetadvirom pBtiNom dodplay pOl)inBoby emboit putieft gylveRemedrk s 's
LI . (o) _

Pr OdUCtﬁy rgge%a/&c?ry col;ﬁ!tr%ns including an autoclave maintained at an elevated pressure to

provide compound 32;

COOMe

\
AcO H 32

10 h}  contacting compound 32 dissolved in an inert solvent under co-oxidizing
conditions including an excess of Cs-Cy r-alkyl hvdroperoxide as a first oxidant and an
excess of NaOCH as a co-oxidant under oxidizing conditions optionally followed by
turther oxidation with a shight excess of pyndintumchlorochromate to provide compound

24:

COOMe

AcO™
5 - 24

which compound s washed with methanol.

In an alternative embodiment, this invention provides a method of preparing

compound 31



1.0 DVIT 0.9 R 5a-product: 8.6% 7 0.5 Acetone + 0,45 -product:
5a- product: 7.8% 513-product: 81.5%3 0.3 -1-1).A 0.25 5a- pr
11,8% WO 2011/075701 PCT/US2010/061150
(jéigycoome
'
AcO H 31
by contacting compound 38
AcO H 30
with methyl acrylate in preseuce of a Lewis acid.
5 in another embodiment, the Lewis acid s EtAICh.
In another embodiment, this invention provides a method of preparing compound
16
0
O | i 26
H
by contacting compound 23:
0O
. PJOCH
under hydrogenation conditions comprising hydrogen and 10% Pd/C wherein
hydrogenation oceurs in presence of N N-dimethylformamide or acetone.
in another embodiment, hydrogenation occurs in presence of acetone.
In another embodiment, this invention provides a method for preparing compound
15 24 which method comprises:

a) contacting compound 25:

88. 5%
oduct :



513- product: 68.6%,. 0,3 Ethanol 0.25 Set-product: 14.3% 3%Aq
513-product: 86.9%5 0.3 acetone 0.25 5a-product: 8.5% 513- product:
47. 2% 6 Ow0 2DaNM787025 PCT/US2010/061150

25

\ 2
(2)
(o

0

under hydrogenation conditions comprising hydrogen and at least 8% by weight of a 50%
wet Pd on carbon in a solvent selected from the group consisting of acetone, isopropanol,
cthyl acetate, N, N-dimethytformamide, and tetrahydrofuran in an autoclave maintained at

5 elevated pressure io provide compound 26:

>

b) dehydration of compound 26 in the presence of sulfuric acid under conditions

wherein water is eliminated to provide compound 27:

O
H 27

*h

19 ¢ contacting compound 27 with an excess of lithium tri-s-butoxyaluminum hydride
under selective reducing conditions 1ncluding a teraperature of from -40°C to -45°C to

provide compound 28:

HOY

I
N é
0

o



5a-product: 32.7% 7 0.3 EtOAc 0,25 *product: 78.7% 5a- product: 13.2%

bserved 3-nmethoxy 3,9- 8 0.3 MeOFI 0.75 single bond 513-product: 50.5%
9 0.3 Hexwsioeo/@5701 PCT/US2010/061150
d} contacting compound 28 with an excess of ethyltriarylphosphonium halide under

Wittig reaction conditions to provide compound 2%:

C&g
HO i 29 :

)] protecting the 3-g-hydroxy group of compound 29 under acetylation conditions

5 wchuding an excess of anhydrous acetic anhydride to provide compound 34

Ctgﬂ
AcO H 30 :

) contacting compound 36 with an excess of methyl acrvlate in presence of an

excess of C1-Co abkyl aluminum dichloride under alkylating conditions to form compound

3t
d:gigxcm
] AcO™
10 H 31 :
2} contacting compound 31 with hydrogen and a hydrogenation catalyst sclected
from the group consisting of: platinum and dry palladium on carbon; in an inert solvent
under hydrogenation conditions inchuding an autoclave maintained at an clevated pressure
to provide compound 32;
AcO™
5 H 32
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5a-product: 12,9% 10 ++ 0,3 n- 0.25 53-product: 58,1% Butanol

5a- product: 34.9% 13-product: 77.7% 11 0.3 THF 0. 25 5a- product :
13. 9% WO 2011/075701 PCT/US2010/061150
h} contacting compound 32 dissolved in an mert solvent under co-oxidizing

conditions including an excess of Cs-C¢ r-alkyl hydroperoxide as a first oxidant and an
excess of NaO(l as a co-oxidant under oxidizing conditions optionally followed by
further oxidation with a slight excess of pyridiniumchlorochromate to provide compound

5 24

O

O

COOMe

AcO™
H 24 ; and

1) optionally, washing compound 24 with methanol,
in a further embodiment,
step a) comprises acctone as a solvent;
10 step by comprises dichloromethane as a solvent;
step ¢} comprises anhydrous tetrahiydrofuran as a solvent 1n an mert atmosphere;

Wittig reaction conditious of step d) comprise potassium ferr-butoxide in anhydrous

tetrahydrofuran as a solvent in an inert atmosphere;
step e} comprises iriethylamine and 4-dimethylaminopyridine;

15 Cy-Cy alkyl alunmimum dichloride of step f} comprises cthylaluminum dichloride in

anhydrous dichloromethane as a solvent in an inert atmosphere at -5 °C;

the hydrogenation catalyst of step g} comprises dry palladium on carbon in cthyl acetate

as a solvent; and

the Cy4-Cs r~alkyl hydroperoxide of step b comprises #~butyl hydroperoxide n water as a

20 solvent at a temperature below 5°C,
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51 3-product: 57.5% 12 0.3 MIBE O, 25 5a- product: 34. 0% +
-product: 43.8% 1, 4- 13 5.0 4.5 b5a-product: 1.1% rxn not D oxari e
WO 2011/075701 PCT/US2010/061150

In another embodiment, this invention provides a method for preparing deoxycholic acid

or a salt thercof which method comprising:

a) contacting compound 24

COOMe

AcO™
c H 24

>

5 with hydrogen and Pd/C under hydrogenation condifions comprising hydrogen and Pd on
carbon optionaily followed by oxidizing any of the 12-hydroxyl groups formed during
hydrogenation with pyridintumchlorochromate under oxidizing conditions to provide

compound 33;

COOMe

>
10 b reacting compound 33 with hthiom tri-~alkoxyalummmuam hydride under reducing

conditions to provide compound 34:

COOMe

;and

) exposing compound 34 to deprotection and hydrolysis conditions to form

deoxycholic acid or the salt thereof.
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conpl et ed. When di chl oronet hane, nethanol or ethyl acetate was used as a
sol vent as solvent WD 2011/075701PCT/ US2010/ 061150 i n the hydrogenati on of
conmpound W&06,20ticnTpiogt e consunption of the starting mat er ipall/usaslonbase ved ( by
TLC). After isolation of the product and analysis by HPLC-RI, both 5a,- and
SP-isomers of conpound 26 were formed in an about 1:1 ratio. V\hen acet one
was used @8WEBEYENt in the hydrogenation of conpound 25, conplete
consunptiQn tartio t. L, After isolation
of the p%&3@%}1@%%%0%3?%%?%%“ P et AR R R 126 vas

al nost exclusively forned R dess than 10% o ion of 5(x-isoner. Thus,
acetone provided nore thamr8D% Sele®ivity ap nor g h&n 85%yield in thls
step. To a solution of 9a- HyRk bndrest - 4- ene 8, 47 2 (150.0 g) in
acetone (3600 10nit) was add Pd/C. (13 d % 50% wet) and the
resulting slurry was hydrdgepated:zin aut ocl g ) for 5 h at 25-25 C
Upon conpl et e di sappear g 0 h'é starting. eri_a) H as evidenced by TLC
(30% Et 0Ac in DCM), tReO cridk feaRktion Mot urée Mas fRItered through a
Celiteg bed (20 g) and washed wi th dichl oronmethgne (1500 nL). The filtrate
was renoved under vacuum and the crude. .product 45,0 g) was 15 obtained as
a white soéd This crude product was conbined with (145,0 g) acetone (300
m..) at 0"E™Ytirred for 1 h, then filtered and washed with chilled acetone
(150 ) and dpdﬁcjiﬂ,{ﬁﬁed‘) yREHAL: ato®d C. . Thi s provided corrpound 26 (129
g, 85°/c) as a white solid. TLC p-An| sal dehyde charring. .f for conpound
26 = 0.48 and Ris psvozenpolintyioy O3, El uent was 30% Et OAc in DCM 201H

R (500 15, E0E 5 P Pl ey b TRty 1

95,7, 80, did, 4f€00ychdlBe ﬁ,id 38.116chcﬁﬁ aﬁsd 3?1011‘;11 &5,&911%83’& Adstiod2lie, 0 3AdQide27. 9

26. 9, 215 2022 g él’” -3050M++11 322,0 [M + 181
25| R (K13f yims*ﬁﬁgm Z@”’S%““i ol dlw ~ﬂi3 fbt«@i\é@f% gnd ghypockobq acd pad ¢

(fr On?(}aceitibﬂ% Eii(olcrlnp oF :ngné &2 Toojc%iclr El,n@'%'&lé)rbmﬁ%%g{ &J&d&ﬂrth&%m i%?mqg@cto
Conver si on of Co ound to Compound : To a solution of conpound 26
(121 g) |M¢Wl(ﬂ1@8:ﬂ15ggﬁ)upv\asi added SU|fUI’I c acid rrL) over 15 m nutes under

an inert atnos sC. . The te ur
2011/ 075701PC‘I$“U§?8§.{0/%691‘]1@‘0 i pdsRndey 32{5 %‘3 @‘ -and the m xture was stirred
for 2 h. At this point the reaction was determ ned to be conplete (TLC, 30%

Et0., A c in DONlshnie BRGoiddAN, &' as: mashesh\Whd frowatetsi¢BQ0rrut) and then
washed with 10% aqueous NaHC:. 03 sol ution (600 niL The organl c layer was

again waslaed w th water e,;oo nm) fobl owed by satu;at ed bring solution (200

m.), The st t was then™ | 1 edf under vacuum 74 (di ng/ conmpound 27
(108. 2 g, % Hf f-white . The crude prpduct used in the
next stepvyrt hout furt herNHUrl ficatim LC: Ar“i""‘"sal dehydeN ring, Rf
for compound 27 = 0.76 and for cofip H/\%O’Z 20,44, Ducat Wa%%?ﬁm
in DCM 10IF1NNR(500M—|Z,(DC13) 6 61(5 11-1 ), 2.57-2M47(

211) 24,2224 m4|—|)/,,2202050(m 199~186(m 2H) , 985184
(d, =6 Hz"'l 1. 63 1 57 . 40- 1 37(d" ", = 1H) 1, 28-1,25
(dd, J 4.0, 13 17 H)085(s m/%(lww
CDC13): 6=vg21. 3, 212 8, ‘TZH) 1, 118 QwnA4. 3, 43 38,0,
37.3, 36.1, 35.8, 33.3, 28.8, 26.0, 3%3 13.9. Mass (Fniz' §s‘f4[|vE

+ 11, 304 [+ 18 1. 117, SKESr) 3450 2913 1737, 1707, 1413, 1403 1207
cm 1. {5 wherein R® is lower dﬂ\y and the wavy ling v rcprcmntb the point of connection Lo

the 17-position of steroidal scaffold.

In some embodiments, R! is the 17-side chain of a bile acid selected from the
group consisting of cholic acid, deoxycholic acid, taurocholic acid, and glycocholic acid.
In some embodiments, the carboxy! functionality of said side chain is optionally esterified

20 with a C-Cy alkyl group, such as a methyl, ethyl, or tert-butyl,
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inp. = 143.4-145.9C (fromDCM. 1-142 (¢ = 1%in GHC13), 20 HPLC R
Purity: 96.7% Conversion of Conpound 27 to Conpound 30: To a

sol uti on WO 20o0msTOMd 27 (108.0 g) in THE (1080 nlL) was a&dua$20100kiiam
tritert-butoxyal um num hydride (700 nL) at -40 to -45 C under an i nert
at nosphere. The resulting reaction mxture was stirred for at -40 to
-45 C. Upon cdﬁﬁnewﬁaﬁmernen%Féenégaéﬂﬁdwr“a§ta@P@%%%énﬁbvmneei@eeabEtOAc
in DCVM, ?ﬁ Qgﬁ;éhgg m xture was quenched by the addition of 2N HO

sol uti on. wer e separated and the resulting aqueous |ayer was
extracted wt drch (648201t anic fra

combi ned and 3%5 Cnloﬁewé? 8§%fdﬁf}hldﬂ%ig%§¥g]agggh%%fﬁéﬁggxétlo
(540 nL)4gﬁhajekg@@&£uh@gﬁmpwa@havaporated under vacuum whi ch af f or ded

conmpound 28, 30dissolved in THE (540 To a sol ution of

et hyl tri phenyl phosphoni um brom de (41¢ g in THE (216 m.) was added
potassiumtert-butoxide (1086 nL, 1N lution in THE) drop w se over 20
WO 20%}/075701PCT/U82010/061150 WIH%B nitrogen at 25-35 T. The

resulting dark red reaction mxture was stirred for an additional | h at the
sane t enpehatwres [Therabovehsohut lonvet~ opnpoun th@ivad caddedosicolby in
30-40 mnutes..to the above suspension at 25-35 C. The reaction m xture was
stirred Fﬁﬁ‘gﬁh%ﬁﬁ #6nal 3-5 h, leading to conplete consunption of the
starting materjal (as . evidenced by TLC 30% EtOAc in DQ&L The reaction
m xture was quEREHEFHIOCH G &' CEREESPT ? UIGEOUISERETRRUESYS | ayer was
extracted with : MIBE (2 < 540 nl_.) and the conbi ned organic extracts were
washed with saturated brine sol (Bio®- 540, ) organlc | ayer was
concentrated under vacuum and t Rg cr udey Nt eN-10QRs purified by using MIBE
(2X540 nmL) filtered, take filtrat o' ed off sol vent 25% under vacuum
10To a solution of conpound 29 w |
DVAP(4.5 g) and acetic anhydric 5 L) at 25-35 C under nitrogen. After
stirring for 2 hr at 25-35 ‘ -'L on was determined to be conplete by
TLC (10% Et(i)Ac in hexanes)gj Therreactron m xture was washed wi th water
(1080 nL) followed by brine solutigg (324 nt), The organic |ayer was
concentrated under vacuumto afford Crude | Sconmpound 30 (225 g), the

residye was re-crystallized. in 2% a met noI ovided .85 g .of pure
Conpalnd 30 ( 3 Ry b Abe kL R {/“"grf:t(‘:d%ﬁngﬁ”e%‘ﬁﬁehyde
charrlngwdﬁmﬁgu0@@n@gund4§&yg4@.5;@&@ Rf for conpound 29 0, 15. Ducat =
10% Et OAc in hexanes 1H MYER_ (500 WMHz, CDC:.13): 6 5, 38 ( s, 1H)

5.20-5. 18 (d"T Ha, 1L1) 4.76-4.72 ZO(IH;ﬁ/@ , 2.40-2.35 (m 3H),
i 4 3HS 1.p

2.25-2.22 (in, th@b%H 2.01 (s éaonnr, 10H)
1.41-1.31 (in, r6 (in, 1.07 (s 79 (s, 3H). 13C
NNW (125 MHz, CIK&S ‘ p14. 3, 74.7, 53.5,
42.0, 41.7, 39 6, 35 3 33. 8 31,9 :27.8, 26.7, 26.6,
25.5, 21.3, 16.9, d*[wr 18]. 25| R (CHCI 3)

3440, 3035, A49'30," 4 1367, 1258 10280al ] ’ 93.9-97.8 'C. [alD =
+109 (c. = 1%in CHCL3 EIPLC R Purity: 96. 0&: COnverS|on of Conpound 30
to Conpound 32 via cofthound 84: 30To a.. sol uti on4df compound 30 ((56 g) in
DCM (560was added nethyl acrylate (35. 13 n.) at 0-5 (-)C. under an inert
at nosphere stirriNggofor 60 mn oiLon cool to O- 5et | al um num

A ey e ity w

di chloride (272.87nit3 | uepe s_added °-:if o
) Y The t enper at urie (W hen
rai sed to 25-35_Clan m xture fasd $thiryed for -18 hr. £ 3

anal ysis by TL ﬂ@ tPAC in @@ §h s
so the m xture\wagpoured i cold water (1120 r eHphases were
separ at ed éﬁé t he raqueous I2§§r way extracted wtR.® %255 nit). The
organi c layers werg,combined and waghed sequentkally witH yater (560 in L)
and brine solution ?560 .inL), the organic |ay&¥ was evaporated under
vacuum whi ch provi ded conmpound 84 (66 g) as an oil.
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To a solution of conpound 84 in ethyl acetate (550 nit), Pd/C (6.7 Q)
slurry in ethyl acetate (110 int) was added at 25-35 C. The resulting
slurry wasoviwva7e®iunder -70 10psi hydrogen pressure foPCTAB2010/0411680
progress of the reaction was nonitored by fil3LC. The catal yst was filtered
on a Cate(r) bed (25 qwand t he cake was washed with ethyl acetate (990
nL). The filtriatempesedapsratiacumpend ehEunma wwﬁmﬁ%%ii"aed conpound 32
(59 g, 85% as a solid. TLC. ThAni sal dehyde charring, Rf for conpound
32 = 0.32 and Rf for corrpound 8 Dé 036, El uent = 10% Et 0Ac i n hexanes.

| F1 INIVIR(SOO MHz, CDCl13): 3 R4%(31 (¢ coaR®(m ilH, 3.66 (s, 3H),
2.37-2.03 (m 7H), 2.01 (s, 3H) R598° (m 18H), 1.06 (s, 311),
0.92-0.91 (d, J = 6.0 Hz, 3R, ‘ . 13C NWR (125 MHz, CDC13): 6 =
174.6, 170.5, 139.8, 119.5, 74.8 =513, 51.4, 41.9, 20 np =122.1423.9
"C. 25 [ab = +56 (¢ = 1% in %—J IJ_ILC/ RI Purlty 93, 0% Conversion of

Conmpound 30 to Conmpound 32 RAS% cormounoRSS: Et hyl al um num
dichloride (104,5 ni, 192 mol, 1. 8, M in toluene) was added to a sol ution

of methyl propiolate (13.58 nmL, 153 mml) in Dcm (100 nit.) at OC under
30i nert at nosphere. t{e resultln sol utIOP E}stirﬂed for 15 mn and then
conpound 30 ( ‘6““641?]édiﬁl%‘r’)t"%\?aéniéﬁéfaéai RFHES BeF PRGN &% di ti onal
20 mn atg(ﬁgﬂilfghgfu%%gﬁgugr@ wassi @ised to 25C and hel d there for a
further 18 h. éf hi's point’ the WO 2011/075701PCT/ US2010/ 061150 reacti on
was determ ned to be cen Ie,te by TLC, and the m xture was poured into cold
(0 "C water (200 rr%/ § S COBICe, Separ at ang the aqueous | ayer was
extracted with DCM (15 The organlc | ayers| wek €
sequentially wth wate m.) and saturated brig/e~se\ution (100nL). It
was then dried over s dr-ous Na2SO4 (40 g) and ffi i
concentrated unde 5
in nethanol (280" )

solid. TLC. p-anisal dehyde charring, Rl 5P 85

HS- purified by slurring

to provi de conpound 85 68 %as a white

+ 0.32 and R1L for 30 = 0.5
TLC nobi | e phase: 10 98Et 0Ac in hexanes, 101H NMR (400 MHz, CDCI3): 6 =
6.92-6.926 (q, J= 7,5, 15.5 Hz, 1H), 5.80-5.83 ( d J= 16 Hz, 1H),
5,37-5,43 (m 2H)\ ,\53475(m 03 73/® 3,02-3,04 (1, J = 6,5
Hz, 1H), 2.15-2.23 ( i, 2, 05-27/08 ¢

2,01
J,,2 0 (s pi

8H), 1.24- 1.34 (m

o 1, 99 (in,
: ?ﬂ 1H),
1.07 (s, 3H), 0.6 MHz, CDCI3): 6
155.0, 74.6, 5

3,8, 37,1, 35.5 A , : 21.3,
19.7, 15.7. 15 )6, 141, 118.8, 33,7, .ﬁ 27,7,
118.7, 26.5*9 Masgy (rn/2) %@Z 0 [MF + 18]. AR KBN.2 3443, 3030,
2930, 1719 1650, 1247,, 1359, 1032, 117Q cm1l, 20inp. = 114l=l 6 "C (from
met hanol ) [(1]1-, +5f02 (c = 1%|n 13). ELSW%rlty 99.7/% Retention
time 19.57, (Ine s 01)5 3V 250 x 4,6 nm Sum), ACN: 0.1% TPA in water
(90:10) . ?ncisﬂaw%m@imﬂwhecwmmndl 08@(@% Gisgeledlpd fins feigno Rt GAESB50 )
was added 7 ) and.4 he resulting slurry was hydrogenated in
a Parr app{;rap0 n‘%% %gg’)g 51‘13 T16°'h. At this point the reaction was
determ ned to be conplete by TLC. The m xture was filtered through a small
plug of Cetitk.qg) and the solvent was renoved under vacuum affording
conpound 32 (17.0 g, 96.0% as a white solid. The above product was used in
the next step without further purification.

,20-1, 21 (
15 13C
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WO 2011/ 075701PCT/ US2010/ 061150 TLC: p-ani sal dehyde charring, Rf for 32 :=
0.32 and Rf for 85 = 0.30. TLC nobil e phase: 10% - EtOAc in hexanes. 114
NVR (500 wbizp1GDEM3) : 6 = 5.31 (s, 1H), 4.73 (m 1H), 3PEH/USS01086H150
2.03-2.37 (m 7H), 2.01 (s, 3H), 1.09-1.98 (in, 18H), 1.06 (s, 3H),
0.91-0.92 (d, J 6,0 Hz, 3H), 50.59 (s, 3H). 13C NNVIR (125 MHz, CDC13): =
174.6, 170.5, 139.80HL1%9, 7@ 8cpy56.0, 53.3, 51.4, 41.9, 41.7,40.9, 38.5,
85 29, 5, 21, 4, Ok SR8 2. 27.8, 268,

26.7, 25.2, = 448.2 [M + 18]. = 3435, 3039, 2941,
1729, 1448, 022 cml. mp. =122 "-)C., (from EtOAc).
[all)56 (c = 613) ELSD Purity: tion time = 14.57

(ZORBAX SEc@ I8 I50"x 4.6 nm Sum ACN.
Conver si on of Cofpound 32 to Conpounds@4:
g) in ethyl aceta4@ (200 rnL) was added 70% TBHaP in water (200 nit’

reaction sol ution was cool toOC. was sl ow y added 10 % Sodi um hypochlorite

for about 6-7 h at Q}{S% stir fpr%g’s% sanme tenp. Upon conpl ete
di sappear ance of corfpgupd 32 by "TLC (s uné = 20% Et OAc irOI-heogﬁ\as)
. s ¥

separate the 20o0rgg ayer and t hg | ayer extracted W é et hyl
acetate (60 nt q_&apbi ned er was washed @» r ( 2X 400
nt) foll owed ted with upnsulfite sol at 50-55 "C

for 2h, sgparate | ayer g,0 | ayer was trea thyrl di ni um
chl or ochr orat e (Hlo 9 g) for 6-8 H at 25-30 C. Wpon ipret e di sappear ance

of allytical coholsdgy TLC (el uent =540% Et OACn#‘_ hexaneS) s24 he organic

| ayers were 25vvashed with hot water (4X 500 ‘? foll owed by saturated brine
sol ution EE)lOO I{} Ma er was ﬁVﬁporat ed under vacuum at 45-50 C
The resul ¥ing o ﬁ%“ e “5‘?0&51 ied by stirring it with 20% aqueous

met hanol (40 int) at 5-10C for iltere e cake was washed with 20%
aqueous nmet han‘é‘lmefé"@*t ﬁ‘f"%ﬂ AEe Hiéﬁ‘ ‘%%I”t?g\ﬁ’éirfg’(/%ﬁ%fhﬁcd 602&%“’1@% whi ch
provi de %5{ CPF E%ﬂnﬁ&%tlggﬁ @ﬁ.c%)i@ﬁ!s Saiy@blOW 80lhdhod Mprises:

2011/ 0757 1PCT/ US2010/ 06115 p- Ani sal dehyde charring, R for conpound

24 = 0.28 and o 2¢. Eluent = 20% Et OAc in hexanes. |H
NVR (500 Mz, @&ﬁ%@" ggggl%ﬂ? O’%’%i’ﬁ)“"%4 75-4.71 (m 1H), 3.66 (s, 3H),

2.42- 2,37(m, 3H), 2.31-2.02(m 2H), 2.0 (s, 3H), 1.98-1.67 (m 9H),
1.56-1.24 (m 9H), 1,19 (s, 314), © 1 0t \(kodr 6.5 Hz, 311), 0,90 (s,

3H),

with a reducing agent to form a compound of formula 84 wherein Pg is a protecting group

and R is alkyl

10 ;and

(2} exposing the compound of formula 34 to deprotection and hydrolysis

conditions to forra deoxycholic acid or the pharmaceutically acceptable salt thereof.

2
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13C NWR (500 MHz, CDC13):= 204.9, 174.5, 170.4, 163.8, 123.6, 73.7, 53.4,
53.0, 51.3, 47.2, 41.7, 39,8, 37,7, 35,2, 35,0, 33.9, 31.4, 30.5, 29.6,
27.6, 27.80280/457026, 1, 24,1, 21.2, 19.4, 10.6. Mass (rPCTA)S2610404850 [M +
1], 462.0 [M 181 10l R = 3437, 3045, 2946, 2870, 1729, 1680, 1252, 1168,
1020 cml. mp. =141-142 C &O]D F102,(c = 1%,in CHC 3). HPLC/ Rl Purity:
96. 2% Conver s‘ino‘*ﬁ“ﬁfe“@%’ﬁ*ﬁ%ﬁﬁ% ‘245 1 CoB R 33:1s et ﬁ%ﬂr JYSHEET on of
conmpound 10 S IS| . (ethyl
acetate (%ﬁ“%g?%% qﬁgg §§h§‘ I %%% ﬂég&ﬁﬁg&fﬁégy%%%} f%géﬁpressure and
tenperatuKﬁqH&L&ﬁdﬁhbr&&ah&hdﬁ&ﬁﬂ&aha&hﬂmQ«k&hﬁEmaMMHEbﬂ@hdﬁEﬂﬁmmﬁved
increase of h e essure to about 60 psi, _.at these conditions

mai nt ai ned"v¢ gtH 3 %E?ﬂgéV%8§F§16L33§8Fkﬁgﬁéound 24 and 2.75% of
aIIyllc al cohol were still observed, so further_stirred 20for addltlonal 12
h (observed O. &@@@@ﬁﬂﬁ%ﬁyﬁ@%%é@bﬁﬁ@%maﬁai5n@@@6%%m@é#ﬁWQW@i@&%Hﬂ 3

wor k- up, £ ) id : asi due. Anther hydrogenation
reaction &Qﬁ% &Q&Pg%%ﬁ%%ﬁdﬁg%? g? %vg(%gndltlons for 76 h provided
24.5 g of residue. Method A 2510@6Pd/C (900 ng) was added to a sol ution of
conpound 24 (2.0 g, 4.5 nmml) in Et0At (I50N\alyoan@ the resulting slurry
was hydrogenated in a Parr apparatu psi) at 50 'C. for 16 h. At this
poi nt the reaction was determ nedyt pynpl ete by TLC. The m xture was
filtered through a small plug gf ~éttee~and the sol vent was renoved under
vacuum provi di ng conpound 33.. §b96yield) as a white solid, 30TLC

p- ani sal dehyde charring, RACPOr ~34 2 0386 and Rf fur 25 = 0.32. TLC nobile
phase: 20% - EtOAC |n hexanes. 83 WO 2011/075701PCT/ US2010/ 061150 11-1 NWMR
(500 Mz, 111), 2.50 (t"/ =

31-
15 Hz, ZH)“‘ t?(, n}zmg)é ‘3%’“11 Z‘%?do{i)ﬂ@ mngﬂff(fﬁ}u &ﬁ%@%{tﬁf}l@m 301 55 (s,
4"') 1 25aclm§9 i(a'(xrhydmﬂ[ﬁ-c@)?aig-}g%at@m 2H), 1,01 (s, 6H), 0.84-0.85 (d,
MHz, CDCl13): 6 = 214.4, 174,5, 41.2,
38 0 35 6 35 5 35 2 34 8 32 0 31, 2, 721 2, 18.5,11,6, 170.4, 30.4,

In some embodiments, this invention provides a method for preparing a compound

of formula 26, which is 9g-hydroxy-5p-androstan-3,17-dione:

which method comprises reacting So-hydroxvandrost-4-en-3,17-dione 128

O

- O 25

with Hz under hydrogenation conditions to torm So-hydroxy-3B-androstan-3,17-dione.

3
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24.2, 43.9, 22.6, Mass (mz) = 447,0 [m 1], 464.0 [M+ 18]. IR (KBr) =
3445, 2953, 2868, 1731, 1698, 1257, 1029 cm1l. mp. =1422-144.4 'C (from
Et OAc/ hexwioestim7ztour e), 10[a]p-, F 92 (¢ = 1% in CHCL3) PCENSENIRO115Y :

96.6% Retention time = 9.93 (Inertsil ODS 3V, 250 x 4.6 mm Sum ACN 0.1%
TEA in water (90:10) Method B A slurry of 10% Pd/C (9 g in 180 niL of ethyl
acetate) was addegreteebedipinit tEnsTroEssipBEat 28 coBBtiy, 2 FIvemBih n Et 0AC
(720 nL) and L@sul t 1 ng sl urLy. reated wi th hydrogen gas (50 psi) at
45-50C fo”?)lgl\%gE E%%ﬁi %Loc%dé}lra’ %tfi%i%g%&i’ htd%lfc(%%gl vent may be used). At this

poi nt the reacti.gn vas determined Losbe, coml ete by HP LG (MT d30 0l
conpound 24). ThE" Xt Ure Ras I FPSTed vRr ough "Cent™: et FIEIT S " and Washed

W th et hyds faaetiate, 890 id Fl-dndrdie f)ldnr gt 2dwas: concentrated to 50% of its
vol unme via vacuumdistillation below 50 'C. To the concentrated sol ution
was added pyri di ni um chl orochromate (20.8 g) aat 25-35 (-)C. and the m xture
was stirred for 2 h at 25-35 (-)C, when d Keaction conpleted by HPLC
(allylic alcohol content is NMI 19 . Jhg l | dWi ng process can be conducted
i f compound 24 content is nore thap™® gr the reaction mass through
Celiteg, (10 g) and wash with eth te (360 nit). 25Wash the filtrate
with water (3 x 460 nlL) and t herOWw saturated brine (360 nL), Dry the
organi*’c phase over sodi um sul phate (1'§0 g), filter and wash with ethyl
acetate (180 nL). Concentrate the volume hy 50% via vacuumdistillation

bel ow 50 Wch sk @mnrives SaFHRg oprarouad 6f éﬁ@u&h%ﬁ diy autoclave. Add slurry
of 10% pal | adi um on carbon (9 g in 180 rnt of ethyl acetate). Pressurize to
50 psi with hydrogen and stir the reaction yriXture 30at 45-50 'C for 16 h.
WO 2011/ 075701PCT/ US2010/ 061150 eonpl ete consunpti on of conpound
24 by EIPLC (the content of conpound_? )/ NMI' 199, the reaction m xture
was filtered through Centel) (10 m@ e cake was washed wth ethyl
acetate (900 int), The solvent Wa opcent rated to dryness via vacuum
distillation below 50C. Methanol “(150Hi nL) Was added and concentrated to
dryness via vacuumdistillation below 50 "C, Methanol (72 nml,) was added to
t he resi dugh andeiti be forhxbbcenpasdstifemada fpr 15-20 min at 10-15 "C, filtered
and the cake was washed with nethanol (36 nt), The white solid was dried in
a hot air drief; @hedd@imais, AL 1B ohidiPp R LR IIVEr 39040 Pf O ElRind
conpound 33 (30 % 83. 1'%6%” el d). Conversion of Conpound 33 to Conpound 34:
10 MeltthodotAormula 29 aviTielr isste]) v loidrofy-3 i-psicaedt ) A ¥ @0t-disatoxyal um num hydri de
(1 M 22,4 ml." 22.4 nrnol) was added drop wise to a solution of conpound
33 (2.5 g, 5,6 mol) in THF (25 nlL) at anbient tenperature. After stirring
for an additional 4-5 h, the reaction was . .d¢termned to be conplete by TLC
The reaction was quenched by addi ng aqu 15(1 M 10 nL) and the

m xture was diluted with Et 0Ac (30 pases were separated and the
or gani ¢ phase was washed sequenti al water (15 nmL) and saturated
brine solution (10 m.), The orgapprcpthse” was then dried over anhydrous
Na2SO4 g) and filtered. The filtrate s cofitentrated under vacuum and the
resulting solid was purified by colum chromatography [29 nm (W x 500 nm
(L), 60- 120 theskipdsormpesss BOUGE 2 wrmpobngoiosiuBtd¥Ac/ hexane (2:8) [5 ad,
fractions, nonitored by TLC with p- ani saidehy de charring]. The fractions
contai ning the product were conbi ned and coc trated under vacuumto

provi de conmpound 34 (2.3 " 91% as a whige~poNi d, TLC. p-ani sal dehyde
charring, Rl for 34 = 0.45 and Rl fo < . TLC nobi | e phase: 30% -

Et OAc in hexanes. 11H NMR (500 MHz, - 8 = 4.68-4.73 (m 1H), 3.98 (s,
1H), 3.66 (s, 3H), 2.34-2.40 (m_1H, R -2,26 (m 1H), 2,01 (s, 3H),
1,75-1,89 (m 6H), 1.39-1.68 (i o 16Hy 1.0881.38 (m 3H), 0.96-0.97 (d, =
5.5 Hz, 31t), 0.93 (s, 31t), 0.68 (s, 3H). 13C NWR (125 Mz, CDCI3): d =

174.5, 17Qitha two-carbon olefination reagent under olefin {orming conditions to form (Z)-3a-

15 hydroxy-5B-pregna-9(11),17{20)-diene.

(4]
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74.1, 72.9, 51.3, 48.1, 47.2, 46.4, 41,7, 35,8, 34.9, 34,7, 34.0, 33,5,
32.0, 30.9, 30,8, 28.6, 27,3, 26.8, 26,3, 25,9, 23.4, 22,9, 30 21.3, 17.2,
12. 6 WO 200072011/ 075701PCT/ US2010/ 061150 Mass (m z) PETA%010/0p B0 + 1],
466.0 [M+ 18]. IR (K13r) = 3621, 2938, 2866, 1742, 1730, 1262, 1162, 1041,
mp = 104.2-107.7 "C (fromEtOAc). [arlD = +56 (c = 1% in CHC11l). SELSD
Purity: 97.0% nReteniihedipeise the omppmngd ph &y iy 28opgrapreddngesctesd mm  Sum
ACN. Wate X B A THF solution of lithium

tri -tert-%&é@%&é%%&%@ydri de (1 M 107.6 nit, 107.6 mmol) was added over
1 hto a solution of conpound 33 (30.0 g, 67 gnol) in dry

O H 27

with a reducing agent to form the compound of formula 28,

5 In some embodimentis, this invention provides a method for preparing a compound

of foroula 18;

PgO‘\'

H 43

comprising converting a compound of formula 29

Afa \‘ '
HO Y 20

19 tothe compound of formula 18 wherein Pyg is a protecting group.

In some embodimenis, Pg s -C( O)Rl, wherein B! is lower allkyl, In some

embodiments, Pg is -C{O)TH;.

In some embodiments, the compound of formula 18 1s a compound of fornula 38,

which 18 (Z)}-3a-acetoxy-38-pregna-9(1 1),17(20})-diene:

AcO 30

i
(4]
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10THF (300 nit) at 0-5C. After stirring for an additional 4 h at 5-10 C
the reaction was determned to be conplete by HPLC (MI 1% of conpound 33).
The reactwononassmweol ed to 0-5 C and quenched by addi ng PENUID104AGES0L). The
phases were separated. The aqueous |ayer was extracted with DCM (2 x 225
nt.) and the conbi ned organi c phase was washed sequentially with water (300
n) and sHPUPRLEYMBHIOHSOBGINS BROTBDBCEsmPrynd rhieusprigadite 2pHaY was t hen
was concent.l, ryness. .by. vaguum. dist i\ {-atdon. bel ow 50 "C. Met hanol
(150 ni t)&f!)\lgis%ggg"te%ngl o@?ﬁ%sdrcgtéi%Ug%gér%}chg%ic;é}rﬁd&%gb to dryness by vacuum
distillation bﬁlsov%"%%lbcﬁ”n%ﬁer £ 457911{innt Qro"/‘%%:wnea‘maﬁd? dr—=t %ixgvh‘ie ¢ rn(ffs(; %Lfe and
the mxture was SPCPRTUBY Y 153 SHRIG PropitRt & FEHAng PR T EHE T W s hed
wi th wat egf 624@aThe white solid was dried in a hot air drier at 35-40 C for
6 h to provide conmpound 2034 (30 g, 99.6% . Conversion of Conpound 34 to
crude DCA: Method A A solution of LjCOH-(180imy, 4.4 mnol) in R20
(2.0 trii,) was added to a solution of cpnpbund 34 (500 ng, 1.11 mmol) in
THF (8 mt.) and MeCGH (8 nit). The re rg 75m xture was stirred for 3-4 h
at 50C, Upon conpl et e di sappearancg { tarti ng material by TLC, the
reaction m xture was concentr at€d yacuum A m xture of water (10 nt)
and 3 N HC (1 nt) were conbined an odled to 0'C and then added to the
crude product. After stirrife§ for at 0C, the precipitated solids were
filtersed and then washed with water (0 nl) and hexane (20 nli). Drying
under vacuum at room 30t enperature provi ded deoxycholic acid (DCA, 400 ny,
91% vyi el dyhasingk whillkyd, BolsiadroMBIR0E N0 757 OiPEFh¢IS20:1:0/-064 1i508lc T Gpuble

p- ani sal dehyde, charrin Rf .for DCA. = 0.32 and RI' for 2.1a zzz, 0.82. TLC
nobi | e pﬁ‘é‘% : ““Ebg]o‘fﬁ“‘gwlg%%i%f”? Fepen ¢ ?"%T‘W‘i("ég‘(‘f“i\%i—&gé)Dl\/SO): 6 = 11.92 (s,
1H), 4.44 (s, 1H), 4.19 (s, 1H), 3.77 (s, 3.35-3.36 (m 1H), 2.19-2.21 (m
1H), 2.08-2.10 (m 1H), 1.73-1.80 (m 4H), i.48- 51.63 (m 6H), 1.15-1.35
(m 12H), 0.98-1.05 (m 2H), 0.89-0.90 (d /0 Hz, 3H), 0,83 (s, 3H),
0,58 (s, 3H), 13C NWR (125 MHz, DMVBO): @m 71.0, 69,9, 47,4, 46,1,
46,0, 41.6, 36.3, 35.6, 35,1, 34,9, -8 3729/ 30.8, 30.7, 30.2, 28.6,
27.1, 27.0, 26.1, 23.5, 23.0, 16.9 Mass (rniz) = 393 [M+, + |. 10JR=
3363, 2933, 2863, 1694, 1453, X3¢2, T2~"crn4d . nip . 171.4-173.6 C, (from
ethanol ); 174-176 'C (Al fa Aesar) and 17k8174 "C (Al ( rich) [tilD = +47 (c
1%in .F,tOH ), +54'" (c = 2% in ethanol) [Alfa Aesar] ELSD Purity: 99.7%
Ret ent i on, i, O <% lnemtsihlo ) Xy 16e CHBCERUONC 0, 1% TFA in
wat er (93%%g§d%%§’rwé}?ﬁiggrl%ﬂ @Ct@%?@%%% ‘é%?%%?}olﬁ&g NaOH ( 3‘6&%‘ %%0 nmoi) in
H20 (B4 nrpsonas obdledistagidaodotnutieannpbugcbapiommdia3®. (30 g, 67 mmol ) in THE
(120 int) and MeOIl (120 M) at 0-5 C. The resulting m xture was stirred
for 4 h at 25-R5Gmeldpdndonmm, iiorCONRE aaettio R’ bylokNCalkNVnGo6% of conpound
34 and internediates), the solvent was, renoved_ via 20vacuum.distillation

bel ow 50CMAKENFHES; Idlié -wid (diss db e Fiﬁlbwgt@m&*( Boep W?d@%a‘iﬁél RWadHEd with DM
(2 x 150 nL). The pH of aqueous |ayer was adjusted to 1-2 with 2N HC1 (-
173 nlL). The sBIsods opodingiy, te @aipongd we rambr Bughloprmorid abvepulediL) and
dried by a hot. ais . deier.at £0-75 4 wunk sl the nnisture content is |ess

t han 2%t‘ghiﬁgg%‘?%‘%5’pc‘}o§§/‘“é‘h |?%G%%igglk"o&?l“?6ag?ﬂ‘g9% yield) as a white
solid, 25EXAMPLE 9 Deoxycholic acid (DCA) Purification L Solvent Sel ection
Two sol vent systens were explored for fur pobifel cati on of DCA:

AcO™
15 ¢ H 31

K

and wheretun the method coraprises reacting a compound of forraula 38



WO 2011/ 075701PCT/ US2010/ 061150 6 10% Hexanes in Et O. Ac DCM The
foll ow ng experinents have been conducted and the experinental results

5t abul at estolzel1oms70Mo Bat ch Size (..g) Sol vent Qutput (gpCParsealg/obymsHP LC 1
136 10% 1-.-iexattes in EtOAc 100 95% 1-1 PLC purity by RI detection 9.5
DC-N * 6.8 >99% HPLC purity by Rl detection 4,0 DOV 3.0 >99% HPLC purity
by RI detection * The DCA to be purified was)di ssolved in a m xture of

met hanol and DCM and then the net hanol
di stillation. The anount of methanol r
depends on how pure it is to begin w
pure and coul d be dissolved at refl
using -20 nit per gram Wth puner”
be increased to 15% Effectiv

) y@l cal crude material was -75%
g 10% net hanol - DCA. (by vol une)

e3€ercentage of nmethanol had to
e puritication was achi eved by

crystallization of the product from DCM foll ow ng dissolution in a_mxture
of et harbith SYECBERITCER s SBEFRE ¢ TR hoyAIC S O TS RarB O S

at mospheriy6, df 5t Jd.@&k# 90008 Sol vent Quantity Experi ments have been
conducted using’'different solvent volunes and the experinental results are

tabulated bel oy.q,pe embodiments, this invention provides a method for preparing a compound

5 of formula 21

CO,R

Pgo"
H 2

wherein Pg is a protecting group and R is alkyl, which method comprises reacting the

compound of formula 28

CO,R

PgO“‘
H' 20

10 with an oxidizing agent to form the compound of formula 21,

In some embodiments, the compound of formula 28 is prepared by reacting a

compound of formula 19

CO,R

Pgo"
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25 vo | Qutput 3.0 (9) Purity by HPLC 9 3 9%IPLC purity by R

15 voi 70 detection

with H; under hydrogenation conditions to form the compound of formula 26, wherein the

dashed line ---- is a single or double bond.
In some embodiments, the compound of formula 21 18 a compound of formula 24,
which is methyl 3a-acetoxy-5f-chol-9(11-en-12-one-24-oate:

Q COOMe

AcO™
5 c H 24

and the method comprises reacting a compound of formula 56

’,
’l

COOMe

AcO"
b 56

with an oxidizing agent to form the compound of formula 24,

in some cmbodiments, this invention provides a method for preparing a compound

10 of formula 53:

7

wherein Pg is a protecting group and R 1s alkyl, which method comprises reacting a

compound of formula 87

58

No. Batch Size (g 4.0 Solvent quantity

det ecti orwOR00/057000 i 36 99.3 % HP LC purity by R deceatsan/o6850 20 vo
3.4 99.3 % HP LC purity by R detection 99.3% HP .0 piy by R

4 100



99.5% EI PLC purity bRl 5 47 15 vol. 44 detection Excel | ent
recoveries and product quality were obtained at all solvent |evels. 3.

| sol at i orwOenpd7atour e The fol |l owi ng experi meRC3/Usave/0bEen
conducted by varying the i sol ation 5terrperature and the results are

t abul at ed below NO Batch Size 2 Tenp CC) Qutput (g..) Remarks 5.0
10- 5 3.0V8Y! f@w)si%“mmoceﬂ%m COHW@N %F@ffééﬁﬁ Wpfgﬂi@ﬁiozsmm% 99. 3% HPLC

purity by R detection. 3 47 25-30 44 99 5% HPLC purity 7, y Rl detection.
In some embodiments, Pg is -C{{R", wherein R is lower alkyl. In some

embodiments, Pg 1s -C(O}CH;.

In some embodiments, the compound of formula 53 16 a compound of tormula 33,
5 which is methyl 3g-acetoxy-53-cholan-12-one-24-oate:

’,
,l

Q COOMe

AcO 33

and the method comprises reacting a compound of formula 58

AcO"

with H; under hydrogenation conditions to forny methyl 3a-acetoxy-5fi-cholan-12-one-24-

19 oate.
In some embodimentis, the method comprises
{a} reacting a corupound of formula 21

CO,R

with H; under hydrogenation conditions to form a mixture of the compound of fornmla 53

15  and a compound of formula 3%:

[
O



H gher quality product was obtained when isolation is done at 25-30 'V as
conpared to 10-15 'C, WO 2011/075701PCT/ US2010/ 061150 Purification of DCA
in UR Scawe 20hw7sfoitnal purification procedure for his sPep/tsgogiognso bel ow
No Raw Material Qy Unit M W, Mle Mle ratio 1 Crude DCA 100 g 392 0. 255
1.0 2 Dk loronmethane 5.0 L 50 V Methanol 250 mf. - - 2.5V

Q COOR OH ™ COOR

PgO™
H 9 H

53 and 59
{b} contacting the mixture of the compound of formula 83 and the compound of
tormula 59 with an oxidizing reagent under conditions to form a mixture of the compound
of fornula 57 and the compound formula 53, and
5 {c} contacting the mixture of the compound of formula 57 and the compound of

formula 33 with H; under hydrogenation conditions to forra the compound of formula 83,
In some embodiment, the oxidizing agent is pyridinium chiorochromate.

The compounds of preferred embodiments can be prepared from readily available
starting materials using the following general methods and procedures. B will be
10 appreciated that where typical or preferred process conditions (i.e., reaction temperatures,
times, mole ratios of reactants, solvents, pressures, efc.} are given, other process
conditions can also be used unless otherwise stated. Optimum reaction conditions may
vary with the particular reactants or solvent used, but such conditions can be determined

by one skilled in the art by routine optivaization procedures.

5 Additionally, as will be apparent to those skilled in the art, conventional protecting
groups may be necessary to prevent certain functional groups from undergoing undesired
reactions. Suitable protecting groups for vartous functional groups as well as suitable
conditions for protecting and deprotecting particular functional groups are well known in
the art. For example, nuruerous protecting groups are described in T. W, Greene and G.

20 M. Wuts, Prorecting Groups in Organic Synthesis, Third Edition, Wiley, New York,

1999, and references cited therein.

The starting materials and reagents for the reactions described herein are generally
known compounds or can be prepared by known procedures or obvious modifications
thereof. For example, many of the starting materials and reagents are available from

25  commercial suppliers such as Aldrich Chemical Co. (Milwaukee, Wisconsin, USA},

Bachem (Torrance, California, USA), Emka-Chem or Sigma (St. Louis, Missouri, USA}.
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NaCH 1223 ,- a ,-, 40 0.3058 5 2N HCI 204 inL - - 2.04 V _ 6 Demeralised
([).M.)Water 10 L _ 100 V Crude DCA (110 g) was dissolved in 10%

met hanol Worm(1217570lL) at reflux Stenperature. To this cl ear/usedonsane 2,5 L
of dichl oronmet hane was added at reflux tenperature and then about 3.0 L of
solvent was disti]led at atnospheric pressure (GC analysis of reaction nass

super nat adtiereeaberrcpted By sssRdEcHor aBuars Bdgraieianer) destHaed Bact i on
slurry wag,cool ed. 1o 20- & and. L Stdrk ed Jor 37 4.4, The Hxt ure was
filtered 2ast %@é%; i“ﬁ‘(’:s)“%g“?cg dmégﬁ?‘é{d‘l*q%}?%”&?iqg i 'F"(’g’og)”‘%{ - ﬁ};égséf oduct was
dri ed in Holaotes 10 (olovenicatind Beib | & HoR ofd' 8ChemiThre cfbonen didredwDGA was

‘ 0% s%di um E%ﬁﬂ{%gm de solution (122 nlL) was

added to water (1,0 L) and then _
added res‘\tlﬁ%ﬁ‘fri’fé(li‘%a“éi e ““@8\%@%’?“ RICECS g WAS-FEPRE E9t i Bugh 5h

filters pa@@iﬁmwzh@’%(}fﬂgé)ﬁﬁ ateyuwas sdid yhed Wahﬁa'SWV%BC&Q{E?&QMQ C,@Jﬁgst;}h%kﬂh' was
adjusted to 1 2 wth 2N HCl sol ution (_204 m.). The precipitated solids were
stirred fWitegBad Rond Hi Feiied).and leheksdldngsciere Washed Tmtsforadditd onal

wat er (7, fter drying.in a hot air oven at 70-75 C for.16-20 h,

par 11 d DR BEO IR R MBI Raod RS By Mgt SR U S o) s

obt ai ned @sti@nWhkihe csMdndonal kéducRoMicsabdehyde charring, Rf for DCA = 0.32
and Rf for conpound 34 = 0,82, Eluent = 10% nethanol in DCM WO

2011/ 075701PCT{4S520{L04 Qt@gtﬂ‘%%lateriais, intermediates, and compounds of the preferred

10 erobodivuents may be 1solated and purified where appropriate using conventional
techniques such as precipitation, filtration, crystallization, evaporation, distillation, and
chromatography. Characterization of these compounds may be performed using
conventional methods such as by melting point, mass spectrum, nuclear magnetic

resonance, and various other spectroscopic analyses.
15 Methedology

The purification methods of this invention enploy deoxycholic acid {(BCA)
having a purity of about 95% or less and, in some cases, a purity of about 80% or less.
These methods enhance the purity of these DCA compositions to at least about 96% or at

{east 9G%.

20 i one aspect, this invention provides for a method for purifying deoxycholic acid
(DCA) to provide DCA haviog a purity of greater than 96% or at least 99%. In one
embodiment, the method comprises:

{(a) contacting DCA having a purity of about 95% or less with a solvent
comprising dichloromethane under conditions to form a DCA solution;

25 (b} crystallizing the DCA from the DCA solution obtained from step (a) to
provide a solution containing crystalline DCA;

{c) recovering the crystalline DCA and removing sufficient amounts of the
dichloromethaue to provide a purity of greater than 96% for the recovered crystaliine

DCA.
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1H NVR (500 MHz, 1)MB0):= 11.92(s, 111),4.44(s, 11-1), 4.19(s,114),3.77 (s, |
H), 3.36-3.35(m1H), 2.21-2.19 (m 1H), 2.10-2.08 (m 1H), 1.80-1.73(in,
4H), 1. 63-WOR0#AUM016H), 1.35-1.15(m 12H), 1.05-0.98(m PRIHUS2@096+180 89 (d,
J=6,0 Hz, 3H), 0,83 (s, 3H), 0.58 (s, 3H). LC NVR (125 Mz, DVBO): 6
=174.8, 71.0, 69.9, 47,4, 35,1, 34,9, 33,8, 32.9, 30.8, 30.7, 30.2, 28.6,
27.1, 27.0, 26nFommesdodimeys thisggepiinn piasides [p3 methabl puslivg 41,6, 16,9,

36.3, 12,4 e RrT ) 3 3. ) - 0,042 1. =
171, 4- 173 B A R REH) T Fa 176 (A B ASe f dras TS A A ey
10Recr yst#lhi raticonuiafdiDeaxye malikal acipdis¢dDCA) DCA obt ai ned from Met hod B
(26 g) above, s charged kg;o a‘clean.and,gry,mkas . Methanol (65 nL) and
DCM (585 nl) wéfe athiEdinghéhiktity & PHAY HEAPEd o0t 6f Uk £ o°%8Bttai n a cl ear
sol utison, co%\/ls(r%ﬁgc}ﬂ@&ﬁm%@ﬁe GRARGRG L OISRk M 0N rRRG; bl spluent was
distilled atnospherically until 780 int of solvent was collected. The

m xture 15was @3sayagstbyiz@E tholfét eomitheDidescdalorenitaicohiposistdpdal tol f t he
met hanol con%gny %@,nqre IhanHZ%% agﬁ{{,CN|(200 nt) and distil

at nospherTEREF SGREPP o8B TR SF RS P at e have been col | ected. (Check for

the met hanol cent entecherikhe EDQaNiQATIC OB dFeXINER: MASiI6AALRMANRELL-2 h to
20-25 "C and stirred at this tenperature for 3-4 h. The product was
filtered dndowashiegowp provDEM (i81H Pl Bgaicntign Hote & thedeiwrraicrBriBs: C. for 8
h. T EZ%grity was determ ned by 14131.,C If single max inpurity is nore
than 0, 1% ’f%he above process is repeated. The dried material fromthe
above was charged in to a dean ‘190 ni t()?@ s added and

fol l owed by 1 oggaﬁe%@é}df{ﬁiﬁzﬁ’ (33‘{]!?33%?@ ‘ ‘%%’g’cﬁ‘fg_,ls 6#“Water), The solution
\ggZi I : lo}[,lg[ ed ti’?lrﬂ%légepnb%gﬁmgﬂt,lIt}&& h%%%%ra p%?i?y E)ihaebol;!; l9f§“2>%§” esgl%sdiggogvuegi?igaw th
mixtare of dichloromethane and methanol. H necessary, dissolation can be facilitated by
heating the solvent to reflux. Furthermore, as necessary, any insoluble impurities can be
15 removed by filtration typically {iltering the solution at an elevated temperature, for

example, using a filter having a pore size of about 5 um or less.

The amount of dichloromethane and methanol mitially employed in the solvent
systems of the raethods of this juvention is best defined by a weight ratio of
dichloromethane to methanol of from about 100:1 to about 3:1, or from about 50:1 to

20 about 4:1, or from about 20:1 {0 10:1.

The arnount of DCA employed relative to the total amount of solvent initially
cmployed 1s best defined by a ratio of solvent to DCA of from about 40:1 to about 10:1,

or about 30:1 to about 15:1 or about 19:1.

In another embodiment, additional dichloromethane is added at the reflux
25  temperature. The amount of additional dichloromethane ranges from about 20 to 100
volume percent of the initial amount of dichloromethane incorporated into the solvent
systen. In some embodiments, the amount of additional dichloromethane is from about
30-70 volume percent or about 50 volume percent of the itial amount of

dichloromethane used.

30 Upon dissolution and optional filtration, substantially all of the methanol is then
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75water (380 int). The pH was adjusted to 1-2 with 2 N HO (53 .nt,), The
resulting solids was filtered, washed thoroughly with water (1.9 L), and
dried in wohot/gsTo1drier at 70-75 C until the water conPemtus2&iobeiisew 1% t o
give DCA as a white solid (17 g, %of recovery: 65), WD 2011/075701

PCT/ US2010/ 061150 EXAMPLE 10 Aliernate nethod of Synthesis and .

puri fi catic8¥vet bDEROHEBIM BBBEURh Y BBoshepc pEssue gy ResgeHRIN GRUBFISHEL hy|

3a--aceto,.. 2= - af-chol, - 1) en-24- - o {2 LG .. 0..psi ), EtOAc,
4550 0 RO el RACIAR il Atan SEhE g R BB BT ) v
added to 24vid300Qr MO hBvidg aphiity of ELOASLT obatllcas89%01 ), The reaction

m xture was heated to 450 - 50C and pressurized to 50 psi of HPLC anal ysis

after 21 hour siigpdigabathaht khOUCA BalcHNgEfrofhhBafthaNS (A}, WhicR4 remai ned;

4.6% AUC of the ailylic alcohol inpurity 86 and 11.1% AUC of the 87

10f or red. &TREY SaPUREHIY Xtadkiwas cool ed to 300 35C, filtered over Hyflog
(300 g) and washed with EtOAc (7.5 L) to renove the catalyst. The resulting
filtrate was cerneeticr anbolitenabodpCs it demddtsakiéntifadiywaddhadstthoprepding her

mani pul atj on (.67,-8% Al X by ELPLC 5, 5% AUC of fthe allylic,.zg | inmpurity
86 and 13°0RAOL G it s el o) at B SeEr P TR O A EoRGT 86 and 87
and rehy jurogeriatiiom2odkds e 7aetihyhd 8@, @aghoX¥piidatidn 001 H15844h0l an- 24- oat e
(33) WD 2011/075701 PCT/ US2010/ 061150 CoR Ve ) o

published as US 2009-0270642 A1, which are hereby incorporated by reference in its

10 entircty.

Compaositions
In one of its composition aspects, this invention provides a compound that is
synthetic deoxycholic acid (DCA) or a pharmaceutically acceptable salt thereof, wheremn
the synthetic DCA or the pharmacentically acceptable salt thereof has a purity of at least

5 95%.

In another of s composttion aspects, this invention provides for a solution
comprising DCA and a solvent which comprises dichloromethane and methanol wherein
the concentration of solvent to DCA is frorn 40:1 to about 10:1 and further wherein the

ratio of dichloromethane to methanol is from about 100:1 to about 3: 1,

20 The wnvention also provides a composition comprising a DCA having a purity of
at least 99% or a pharmaceutically acceptable salt thereof and an acceptable excipient.
The invention also provides a composition consisting essentially of a DCA having a
purity of at least 99% or a pharmaceutically acceptable salt thereof wherein DCA s
essentially the sole fat removal componeut of said composition.

25 The compositions can be comprised of the DCA of this invention in combination
with at lcast one acceptable excipient or pharmaceutically acceptable excipient. Such
excipient may be any solid, liguid, semi-solid or, 1u the case of an aerosol composition,
gaseous excipient that is generally available to one of skill in the art.

Solid excipients include starch, cellulose, tale, glucose, lactose, sucrose, gelatin,

30 malt, rice, four, chalk, silica gel, magnesium stearate, sodium stearate, glycerol
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Co2Me CO2Me AcCPs AcGCs' AcO' 33 87 1b) PCC, EtOAc, 25 C CO2Mme
1c) Pd/C, H2, EtOAc, 45-50 C 33 Step | b PCC oxidation of allyfic al cohol
86 and 8MWO 2011/0787081 urry- of PCC (149.1 g, 1.03 equiv.) PCH/USL@Ao®61150 5 L)
was added to the 33 solution fromabove at 20 - 25C. The reacti on was
allowed to proceed for 3.5 hours where HPLC analysis showed that < 1% . AUC
of the alPgoescarat.comgm guotdse driedskaucndl aaihe diai hetid FHeSEEd on ni xt ur e

was filtey x%gpi&\{e MAEE %&zd £:300:1 ?er%ngrg??@gegh% gxaﬁf Qf%tga,n(ﬂ?eirgi L}ioudN€ Et OAC

filtrate wa [i1.10n and brine
(3.6 L), did ﬁehﬁdwd‘hes& dHiyke liof((,m)n ¢ 3hdy) omd‘ihﬁlashﬁgmyw ghpEﬁﬂAOﬂ(\b@hdd)l. The

resultlng iltrate, was concent to.-7.5 L and taken forward w thout
further naa*rra{ PIOICSI(OrY Stfogx m%ewf méc%ﬁ’f‘ia"?ﬁlﬁ gy SNSRI 24) |

Step le R‘?Mgﬁ@gﬁﬂﬁﬁﬁl@@k@fm@f? L0u33s dextrose Fﬁ%\'@%‘koﬁ‘:t' vated carbon DARCO ' 60
g, 20 wt (. was added to the crude 33 sol“ution from above cont ai ni ng

24. The r esul tTpgDélAUﬁ% %% mﬂ?ﬁ)‘ﬁ%ﬁm} ?I 4[5(101 0%9%}1951} 4{ %olﬁh§é)ﬂ??«$¥]@% (E o 300 -

35C and filtered over ter e was t 0Ac
(7.5 L), t@cﬁmoeﬂ.ﬂﬁzakﬁdwt‘»ﬂ W/? & Wy ahdeca:dxtﬁdbddmndmty, tl%dDC"(&@ﬂ& ga 20 wt 9.

The reaction m xtur eat edto 45 --- 5 re ssurlzedto 50 psi of
M2 for 6 FOGTRTAIED Bf o) y%| AWIRAT R Y- o&m@ BILOSHFEIETNEE:, 1. 1%

AUC of 863Lapyké Eé{u@(ﬂ{jco &‘fz@){% L?MB Q;TO 85 dronged o Thes eactd08 osas; @'@?”Ed

conpl ete and cool ed I'téred’ over Cetitet and washed with
Et OAC 7. 5&111} of Eh@rED@Amfff {Mtt’ng,am@ W\h’%m@od@ehﬂw stliedddoo yst®invehdmesaland
azeot rope f I\/g % 4.5 L) back down to -5 volunes. The resulting
slurry was“drt Ut @a e £ er %tfer (2.4 L) and nmaintained at 20-25 'C. The
slurry was filtered, shed vvlth DI wat er (2x60 i %nd dried under
vacuum at 40" B0E¥S "\i,}‘\!a I s AR e HEAloss hasinigeioosalRIpPIAEIEy PSSt ep 2 -

Synt hesi s, r?ho%%mﬁd??ﬂnﬂhf Ofy Q(gmg’e’m()g(ﬁémgﬁs &b%ﬂ%% ‘)llib?& I, t}(rg, é}.d-u)p 1&g, cool ed

to 0 ---- Msolution of L 57equiv.) was
added whi Wév, el nerai/ ﬂihpgiﬁ,t;ﬁ@ﬁphohplds ‘Wr phmpham’iy ch@imf‘

5 i some embodiments, the compositions can further comprise a second therapeutic
ageut selected from the group consisting of: anti-microbial agents, vasoconsirictors, anti-
thrombotic agents, anti-coagulation agents, suds-depressants, anti-inflammatory agents,
analgesics, dispersion agents, anti~dispersion agents, penetration enhancers, steroids,
tranquilizers, muscle relaxants, and anti-diarrhea agents. In some embodiments, a

20 solution 18 in a container that contains up to 500 mL of solution. Such container canbe a
syringe or syringe-loadable container.

Methods of Use
The DCA of this invention preferably with at least 99 % purity ora
pharmaceutically acceptable salt or composttions thereof are useful in various

25  pharmacecutical or cosmetic applications, form example as described in U.S. Patent No.
7,622,130, and UK. Patent Application Nos, 2005-0267080 A1 and 2006-0127468 A1,
which are incorporated herein by reference in their entirety.

in one embodiment, the present invention relates to methods for reducing a
subcutancous fat deposit i a subject. Such rmethods comprise the step of administering

30 locally to a subcutancous fat deposit in the subject a composition comprising: (i} a fat-
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S5tenperature bel ow 5C. The reaction m xture was stirred at 5 10C for 22
hours. Reaction may be conplete in 2-4 hours, HPLC anal ysis indicated that
t he reactwononwasswonpl ete with < 1% of 33 remai ni ng. TheCTABCI1I0OM 1ARS
guenched with 4 Ni HO (3.7 L) while nmaintaining the tenperature bel ow 20C
The reaction m xture was extracted wth CH2Cl12 (2 x 2.5 1.) and the

conbi ned pghAPEe %%%fé@ﬁ\%ﬁ@ﬁﬁ&%@&ow ﬁ%dﬁefm?%rha g prgitp oBat|lyast $he

CHZClth Q

TSR wi T b o A R T L
CH2C12 r em&nomdm sStcemefﬁ and Syartihabe BOGT oDEA therNaGHe ‘&eihtuﬁﬁyahﬁ 68y.068 g, 4
equiv.) in D water (438.6was added t a 155% épﬁg (2459, 0.5 niol)
in Maki (SEEVILOPTRRECHHIGE R “4?@“?&?1“0? e g g cfgttéihpwt%fure was
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n- But anol Tetrahydrofuran ( THE) Methyl tert-butyl ether (MIBE)
1,4-Dioxane 1 0 Ethyl acetate (EtQO Ac) The foll ow ng experinents have
been condwmoted/arsiomg t he above sol vents and the resultsprarastabobased

bel ow, S.No. Input (1.1) Solvent Qutput (1.1) Remarks 1.0 DWF 0.9
513-product: 85.8% by HPLC-RI 5a-product: 8,6% 2 0.5 Acetone 0.45

5P- product :  88558gr8h- AHserydpriationg ey ogygeny pil MmolshrosensE PLsRHRAT o1, 5%

5a- producls, dde 8%t BndaFLRB8MRked flame dried flasks under an argon or nitrogen
atmosphere. Column chromatography was performed using silica gel (60-120 mesh).
Analytical thin layer chromatography (TLC) was performed on Merck Kiesinger 60 Fasy

5 {0.25 wam) plates, Visualization of spots was either by UV hight (254 nm) or by charring

with a solution of sulfuric acid (5%} and p-anisaldehyde (3% in ethanol.

Apparatus: Proton and carbon-13 nuclear magnetic resonance spectra { H NMR
and PC NMR) were recorded on a Vartan Mercary-Germint 200 ( 'y NMR, 200 MHz; Be
NMR, 50 MHz) or a Varian Mercury-Inova 500 ("H NMR, 500 MHz; PC NMR, 125

10 MHz) spectrometer with solvent resonances as the internal standards ('H NMR, CHCl at
7.26 ppm or DMSO at 2.5 ppm and DMSO-H,0 at 3.33 ppm; BENMR, CDCL at 77.0
pp or DMSO at 39.5 ppm). 'H NMR dats are roported as follows: chemical shift (8,

multiplet), coupling constants (Hz), and integration. Infrared spectra (FT-IR} were run on

o
LA

a JASCO-460" model. Mass spectra were obtained with a Perkin Elmer API-2000
spectrometer using ES™ mode. Melting points were determined using a LAB-INDIA
melfing point measuring apparatus and are uncorrected. HPLC chromatograrus were
recorded using a SHIMADZU-2010 model with a PDA detector. Specific optical rotations
were deternmuned employing a JASCO-1020 at 589 nm and are uncorrected.

20 Chemicals: Unless otherwise noted, commercially available reagents were used
without purification. Dicthyl cther and THF were distilled from sodium/benzophenone.
Laboratory grade anhydrous DMF, commercially available DOM, ethyl acetate and

hexane were used.

Example |

25  Synthesis of 3g-Acetoxy-5B-androstane-9, 11-ene-17-one (36} from Hydrocortisone

Step 1

Hydrocortisone

&7



0. 25 5P-product: 68,6% 5a-product: 14.3% 0,3 3,/,,,Aq acetone 0.25

5p- product: 86, 9% 5a-product: 8.5% 6 0,3 DCM 0. 25 5P-product: 47,2%

5a- producwo 282/07%607 0, 3 Et 0Ae 0. 25 53-product: 78, 7% SaPprasect/octi3) 2% 8
0,3 MeOH 0. 25 Observed 3-rnethoxy 3,9- single bond 9 0,3 Hexane 0.25
53- product: 50, 5% 5a-product: 12,9% 10

To a solution of hydrocortisone (25.0 g) in DMF (150 mL) was added 10% of
PA/C (1.5 g, 6-wt Y%} and the resulting shurry was hydrogenated in an autoclave {60 psi}
for 6 h at 25-35 °C. Upon complete disappearance of starting material, as evidenced by
5 TLC G0 % EtOAc in DCM), the crude reaction roxtare was filtered through a Celite® (8
g) bed and washed with DMF (100 mL). The solvent was completely removed by
distillation under vacuum at below 65 °C, which afforded compound 15 as a white solid

(23.0 2,915 %)
18 Step 2

NaBH4/EtOH

To a solution of compound 15 (23.0 ¢} i ethanol (350 mL) and DCM (350 mL)
15 was added sodium borohydride (2.4 g}, and the resulting solution was stirred for 3 h at 25-
35 °C. At this point, 50% aqueous acetone {200 mL) was added to quench the excess
reagent and then sodium pericdate (33.7 g) was added. The resulting solution was stirred
for 16 h at 25-35 °C.  TLC showed complete disappearance of the intermediate (40%
EiQAc in DOUM}. Water (400 m L) was added to the reaction mixture, The phases were
20 separated and the aqueous layer was extracted with DCM (600 mL}. The organic layers
were combined and then washed with saturated brine solution (200 mL). The solvent was
evaporated under vacuum to provide crude compound 16 as a white solid (23.0 g). The
crude product was stirred in hexane {200 mL) at 30°C for 1 h, filtered and washed with

hexane (50 wml) to afford compound 16 as a white solid (19.0 g, 98 %),

Step 3

TEA
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0,3 n-Botanol 0.2:5 5P-product: 58, 1% 5a-product: 34,9% WO

2011/ 075701PCT/ US2010/ 061150 Remar ks: \Wen di chl or onet hane, nethanol or
et hyl acevateimEs7omsed as a sol vent in the hydrogenati orCofUS2B0/0608P] et e
consunption of the starting material was observed (by TLC), After isolation
of the product and analysis by HPLC-RI, both 5a- and 53-isoners 5of
conpound 26 wef@2sAEHBHOT pranPuafdad!hs &) paPt-dt Gfflenl hvet yiled whaedcas a
sol vent inxt (ogenat.i Of. 8] & .Consu i ORaQ . glanting
mator ol Wad DboRE e R A D o o e R Vi
by HPLC- R&,2583 ntstT X elalgiiv@if@rit@tican hofartchiestoRil slanerciaf odnpeound:t26 and
| ess than _10% formati on of 5a-isoner was observed, 10Concl ysion; Based on
the above!&xiraritrertd reeureeedaeo FHErREs e Higs 8t ﬂ@tﬁéﬂg&t@fléﬁ?@@{

sol vent, pHEVLAILRG IREEY R\Fﬂ@i@ w0%.58! gatd {'rlh 06}ﬂg),nﬂfeeoﬁg%;gg E%Q:%s‘y?l&edr@_d' n

this challenging step. Solvent Quantity 15The reaction jeen carried out
wit h di f fercenaY0l (ies) ofd Rewtdndet bltdet eaninectiteedbeferuued dsollsent to

quantity. The foll ow ng experinents,. begn, conducted and the results are
abul at od Bef sl P LETE iV Kerdde L Per o) output (9)
Remarks 1 5.0 20 4,0

Step 4

SOClI,/pyridine
—_—

AcO™

H

36
To a solution of compound 38 (18.0 g} in pyridine (100 mL} was added thionyl

10

chloride (6.0 mL) at 25-35 °C and the resulting solution was stirred for [ hr at 25-35 °C.
At this point the reaction was determuned by TLC (30 % EtOAc 1n hexanes) to be
complete. Pyridine was removed by evaporation under vacuum at below 60 °C. The

15 crude matenial was dissolved in a mixture of water (100 mL) and ethyl acetate (180 mL)
and the phases were separated. The aqueous phase was extracted with ethyl acetate (180
mk} and the organic phases were corabined,  The combined organic phase was washed
with 2N HCI (100 mL) and saturated brine solution (180 mL). After drying over
anhydrous Na,S80, (40 g), the mixture was filtered and the filtrate was concentrated to

20 dryness by vacuum distillation to provide compound 36 as a white solid {15.0 g, 88 %),

Example 2

{(£)-3a-Acetoxy-SP-pregua~-9(11},17(20)-diene (38

AcO"

Compound 3¢ can be prepared by procedures similar to that described in Example

25 8, converting compound 28 to compound 36,
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Level of 5a = 8,0%2 0,5 22 0.4 Level of 5a = 7.4%3 10,0 24 8,5 Level of
5a. = 8,5% WD 2011/075701PCT/ US2010/ 061150 4150. 0129Level of 5ot = 8,5%
Remar ks: woebd#7amd qual ity of the product are simlar &CTAiSR010/061150
concentrations. The quality of the product was nonitored by 1-1PLC (R1l
detection), NVR and MASS. 5Conclusion: Since the yield and product quality
wer e essent i al MythcReabmavgdesdpr peptdemdaydriae B4 hory rmesnd fBgen as

this woul g hedhe %2@55@9&&%?‘@@%&&%)&%éﬁé%oﬁ'é%%%ﬁ%}ﬁ&%emite” al not

sol ubl e. Reaction OW ng experi ments’ have en conduct ed
t o det er fiMETHREISTHOR Bl PAR 1T KA N 6 REQSOEHandC tHd iy eSigkitos are

t abul at ed_bel qw. i nput Tij t put Remar k + 0.9.5 hr 8.63 G
dDecem%er 188,’2’899, bort]k? Ott whilcg%reqﬁlm rporated%* reference here?:')yjfn thgeir en‘grety.

5 Example 3

Impurities Isolated during the Preparation of DCA or Intermediates Thereof
The following compounds were recovered as impuritics during the synthesis described
herein:

OH

64

10

AcO™ 70

i HO™
HO™ 73 H 74




.- 25 was conpletely consuned 2 10 g 12 hr 8,32 g 25 was conpletely
consuned 3 0.1 g 1 hr - 25 was not conpletely consuned 4 50 g 5 hr 43.3 ¢
25 was cowpl2etigl7y7oeonsumed Concl usi on: Based on the expemiusenbablisesul ts,
the reaction tine was set at 4-5 h (at 25 - 35 "C). Catalyst Quantity 15In
order to nodify the Pd/C quantity, the follow ng experinments have been
conduct ed and ex %rknental resul ts ar € abt ated, bel ow. The catal yst used
in every case wag p0f Wecoal | adi um om~gal bon. S. No Exp. No. Batch Size (g)
Catalyst Qy (g) ut (4) Remarks A- 09- 0044- 024 BDA- 09- 0044- )25

HO\" 76 ACO\\. 77
H H , and

The compounds set forth above have utility as intermediates that can be recycled
into a reaction scheme leading to compound 18, For example, compounds 61 and 62 and

be dehydrogenated by conventional means to provide the 4,5-cne compound which can be

N

rehydrogenated to provide the proper stereochemistry at S-position.

The 17-keto group of compound 63 and 65 can be protected by conventional
means such as ketal formation. The 3-hydroxyl group of both compounds 63 and 65 can
then be oxidized to forn the 3-keto group. For compound 63, dehydrogenation at the 4,5
10 position followed by hvdrogenation will provide proper stereochemistry at the S-posttion.
For both compounds 63 and 65, reduction of the 3-keto group followed by deprotection of

the 17-keto group provides for corapound 18,

compound &4 can be sclectively protected at the 3-hydroxyl group and the 17-

hydroxyl group can then be oxidized followed by deprotection at the 3-hydroxyl to
15  provide compound 18,

The 3,17 di-allyl compound 66 can be oxidized to provide the 3,17 di-keto
compound which can be reduced by conventional means to provide the 3,17-dihydroxyl
compound such as compound 64.

compound 67 can be oxidized at the 3-position and then reduced and the 3-

20 hydroxyl group protected to provide compound 18.
Similarly, the remaining compounds can likewise be modified to generate one or

more intermediates used in the methods of this invention,



0,31.00.021 (7% _ 0.1 (10% .. 0,9 25 was not conpletely consuned 25 was
conpl etely consuned WO 2011/075701 0,036 PCT/US2010/ 061150 3
BDA- 09- 0OOWo200265®13 0,9 25 was conpl etely consuned PCTARP010/06115@, O/ 4

Example 4

CO,Me ] CO,Me

AcO™ AcO™
¢ H

79 80

Synthesis of compoand 80 from compound 79 by a method of this invention

compound 79 (120.0 g) was oxidized using 70% fert-butyl hydroperoxide
5 {{CH3prC-O-0OH) in water (35 equiv) and 10 % sodinm hypochlorite (NaOCl) (7.0 equiv;
added in 7 hours duration) in cthyl acetate at 0- 5 °C. After work up, the organic layer
was treated with sodium sulfite followed by PCC (1.0 equiv..) treatment provided 185 g
of residuc. The residue on slurry purification in 20% aq., methanol (2 vol) provided 75.2

g (60.6% vield) pure compound 88,
10 Comparison procedure of synthesis of compoand 88 from compound 79 using Cr;

Cr5 (65 g, 599 mmol) was added in two lots (40 g and 25 g) to a solution of
compound 79 (65 g, 139mmol} in AcOH (975 ml) in a clean and dry flask. (Caution:
Highly exothermic, control the temperature below 50 °C with ice water cooling as
needed). The resulting mixture was heated at 30-35 °C for 3 h. Lower temperatures of

15 25-35°C may be used. Upon reaction completion by TLC (30 % EtDAc in hexane, NMT
2% of compound 79), isopropyl alcohol (108 mL) was added and the mixture was stirred
for 15 min before the solvent was evaporated under vacuum below 60 °C. To the residue
material was added water (1200 mL) and MTBE (650 mL}, The two phases were
separated aund the aqueous layer was extracted with MTBE (2 X 650 ml). The combined

20 organic layer was washed with water (750 mL) and brine solution (332 mL). The solvent
was completely removed under vacuurn below 50 °C, To the residue was added methanol
{195 mL} and the solvent was completely removed via vacuum distillation below 30 °C.
Methano! (130 mL) was added again and the mixture was cooled to 10-15 °C, stirred for 1
hat 10-15 °C, filtered and the cake was washed with chilled (0-3 °C) methanol (65 mL).

25 The white solid was dried in a hot air drier at 50-55 °C until the LOD is NMT 0.5% to

afford compound 88 (36 g, 53.7 % vield).



4 BDA-09-005-1-03 0,3 0.25 25 was conpl etely consuned (8% Remar ks:
When the experinments are conducted with 7 wt % of catal yst, the reaction was
i nconpl etwoevam7afoter 5 h of reaction tine. Concl usion: PAT/USe@S068% by

wei ght of catal yst shoul d be used to reliably obtain corrpl ete SConsurrption

of the starti i ed process for 1: The f
modi f 1 ed ﬁwgw M?Mqﬁéxéﬁeb 187 bmémbﬁrW‘»p@wu@{m G i -a60h | 5.

gaNoHydng\K/ E)st%bzZ éq}glnel’- %{L}%t - ’n"ne ;1%'578§3§/?£@9§8t2 84558 (5?’0%-)1-1'19 G,
1), 1.01-1.02 (d, /= 6.5 He, 3H), 0.90 (s, 3H).
BCONMR (500 MHz, CDClL) ¢ = 2049, 1745, 1704, 163.8, 123.6, 73.7, 53.4, 53.0,
5 51.3,47.2,41.7,39.8,37.7,35.2,35.0,33.9,31.4, 30.5,29.6,27.6,27.3,264,726.1,24.1,
21.2, 194, 16.6.
Mass (m/z) = 445.0 [M" + 11, 462.0 [M" + 18].
IR = 3437 3045, 2946, 2870, 1729, 1680, 1252, 1106¥, 1028, o™,

[

m.p. =137-139 °C (from EtOAc/hexanes mixture).
10 Joln =493 (¢ = 1% in CHCL),

Example §
The following table shows the results of the preparation of compound 80 from

compound 79 using either Cr(; or (CH; )3 C-0-0H and NaOCH as the oxidizing agent.

HPLC-RY HPLC-RY
Reagent INPUT  OUTPUT | YIELD | ,

{(PURITY)® | (ASSAY)**

Cr(, 25 kg 1O Kg 38.70% R2.75% 73.90%

o i2.2 ,
Cr(0, 6.2Kg 49.20% 8(.29% 75.30%
Kg

(CH;33C-0-0OH and NaQCl | 200 ¢ 130 3% 96.62% 90.20%

(CH;31C-0-0OH and NaQCl | 200 ¢ 128g 62% 97.06% 89.60%

(CH;»C-0-0H and NaOCl | 500 ¢ 320¢ 62% 35.35% R7.30%

(CH;»C-0-0H and NaOCl | 500 ¢ 31S5¢g 61% §3.50% R6.00%

(CH3 »C-0-0H and NaOCl | 1200 ¢ 752¢ 61% 96.00% R6.20%

15 * purity based on ratio of compound peak area to total peak arca
** purity based on ratio of compound peak area to the peak arca of a known reference
standard
Example 6
20 Identification of Peroxide Compound 81

After filtration of pure compound 88, the filter mother hiquor (enriched with
impurity ~ 30% at with a retention time of 3.14 munutes) was collected. The 3.14 minute
impurity was isolated by column chromatography, which provided 100 mg of a pure

73



10% Pd/ C (50% wet) 12.0 g - - 8 % + Acetone 4050 rilL - - 27.0 V
Di chl or omet hane 1500 nil _ - - 15 V5 Celite 20 g - - -
WO 2011/075701 PCT/US2010/061150

product as an oil. NMR & Mass data revealed that the impurity is 12-ferr-butylperoxy

compound 81, which are provided i Figures 1-3.

Example 7

~

ON
0]

o ™ o ™
CO,CH, COCH; CO,CHs

AcO™
81 AcO & 80 AcO & 82
The 12-tert-butyiperoxycompound 81 (30 mg) was treated with PA/C (12 wt %),
tert-butyl hydroperoxide (5 equiv) and potassium carbonate (0.025 equiv) in
dichloromethave (10 parts) at room temperature for 24 hours, HPLC analysis revealed

still presence of 89% of un-reacted compound 12-reri-butylperoxy 81 and observed only

16 11% of compound 80,

Compound 8¢ (10.0 g) was hydrogenated using commercial dey 10 % PA/C (35 wit
%) in ethyl acetate (25 parts) at 45-50 °C under hydrogen pressure for 18 hours provided
~25 % of allylicalcohol which was treated with PCC (1.2 equav) at room temperature for
2 hours, then washed with water & brine solution. A half of the organic layer was
15 distilled under vacuum and then re-subjected for hydrogenation using tresh PA/C (25
wi%)} at 45-30 °C under 50 psi hydrogen pressure for 1€ hours, which provided 9.5 g of

compound 82 { 95% vyield with 87% HPLC-RI purity),



10Experi mental procedure: To a solution of

9a- Hydr oxyandr ost - 4-ene- 3, 17-di one (150.0 g) in Acetone (3600 int) was
added 10%vof20Rd7€70412 g, 8 wt % 50% wet) and the resul PCEgISd1006M5MAS

hydr ogenated in autoclave (50 psi) for 5 h at 25-25 C. Upon conpl ete

di sappearance of the starting material, as evidenced by TLC (30% Et OAc in
:DCM), the crude reaction m xture wgéd\miﬁli@t%red through a Celitee bed (20 Q)
and washed Dl e D L ATER NG (1300 Ulom TIEGLbAT AhfhiRs, T emoved Lnder
vacuum and t he cruepro uct (1 Was o tal ne e solid. This
crude pr othueychadis acinbi ned with (145.0 g) acetone (300 nL.) at 0 C, stirred
for 1 h, then filtered and washed with chilled acetone (150 m..) and dried
under vacuumat 50 'C . This provi deghegrpound 26 (129 g, 85% as a white
solid. TLC p-Ani sal dehyde charring. R f for corrpound 26 Fluent was 30%

1) 1ILZI_(O’BUQ“l 11. (s,
3H), 0.84 (s,y SHI E B, 195. 77884, 47. 0,
32.0, 27.9, . 2L, 5850/20 2, ﬂ W 12, 6,95Mass @a 1\1 305.0[ W +1],
&7 = 3443, f 0 7262 1449, 13&7 gcml. =
213- 216(from acetone) 10[ (1] D = 4- 116 (c = 1%in CHC13). FL:PLC Rl Purity:
99.0% Modification St udies for Sf,on72 Chem cal | name of duct :
. 5P- Androst-9(11 % oS di fArz@aWiPon pl an
for Step 0 Sel -, i _2C ng
experi nent s @a and tlhe results ar Ul af & B’éﬂe?fw S. No.

Bat ch Si zego(yyTReagent oY) putH(g) &Re rks 1 0. 1["ResTH (k)

Methylacrylate, CO,Me 10%-Pd/C
EtAICI, DCM, rt Hz EtCAc “,
Co,Me
85% in
2 steps
AO™ 32
¢ H

Methy propiolate N\ COMe  H,, PtO2,
EtAlCl2 DCM, rt EtOAc
_—
65% in
. 85
ACO™ 2 steps
o ™
70%TBHP COMe  105-paic COMe | a|ORu)aH
NaOCl Mo FtOAc _THF, 0°C _
_
62%
AcO™
24
Co,Me
NaOH COOoH
THF/MeOH Purification
JE——— —_—
H Crude DCA H  Deorychaicacd

Conversion of Compound 25 to Compound 26:

Selection of Solvent

Several solvents were studied in the modification of this step: The following

10 experiments were conducted using the above solvents and the results are tabulated below.

~J
L



conmpound 26 was not conpleted 2 0.1 Resin (H+t)

conpleted 3 0.2 Resin (Ht+)

conmpound 26 was not
conpound 26 was not conpleted 4 108 ., 12SO4

conmpound W6 2ax76™MPl eted WO 2011/ 075701 PCT/US2010/061150
PCT/ US2010/ 061150 conpound 26 was not 5 0.2 114304 conpleted
) Input Output
5.Ng. ) Solvent ) Remarks
® ®
5B-product: 85.8% by HPLC-
I 1.0 DMF 0.9 Ri
Su~-product: B.6%
SB-product: §8.5%
2 8.5 Acetone (.45
Se-product: 7.8%
B 5B-product: 81.5%
3 0.3 PA 0.25 ,
Su-product; 11.8%
SP-product: 68.6%
4 0.3 Ethanol 0.25
Sa~product: 14.3%
3%Aq SB-product: 86.9%
5 0.3 0.25
acetone Sg-product: 8.5%
] 5B-product: 47.2%
& 0.3 DCM 0.25
Se-product: 32.7%
SB-product: 78.7%
7 0.3 EtOAc 0.25
Soe-product; 13.2%
Observed 3-methoxy 3,9-
8 0.3 MeOH (.25 ‘
single bond
S5P-product: 58.5%
9 0.3 Hexane 8.25 ,
Su-product; 12.9%
fi- SB-product; 58.1%
10 0.3 0.25
Butanol Se~product: 34.9%
7 SB-product: 77.7%
1 0.3 THF 0.25
Se-product: 13.9%
SB-product: 57.5%
12 0.3 MTBE (.25
So-product: 34.0%
y SB-product: 43.8%
13 50 ~ a 4.5 So~product: 1.1%, rxn not
Dioxane
completed.

When dichloromethane, methanol or ethyl acetate was used as a solveunt as solvent
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25%Aq 0.2 conpound 26 was conpl et ed 112504 Concl usi on:

sul furic acid was chosen as the preferred reagent for elimnation, in

aci di ¢ r espreoriggstoiion was not conpl eted. Final nodifi edpPprasess/ 06050 St ep 2:

The final nodified process for this step is given bel ow. 5Ref. Exp. No:

| RDA- 09- 008-H 02 S. No. Raw materlals Qy. Unit + M W, Mle Mle ratio
in the hydrogenation of compound 25, compléte consumption of the starting material was
observed (by TLC). After isolation of the product and analysis by HPLC-RY, both Sg- and
SP-1somers of compound 26 were formed 1o an about 1:1 ratio. When acctone was used
as solvent in the hydrogenation of compound 25, complete consumption of the starting

5 material was observed (by TLC). Aftersolation of the product and analysis by HPLC-
Ri, 58-isomer of compound 26 was almost exclusively formed and [ess than 10%
tormation of So-isomer. Thus, acctone provided more than 90% selectivity and more than

85% yield in this step.

To a solution of Su-Hydroxyandrost-4-ene-3,17-dione (150.0 g} in acetone (3600
10 mbl) was added 10% of PA/C (12 g, B wi %, 50% wet} and the resulting shurry was
hydrogenated in autoclave (50 psi) for 5 h at 25-25 °C. Upon complete disappearance of
the starting material, as evidenced by TLC (30% EtOAc mn DCM), the crude reaction
mixtare was filtered through a Celite® bed (20 g) and washed with dichloromethane

{1500 mL). The filtrate was removed under vacuum and the crude product (145.0 g) was

o
LA

obtained as a white solid. This crude product was combined with (145.0 g) acctone (300
mL.) at § °C, stirred for 1 h, then filtered and washed with chilled acetone (150 ml) and

dried under vacuum at 50 °C . This provided compound 26 (129 g, 85%) as a white solid.

TLC: p-Anisaldehyde charring. Ry for compound 26 = 0.48 and R¢ for compound 28 =
(3.3. Eluent was 30% EtOAc in DCM.
20 H NMR (500 MHz, CDCL): § = 2.40-2.37 (m, 1H), 2.11-2.02 {m, 2H), 1.91-1.31 (m,
19H), 0.96 (s, 3H), 0.84 (s, 3H).
PCONMR (125 MHz, CDCLY: 8 = 221.0, 95.7, 80.1, 47.0, 43.6, 38.6, 38.5, 37.1, 35.9,
33.41,32.9,32.0,27.9,26.9,21.5,20.2, 200, 12.6.
Mass (m/z) = 305 0[M" + 1], 322.0 [M" + 18].
IR (KBr) = 3443, 2938, 1722, 1449, 1331, 1138 em™,

N2
(o]

m.p=213-216 °C ( from acetone).
{C&}D +116 ((“ = 1% in CE’?CE}).
HPLC/RE Purity: 99.0%.
Conversion of Compound 26 to Compound 27:
30 To a solution of compound 26 (121 ¢} im BCM (1815 mL) was added sulfuric acid

(19.1 mL) over 15 minutes under an inert atmosphere at 5-10 °C. The temperature was



conpound 26 121 g 304 0.3979 1.0 Sulfuric acid 19.1 rnL 98 0,3579 0.9
Di chl or onet hane 1815 15 V4 Water 800 nt. - - 6.6 V 5 Sodi um bi carbonat e
600 | nL -weo 2811007v706 PCT/US2010/061150

raised to 25-35 °C, and the mixture was stirred for 2 h. At this point the reaction was
determined to be complete (TLC, 30% EtQAc in DCM). The mixture was washed with
water (600 roll) and then washed with 10% aqueous NaHCO; solution (604 mi). The
organic layer was again washed with water (200 mL) followed by saturated brine solution

5 (200 mL). The solvent was then distitled under vacuum, providing compound 27 (108.2
g, 95%} as an off-white solid. The crude product was used in the next step without further
purification,
TLC: p-Anisaldehyde charring, Ry for compound 27 = .76 and Ry for compound 28 =
(.44, Eluent was 30% EtOAc in DCM,

10 'H NMR (500MHz , CDCL ) 8 = 561 (5, 1H ), 2.57-2.47(m, 2H), 2.42-2.24 (m, 4H),

2.20-2.05 {m, 3H}, 1.99-1.86 {m, 2H), 1.85-1.84 {d, / = 6 Hz 1H), 1.63-1.57 (m, 5H},

140-1.37¢d, J=13.5 He, 1H) 1.28-1.25(dd, J = 4.0, 13.5 Hz, 1H), 1.17 (s, 3H) 8.85 (s,

3H).

PCNMR (125 MHz, CDChLY: 8 = 221.3, 212.8, 140.1, 118.5, 48,5, 45,9, 44.3, 43.5, 39.0,

38.8,37.3,36.1,358,33.3,288,26.0,255,22.5,13.9.

Mass (m/z) =287 M +11, 304 M +181.

IR (KBr) = 3450, 2913, 1737, 1707,1413, 1403,1207 cm™.

m.p. = 143.4-145.9 °C {from DCM).

[olp = +142 (¢ = 1% in CHCL).

20 HPLC/ RI Purity: 96.7%.

o
(o]

Conversion of Compound 27 to Compound 30:

To a solution of compound 27 (108.0 g) in THF (1080 mL) was added lithium tri-
tert-butoxyaluminum hydride (700 mL) at -40 to ~-45 °C under an incrt atmosphere. The
resulting reaction mixture was stirred for 2 h at -40 to -45 °C. Upon completion of the

25  reaction, as evidenced by TLC (30% EtOAc m DCM), the reaction mixture was guenched
by the addition of 2N HCI solution. The phases were separated and the resulting aqueous
layer was extracted with dichloromethane (648 mL). The organic fractions were
combined and washed with water (648 mlL), followed by saturated brine solution (540
mb}. The organic layer was evaporated under vacuum which afforded compound 28,

30 dissolved i THF (540 mL).

To a solution of ethyltriphenyiphosphonium bromide (417 gy in THF (216 mL}

was added potassium ferr-butoxide {1086 mL, 1 M solution in THF) drop wise over 20



Brine solution 200 M. - 1.6.5V , Experimental procedure: To a
sol ution of conpound 26 (121 g) in DGM (1815 int) was added sulfuric acid
(19.1 mt .woaorwo73®1m nut es under an inert atnosphere at PETABG2@30/0d1160
tenperature was raised to 25-35 C, and the nmixture was stirred for 2 h. At
this point 10 the reaction was determned to be conplete (TLC, 30% Et OAc in
. DON) . ThEIMEeUR & o Aiashed - ifeiesHiitgrdagis g TRIOHoR M e 1 A WS FREd 0t h 10%

aqueous 2ec] t,0n,.(b . T yer a shed with

wat er (28%%1 a§?x{{ﬁﬂl9 délg tgglgg%aa%at }eﬁle%)%%g&%%?d?t&mp?@g% %)a._E'a e sol vent

was then dm\sm th I3éeh(hnd@rcxwa&mwm»wcpsmwrdumgnGﬁmd’(xnm}uz?m(ﬁ&%m&tgﬂa Wh% as an
of f-whitk. saolid. The.c uct was sedlnthe next step with ut

further pﬁ.’j‘ﬁicfj|f€fa“t‘} ltmﬁi‘ ‘é}&ltaéﬁ?a SCHREFHTREOD RIS YRIICE TR

0.76 and J!QEM‘&Q@QQ‘{ Qd 3%5/ ﬁ(@AAﬂu D@v@%eﬂg; r\%@&l&io(r{ﬁ’\ﬁkgﬁ%b 'qﬂ@rl%%@ wnh NNR
( 500M&z (s ) 2.57-2 11y, 4 (]

4171), 2 @@ 12@ wie(rm ()811:)) T ha_éa@@em B@er(wﬁ exzzmz):qi v&thgﬁl BF sa f(ﬁ%@ iﬂl Faigl Hz
111 .25 (dd, J=
4. o) 13. 5§1H£°m%‘f‘“r&nf“gd‘ﬁ_%i?cﬁ*“(‘%‘“ Y3519 ‘V’“éq@g Wil Sdﬁ’i‘fjvg%ﬁ% ‘?{W%?n( §§ E:Dc:13) =

221, 3, 21gphic $A0s Vas ddkBedratdBudicr 420 nfhddhe dlde n3938i Qas §Jﬁf3@d%ﬁ 1, 35.8,
333 28, 8, 260,25,225,139,I\/ass(naz :287q,l|\/|++11 304[|\/|++

181. JR (%Brgl\HB@t@éMQ%@ fileyay ﬁak}:ﬁfdvdtmﬁlﬂgiiudnﬁgomyg CEmupderyppung

143, (P145I§ % s le {ﬁ&’rﬁ"n[@\% d}u '18 125 was §g$é]12t 2(5 i %({ld(&_‘ggig'l)apn?howgh gmﬂ Purity:

96. 7%  Modi ation Crieni ¢a
(2) - 3Cl Ao RLOXY 550 InP BegcHnhydrideA628)mU) e - S(fﬁmﬂdﬁrb}_gdﬁyﬁmdi&ﬁhmgSC hene:
(3 28 for 2 hr at 25-35 °C, the reaction was determined (o be complete by TLC (10% EtQAc in
hexanes). The reaction mixture was washed with water (1080 mL} followed by brine
solution {324 wl.). The organic layer was concentrated under vacuum to atford Crude
15 compound 38 (225 g}, the residue was re-crystallized in 2% ag methanol provided 85 g of
pure compound 38 {63.5% yicld with 96% HPLC-RI purity).
TLC: p-Anisaldehyde charring, Ry for compound 38 = 0.5 and Ry for compound 29 =
0.1S. Eluent = 10% EtOAc in hexanes.
"H NMR (500 MHz, CDCL): 6 = 538 (s, 1H), 5.20-5.18 (d, J = 6.5 Hz, 1H), 4.76-4.72
20 (m, 1H}, 2.40-2.35 (m, 3H), 2.25-2.22 (m, 1H), 2.69-2.03 (m, 3H), 2.01 (s, 3H), 1.98-1.49
{(ra, 10H), 1.41-1.31 (m, 2H), 1.27-1.16 (m, 3H), 1.07 (s, 3H), .79 (s, 3H).
PCONMR (125 MHz, CDCLY: 8 = 170.5, 150.0, 1404, 119.6, 114.3, 74.7, 53.5, 42.0,
41.7,39.6,38.6,356,353,33.8,31.9, 295 278,26.7,26.6,255,21.3,169,13.2
Mass (m/z) = 342.9 [M™ + 1], 360 [M + 18].
25 IR (CHCLy) = 3440, 3035, 1730, 1451, 1367, 1258, 1028cm™
Mp = 93.9-97.8 °C.
{alp =+109 {c = 1% in CHCl3}.
HPLC/ RI Punity: 96.0%
Conversion of Compound 3{ to Compound 32 via compound 84:
30 To a solution of compound 38 (56 g) in DCM (560 ml.) was added methy]
acrylate (35.13 mL) at 0-5 °C under an inert atmosphere stirring for 60 min, solution was

cool to 0-57C, ethylaluminum dichloride (272.9 mL; 1.8 M in toluene), was added over



Pfi 3PCH2CH3. Br KOt liu, THE, it Ac20, DVAP TEA, DCM 15 62% - 3 steps
Final nodified process for Step 3: The final nodified procedure for this
step i s gwoenitigbmw. Mdification plan for Step 3 Sol veRCTAI$2010i06 M50

20Sol vent Quantity In order to evaluate the M 717BE sol vent quantity, the

foll owi ng experinents have been conducted and the results are tabul ated
bel ow. S.N&'0IBALE KR PR grastyees tisantiptdodirbuls ¢y the RER#FKY2S 10. 4 1(14
I ni - 6.8 10 yol U feagtf on uas, 6omph etee (onalys ane, This heaghion wor ks
equal | y \A’/’e%bﬁa% Es tri % ggosoﬁ%eﬁ{w%’er gr(a%%o b‘é%’u%bist r}é%%. )Ssétgcauseﬁ“ of the
great er tdweaughpbt camplkR, ki tie parurgkaspothd sninas skl eeked 188 nilleThe ef erred
| fi ' Se ction: ,

amount S%ﬂ{alsgsl ‘vgc%tc Isgprgﬂ‘gg ?:{1% the ague%uls ?agfer was extracted with DCM (2 X 255 mL).
5 The organic layers were corabined and washed sequentially with water (560 ml) and

brine solution {560 mL), the organic layer was evaporated under vacuum, which provided

compound 84 (66 g) as an oil.

To a solution of compound 84 in ethyl acetate (550 mL), Pd/C (6.7 g) slurry in
ethyl acctate {110 mL) was added at 25-35 °C. The resulting shurry was stirred under ~70
10 pst hydrogen pressure for ~16 b The progress of the reaction was maounitored by HPLC.
The catalyst was filtered on a Celite® bed (25 g} and the cake was washed with ethyl
acetate (990 mL). The filtrate was evaporated under vacuum, which provided compound
32 (59 g, 85%) as a solid.
TLC: p-Anisaldehyde charring, Re for compound 32 = 0.32 and Ry for compound 84 =
15 0.30 Eluent = 10% EiOAc in hexaunes.
"H NMR (500 MHz, CDChLY: & = 5.31 (s, 1H), 4.73(m, 1H), 3.66 (s, 3H), 2.37-2.03 (m,
7H), 2.01 (s, 3H), 1.98-1.08(m, 18H), 1.06 (s, 3H), 8.92-091 {(d, /= 6.0 Hz, 3H), .59 (s,
3H).
PCNMR (125 MHz, CDCh): 8= 174.6, 170.5, 139.8, 119.5, 74.8, 56.0, 53.3, 51.4, 41.9,
20 417, 409, 38,5, 364, 354, 352, 33.8, 31.0, 30.9, 295, 282, 278, 26.8, 26.7, 25.2,
214,179, 11.5
Mass (m/z) = 448.2 [M™ + 18].
IR (KBr) = 3435, 3039, 2941, 1729, 1448, 1435, 1252, 1022 cm™".
mp. =122.1-123.9 °C,
[olp =156 (¢ = 1% in CHCLy).
HPLC/ RI Purity: 93.0%.

[\
(9]

Conversion of Compound 30 to Compound 32 via compound 85:
Ethyl aluminum dichloride (104.5 mL, 192 munol, 1.8 M in toluene) was added to
a solution of methyl propiolate (13.58 mL, 1533 mmol} in DCM (100 mL) at 0°C under
30 nert atmosphere, The resulting solution was stirred for 15 min and then compound 30
(22 g, 64.3 mmol) was added. After stirring for an additional 20 min at 8°C, the

temperature was raised to 25 °C and held there for a further 18 h. At this point the
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Several solvent systens were explored for this final purification. They

are: Methanol Aqueous Mt hanol Ethanol 101 sopropyl alcohol Acetone The

fol | owi ngwexpari7a®mt s have been conducted and the exper iPogntsadé10/ensdts are

tabul ated bel ow. SA. Batch Size (g) -. olvent (g) Purity by HPLC 95, 8%
HPLC purity 10.4 Methanol 6,8 by Rl detection = 94% HPILC puri t}/,, 2,0 1%
Aq net h anr@ﬁct@ﬁg«vWemrmH@fié@Ib? gpmblete by TLC, and the mixture was poured into cold (0

“C) water {200 mL), The phases were separated and the aqueous layer was extracted with
BCM (150 mL). The organic layers were combined and washed sequentially with water
{200 mL) and saturated brine solution (100mL). It was then dried over anhydrous

S NaySOy (40 g) and filtered. The filtrate was concentrated under vacuum and the resulting
solid was purified by slurring in methanol (280 mL) to provide compound 85 (17.5 g 68
%) as a white solid.
TLC: pramsaldehyde charving, Ry for 88 = 0.32 and Ry for 36 = 0.5,

TLC mobile phase: 10 % EtOAc in hexanes.

10 'H NMR (300 MHz, CDCLy): 8 = 6.92-6.926 (q, J= 7.5, 15.5 Hz. 1H), 5.80-5.83 (d, J =
16 Hz, 1H), 5.37-5.43 (m, 2H), 4.73-4.75 (m, 1H), 3.73 (s, 3H}, 3.02-3.04 (1, /= 6.5
Hz, TH), 2.15-2.23 (m, 3F). 2.05-2.08 (m, 3, 2.01 (s, 3H), 1.48-1.99 (m, 8H), 1.24-
1.34 (m, 20D, 1.20-1.21 (d, J = § Hz, 3H), L11-1.17 (m, 1H), 1.07 (s, 3H), 0.67 (s,
3H).

15 PC NMR (125 MHz, CDClLY: 8 =170.5, 167.2, 155.0, 153.7, 141.6, 124.0, 118.8, 118.7,
74.6, 53.9, 51.3, 45.7, 41.7, 38.8, 37.1, 35.5, 35.3, 34.6, 33.7, 31.8, 29.5, 27.7, 26.5,
26.5,21.3,19.7, 15.7.

Mass {m/z) = 444.0 [M™ + 18].

IR (KBrj= 3443, 3030, 2930,1719,1650,1247, 1356, 1032, 1170 e
20 mp. = 114-116 °C {(from methano!)

[olp = +102 (¢ = 1% in CHCl3).

ELSD Purity: 99.7%, Retention time = 19.57, (Inertsil ODS 3V 250 x 4.6 mm, Sum},

ACN: 0.1% TFA in water (50:10).

To a solution of compound 85 (17.5 g, 41 mmol) in EtOAc (350 mL) was added

N2
(o]

Pt(3, (4.37 g}, and the resulting slurry was hydrogenated in a Parr apparatus (70 psi} for
14-16 h. At this point the reaction was determined to be complete by TLC, The mixiure
was fillered through a small plug of Celite® and the solvent was removed under vacaum,
affording compound 32 (17.0 g, 96.0%) as a white solid. The above product was used in

the next step without further purification.
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96% HPLC purity 3 2,0 2% Ag nethanol 1.39 by R detection 80, 3% HPLC
purity 4 2,0 PA 0.81 by Rl detection 97% HPI LC purity 5 2,0 .1 0,9 by
Rl det ectwor011/075®7% HPLC purity PCT/US2010/061150

TLC: p-anisaldehyde charring, Refor 32 = 0.32 and Ry for 85 = 0.30.
TLC mobile phase: 10% - EtOAc¢ in hexanes.

"H NMR (500 MHz, CDCL): 8 = 5.31 (s, 1H), 4.73 (m, 1H), 3.66 (s, 3H), 2.03-2.37 (m,
TH), 2.01 (s, 3H), 1.09-1.98 (m, 1RH), 1.06 (s, 3H), 0.91-0.92 (d, J = 6.0 Hz, 3H),
5 0.59 (s, 3H).

PCNMR (125 MHz, CDChy: 8= 174.6, 170.5, 139.8, 119.5, 74.8, 56.0, 53.3, 51.4, 41.9,
41,7, 40.9, 38.5, 36,4, 354, 35.2, 33.8, 31.0,30.9,295, 282,278,268, 267, 25.2,
214,179,115

Mass (m/z) = 448.2 [M" + 18]

10 IR {(KBr)y= 3435, 3039, 2941, 1729, 1448, 1435, 1252, 1422 em™
mup, =122,1-123.9 °C (from FtOA¢).
[als = +56 (¢ = 1% in CHOCly)

ELSD Purity: 97.7%: Retention time = 14.57 (ZORBAX SB C-18 150 x 4.6 mum, Sum,
ACN: 0.1% TFA in water (90:10})

15 Conversion of Compound 32 to Compound 24:
To a solution of compound 32 (20 g) in cthyl acetate (200 mL} was added

70% TBHP in water (200 mL) reaction solution was cool to0°C, was slowly added 10 %
Sodium hypochlorite for about 6-7 h at 0-5 °C, stir for 2-3 h at same temp. Upon complete
disappearance of compound 32 by TLC (eluent = 20% EtOAc 1 hexanes), separaie the

20 organic layer and the aqueous layer extracted with ethyl acetate (60 mi.}. the combined
organic layer was washed with water { 2X 400 mL)} followed by treated with 20% sodium
sulfite sol {220 mL) at 50-55 °C for 2h, separate two layers, organic layer was treated with
pyridinium chlorochromate { 10.9 g ) for 6-8 h at 25-30 °C. Upon complete disappearance

of allvlicalcohol by TLC (eluent = 20% EtOAc in hexanes), the organic layers were
3 3 2 y

[\
(9]

washed with hot water (4X 500 mL) followed by saturated brine solution (100 mL).
Organic layer was evaporated under vacuam at 45-50 °C. The resulting crude material
was purified by stirring it with 20% agueous methano! (40 mL) at 5-10°C for 1h filtered;
the cake was washed with 20% aqueous methanol (20 mL) and then dried under vacuum

at 45-50 °C, which provided compound 24 (13 g} as a pale yelow solid.
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2,0 Acetone 0.36 by R detection 94, 3% HPLC purity 7 5,0 2% Ag net hanol
3.68 - by RI detection 95% HPLC purity 8 11.0 2% Ag net hanol 8.2 by R
det ect i 0rw0,2011/07570] . WD 2011/ 075701PCT/ US2010/ 061150 @cmalseatioont150
Extrenely effective purification, purity and yield were achieved by
crystallization of the product fraom 2% Act nethanol. Solvent Quantity
5Exper i meht§: wadreisHddds shauteed: (4 sgdmne édent Somdehn foy spigheerdadd =t he

experi Meny &b wiyen = 20% EtOAc in hexanes.
'H NMR (500 MHz, CDChLY): & = 5.71 (s, 1H), 4.75-4.71 {m, 1H), 3.66 (s, 3H), 2.42-
2.37(m, 3H), 2.31-2.02(m, 2H), 2.0 (s, 3H}, 1.98-1.67 {m, 9H), 1.56-1.24 (m, 9H), 1.19
5 (s, 3H), 1.02-1.01 (d, J= 6.5 He, 3H), 0.90 (s, 3H).
BCONMR (500 MHz, CDCL)Y: § = 204.9, 174.5, 1704, 163.8, 123.6, 73.7, 53.4, 53.0,
51.3,47.2,41.7,398,37.7,352,350,33.9,31.4, 30.5,296,276,273,264,26.1,24.1,
21.2,19.4,10.6.
Mass (m/z) = 4450 [M" + 1], 462.0 [M™ + 18],
10 IR = 3437, 3045, 2946, 2870, 1729, 1680, 1252, 1168, 1020, em™.
m.p. =141-142 °C.
[olp = +102 {¢ = 1% in CHCl3).
HPLC/ RI Purity: 96.2%.
Conversion of Compound 24 to Compound 33:

15 The hydrogenation of compound 24 on 10.0 g scale using dry 10 % P&/C (15 wt %) in
cthyl acetate (20 parts) was added and applied about 50 pst hydrogen pressure and
temperature raised to 70 °C. After reaching temperature 70 °C, observed increase of
hydrogen pressure to about 60 psi, at these conditions maintained for 60 h. After 60 hours
0.6% of compound 24 and 2.75% of allylic alcohol were still observed, so further stirred

20 for additional 12 h (observed 0.16% of allylic alcohol and 0.05% of compound 24). After

work-up, the reaction provided 9.5g of residue.
Anther hydrogenation reaction on 25 g of compound 24 with above conditions for 76 h
provided 24.5 g of residue.

Method A

10% P&/C (900 mg) was added to a sohution of comipound 24 (2.0 g, 4.5 mmol) in F1OAc

N2
(o]

{150 mL)} and the resulting slurry was hydrogenated in a Parr apparatus (50 psi) at 50°C
for 16 h. At this point the reaction was determined to be complete by TLC. The mixtare
was filtered through a small plug of Celite® and the solvent was removed under vacuum,

providing corapound 33 (1.6 g, 80% yield) as a white solid.
30 TLC: p-anisaldehyde charring, Refor 33 = 0.36 and Refor 25 = 0.32.
TLC mobile phase: 20% - EtOAc¢ in hexanes.
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results are tabul ated bel ow. SNo. Batch Size (g) Solvent quantity Qut put

(g Purity by HPLC 2.0 -. 2 vol 1 .3 94% FIPLC purity by R detection

5.0 -. 4 wol208/04870197. 4% | | PLE purity by Rl detection (PLTAB2@046t18®! . 8.2
95.1% I 1 PLE puri ty by RI det ecti on Ooncl usi on: Excel I ent recoveries
and produgc seen at al | vent |l evels, so Qvol unmes were

sel ect ed 5t§ \’Eg\ﬁll\éi’ 3% “‘4}% {n%%i") B Od‘tﬁéf/ 14\7'%1 (m»sﬁﬁht’r{@n(“ﬁéﬁi)e?rﬁt P8 (trhs 15
fol I owi ng emeahgﬂm ohave Q%nzw@%eg y@@éi @%%tjh% { glat] en s
he resul

tenperature an

10

[,
(4]

30

s ar'e"tabul at’é
(m, RH), LO7-1.19 (m, 2H), 1.01 (s, 6H), 0. &4 0 %ﬁ (d, J=7.0He, 3H),

PCONMR (125 MHz, CDCL): 8 = 214.4, 174.5, 170.4, 73.6, 58.5, 57.4, 51.3, 46.4, 43.9,
41.2, 38.0, 35.6, 35.5, 35.2, 34.8, 32.0, 31.2, 30.4, 27.4, 26.8, 26.2, 25.9, 24.2, 22.6,
21.2,18.5,11.6,

Mass (m/z) = 447.0 [M™ + 1], 464.0 [M™ + 18]

IR (KBrj= 3445, 2953, 2868, 1731, 1698, 1257, 1029 em™.
m.p. =142.2-144.4 °C (from FEtOAc/hexanes mixture).
[alp =492 (¢ = 1% in CHCl).

ELSD Purity: 96.6%: Retention time = 9.93 (Inertsi! OIS 3V, 250 x 4.6 mm, Sum, ACN:
0.1% TFA in water (30:10)

Method B

A slurry of 10% P/C (9 g in 180 mL of ethyl acetate) was added to a solution of
compound 24 (36 g, 81 mmol) in EtOAc (720 mL} and the resulting slurry was treated
with hydrogen gas (50 psi) at 45-30°C for 16 h. (A total of 1080 mL of solvent may be
used). At this point the reaction was determined to be complete by HPLC (NMT 1% of
compound 24). The muxture was filtered through Celite® (10 g) and washed with ethyl
acetate (900 mL}). The filtrate was concentrated to 50% of its volume via vacuum
distillation below 50 “C. To the concentrated solution was added pyridinium
chlorochromate (20.8 g) at 25-35 °C and the mixture was stirred for 2 h at 25-35 °C, when

the reaction completed by HPLC (allylic alcohol content 1s NMT 19%).

The following process can be conducted if compound 24 content 1s more than 5%.
Filter the reaction mass through Celite® (10 ¢) and wash with ethyl acetate (360 mL).
Wash the filtrate with water (3 x 460 mL) and then with saturated brine (360 l), Dy
the organic phase over sodium sulphate (180 g}, filter and wash with ethyl acetate (180
mL). Concentrate the volume by 50% via vacuum distillation below 50 °C. Transfer the
solution to a clean and dry autoclave.  Add slurry of 10% palladium on carbon (9 g n
180 mL of cthyl acetate}. Pressurize to 50 psi with hydrogen and stir the reaction mixture

at 45-50 °C for 16 h.
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Size (g) Temp (C) Qutput (g) Remarks 95% HPLC purity by Rl 1 5.0 7 5-30

3.68 detection 2 11.0 15-20 8.2 95.1% I11PLC purity by Rl detection 3
11.0 10- wo20B/@8% 1 | PLC purity by R detection 4 11. 0PCHARR018/021196% | | PLC
purity by Rl

20

Upon complete consumption of compound 24 by HPLC (the content of compound
24 being NMT 1%), the reaction mixture was filtered through Celite® {10 g) and the cake
was washed with ethyl acetate (900 wl). The solvent was concentrated to dryuess via
vacuum distillation below 56 °C. Methano! (150 mL) was added and concentrated to
dryness via vacuurn distillation below 50 °C. Methanol (72 mL) was added to the residue
and the mixture was stirred for 15-20 min at 10-15 °C, filtered and the cake was washed
with methanol (36 mL). The white solid was dried in a hot air drier at 45-50 "C for8 h to

LOD being NMT 1% to provide compound 33 (30 g, 83.1 % yield}.
Conversion of Compound 33 to Compound 34:

Method A

A THF solution of hithium tri-fer-butoxyaluminum hydride (1 M, 22.4 ml, 22.4
mmol} was added drop wise to a solution of compound 33 (2.5 g, 5.6 mmol) in THF (25
ml.} at ambient temperature, After sturing for an additional 4-5 b, the reaction was
determined to be complete by TLC. The reaction was quenched by adding aqueous HCl
(1 M, 10 mL} and the mixture was diluted with EtOAc (30 mL). The phases were
separated and the organic phase was washed sequentially with water (15 mL} and
saturated brine solution (10 mL}. The organic phase was then dried over anhydrous
NapStly (3 g) and filtered. The filtrate was concentrated under vacuum and the resulting
solid was purified by colummn chromatography {29 mm (W} x 500 mm (L}, 60-120 mesh
silica, 30 g}, eluting with EtOAc/hexane (2:8) [5 mL fractions, monitored by TLC with p-
anisaldehyde charring]. The fractions contamming the product were combined and

concentrated under vacuurn to provide compound 34 (2.3 g, 91%) as a while sohd.

TLC: pramsaldehyde charving, Ry for 34 = 0.45 and Ry for 33 = .55,

TLC mobile phase: 30% - EtOAc¢ in hexanes.

"H NMR (500 MHz, CDCl): § = 4.68-4.73 (m, 1H), 3.98 (s, 1H), 3.66 (s, 3H), 2.34-2.40

(m, 1H), 2.21-2.26 (m, 1H}, 2.01 (s, 3H}, 1.75-1.8% (m, 6H), 1.39-1.68 (m, 16H),
1.00-1.38 {m, 3H}, 0.96-0.97 (d, J = 5.5 Hz, 3H), 8.93 (s, 3H), 0.68 (s, 3H).

BOONMR (125 MHz, CDCLY: & = 174.5, 170.5, 74.1, 72.9, 51.3, 48.1, 47.2, 46.4, 41.7.
35.8,34.9, 34.7, 34.0, 33.5, 32.0, 30.9, 30.8, 28.6, 27.3, 26.8, 26.3, 259, 23.4, 22.9,
213,172,126

o0
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detection WO 2011/075701PCT/ US2010/ 061150 Concl usi on: Isolation of the
product at 15-20C, provided good quality and yield. Final nodified process
for Step WO 20h787omal nodi fi ed procedure for this step PSTEiSe@En/obasow.
S.No, 1 Raw material conpound 27 Qy 108 Unit g M W. 286 Mle

0.377 Mole ratio 1.0 Lithiumtri -ten butoxyal um num hydride 700 tril
0.489 1. 3T\ asslny/z) = 449.0 [M" 4 1] 466.0 TV° + 18],

IR (KBry= 3621, 2938, 2866, 1742, 1730, 1262, 1162, 1041, em’™
m.p = 104.2-107.7 °C (from EtOAc).

[o]p = +56 (¢ = 1% in CHCLy),

~~3
LA

5 ELSD Purity: 97.0%: Retention time = 12,
ACN: Water (60:40)

(Inertsil QDS 3V, 250 x 4.6 mm, Sum,

Method B
A THF solution of hthium tri-fert-butoxyaluminum hydride (1 M, 107.6 wil,,
107.6 mmol) was added over 1 h to a solution of compound 33 (30.0 g 67 mmol} in dry
10 THF (300 mL}Y at 8-5°C. Afier stirring for an additional 4 b at 5-10°C, the reaction was
determined to be complete by HPLC (NMT 1% of compound 33). The reaction was
cooled to 0-5 “C and quenched by adding 4N HC1 {473 mL). The phases were separated.
The aqueous layer was extracted with DOM (2 x 225 mb} and the combined organic
phase was washed sequentially with water (300 mL) and saturated brine solution (300
15 mb}. The organic phase was then was concentrated to dryness by vacuum distillation
below 50 °C. Methanol (150 mL) was added to the residue and concentrated to dryness
by vacuum distillation below 50 °C. Water (450 mL) was then added (o the residue and
the mixture was stirred for 15-20 min., filtered and the cake was washed with water (240
mL}. The white solid was dried in a hot air drier at 35-40 °C for 6 h to provide compound

20 34 (30 g 99.0%)
Conversion of Compound 34 to crude DCA;

Method A

A solution of LIOH (187 mg, 4.4 marool) in H: O (2.0 rol.) was added to a sohution
of compound 34 (500 mg, 1.11 mmol} in THF (8 mL) and MeOH (§ mL). The resulting

25 mixiure was stivred for 3-4 h at S0°C. Upon complete disappearance of the starting

material by TLC, the reaction mixture was concentrated under vacuum. A muixture of
water (10 mL} and 3 N HCL {1 mL) were cormbined and cooled to 8°C and then added to
the crude product. After stirring for 1 b at 0°C, the precipitated solids were filtered and
then washed with water (10 mL) and hexane (20 mL). Drying under vacuum at room

30 temperature provided deoxycholic acid (DCA, 400 mg, 91% yield} as a white solid.
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"M' 1080 m. - 10V 4 Dichlorone ane 648 m., - - 10V 5 Water 648 nil.

6.0V 2NHC1 648 nil. - - 6.0V 7 Brine solution 540
WO 2011/075701 PCT/US2010/061150

TLC: p-anisaldehyde charring, Re for DCA = (.32 and Refor 2.1a = 0.82.

TLC mobile phase: 10% - Methanol in DCM.

"H NMR (500 MHz, DMSO): 8 = 11.92 (s, 1H), 4.44 (s, 1H), 4.19 (s, 1H), 3.77 (s, 1H),
3.35-3.36 (m, TH), 2.19-2.210 {m, 1H), 2.08-2.10 {m, 1H), 1.73-1.80 {(m, 4H), 1.43-

5 63 (m, 6H), 1.15-1.35 {(m, 12H), 0.98-1.05 (m, 2H), 0.89-0.90 (d, J = 6.0 Hz, 3H),

(.83 (s, 3H), 0.58 (s, 3H}.

P NMR (125 MHz, DMSO): § =174.8, 71.0, 69.9, 474, 46.1, 46.0, 41.6, 36.3, 35.6,
35.1,34.9,33.8,32.9,30.8,30.7,30.2, 28.6,27.1,27.0, 26.1,23.5, 23.0, 169, 12.4.

Mass (m/z) = 393 [M", + 11.

10 IR = 3363, 2033, 2863, 1694, 1453, 1372, 1042, cm™.
m.p. = 171.4-173.6 °C (from ethanol); 174-176 °C (Alfa Aesar) and 171-174 °C (Aldrich)
[alp = +47 {c = 1% in EtOH ), +54° (¢ = 2% in cthanol) [Alfa Acsar]

ELSD Purity: 99.7%: Retention time = 5.25 {Inertsil ODS 3V, 250 x 4.6 mm, Sum, ACN:
(0.1% TFA in water (90:10).

15 Method B
A 20% solution of NaOH (40 g, 270 mmol) in HoO (54 mL) was added to a

sohution of compound 34 (30 g, 67 mmol) m THF (120 ml) and MeOH (120 mL) at 0-3
°C. The resulting mixture was stirved for 4 h at 25-35°C. Upon completion of reaction
by HPLC (NMT 0.5% of compound 34 and intermediates), the solvent was removed via

20 vacuum distillation below 50 °C. The residue was dissolve in water (300 mL) and washed
with DCM (2 x 150 mL). The pH of aqueous layer was adjusted to 1-2 with 2N HCl {~
173 mL}. The solids were filtered, washed thoroughly with water (3 L} and dried by a hot
air drier at 70-75 °C until the moisture content is less than 2% to provide deoxycholic acid

(DCA, 26 g, 99% yield) as a white sohd.
25 EXAMPLE ¢
Deaxycholic acid (BCA) Purification
1. Solvent Selection

Two solvent systems were explored for further purification of DCA:
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inL - - 5.0V 8 TIE 756 nit, - 7.0V
nit - 1.085 3.0 (1,0 Min TI-1F)
WO 2011/075701

]

&

DCM

10% Hexanes in BtOAc

Pot assi um t ert - but oxi de 9 1086
Et hyl tri phenyl phosphoni urn

PCT/US2010/061150

The foliowing experiments have been conducted and the experimental results are

5 tabulated below.

Batch Size Cutput
Mo, ' Solvent Purity by HPLC
() (g
) 10% Hexanes 5% HPLC purity by RI
{ 136 ) 100 »
m EtOAc detoction
) » >89% HPLC purity by Rl
2 9.3 DCM* 6.8 »
detoction
>99% HPLC purity by Rl
3 4.0 DCM* 3.0 »
detoction

* The DCA to be purified was dissolved in a mixture of methanol and DCM and

then the methanol was removed by azeotropic distillation. The amount of wethanol

required to dissolve the crude DCA depends on how pure it is to begin with.

10 Typical crude material was ~75% pure and could be dissolved at reflux using 0%

methanol-DCA (by volume} using ~20 mL per gram. With purer DCA, the

percentage of maethanol had to be increased to 15%.

Effective purification was achieved by crystallization of the product frova DCM

following dissolution in a mixture of methanol and DUM and azeotropic removal of the

15 methanol via atmospheric distillation,

2. Solvent (Juantity

experimental resulis arc tabulated below.

38

Experiments have been conducted using different solvent volumes and the



0v +

10 brom de 417 g 371.26 1.12 2.9 11 MIBE 4104 triL - 38V 12 Water 1080
13 Brine solution :540
WO 2011/075701 PCT/US2010/061150
Batch Size Sojvent Ouiput ‘
Nag. Parity by HPLC
(& quantity (g)

99.3 % HPLC purity by R
I 4.0 25 vol 3.0 Q

detection

, 99.3 % HPLC purity by RI

2 5.0 15 vol 3.56

detection

99.3 % HPLC purity by RI
3 5.0 20 vol 3.4 ~

detection

99.3% HPLC purity by R1
4 100 15 vol 78 ~

detection

99.5% HPLC purity by Rl
5 47 15 vol 44 »

detection

5

3. Iselation Temperature

temperature and the results are tabulated below:

Excellent recoveries and product guality were obtained at all solvent levels.

The following cxperiments have been conducted by varying the isolation

Batch Size Temp Cutput
XNg. ' A Remarks
{g} °Cy {g)
99.0 % HPLC purity by RI
i 5.0 10-15 3.0 ‘
detection.
) ) 99.3% HPLC purity by R
2 180 25-30 70 )
detection.
99.5% HPLC purity by R
3 47 25-30 44 ‘
detection.

compared to 10-15 °C,
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Higher quality product was obtained when isclation is done at 25-30 °C as



int, - 5V 14 Acetic anhydride 53,5 nm. 102 0.566 1,5 15 MIBE 216 nL - - 2V
16 Triethylamne 105,2 niL 101 0.755 2.0 17 4-( 1, N-Di net h-am no) pyri di ne
4.6 g 122w0.2087078701 18 Water 1080 PCT/US2010/061150

Purification of DCA in 106 ¢ Scale

The final purification procedure for this step is given below:

Ng, Raw Material Qty | Unit | M. Wt. | Mele | Moele ratio

i Crude DCA 1006 1 ¢ 392 0.255 1.0
2 Dichloromethane 54 1L - - 50V
3 Methanol 258 | mb - - 25V
4 NaOH 1223 | g 40 0.3058 1.2

5 2N HCE 204 | mL - - 204V

» Demineralised
6 0 L - - 100V
{(D.M.yWater

Crude DCA (110 g) was dissolved in 10% methanol in DCM (2.5 L) at reflux
5 temperature. To this clear solution 2.5 L of dichloromethanc was added at reflux
temperature and theun about 3.0 L of solvent was distilled at atmospheric pressure (GC
analysis of reaction mass supernatant revealed the presence of about 3% of methanol).
The reaction slurry was cooled to 20-25 °C and then stirred for 3-4 h. The mixture was
filtered and the solids were washed with DCM (300 mL). The product was dried in a hot

1¢  air oven at 50-55 °C for 6-8 h.

The above dried DCA was added to water (1.0 L) and then 10% sodnuirn hydroxide
solution {122 mL} was added resulting in a clear solution.  This solution was filtered
through Su filter paper. The filtrate was dituted with water (2.0 1}, and the pH was
adjusted to 1 —~ 2 with 2N HCI solution (204 mL). The precipitated solids were stirred for

15 1h, filtered and the sohids were washed with additional water (7.0 L), Afterdryingina
hot air oven at 70-75 °C for 16-20 b, purified DCA {~ 66 g with more than 99% purity by

HPLC Rl detection) was obtained as a white solid,

TLC: p-Anisaldehyde charring, Re for DCA = 0.32 and Ry for comapound 34 = (.82,

Fluent = 10% methanol in DCM,
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ni L 10V 19 Brine solution 324 nilL 3V WD 2011/ 075701PCT/ US2010/ 061150
Experinental procedure: To a solution of conmpound 27 (108.0 g) in TFIF
(1080 nt .wowas/@smed |ithiumtri-tert-butoxyal um num hy@#cCras2¢i9061154.) at
-40 to -45 C, under an inert atnosphere. The resulting reaction m xture was
stirred for 2 h at -40 to -45 C, Upon conpl etion of the reaction, as

evi denced"}'bQ}“]W@@%WE@@%@E\bﬁd/?‘ﬁ}zﬁtghég?»éééﬁ ORIt %P EHhvas quéntHed by

t he addi ti @n.ofc 2h sal ut i S re5e at e (o P -

Fesul ting daecul) Ayt ke bl 108, B 1RERs M RIBEAALES @BaH R P e

or gani c fr.a®uni,&hg, Wafa.dombi Tied 1 dd) v&shed )vi.ehOwst{dr ./ ¢ 648HmL3H), BEll{awed by
sat ur at ed%gri 51? soqlagti on (540 nt.). The organic | ayer was evaporated under
vacuum whiith Paf&rded conmpound 28, dissolved in THF (540 nL). 10To a
solution Qf eth Ivtrighen&phospho.’gr om de %;17 g) in IMF (216 int) was
added pot assNUR { &t Vbl o3YI8E ) (A 086% #L TP &1 80f Tt Hnli 405 41-) Sdb.op’ Wi se
over 20 m, unden i b5 0080 Ay 28035,C6 e srapukli pgsdark frad ipeact i on

m xture was ‘stirred’ for’ an 'addi't1 ona € sane tenperature. The above
sol ution of conpound, 28+was, added slowy in 30- 40 mnutes to the above
suspensi o]gia%%(?rgg)- 33‘93 @\% \1@ reaction mxture was stirred for an additional
3-5 h, leading tao.conpl ete copnsunptiion . of the starting material (as

evi dencegi%by3%1%%9303%%@?6?6&%0P%H% E?‘?‘ifﬁ“e'reacti on m xture was quenched
with into ice water (1,0804 The aqueous Iogyerr was extracted with MIBE (2 X
540 ni.) B@idtiHe ‘bt detT8r gadne) et Hét § ekt siasriad it tiH4 sat Gtaicdd brine
solution (540 niL) organic |ayer was concentrated under vacuum and the

crude gmat RLd, L NS RN bE Dot BYiMsLAYIHMIBE (2X540 20inL) filtered, take
filtrate diésiﬁl Ial ed Eoff{} sol‘\gikent 125‘% gngﬁg vacuum To a solution of conpound

29 was cool toD2As®iaddbiotriehhy Baft e afb@5was chaygedDMAR (dqSang)drand aceti ¢

anhydri de, ( 53. I t.29-.35 der .nitrogen. ter stirring for 2 hr at
3535 C. e asBET oI et B e P b o ed B B HCHGRETD Ac | n
hexanes) . ofing 14 886k Qe XhHLL Was1 wessned) Whi Mhanatdat tKlR8Qidnlnkknd ol | owed
by brine solution (324 int), The 25organic |ayer was concentrated under

vacuum t oschfcppas distided emeplendalBoutd 280 gL, ok sedvamewirelvdlonied. rldeariysral | i zed
in 2%.aq nethanol..provided 85 g.of pure conpound;30 (63 5%yield wth 96%
Lo R o Eo R R i R e B R O P bR R 5505, e
Rf for compoanda@ODen(AH. mEl uentisil 10%sFiOAcHT Bntiexansss of 3Qtilddd hiNMR (500
MHz, CDC13): 3 = 5,38 (.s, 1H), .5.20-5.18 g@ | =6,5 Hz, 1H), 4,76-4.72
on, 1H), Zengodectsl (Wheeliyr the mpghapoboonisny by 1), Bhogagiapanihyic 31§, 2. 01 (s,

3H), 1. 981,49 (my 1015 & Al 1 3L (i, 12721 46 (e 1.07
(o) ary B8 QST lydi (herr BE0be Betiso T5C W [ os .
CDC13) : 6fikerdd Oybwashb0 w0th 340 &1 ilP ded Mldh@ airdlict at BBSS,C 4@, 05 e 7,
16 92075 Birivesis apaiinad By bivs Nt oSty i vrigp thin 0. 0%, B2 above T

process is repeated.

The dried matenial from the above was charged in to a clean flask, Water (190
mk} was added and followed by 10% aqueous NaOH (3,18 gwn 31.8 mL of water), The
solution was filtered through 5p filter paper and the filtrate was diluted with additional

25 water 380 mL). The pH was adjusted to 1-2 with 2 N HCH(53 mL). The resulting sohds
was filtered, washed thoroughly with water (1.9 L), and dried in a hot air drier at 70-75 °C
until the water content 1s below 1% to give DCA as a white sohid (17 g, % of recovery:

63).
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fR, (CHC13) = 3440, 3035, 1730, 1451, 1367, 1258, 1028cm1. M =
93.9-97.8 'V, = +109 (c -= 1%in CHC13), HPLC Rl Purity: 96.0%

Modi f i catworroBraasioes for Step 4 Chem cal nane of pcodsearo/obashyl

- 3ry-acet oxy-513-chol a-9(11), 16-da.nl-24-oan. (conpound 84) 10Synthetic
schene: Modi fication plan for Step 6 Selection of Lewis Acid Lewis Acid
Quantity 15Catal yst sel ection EXAMPREYSt Quantity Selection of Lews

Acid In order to examine alternative Lewis acids as a catalyst in this
step, theAlotiaganingtpwekgdninteeissandauyilicdivnoditus tfednantpehed fdsul ts are
tabul ated below. S.N . Batch Size(g) Reagent Qutput (g) Remarks 0.1 SnCl4
- No react®pda - /Onlygdisrist af vy Jvatetdxal!2-0x0;-30@HB1-9(1 ] j-en-24-0ate (24}

COzMe
Pd/C, H, (50 psi),

EtOAc, 45-50 °C

AcO™

CO,Me

AcO™ AcO™

86 87 —

Dry P/C (75.0 g, 25 wt %) was added to 24 (300.0 g, 0.7 mol) in EtCAc (7.5 L,
25 vol). The reaction mixture was heated to 45° — 50°C and pressurized to 50 psi of Hs.
HPLC analysis after 21 hours indicated < 1.0% area under the curve (AUC) of 24
remained; 4.6% AUC of the allylic alcohol impurity 86 and 11.1% AUC of the 87
10 formed. The reaction mixture was cooled to 30° - 35°C, filtered over Hyflo® (300 g) and
washed with EtOAc (7.5 L) to remove the catalyst, The resulting filtrate was
concentrated to about 6 L and taken forward without further manipulation (67.8% AUC

by HPLC, 5.5% AUC of the allylic alcohol impurity 86 and 13.0% AUC of 87).

Step 1b/c - Oxidation of allylic alcohol 86 and 87 and rehydrogenation of 24 to methvl

o
(o]

So~acetoxy-i 2~oxo-3p-cholan-24-oate (33}
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ZnCl7 SnCl4 - .. No reaction - only is starting material. No reaction -
only is starting material. 20 WD 2011/075701PCT/US2010/061150 Lewi s Add
uantitv: Wolryi/Eb1em num di chl ori de was found to be effe®Cirus2610/06t186 S St ep.
We studied nole ratios of ethyl alum numdichloride and the results are

t abul at ed_bel ow. SNo. Batch Size(g) Lewis acid (Equiv) Qutput (g) Remarks

10.27,0 Cbser\fed -10% of starting nm er| al. 0.27,5 Cbserved 10% of
starting ; e @gIMeabsence ofH sf] AGvie
mat eri al . .
AcO™
H
L 33 o 87 |
CO,Me

1b) PCC, EtOAc, 25 °C

1c) Pd/C, H,, EtOAc, 45-50 °C

Step 1b — PCC oxidation of allylic alcohol 86 and 87

A shurry of PCC (149.1 g, 1.03 equiv.) m EtOAc (1.5 L) was added to the 33
solution from above at 20° — 25°C. The reaction was allowed to proceed for 3.5 hours
5 where HPLC analysis showed that < 1% AUC of the allylic alcohol 86 and < 1% AUC of
87 remained. The reaction mixture was filtered over Hytlo® (300 gj and washed with
EiOAc (3.0 L), The EtOAc filtrate was washed with deionized (D) water (2 x 3.6 L) and
brine (3.6 L), filtered over Hyflo® (300 g} and washed with EtOAc (3.0 L), The resulting
filtrate was concentrated to ~7.5 L and taken forward without further manipulation

190 (77.7% AUC by HPLC containing 5.3% AUC of 24).
Step 1¢ — Rehydrogenation of 24 to 33

Powder activated carbon DARCO (60 g, 20 wt %) was added to the crude 33
solution from above containing 24. The resulting slurry was heated to 45° - 50°C for

4 hours, cooled to 30° — 35°C and Gltered over Celite®. The {ilter cake was washed with

o
LA

EtOAc (7.5 L), concentrated to ~7.5 L and added to dry Pd/C (60.0 g, 20 wt %). The
caction mixture was heated to 45° — 50°C and pressurized to 50 psi of H, for 6 hours.

HPLC analysis indicated < 1.0% AUC of 24 remained; 1.1% AUC of 86 impunty and

< 1.0% AUC of 87 formed. The reaction was deemed complete and cooled to 30° —
35°C, filtered over Celite® and washed with EtOAc (7.5 L). The EtOAc filtrate was

24 concentrated to ~3 volumes and azeotroped with MeOH (2 x 4.5 L} back down to ~5

volumes, The resulting slurry was diluted with DI water (2.4 L) and maintained at 20-25

"C. The shurry was filtered, washed with I water (2 x 600 mL} and dried under vacuum
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5Concl usi on: Reaction worked well w th 3.0equiv of Ethyl alum num
dichloride. Catalyst Selection Platinum oxide had been used initially as a
cat al yst wo20hwsstep. Pal | adi um on-carbon is | ess expeRsS2a006i1s0 al so a
typi cal hydrogenation catal yst, so this was al so explored. The follow ng
experinents have heen conducted and the results are tabulated bel ow Batch
Qut put  SENE, ~SP7Ze (Qy et 8/ SE PG SRépar s  UERy/iELCl.2 0 Reaction was
conpl et ed. (5 0%nct) Pd/ C Reaction was not 2

Step 2 —~ Syunthesis of 34

Asolutionof 33 (245 ¢, 0.5 moly m THF (2.5 L)y was cooled t0 0° - 5°Cand 1 M
sohution of Li{r-BuOpAIH (822.9 mi, 1.5 equiv.) was added while maintaining the
5 temperature below 5°C. The reaction mixture was stirred at 5° — 10°C for 22 hours.
Reaction may be complete in 2-4 hours. HPLC analysis indicated that the reaction was
complete with < 1% of 33 remaining. The reaction was quenched with 4 M HCI (3.7 L)
while maintaining the temperature below 20°C. The reaction mixture was extracted with
CHRCEL (2 x 2.5 L) and the combined organic phases were washed with D water (2 x
10 2.5 L) The CH,Cl, phase was concentrated to afford 300 ¢ (122%) of 34 (73.53% AUC
by HPLC). " NMR analysis indicated that 9.7 wt % of THF and 0.8 wi % of CHyClL,

remained.
Step 3 — Synthesis of BCA

A NaOH solution (7.6 g, 4 equiv.) n DI water (438.6 mL) was added to a
I5  solution of 34 (245 g, 0.5 mol) in MeOH (980 mL} and THF (475 mly at 0° — 5°C. The
reaction mixture was allowed to warm to 20° — 25°C. HPLC analysis showed that the
reaction was complete after 1 hour with < 0.5% 34 and < 0.5% of the hydrolysis
intermediates remaining, The reaction was diluted with DI water (2.5 L) and
concentrated to ~10 volumes. The agueous solation was washed with CHCh (2 x 1.3 1)
20 and adjusted to pH 1.7 - 2.0 using 2 M HCI (1.6 L}. A white slurry formed and was
stivred at 20° — 25°C for | bour. The slarry was filtered, washed with DI water (7 x T L)

and dried under vacuum to yield 195 g (91%) of DCA (82.2% AUC by HPLC).
Step 4 — Purification of BLCA

A solution of DCA obtained above (190 g, 0.48 mol) in MeOH (475 mL) and
25 CHpCL (4275 mL) was heated to 35° - 40°C. The MeOH/CH,Cl, was distilled out of the
mixture while CHyCly (4740 mL) was added matching the rate of distillation, Analysis of
the solvent coraposition by 'H NMR indicated 4.5 mol % of MeOH remained relative to
CH;,Cly. The shurry was allowed to cool to 20° — 25°C and held for 16 hours. The solids
were isolated by filtration, washed with CH,Cly (600 ml) and dried under vacoum to

30 vield 104 g (55%) of DCA (> 99% AUC by HPLC-RID and 98.7% AUC by HPLC-
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5.0 (5 0%wt) conpl eted. Pd/ C 43.0 45.0 Reaction was conpl et ed.
(dry) Concl usi on: 50% wet pal | adi unf carbon worked on small scale in ethyl
acet at e rwoi2a1/a1siomg conmerci al dry pal | adi um cat al yst . PEIrnskondiise cat i on
process for Step 4: The final nedication procedure for this step is given
below. S.No. Raw -Material Qy Unit M W, Mle Mle ratio | conpound 30 56
g 342 0A6SADY.

The recrystallization was repeated by heating a mixture of DCA (103 g, 0.3 mol}

i MeOH (359 mL) and CH,CL (1751 mi) to 35° — 40°C, The MeOH/CH,Cl, was

5 distilled out of the mixture while CH,Cl, (3760 mL) was added matching the rate of
distillation. Analysis of the solvent composition by 'H NMR indicated 4.7 mol % of
Me(H remained relative to CHoCl. The slurry was allowed to cool 1o 20° - 25°C. After
1 hour, the solids were 1solated by filtration, washed with CH,Cl, (309 mL) and dried
under vacuum to afford 82 g (79%) of DCA (> 99% AUC by HPLC-RID and 99.3%

10 AUC by HPLC-CAD).

To assess the effect of additional purification and reprocessing, the product was
recrystallized a third time prior to the normal final water tsolation step. The above sample
of DCA {80 g, 0.2 mol) in McOH (240 mL) and CH,Cl, (1400 ml) was heated to 35°% —
40°C. The MeOH/CH,CL; was distilled out of the muxture while CHLClL (2000 mL) was

15 added matching the rate of distillation. Analysis of the solvent composition by 'H NMR
mdicated 6.7 mol % of MeOH remained relative to CHoCh. The slurry was allowed to
cool to 20° — 25°C. After | hour, the solids were isolated by filtration, washed with
{CH,Cl (240 L) and dried ander vacuurm to afford 72 g (89%) of DCA (99.7% AUC by
HPLC-CAD).

20 The sample was sharried in DI water (840 mL} and diluted with a solution of
NaOH (14.0 g) in DI water (140 mL). The resulting solution was filtered over Celite®
and washed with DI water (1.4 L}. The filtrate was adjusted to pH 1.6 with 2 M HCI
{(~300 mL) resulting 1n a white precipitate which was held for 1 hour at 20° - 25°C. The
product was isolated by filtration, washed with DI water (9.0°L} and dried under vacuum

25 toafford 63 g (87%) of DCA (99.7% AUC by HPLC-CAD).
EXAMPLE 11
A manufacturing process for deoxycholic acid key starting material compound 24 has
been modified and made suitable for large scale production. The manufacturing process is

safe, economical, environruentally-friendly and produces high quality final product that

30 consistently meets specifications.



10 WO 2011/ 075701PCT/ US2010/ 061150 2 Di chl or onet hane 1120 nit - - 20 V 71-
Met hyl ac. Tyl ate Ethyl alum numdichloride (1.8 Min toluene) 35,13 272.9
Trit nit 86201107389 0,491 2.38 3.0 5 Water 1680 inL - - PBONISBO1BOHY180
solution 560 int: .,

The manufacturing process mvolves:
e Preparation of the Key Starting Material (i.e. Methyl 3u-acetoxy-12-oxa-5f-chol-9(11)-
en-24-pate) compound 24,

The Key Startimg Matenal s prepared n eight chemical steps from 9-a-hydroxyandrost-4-

(4]

en-3,17-dione (3-HAD). Since some of the intermediates are not isolated, this part of the
process corresponds to Stage-I to Stage-V. The structural assignments for all

intermediates are consistent with NMR and Mass Spectral data. The detailed procedures
for the final process along with the spectral data of the product from cach step are

provided in the Process section.

10 A schedule of impuritics along with their status (isolated, identified, not observed, etc.), a
tist of raw matenials, and a description of eritical process parameters are all provided in
the final sections of the report.

Based on the results of the process modification and the demonstration batch, the

manufacturing process is suitable for its intended purpose.

15 Scheme 1 ~ synthetic scheme starting from 9u~§{ydruxyandms‘etenedﬁmﬁe

O LIANGBUH
{7
o e ‘ DGR H,50, THE, -40°C
2 —_—
a5 @ 6%
6
25
Q PhyPCHGH, Br A0, DMAP
KO By, THF, 5t TEA, DCM
—_—
78% - two steps
. Ho
HOY 28
L H
J CoLMe | 10%-PIC CO,Me
Methylacrylate, H,, MeOH
EtAICH, DCM, nt EtOAc
_—
o - 88% in -
Bl W 30 Ag a 84 3steps A0 ! 32
o
GO Me
Crd,
AcOH
—_—
48%
A" 24
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.. 10 V Methanol 336 nit - - 6.0 V 8 Ethyl acetate 16:50 nit., - - 29.5V
9 10 % Pal | adi umon carbon 6.7 g - - 12 W% 10 Celite 25 g .. .. ..
Experi merwal2opviosmdur e: To a sol ution of conmpound 30 (5@CE)uszenoDNEE 560 nl)
was added nmethyl acryiatk. (35,13 nL) at 0-5 C under an inert atnosphere
stifling for 60 mn, solution was cool to 0-5 C, ethylal um num dichl oride
(272. 9 mModifigatignof the FilehEyoceins 5added over period of 60 nin.. The
t enperature en. rai ediD 5-35 t hem Xt Uk s stirred for -18
hr. At thi Soﬁ&;}%&bﬁﬁ%&s %g?ﬁ}ée n;i}t?alli%ﬂisﬁﬁ&)’ %?8%33%?%‘% e%%tgﬁnéés nghowed t he
reaction T hecsenpl ke prepsatibhel DU wiewdsd pauseth Rtio oh e iadlatdranat er
(1120 mL). The phases were separated and the aquequs | ayer was extracted
wi t h DOM ((ough dsmprapysed THES SRGHAMCT B8 fPRBHE TR BT HB 4 aHUhas hedhelic
sequent i ahl-y gk Qi'e\f@th?éh }(1;"9}0 but disadvantages they are key starting matenal purity, vield

and Wittig stage column chromatography not feasible for plant scale these things are

successtully avoided by using crystallization methods in aqueous methanol, allylic

oxidation reaction also tmproved good vield and purity of compound 24, the initial

experimental procedure and results for cach step are given below.

10 Modification of each step of the new process modifications was undertaken. These
modification studies are described in this section. Attemipts were made to combine steps
to minimize work-ups and isolations, resulting o an increase 1n efficiency. The resulting
process has a total of cight stages. — five steps are involved to prepare the regulatory
starting material (key starting material, compound 24) and three for its conversion to

15  DCA. There is also one additional stage for the final purification.

Modification Study for Step

Chemical name of product: Sa-Hydroxy-58-androstane-3, 17-dione
Synthetic scheme:

2 10% Pd/C 2

" Acetone, H, "
_—
o) ! @ 25 0 ' @ 26

H
20
Modification Plan for Step 1
#  Seclection of solvent
s Solvent quantity
e Reaction time
25 +  Catalyst quantity

Selection of Solvent

The following solvents were studied in the modification of this step:
s N,N-Dimethylformamide (DMFE)

&  Acetone
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10M.,) and brine solution (560 nL), the organic |ayer was evaporated under
vacuum whi ch provi ded conpound 84 (66 g) as an oil. To a solution of
conmpound 80 20r/095teyl acetate (550 nli), Pd/C (6.7 g) sl urcy/useoienbpmbso acet at e
(110 m.) was added at 25-35 'C. The resulting slurry was stirred under -70
psi hydrogen pressure for -16 h, The progress of the reaction was nonitored
by HPLC. Thé 159Eatsabip@cwas filtered on a Celite(r) bed (25 g) and the
cake was washeg Wi f.eLAyip@getate (990 nit). The filtrate was evaporated
under vacuum whi ch provided conpound 32 (59 g, 85% as a solid. TLC

p- A. ni sal delyddebhat (NdgD Rf for conpound 32 = 0.32 and Rf for conpound 84
= 0. 30 El uent %%gﬁﬁbgﬁc in hexanes. WD 2011/075701 PCT/US2010/061150

NVR (500 MHz, = 5.3(5, 114), 4,73(m 1H), 3.66 (5, 3H), 2.37-2,03
(in, BH), 2p0Ls¢sopyBiohol( ®831, 09(m 1811), 1.06 (s, 3 ..1), 0.92-0.91 (d,1
= 6.0 Hz, 3H), %;59ﬂ(5, 3H). “3C NWR (125 1\41-1z, CDC13): 6 = 174, 6,

170, 5, 139.8, Tr89%" 74 8 56.0, 53,3, 51.4, 41.9 41,7, 40.9, 38.5, 36,4,

35,4, 35, 2, «331@nahnlte0:n8008) 29,5, 28,2 27.826.8, 26.7, 25.2, 21,4, 17,9,
11,5 WMass (mz) =448, Zﬁ{ Mt - 18], JR (KBr) = 3435, 3039, 2941, 1729, 1448,
1435, 1252, *10Yohegi-bugieher MBI 1239 T. lcdp = +56 (¢ = 1% in CHC HPLC
Rl Purity: 93, 0%;k0Mdification Study for Step 5 Chem cal nane of
product: Methyl 3a-acetoxy-12-oxo-5 -chol-9(11)-en24-o0ate (conpound 24)
Synt Wl t - scenghy! acqigg(EtOA)

The following experiments have been conducted using the above solvents and the

results are tabulated below,

o Input Output )
S.MNa. Solvent Hemarks
® ®
S5P-product: 85.8% by HPLC-RI
i 1.0 DMEF .9
So-product: 8.6%
SB-product: 88.5%
2 8.5 Acetone 0.45
Sa-product: 7.8%
SB-product: 81.5%
3 (.3 PA 8.25 '
Sg-product: 11.8%
B Sf-product: 68.6%
4 0.3 £thanol 0.25
Sg-product: 14.3%
3%Aq SB-product: 86.9%
3 .3 0.25
acetone Se-product: 8.5%
o SP-product: 47.2%
) 0.3 DCM 0.25 )
Sg-product: 32.7%
3 SB-product: 78.7%
0.3 EtQAC 0.25
So~product; 13.2%
‘ ‘ Observed 3-methoxy 3,9- single
& 0.3 MeOH $.25
bond
] SB-product: 50.5%
9 0.3 Hexane 0.25
So-product: 12.9%
SB-product: 58.1%
10 0.3 n-Butanol 0.25
So~product; 34.9%




32 15Modification plan for Step 8 Selection of reagent Reagent
stoichionetry Solvent selection Solvent quantity 20 Reaction tenperature
React i on worme11/®@smduct isol ati on sol vent Pr oductPCramseyisial 156 at i on
Reagent Sel ecti on 25The reaction was tried with a | arge nunber of

al ternative oxidizing-agents.-The follow. ng. experinents.-were.cgnducted and

conpleted. 0.2

the results are t@ﬁulatg bel qu. 12 0,2 1, Br 7Prq88ec {1 0f was |not
I T - "Rea I
was not conpl etjed

10

[,
(4]

ctioh was not conpl ehedhdud: O @,HBr -| Reaction
+

SB-product: 57.5%

12 0.3 MTBE 125
Sa-product: 34.0%
SB-product: 43.8%
1.4-
13 5.0 4.5 Sa-product: 1.1%, tx not
Dioxane

completed.

Remarks:

When dichloromethane, methanol or ethyl acetate was used as a solvent in the
hydrogenation of 28, complete consumption of the starting material was observed (by
TLC). After isolation of the product and analysis by HPLC-R], both Sa- and 5B-isomers

of compound 26 were formed in an about 1:1 ratioc.

When acetone was used as a solvent in the hydrogenation of 28, complete consumption of
the starting material was observed (by TLC). After isolation of the product and analysis
by HPLC-RI, almost exclusive formation of the S8-isomer of compound 26 and less than

10% formation of Sg-isomer was observed.,

Conclusion: Based ou the above experimental resulis, acetone was chosen as the
preferred solvent, providing more than 90% selectivity and more than 85% yield in this

challenging step.

Solvent Ouandity

The reaction has been carried out with different volumes of Acetone to determine the
preferced solvent quantity. The following experiments have been conducted and the

results are tabulated below:

Solvent
) Input | Volume | Outpuwd ‘
S.Me. o o Hemarks
(¢} {(mL per (&)
)
i 5.0 20 4.0 Level of 5a = 8.0%
2 0.5 22 0.4 Level of Sa=7.4%
3 10.0 24 8.5 fevelof 50 = 8.5%




5 1.0 DDHT/ AI BN - Reaction was not conpl et ed. NBS/ 6 0.1 - Reaction

was not conpl et ed. Benzoyl per oxi de DD I T/ -, ; 0.1 - Reaction was
not conplwbedi1/075Benzoyl per oxi de PCT/US2010/061150
4 150.0 24 129 Levelof Sa=8.5%
Remarks:
® Yields and quoality of the product are similar at all concentrations.
s The quality of the product was monitored by HPLC {R1 detection), NMR and MASS.

5 Conclusion: Since the yvield and product quality were essentially the same at all
concentrations, 24 mL/g was chosen as this would be the most productive, less volume

also starting maternial not soluble.

Reaction Time
The foliowing experiments have been conducted to deternine the most suitable reaction

10 iime and the results are tabulated below.

S.No. | Eeput | Time Output Remarks
i i0g 5hr 863 ¢g 25 was completely consumed
2 i0g 12 hr §32¢g 25 was completely consume
3 03g 3hr - 25 was not completely consumed
4 S6g Shr 433¢g 25 was completely consumed

Conclusion: Based ou the experimental results, the reaction time was set at 4-5 h (at 25 -

35 °Q).

Catalyvst Quantity

15 In order to modify the Pd/C quantity, the following experiments have been conducted and
experimental results are tabulated below. The catalyst used in every case was 5% Wet

palladiurs-on-carbon.

Batch
S.No Catalyst | Outpul
Exp. No. Size Remarks
Qty (8 8
(g)

‘ 28 was not completely
1 BDA-09-004-1-024 0.3 0.021 (79%)
consurned

[N

BDA-(19-004-1-025 1.0 0.1 {10%;) 0.9 28 was completely consumed
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8 0.2 Se02 / NMO - Reaction was not conpleted. 0.2 Se02/ TEMP - Reaction
was not conpl et ed. + 10 0.1 Se02 - Reaction was not conpleted. 11 0.1
Br2 / , owb2011Reamti on was not conpleted. 12 0.1 Br, / ARCOISW0/H0REaCE T On
was not conpl et ed. +

0.036

3 BDA-(9-004-1-026 0.3 (12% 0.9 25 was completely consumed
1 /?))
0.024

4 BDA-09-005-1-03 0.3 PN (.25 25 was completely consumed
)

Remarks:
When the experiments are conducted with 7 wi% of catalyst, the reaction was incomplete

even after 3 h of reaction time.

Conclusion: At least 8% by weight of catalyst should be used to reliably obtain complete
o el o .. p

N

consumption of the starting material.
Final modified process for Step 1:
The final modified process for this step is given below,

Raw material input details:

5.Na. Raw materials Oty. Unit | M. Wi | Moles | Mole ratio

Sa-Hydroxyandrost-4-ene-3,17- i

i _ 150.0 g 302 0.496 1.0
dione

2 10% Pd/C (50% wet) 12.0 g - - 8 wi%s

3 Acetone 4050 mL ~ ~ 270V

4 Dichloromethane 1500 mil, - - 15V

5 Celite 20 g

10 Experimental procedure: To a solution of Sa-Hydroxyandrost-d-ene-3,17-dione (150.0

g} in Acetone (3600 mi) was added 10% of PA/C (12 g, 8 wi %, 50% wet) and the
esulting slurry was hydrogenated in autoclave (50 psi) for 5 h at 25-25 °C. Upon

complete disappearance of the starting material, as evidenced by TLC (30% EtOAc in
DCM), the crude reaction mixture was filtered through a Celite® bed (20 g) and washed

15 with dichloromethane (1500 mL}. The filtrate was removed under vacuurm and the crude
product (145.0 g) was obtained as a white solid. This crude product was combined with
(145.0 g) acetone (300 mL.y at 6 °C, stirred for 1 h, then filtered and washed with chilled
acetone {150 mL) and dried under vacuum at 30 °C . This provided compound 26 (129 g,

85%) as a white solid.



13 0.2 C 03 / Pyridine - Reaction was not conpleted. 14 0.1 6% Aci Cr03 -
Reaction was conpleted. 15 0.2 C03 / DN1P - Reaction was not conpl eted.
+ TBHPOQ011/07570116 0.5 _ Reaction was not conpl et ed PCT/USRID0/061150

TLC: p-Anisaldehyde charring. By for compound 26 = 0.48 and R, for compound 25 = 0.3
Eluent was 30% EtOAc in DUM.
"H NMR (500 MHz, CDCL): § = 2.40-2.37 (m, 1H), 2.11-2.02 (m, 2H), 1.91-1.31 (m, 19H), 0.96
(s, 3H}, 0.84 (5, 3H}.

5 PCNMR (125 MHz, CDCLY: §=221.0, 95.7, 80.1, 47.0, 43.6, 38.6, 38.5, 37.1, 35.9, 33.41, 32.9,
320,279,269, 21.5,20.2,20.0, 12.6.
Mass (m/z) = 305.0[M "+ 1], 322.0 [M" + 18].
IR (KBr) = 3443, 2038, 1722, 1449, 1331, 1138 em™.
oup = 213-216 °C {from acetone).

10 {olp=+116 {c= 1% in CHCL).

HPLC/RI Parnity: 99.0%.

Modification Studies for Sten 2

Chemical name of Product: 5f-Androst-9(1 1}-ene-3,17-dione
Synthetic Scheme:

O O

‘ DCM, H,S0,
’ _———
0 ' ﬁ 26

H

Moeodification plan for Step 2

O 27

s Selection of reagent

Selection of reagent

23 The following experiments have been conducted and the results are tabulated below.

Batch
. ‘ Output ‘
S.No. Size Heagent ( Remarks
£}
(8}
. o1 Resin compound 26 was not
' {H+} completed
Resin compound 26 was not
2 0.1 ‘ -
{H+} completed
Resin compound 26 was not
3 0.2 o -
{(H+) completed
4 108 H,50, - compound 26 was completed
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+ 17 2.0 TBI-1P / NaOCl - Reaction was conpleted. 18 5.0 IBIIP / NaOCl
2.0 Reaction was conpleted. 19 0.2 G 03 / Styrene - Reaction was not
conpl et edw02011/0752@ O.'? Cr03 / DMB - Reaction was not eomalisetiens112d 1.0
TBHP / NaOCl 0.4 Reaction was conpl et ed.

compound 26 was not
3 6.2 HaPO,
completed
25%Ag
6 6.2 - compound 26 was completed
H,S50;

Conclusion: sulfuric acid was chosen as the preferred reagent for elimination, in acidic

resin reaction was not completed.

Final modified process for Step 2:

The final modified process for this step is given below:

5 Rel Exp. No: BDA-§9-088-11-82

S.No. | Raw materials (ty. Upit | ML WL Mole Mole ratio
i corpound 26 121 4 304 1.3979 1.0
2 Sulfuric acid 191 i 08 {(.3579 8.9
3 Dichloromethane 1815 mb - - 5V
4 Water 800 mi. - - 5.6V
5 Sodium bicarbonate 600 mi - - 50V
6 Brine sohution 200 ml - - 165V

Experimental procedare: To a sohution of corapound 26 (121 g) in DCM (1815 mL)
was added sulfuric acid (19.1 mL) over 15 minutes under an inert atmosphere at 3-10 °C.
The temperature was raised to 25-35 °C, and the mixture was stirred for 2 b, At this point
10 the reaction was determined to be complete {(TLC, 30% EtOAc in DCM). The mixture
was washed with water (600 mL) and then washed with 10% agueous NaHCO; solution
(600 mL). The organic layer was again washed with water (200 L) followed by
saturated brine solution (200 mL}). The solvent was then distilled under vacuum,

nroviding cormpound 27 (108.2 o, 95%) as an ofwhite solid. The crude product was used
fo) .

[,
(4]

in the next step without further purification,

TLC: p-Anisaldehyde charring, Ry for compound 27 = 0.76 and R, for compound 23 = .44,
Eluent was 30% EtOAc in DUM.



22 7.0 1BI-1P / NaOCl 0.8 Reaction was conpleted. WO

2011/ 075701PCT/ US2010/ 061150 23 10.0 -, TBHP / NaOCl 4.5 Reaction was

conpl et edw02411:7870TBHP / Ca(OCl) 2 4.5 Reacti on was conmpCetusdo10861120, 0 TBHP
/ NaOCl 13,0 Reacti on was corrpl eted. 26 20,0 TBHP / NaOCl 12 8 ., Reaction

was conpl eted. Note nmo di net hy ydant oi n, DAV rreth yrazol e,

DAM 3, 3- }B“”ﬁ%ﬂﬁ?ﬂ\'ﬂi b%%%ﬁéb T‘F&/W tépt=B8 7|Wh3iévr%’%ér?6%?o‘%i>8@ 1-5 ot her

reagents gleh as;g@rﬁ?(é;TaﬁlP,z 85]@@1&Q2/JTBE§'E,:E§HQ gt*h Tk gnene.1alzen. tn ed.
Concl usi on: ted that th e alternative oxidants

ot her t hai? c%pdrﬁbu‘nﬁ‘fiii o’xu‘bl% léﬁcﬁ%}tﬁ) Wor k6 vt $-52Eedidi ngly, 7171311 P/ NaOCL

were sel eét edias zb hm;omm;lﬁmgizﬁ@agmt 14GphiveRtsSehegtiionas s 390w d, ng the
runs of this step ic acid was used as sol vent The fol | ow ng sol vent s

vere Posel’etfed as: éfte*r“r?af@‘?/éﬁ a%fcﬁ theé results were conpared.
Mass (m/z) = 287 [M'+ 11,304 [M* + 18 ]

IR (KBry =3450, 2913, 1737, 1707,1413, 1403,1207 em
mp. = 143.4-145.9°C (from DCM).
[alp = +142 (¢ = 1% in CHCL).

16 HPLC/ RI Purity: 96.7%

Modification Studies for Stepn 3

Chenical naroe of product: (£)-3a-Acctoxy-5-preg-9(11), 17(20)-diene {cornpound 364)
Synthetic Scheme:

o)
R T Ph3PCHICH3 Br /
jﬁ?;ﬁoffgl’ Ct@ KOtBu, THF, 1t
40 oC
O L 27 o™ ao™
H

28 29

AcZO, DMAF
TEA, DCM

62% - 3 steps
Ao |
15 oo
Final modified process for Step 32
The final modified procedure for this step is given below:
Modification plan for Step 3
s Solvent quantity

28 Solvent OQuantity

in order to evalnate the MTBE solvent quantity, the following experiments have been

conducted and the results are tabulated below.

N Batch Solvent Cutput
SMNe. o Remarks
Size{gy | Quantity {g}

, 10 volurne reaction was
I 14 104 mL 6.3
completed




D chl oronet hane Et hyl

acet

ate Water

Nuner ous ot her

-tried with the different oxidation conditions.
sol vent s woeAd@Ns70acet one,

S.No. Batch Size

solv-erits have been
Sone of 15t he ot her

and Ac0l11 but others coul d becCirrusesiposased. The
foll owi ng experinments were conducted and the results are tabu

mat eri al was not

at ed bel ow.

4 1,0 2.0 EtOAc

conpl et ed.

(g) Sal.ven Qut-put (g) Remarks...1.0.DCL. 4. - Star|ing
consuned, 2| 0.5 Wt er - St ar | !t €F594F "kas not consumed
Et 0OAc, 0.4 0{8 Reactilon Was conpl et&ghicids Reactijon was
2 volume reaction was
3 43.5 528 mi 26
completed

Conclusion: This reaction works cqually well at 12 mL of solvent per gram of substrate.

Because of the greater throughput at 12 mL per gram, this was selected as the preferred

amount.

5 Puarification Selvent Selections

Several solvent systers were explored for this final purification. They are:

®
®
®
10 ®

&

Methanol

Agueous Methanol
Fthanol

Isopropyi alcohol

Acetone

The following experiments have been conducted and the experimental results are tabulated below.

Batch ) Ouiput o
S.Meo. . , Sotvent Purity by HPLC
Sire (g) (&)
85.8% HPLC purity
I 10.4 Methanol 6.8 ‘
by Ri detection
, 94% HPLC purity
2 2.8 1% Aq methanol 1.3 ‘
by Ri detection
v 96% HPLC purity
3 2.6 2% Ag methanol 1.39 ‘ _
by Ri detection
80.3% HPLC purity
4 2.0 IPA 0.81 ‘ _
by Ri detection
97% HPLC purity
5 2.6 Ethanol 0.9 ‘ _
by Ri detection
) 97% HPLC purity
] 2.6 Acetone 0.36
by Rl detection
v , 84.3% HPLC purity
7 5.0 2% Ag methanol 3.68
by Rl detection
95% HPLC purity
8 11.0 2% Aq methanol 8.2 _
by Rl detection
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Concl usion: The results were better when Et OAc was used as the solvent as
conpared to WO 2011/ 075701PCT/ US2010/ 061150 DCM Therefore, ethyl acetate
was chosewoastitdie7opr ef erred sol vent. Sol vent Quantity PC2OSe@bosEso of

Et hyl _ acetate were used in the initial runs of this step. The foll ow ng
experinments were conducted to see if |ess solvent could be used. The
results are tabul ated 5bel ow. SA, Batch Size (g) Sol vent Quantity Sol vent
Rati o Qut utetlsfonOExRROBY K8 cdveDulid@of iptri® VndyiBldReaC bR AT YWreoMRheted 10.0
200 m, 20V 4,5 Rcaction was conpleted 20.0 200 m, 10V 13.0

the product from 2% Ag methanol.

Solvent Ouantity

5 Experuments have been conducted using different solvent volumes and the experimental

results are tabulated below.

Batch Solvent Output o
5.No. ] Purity by HPLC
Size (g} guantity {g}
94% HPLC purity b
I 2.0 2 vol 13 ' P
R detection
97.4% HPLC purity
2 5.0 4 vol 3.45
by RI detection
95.19% HPLC purity
3 1i.0 4 vol 8.2
by R detection

Ceonciusion: Excellent recoveries and product quality were seen at all solvent levels, so 4

10 volumes were selected as this is the most productive.

Isolation Temperature

The following experiments have been conducted by varying the isolation temperature and

the results are tabulated below

Batch
Temp Output
S.Me. Nize Remarks
. ¢} (g}
(g
G5% HPLC purity by RI
1 5.0 25-30 3.68
detection
95.1% HPLC purity b
2 0 1o | 1520 ) ” U BY
RI detection
84% HPLC purity by Rl
3 11.0 10-15 8.3 )
detection
85% HPLC purity by Rl
4 11.0 1520 8.2 )
detection
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Rcaction was conpleted 4 20,0 200 m, 10 V 12.8 Rcaction was conpl eted
Concl usion: 10 volunes of solvent were chosen as the preferred anount.
Reagent SWoi2ehwwosmtiry The initial runs of this step wer@Craseeiedéass with
| ess equi val ents of TBH1). The 10fol |l ow ng experinents have been conducted
to nodify this anmpunt of this reagent and results are tabul ated bel ow

S, IN. Bat chrelpiar iy & *@é‘t"‘i‘%‘%ﬁ&?%@”‘wé FYVRehgiok iy 2990r!d. Reacti on was
not conpl ghfdnadified Probs2Br sedge@cti on was not conpleted 3 1.0

The final modified procedure for this step is given below:

S.MNe. Raw material Uty | Unit | M. Wi | Mole | Mole ratio

1 compound 27 108 g 286 0.377 1.0
Lithium tri-fers-butoxyaiuminmum

2 700 ol .489 1.3
hydride

3 THF 1080 | mhb - - 10V

4 Dichloromethane 648 mi - - 10V

5 Water 648 mb - - A0V

o 2N HCY 6548 119 - - 6.0V

7 | Brine solution 540 kL - - 5.0V

& | THF 756 mk - - 7.0V

Potasstum fert-butoxide
9 ‘ 1086 § mL - 1.085 3.0
(1.0 M in THF)

Ethyltriphenylphosphonium

10 417 g 371.26 112 2.9
bromide
11 | MTBE 4104 | mb - - 38V
12 | Water 1680 | mL - - j1Y
13 | Brine solution 540 mi. - - SV
i4 | Acetic anhyvdride 535 + mb 102 0.566 1.5
15 | MTBE 216 mb - - 2V
16 | Triethylamine 1052 | mb 101 0.755 2.0
V7 44N N-Dimethyl-aminopyridine 4.6 g 122 0.037 0.1
18 | Water 1680 | mL - - 10V
19 | Brine sclution 324 mi - - 3V




25 - Reaction was not conpleted 4 1.0 10 - Reaction was not conpleted 5
20.0 34 13,0 Reaction was conpleted 6 20.0 34 12.8 Reaction was conpl eted
WO 2011/ OWb20RCT7/0WS2010/ 061150 Concl usi on: The react i orCRarsR0mo660MPl et i on
with 34 equival ents of reagent, but was inconplete in the tmo experinents
where | ess was used. Therefore, 34 equivalents were

pr k. * | Ted-apitiRentaRaeRsaderest LgiacHiBet coBrmEd 3 ¢ Pa0 gr)uhéﬂéfﬂ@‘rﬂ @ ét ep were

carried ot Y éltc{i' 1'tl§1§r§ tx?qé’yz %ﬁ!@%%lﬁm@; Ul P@IQE&IC (7-5%%11]:94‘&' cfng;’*eé R I&Lﬂ%ﬂt s have
been conducte hi's anount I's reagent and results are
t abul at edinbe bkowspbip. Bat mhui&ngﬁi(dgt)mi\ﬂn[muzcﬁaftdsmi&ﬂ purt? i g)-4ReneiKs. Upda0 3.0
completion of the reaction, as evidenced by TLC {(30% EtOAc in DCM), the reaction
5 mixture was quenched by the addition of 2N HCl solation. The phases were separated
and the resulting aqueous layer was extracted with dichloromethane (648 mL.). The
organic fractions were combined and washed with water (648 mL), followed by saturated
brine solution (540 mL). The organic layer was evaporated under vacuam which afforded

compound 28, dissolved m THF (340 mL),

10 To a solution of ethyltriphenylphosphonium bromide (417 g) in THF (216 mL) was added
potassium fere-butoxide (1086 mL, T M solution in THF} drop wise over 20 min under
nitrogen at 25-35 °C. The resulting dark red reaction mixture was stirred for an additional
1h at the same temperature. The above solution of compound 28 was added slowly in 30-

40 minutes to the above suspension at 25-35 "C. The reaction mixture was stirred for an

o
LA

additional 3-5 b, leading to complete consumption of the starting walerial (as evidenced
by TLC: 30% EtQAc in DCM). The reaction mixture was quenched with into ice water
(1.080L). The agucous layer was extracted with MTBE (2 x 340 ml.) and the combined
organic extracts were washed with saturated brine solution (540 mL} organic layer was
concentrated under vacuum and the crude material was purified by using MTBE (2X540
20 ml) filtered, take filtrate distilied off solvent 25% under vacuum. To a solution of
compound 2% was cool to 25°C added tricthylamine (105.2 mL), DMAP (4.5 g) and acetic
anhydride (53.5 mib) at 25-35 °C under nitrogen. After stirring for 2 hr at 25-35 °C, the
reaction was determined to be complete by TLC (10% EtOAc in hexanes). The reaction

mixture was washed with water (1080 mL) followed by brine solution (324 mL), The

[\
(9]

organic layer was concentrated under vacuum to afford crude compound 30 (225 g), the
residue was re-crystallized 1o 2% ag methanol provided 83 g of pure compound 38
{(63.5% vyield with 96% HPLC-RI purity).

TLC: p-Anisaldehyde charring, Ry for compound 38 = 0.5 and R; for compound 29 = (.15
Eluent = 10% EtOAc in hexanes.

30 TH NMR (500 MHz, CDChLY: 8 = 538 (s, 1H), 5.20-5.18 (d, J = 6.5 Hz, 1H), 4.76-4.72 (m, 15),
2.40-2.35 {m, 3H), 2.25-2.22 (m, 1H), 2.09-2.03 (m, 3H), 2.01 {s, 3H), 1.98-1.49 (m, 10H)}, 1.41-
1.31 (m, 28D, 1.27-1.16 (. 310), 1.07 (s, 3H), 0.79 (s, 310).

fog



. _ Reaction was not conpleted 0.2 5.0 - Reaction was not conpleted 3 5.0
5.0 Reaction was not conpleted 4 1.0 10.0 0,4 Reaction was conpl eted

5.0 7,0 WO 2Raa05i00n was not conpleted 6 5.0 7.0 7.2 Re&CTiusa@s/onaso
conpleted Cbnclusion The reaction ment to conpletion with 7.0 equivalents
of reagent, nconplete in t where | ess_wa

used. Ther%M’%“‘? “é” cid%fx}efl entidve ‘r‘é Gsé‘f“e‘ét‘éa sié"‘@he"r éfeﬁ?r%d“awé%ﬁt
React i on Feqmpekagsur €3 ¢l sorgdenskozgmdi by sther s eact i on termerat ure, the

fol low ng experinments. have. been conducted and the results are tabul ated
bel ow. tﬂ;ﬁﬁmfz) 3429 M+ 11, 360 [M"+ 18]

IR (CHCL) = 3440, 3035, 1730, 1451, 1367, 1258, 1028cn™",
5 Mp=93.9-97.8°C.

ladn = +109 (¢ = 1% in CHCL).

HPLC/ RI Purity: 96.0%.

Modification Studies for Step 4

Chemical name of product: Methyl 3a-acetoxy-5p-chola-9(11)}, 16-dien-24-0ate (compound 84)

10 Synthetic scheme:

CO,Me
Methylacrylate,

EtAICI, DCM, rt
—_—_—

AcO" 30 84

cO e AcO o

10%-Pd/C CO,Me

H,, EtOAC
— =

A 32
A
cO ot

Modification plan for Step 6
s Selection of Lewis Acid

e Lewis Acid Quantity

15 e Catalyst selection
s (atalyst Quantity
Selection of Lewis Acid
in order to examine alternative Lewis acids as a catalyst in this step, the following
experiments have been conducted and the results are tabulated below:
o Bateh | (uiput
5.No. . Reagent ‘ Remarks
Size(g) {g)
i 0.1 SnCly - No reaction - only is starting material.
2 0.1 £uChs - WNo reaction - only is starting roaterial.
3 0.3 SaCly - Ne reaction - only is starting material.
20

fo9



Qut put S, No. Size Tenperature Renmarks (9) (9) 5.0 25-30 'C 2,0
Reacti on was conpl et ed 10-15C. 2.2 Reaction was conpleted WO
2011/ 075 ORAT/02382010/ 061150 PCT/US2010/061150

Lewis Actd OQuantity:

Ethyl aluminum dichloride was found to be cffective for this step. We studied mole ratios

of ethyl aluminurn dichloride and the results are tabulated below:

§.No. ?atch Lewisr facid ORﬁpm Remarks
Size(g) {(Equiv (g}
1 02 10 ) Obseryed 10% of starting
material,
3 02 35 ) Obseryed 10% of starting
) ’ material,
. - - Observed absence of starting
’ 27 3.0 300 material, )

5  Conclusion: Reaction worked well with 3.0equiv of Ethyl aluminum dichloride,
Catalyst Selection
Platinum oxide had been used mitially as a catalyst in this step. Palladium-on-carbon is
less expensive and is also a typical hydrogenation catalyst, so this was also explored. The
following experiments have been conducted and the results are tabulated below:
_ Bateh Output
S.No. . Catalyst Remarks
Size(g} {8)
Pd/C i
i 2.0 , - Reaction was compieted.
{50%wet)
Pd/C Reaction was not
2 5.0 ) -
(50%wet) completed.
, Pd/C ‘ _
3 43.0 . 45.0 Reaction was completed.
{dry)
10
Conclusion: 50% wet palladium/carbon worked on small scale in cthyl acctate media,
using commercial dry palladium catalyst.
Final modification process for Step 4
The final medication procedure for this step is given below:
5
5.No. Raw Material Oty Unit M. Wi Mole Mole ratio
1 compound 38 56 g 342 0.163 1.0




3 20,0 0-5 "V 13,0 Reaction was conpleted 4 20.0 0-5 OC 12.8 Reaction was

conpl eted Concl usion:

The reacti on worked at al

t enper at ures between 0

and 5 C, woauwesme of 0- 10 "C was chosen as the react iPOm/USg010%0pBESE ed t O

be nore
hi gher.

out at 0-5QC (f

reacti on

tabul ated bel ¢

Reacti on

10

5

sel ecti ve at

al
p-

| ower tenperature and the yields were observed to be

SReact.

it

t pi2ascertiai

Lon.Tine.-During-the
QFictddoRBhancsi N or der
the foll owi ng expe

I’IInQ1

n whethear to no
i nent§ were conductled and

di f yothe
ti e,

t-he. reaction.-.was..carr.i

the result

ed

\%Ic ]I%ﬂquvl d@at ch Size

(Q),+Ti Qut pyt (g)
wds gonpleted 20.0 8.0 '%ijeg%?ion mgé cgnplet’ed

rks 1,.1.0 2
235 8. 4

Ethyl aluminum dichloride

(1.8

4 2729 mb $.491 3.0

M in toluene)

Water 1680 mi - - 30V

(o]

6 Brine solution ol - - 0V

~1

Methanol mi - - 60V

Ethyl acctate 1656 mi - - 295V

-3

12 wi%

o

10 % Palladium on carbon

1]
t
i

10 Cehite

[N
W

Experimental procedure: To a solution of compound 38 (56 g) in DCM (560 mL) was
added methyl acrvlate (35,13 mL) at 0-5 °C under an inert atmosphere stirring for 60 min,
solution was coolto 0-5°C, cthylaluminum dichloride (272.9 mL; 1.8 M in toluene), was
added over period of 60 ruin, The temperature was then raised to 25-35 °C and the
mixture was stirred for ~18 hr. At this point analysis by TLC (10% EtOAc in hexanes)
showed the reaction to be complete, so the mixture was poured into ice cold water (1120
ml.}. The phases were separated and the aqueous layer was extracted with DCM (2 X

255 mL). The organic layers were combined and washed sequentially with water (560
ml.} and brine solution (560 mL), the organic layer was evaporated under vacuum, which

provided compound 84 (66 g) as an o1l

To a solution of compound 84 in cthyl acetate (550 mL), PA/C (6.7 g) shurry in ethyt

acetate (110 mL) was added at 25-35 °C. The resulting sturry was stirred under ~70 psi

hydrogen pressure for ~16 h. The progress of the recaction was monitored by HPLC, The
catalyst was filtered on a Celite® bed (25 g} and the cake was washed with ethyl acetate
{990 mL). The filtrate was evaporated under vacuum, which provided compound 32 (59

2, 83%) as a sohid,

TLC: p-Ansaldehyde charring, Ry for compound 32 = 0.32 and Ry for compound 84 = (.30
Eluent = 10% EtQAc in hexanes.

Fit



12,8 Reaction was conpleted 10Conclusion: The reaction appears to conplete
at 0-5 'Cin 8 h, so this was chosen as the preferred reaction tine.
Product iwol2atiwos7o$ol vent Sel ection: Two sol vent syst empCRarseoiexpliss ed f or
this final purification. They are: Met hanol 1 50 Aqueous Met hanol The

fol | ow ng, exjf/)erl ment s have heen conducted and t %erl mental results are

t abul at ed thaMEW " EMNs; B peri rre%lt“'f\ﬂﬁb‘e( (B‘afféhgéf‘i*e &)> ol Vet 7outdlit (g)

Purity bysHl?hQ dg- BDAHDQSE@,‘OQ% @5%1@0(92%&?0@%16 ng@}ﬁ&)ﬁ%ﬂﬁ’bC purity by R
detectiong, BDA- 09- 009- Y- 017 : 50. 0 20% Ag 31, 2% 111 PLC purlty V\D

2011/ 0757&%@@20‘%5?6@1%’00'1 746, 170.5, 1393, mw 748 56.0,53.3, 514, 41.9] 4
40,9, 38.5,36.4, 35.4, 35.2,33.8, 31.0,30.9,29.5, 282, 27.8, 26.8, 26.7, 25.2, 21.4,17.9, 11.5

5 Mass (m/z) =448.2 (M + 181
IR (KBrj = 3435, 3039, 2041, 1729, 1448, 1435, 1252, 1022 cm™.
mp. =122.1-123.9 °C.
falp =+56 {¢ = 1% in CHC L)
HPLC/ R Purity: 93.0%
10 Modification Study for Step 3

Chemical name of product: Methyl 3a-acetoxy-12-0x0-58-chol-9(11}-en-24-cate

{compound 24)

Synthetic scheme:

CO,Me / CO,Me
TBHP
NaOCl

AcO™ ) 32 ACO™ 24

15 Medification plan for Step 8
s Selection of reagent
e Reagent stoichiometry
= Solvent selection
s Solvent quantity
24 e  Reaction feraperature
= Reaction time
s Product isolation solvent
e Product recrystalisation

Reavent Selection

25  The reaction was tried with a large number of alternative oxidizing agents. The following

experiments were conducted and the results are tabulated below.

‘ Batch {utput
S.Ne.o | Reagent Remarks
Size{g) ®
1 0.5 NBS - Reaction was not completed.




met hanol 20% Aci

60. 0 net hanol

by R

38.0 by R
BDA- 10- 00800 06%513. 0 net hanol
HPLC purity BDA-10-003-V--06B 13.0 net hanol

30% Aci

detection 91,2% 1-1PLC purit,,,
det ection
10.5 by R

det ecti on

2 0.2 Br; Reaction was not completed.
3 0.2 DoyT - Reaction was not completed.
4 0.2 HBr - Reaction was not completed.
5 1.0 DRHT/AIBN Reaction was not completed.
NBS/ ]
6 0.1 ] - Reaction was not completed.
Benzoylperoxide
DDHT/ ]
7 0.1 ) - Reaction was not completed.
Benzoylperoxide
8 0.2 SeQ; / NMO - Reaction was not completed,
9 0.2 Se(d; / TBHP - Reaction was not completed,
10 0.1 Se(, Reaction was not completed,
11 0.1 vy / AcOH - Reaction was not completed,
12 0.1 Bry / AcOH - Reaction was not completed.
13 0.2 CrQ; / Pyndine Reaction was not completed.
14 4.1 6% Ag Cr(Qy - Reaction was completed.
15 0.2 Cr(dy / DMP - Reaction was not completed,
THHP,Cul / ‘
16 6.5 - Reaction was not completed.
NaQCh
17 2.0 TBHP / NaQCl Reaction was completed.
i8 5.0 TBHP / NaGCl 2.0 Reaction was completed.
19 6.2 (05 / Styrene - Reaction was not completed.
20 0.2 CrO; / DMB Reaction was not completed.
21 1.0 TBHP / Na((C} .4 Reaction was completed.
22 2.0 TBHP / NaOCl 0.8 Reaction was completed.
113

3 BDA-10-003-V-01
81.8% HPLC purity 4
i n PCHOER01M0611580. 3%




11.0 by RI detection 6 BDA-- |. 0-003-V-06C 13.0 . 50% Aci net hanol 11.0
80.4% HPLC purity by R detection Conclusion: Extrenely eMetive

puri fi catworepiipnasioty& yi el d were achi eved by isol ati on eCTtuseopoedact from
20% Ag net hanol. Alternatively, colum purification with silica gel and a
gradi ent sol vent.system- (Et.QAc/hexaries).-is.-used.Rurification.-Sol vent

Sel ection: Twosokvento.systepme waseCexplos ed f Reactidli Sasfcbmpletepur i fi cati on.
They are: Methanol Aqueous Met hanol The folliowi ng experinents have been
conducted and the experingntalBresul ts are 10tabul ated bel ow. SiNo. Batch
Size (g) Sol vent 2&ut put? (g) Purity by BM¢  10Rerchat WaremrBied 938. 6% HPLC
purity by R detection 2 18 éai%(ﬂ}g{ Aq

25 200 TBHP / NaG(l 13.0 Reaction was completed.

26 20.0 TBHP / NaOC| 12.8 Reaction was completed.

e Note: DDHT:Dibrome dimethyihydantoin, DMP: Dimethyipyrazole, DMB: 3,3-
Bimethyl §-butene
s TBHP - fere-Butyl hydro peroxide
Several other reagents such as CrO3/TBHP, NaClIO2/TBHP, and the like were also tried.

5 Conclusion: Asto TBHP, NaOC], it is noted that the alternative oxidants other than
chromium trioxide did not work well. Accordingly, TBHP/NaOC! were selected as the

oxidizing reagent.

Salvent Selection

During the rons of this step, acetic acid was used as solvent. The following solvents were

10 selected as alternatives and the results were compared.

s  Dichloromethane
s  Ethyl acetate
e Water

&  Numerous other solvents have been tried with the different oxidation conditions. Some of

15 the other solvents are ACN, acetone, and AcOH but others could be incorporated.
The fellowing experiments were conducted and the results are tabulated below.
) Batch Output ]
S.Me. Solvent Remarks
Size (g) ()
- Starting material was not
i 1.0 DCM -
consumed
) ) Starting material was not
2 0.5 Water -
consumed
3 1.0 EtDAc 0.4 Reaction was completed.
4 2.0 EtOAc 0.8 Reaction was completed.

Conclusion: The results were better when EtOAc was used as the solvent as compared to

1i4



met hanol 15,5 93.8% HPLC purity by R detection 3 25,0 Methanol 10,0 91. 9%
HPLC purity by RI detection 4 20,0 13% Aq nethanol 17,0 93.8% HPLC purity
by Rl detwotzoom757020, 0 13% Aq net hanol 17,0 93. 3% HPLC pamriusgolopeR50
detection Conclusion: Extremely effective purification, purity& yield were
achi eved by WO 2011/ 075701PCT/ US2010/ 061150 recrystal lization of the

pr oduct ffréM 1305 séP retind Reptate Arasshpsanias rgpre st anlvpiir i fi cation with
silica gel and a gradl ent sol vent system ( Et 0Ac/ hexanes) is used. Final
nodi fi ed $usbSuaiiiy Step 8: The final nodified procedure for this step is

gi ven bel qy\(«olénupﬂf }Bﬂw M8 8l (Y iR 1t Ws of this step. The following

experiments were conducted to see i less solvent could be used. The results are tabulated

5 below.

Baitch Solvent Solvent Cuiput
S.Mg, Remarks
Size {g) | Quantity Ratio {2}
) Reaction was
1 20 10 mk 5V (.8
completed
) , . Reaction was
2 (0.0 200 mL 20V 4.5
completed
) , . Reaction was
20.0 200 mL HY 13.0
completed
7 Reaction was
4 20.0 200 mhb 0V 12.8
completed

Conclusion: 10 volumes of solvent were chosen as the preferred amount,

Reavent Stoichiometry

The initial runs of this step were carried out with less equivalents of TBHP. The
10 following experiments have been conducted to modity this amouut of this reagent and

csults are tabulated below,

Baich Maole Cuiput
S.Na. Remarks

Size(g) Ratio (&)
1 0.2 10 - Reaction was not completed
2 1.0 20 - Reaction was not completed
3 1.0 25 - Reaction was not completed
4 1.0 30 - Reaction was not completed
5 26.0 34 13.0 Reaction was completed
6 20.0 34 12.8 Reaction was completed




Mol e Mole ratio 1 conmpound 32 20.0 g 410 0,046 1.0 2
10%5odi urri hypochlorite 220 int 74,5 0,322 7,0 70% TB1-1P in water
90 1,56 3XOQ011#075701 Et hyl acetate 300 nt - PCT/US2010/061150

Conclusion: The reaction went to completion with 34 equivalents of reagent, but was
incomplete in the two experiments where less was used. Therefore, 34 equivalents were

selected as the preferred amount.

Reagent Stoichiometry

5 The inttial runs of this step were carried out with less equivalents of NaOCL The
following experimients have been conducted to modity this amount of this reagent and

results are tabulated below,

Batch Mole Cutput
SN, Hemarks

Size(g} Ratio {23
i 1.0 3.0 - Reaction was not completed
2 0.2 5.0 - Reaction was not completed
3 5.0 5.0 - Reaction was not completed
4 1.9 10.0 0.4 Reaction was completed
5 5.0 7.0 2.6 Reaction was not completed
) 5.0 7.0 22 Reaction was not completed

Conclusion: The reaction went to completion with 7.0 equivalents of reagent, but was
10 incomplete in the two experiments where less was used. Therefore, 7.0 equivalents were

selected as the preferred amount,

Reaction Temperature

In order to modify the reaction temperature, the following experiments have been

conducted and the results are tabulated below.

Batch
Cutput
S.No. Kize Temperature © Remarks
g
®
i 5.0 25-30 °C 2.0 Reaction was completed
2 5.0 10-15 °C 2.2 Reaction was corapleted

200

nit



- 15 V5 Pyridiniu Illehloroehromatc. 10.9 g 215..5 0,056 1,1 6 Methanol +

140 m, -- . 7.0 V7 Water 2000 Trd_. - - 100 V 8 Brine solution 100 nt, -
- 5,0 V woBrpar7sTeent al procedure: To a solution of compowrs$2@2/06060 g) in
et hyl acetate (200 nL) was added 70% TBHP in water (200 nlL) reaction
sol uti on was co@l-t.00C,was...sl-ow Y. added-.10% Sodi-um hypnnhl orite for about
6-7 h at O-5stir for 2-B.d at gamectenp. 13.0 Reaction was completed

4 20.0 -5 °C 12.8 Reaction was completed

Conclusion: The reaction worked at all temperatures between 0 and S °C, so a range of 0-
10 °C was chosen as the reaction 18 expected to be more selective at lower temperature

and the yields were observed to be higher.

5  Reaction Time
Puring the initial runs, the reaction was carried out at 0-5°C (for 24 hr). Inorder to
ascertain whether to modify the reaction time, the following experiments were conducted
and the results are tabulated below.
Batch Output
S.No. | 1 Time, Remarks
Size {g) ®

1 1.0 24 0.4 Reaction was completed

2 24.0 3.0 13.0 Reaction was completed

3 20.0 8.0 12.8 Reaction was corapleted

180 Ceonclusion: The reaction appears to complete at 0-5 °C in 8 h, so this was chosen as the
preferred reaction time.
Product isolation Solvent Selection:
Two solvent systems were explored for this final purification. They are:
s Methanol
15 ¢  Agueous Methanol
The following experiments have been conducted and the experimental results are
tabulated below.
o ) o Batch Output o
S.Ngo. Experiment Number . ] Solvent Purity by HPLC
Size (g) (g}
95.6% HPLC purity
1 BBA-09-009-V-05 20.0 Methano! 14.0 i
by RI detection

2 BDA-09-009-V-017 50.0 20% Aq 319 95.2% HPLC purity

17
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CDCl 3): .4, 163.8, 123.6, 73.7, 53.4, 53.0, 51.3,

47. 2, 1541\;@;50{39{;@‘/51&715 % iﬁ&&pﬂ:;m(ﬂ;ﬁ)r@hm%aigpurﬁla@ign 3y, ar29. 6, 27.6, 27.3,

26.4, 26.1, 24,1, 21.2,
JR = 3437, 304ﬁ¢m;9§6 2870, 1729, 1680, 1252, 1168, 1020,
1102 (¢ = 1% in CHC13).
S nthesis from?25 *0 DCM H2SO4 S.

thd 3x%rimemal reb QA3

=141-14

1o

2 C

[a] f)
2011/ 075701 *Scheisausdvicthaprb Hnaj

PCT/ US20 164064 l@QiglxxﬁLiﬁ&ﬁg bl HeeRooddified A8

tabulated below.

19.4, 10.6. Mass (m z)

445.0 [M 1],

20HPLC/ R

cn}l. in.p.
Purity: 96.2%

e Batch Output , ,
S.Neo o Sofvent o Purity by HPLC
Size (g} {2}
93.6% HPLC punty
i 10.0 Methanol 8.0 ]
by RI detection
13% Ag 93.8% HPLC punty
2 i8.0 15.5
methanol by Rl detection
] 91.9% HPLC punty
3 25.0 Methanol 10.0 ]
by RI detection
13% Ag 93.8% HPLC punty
4 20.0 17.6 ]
methanol by Rl detection
13% Ag 93.3% HPLC punty
5 20.0 17.6 ]
methanol by Rl detection

Conclusion: Extremely effective purification, punity& yield were achieved by

Fig

462,0 [ML8].

WO
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O AcO 24 62% Summary Stage-I|: 9a4Hydroxy-5P-androstane-3, 17-di one
Staged4l: 5P-Androst-9(il.)-ene 3,17-dione 102627 WO

2011/ 075WORCT/12SA010/ 061150 St aged4l (Z)- 3u-, PCT/US2010/061150
' et oxy-.t)P-pregna- 9(11) 17(20) - diene St age- 1 V:
thhyISO acet oxy-5P-el i 9(1 1)-€e4 Sta ge-V Mt hyl

- acet oxy- ffzr:.sé%v%@mbﬁ%ﬂw gtqdiiytfé@mé&" éfﬁ arcthangh _ Eijeptigsy ShTranaiosank - 3
17-di one ReXsitica ggpzrngﬁlgﬁzldb%m b()]‘v’%’l‘iN?b[CHl {(EtOAc/hexanes) is used.

Final modified process for Step 8

The final modified procedure for this step is given below.

S.MNe, Raw Material Oty Unit | M. WL Moie Maie ratio

i compound 32 240 g 430 0.04¢6 1.0

2 10%Sodiurnhypochlorite 220 mb 74.5 0.322 7.0

3 70% TBHP in water 200 mk. S0 1.36 340

4 Ethyl acetate 300 k. - - IR

5 Pyridiniumchlorochromate 10.9 g 2155 0.656 id

6 Methans 140 mk. - - 7.0V

7 Water 2000 ol - - 100V

b Brine solution 106 mi - - 5.0V

N

Experimental procedure: To a solution of compound 32 (20 g) in ethyl acetate {200 mL}
was added 70% TBHP in water (200 mL) reaction solution was cool 100°C, was slowly
added 10% Sodium hypochlorite for about 6-7 b at 0-3 °C, stir for 2-3 h at same temp.
Upon complete disappearance of compound 32 by TLC {eluent = 20% EtOAc in

10 hexanes}), separate the organic layer and the aqueous layer extracted with cthyl acetate (60
mkb}. the combined organic layer was washed with water { 2X 400 mL) followed by
treated with 20% sodiom sulfite sol (220 mL) at 50-33 °C for 2h, separate two layers,
organic layer was treated with pyridinium chlorochromate { 10.9 g ) for 6-8 h at 25-30 °C.

Upon complete disappearance of allylicalcohol by TLC (cluent = 20% EtQAc in

o
(9

hexanes}, the organic layers were washed with hot water (4X 500 m1L} followed by
saturated brine solution (100 rml). Organic layer was evaporated under vacuum at 45-50
°C. The resulting crude material was purified by stirring it with 20% agueous methanot

(40 mL) at 5-10°C for th filtered; the cake was washed with 20% aqueous methanol (20

Pig



Raw Material Qy Unit Mol. W. Mle Mle Ratio 9a-Hydroxyandrostenedi one
(9-HAD) 100.0 g 302.4 0.330 1.0 10%Pd/C(wet) 8.0 g - - 8.0 wt% W
2011/ 075 WORCT/IZSAD10/ 061150 -, Acet one 3000 nil _ PCI/UB010/0¥1150

ml} and then dried under vacuum at 45-50 °C. The organic layer was concentrated and
absorbed onto silica (1.5 equiv.). Separately a silica gel (hexanes) colurnn was prepared with 7
cquiv. of silica and the resulting product containing mixture was loaded onto the column. The
product was then eluted with a hexane/BEtOAc gradient mixture to vickd coluran fractions

5 containing coropound 24. Hach fraction was sampled and tested for purity. Al fractions with the
desired purity were combined and concentrated invacuo. The resulting mixture was then
precipitated from hexanes and then dried under vacuum at 45-50 °C, which provided compound

24 (13 g) as a pale yellow sohid.

TLC: p-Anisaldehyde charring, Ry for compound 24 = 0.28 and R, for compound 32 = 0.52.
10 Eluent = 20% EtOAc in hexanes.

"H NMR (500 MHz, CDCL): & = 5.71 (s, 1H), 4.75-4.71 (m, 1H), 3.66 (s, 3H), 2.42-2.37(m, 3H),

2.31-2.02(m0, 2H), 2.0 (s, 3H), 1.98-1.67 (m, 9H), 1.56-1.24 {m, 9H), 1.19 (s, 3H), 1.02-1.01 {d, J

= 6.5 Hz, 3H), 0.90 (5, 3H}.

PO NMR (500 MHz, CDCL): 8 = 204.9, 174.5, 170.4, 163.8, 123.6, 73.7, 53.4, 53.0, 51.3, 47.2,
15 41.7,398,37.7,35.2,35.0,33.9,31.4, 30.529.6,27.6,27.3,264,26.1,24.1,21.2,194, 10.6.

Mass {m/z) =4450 [M" + 1], 462.0 [M™ + 18],

IR = 3437, 3045, 2946, 2870, 1729, 1680, 1252, 1168, 1020, cm™.

mp. =141-142 °C.

[alp = +102 {¢ = 1% in CHCL).
20 HPLC/ RI Purity: 96.2%.



D ehl orometh- 1200 int, - 12.0 V Celite 20 g - - Experinental

procedure: 1. Charge Acetone (2200 nit) into a clean and dry autocl ave. 2.
Char ge 94w0AMM1(a®®1g) into the sanme autoclave. 3. Stir PeaAS2@0/0n1%e ur e at
25C (RI) and add slurry of Pd/C 8.0 g) in acetone (200 nit), 4. After
inerting W|th n|tro en 1oressur|zemW|th hydrogen gas to 60 psi. 5. Stir the
reaction $RbgEELe e ral Sty amtl 60 psi for 4-511. 06, Check for

conpl eti on by HPLC (30% EtOAc in DCM N 0. 5% of 25) 07. Dilute the
reaction mxture wiih [ervaiiPpotgh a
Celitet bed (20 : ), 9.
Concentrate t t he sol vent at

bel ow 45 ' C.o”. ) A penove the sol vent
under vacuum at bet() 765 " C. 11 Charge acetone (200 nm) and cool to 0-5

resul ting ite g0 Lhe- NMT 1%
Vet wei ght: |10¢ h& ) 0Y|e d: 85.4% L . 0% Re1*rFHg range:
218-219, 7 SR ¥I6. £ (c = 1% im O 1%€13), |1PLC N
[ wethyiacryiate, d:?kg\/m Me 40%.Paic GO Me
EtAICH, DOM, 1t H,, E108c
85% in
AcO” ) 3¢ - 2steps 4 o ) 32
: o
TOUTBHP | COMe
Na(d!
8%
%ACOW Ho
Summary
5

Stage-I: 9o-Hydroxy-58-androstane-3, 17-dione

10% Pd/C

o]
DMF, H,
_ =
BOC .

Stage-1k: 55-Androst-9¢(11}-ene 3,17-dione

ﬁ DCM, H2S0;4 Ljig:tg
H
27

10



NOTE: Alternative process for Hydrogenation. Raw material s: No. Raw
Material Qy Unit Mol W. Mle Mle Ratio 1 9a-Hydroxyandr ost enedi one
(9-HAD) Iwor11302700. 331 1.0 WD 2011/ 075701PCT/ US2010/ 0®CTAB20100801F0/ C(dry)
7,0 f; ¢, - - 7.0 w% 3 NA-D nethyl formam de 700 nit - -- 7.0 V 4 D chi

oronme thane . 4
Stage-1H: (Z3-3o-Acetoxy-SB-pregna-9(11},17(20)-diene

O
LlAl(OtBuéH di@ PCH CH Br
o ) 27 Ho™ o™

¢,0. DMAP {
ey A, MTBE

62% - 3 steps
Ac()“\“

30

Stage-1V: Methyl 3o-acctoxy-5p-chol-9{11}-en-24-0ate

Methylacrylate, COMe  409,-parC COMe
_EtAICl, DCM, 1t _Hy EfOAc_
AcO™ AcO™ N 32

o)
Stage-V: Methyl 3a-acetoxy-12-ox0-35-chol-9(1 1 )-en-24-oate
digi§¥COzMe TBHP wcone
NaOCl
0 Ao 1 32 ACO™
Stage-1: Yg-Hydroxy 5f-androstane-3,17-dione
P 10%Pac
" DMF, H,
peC ;
15 Raw materials:
5.Na. Raw Material Oty Unit | Mol. Wt | Mole HMole Ratio
9a-Hydroxyandrostenedione _
i , 100.0 g 302.4 $.336 1.0
(9-HAD)
2 0% Pd/C (wet) 2.0 g - - 2.0 wt%




1200 Tilt. - - 12.0 V5 Acetone 600 mM. - . 6,0 V Celite 20 f; ¢, - - -
Experinental procedure: 15. Charge DMF (.500 nt) into a clean and thy
aut ocl avewo02611/@hmige 9-HAD (100 g) into the sane autoclParaiS20i#/06856 r
reaction mxture at 25C (RT) and add slurry of Pd/C (7.0 g) in DV (200
nm). 18, .Abter.inerting-wi-t-h-nitrogen, . pressuri-ze-w-th-hydrogen..gas.-t.9 60
psi, 19.; Stir thesweacti on m xture| ago®5-356 (RT) and |60 psi fopoBl. .
20, Check for conpletion by TLC (30% Et0Ac in DCM NMI 2% of | 25), 21,
Dilute the peac tdf&)mb ML X1, Le with d chL(ﬁ)ror net hane (300 ni), 1022, ,Eilter

through a Celit g) and Cetilet wijth dichlorornethane
(900 m): 23 Concentrate thef{ttrate-via vacuumdirstittation—of—3al |
the sol ventat B&li6w 65 ' C. 24. Char gé& acet 6ne (300 nl|.) and conpt etelly
renmove the-solvent—under—vacuum-at--bel-ow-65--C-—25.-Charge—acet-one—{-200
tut-) and cool to 0-5 (t. 26. Maintain the resultlng slurry for 2hat
0-5 "C, angcthen.ifkdct@ke: 1527, Wash the wet cake with chilled (0-10 "C
acetone (100 m). 28, Dr therestlltl "White solid ma hot air oven at

45-50 " C UnfiBrree Aectptory’ 1 © mivinie g6 lopetndiBy §Hei2v405 g Dry wei ght: 88 g
02. Charge 9-HAD {100 g) into the same autoclave.

5 03, Stir reaction mixture at 25°C (RT) and add shurry of Pd/C (8.0 g) in acetone (200 mL).

04. After inerting with nitrogen, pressurize with hydrogen gas to 60 psi.
0S. Stir the reaction mixture at 25-35°C (RT} and 60 psi for 4-5h.
06. Check for completion by HPLC (30% EtGAc in BCM; NMT 0.5% of 25).
Q7. Dilute the reaction roixture with dichloromethane (300 mb).

10 08, Fiher through a Celite® bed (20 g) and wash the Celite® with dichloromethane (900 mL).
(9. Concentrate the filtrate via vacuum distillation of all the solvent at below 45 °C.
10. Charge acetone (300 mL) and completely remove the solvent under vacuum at below 65 °C.
11. Charge acetone (200 miL} and cool to (-5 °C.
12, Maintain the resulting slarry for 2 b at 8-5 °C, and then filter.

3. Wash the wet cake with chilled {0-10 °C) acetone (100 mL}.

14, Dry the resulting white solid in a hot air oven at 45-50 °C until the LOD is NMT 1%,

[,
(4]
[

3

Wet weight: 105 g
Dry weight: 86 g

20 Yield: 85.4%
LOD <1.0%
Melting range: 218-219.7 °C
SOR: +126.4 {¢ = 1% in CHCl).
HPLC/ RI Puarity: 99.0%.

[\
(9]

MOTE: Alternative process for Hydrogenation.

Raw matenals:

Meo. Raw Material Oty Unit | Mol. Wt. | Mole | Mole Ratio
Sg-Hydroxyandrostenedione . . .
~ 3 i3 (2
1 (9-TTAD) 100.0 g 362 0.331 1.9

123



20Yield: 87.4%LOD < 1.0% Melting range: 218-219.7 C SOR +126.4 (¢ = 1%in
CHC13) Stagedt: 5 p-Androst-9(1 1 )-ene-3, 17-dione WO

2011/ 075WORQT/028AH010/ 061150 2627 Raw materi al s: S. NeCTRM1IWAbES al QY
Unit Moi. W, Mle Mle Ratio 1 Stage --1 Product 85,0 g 304 0,279 1,0

Sul furi c.aci-d-13 5.nth.-98.0.2.51 0.9 3. Di.chloronethane.-1510
2 10% P/C (dry) 7.0 g - - 7.0 wit%
3 N, N-Dhimoethyiformamide 700 mk. - - 70V
4 Dichloromethane 1200 mi. - - 120V
5 Acetone 600 mi - - 60V
5 Celite 20 g - - -

Experimental procedure:

15. Charge DMF (500 ml.) into a clean and dry autoclave.
16. Charge 9-HAD (100 g) into the same autoclave.

. Stir reaction mixture at 25°C (RT} and add shwry of PA/C (7.0 g} mn DMF (200 mL).

(4]
J—
~~1

18. After incrting with nitrogen, pressurize with hydrogen gas to 60 psi.
19. Stir the reaction mixture at 25-35°C (RT) and 60 psi for 3h. .
20. Check for completion by TLC (30% EtOAc o DOM; NMT 2% of 25).
21. Dilute the reaction mixture with dichloromethane (300 mL).
10 22. Filter through a Celite® bed (20 g} and wash the Celite® with dichloromethane (900 mL).
23. Concentrate the filtrate via vacuum distillation of all the solvent at below 65 °C.
24. Charge acetone (300 mb.} and completely remove the sohvent under vacuum at below 65 °C.
25. Charge acetone (200 mL} and cool to 8-5 °C.
26. Maintain the resulting slorry for 2 hat 0-5 7C, and then filter.
15 27. Wash the wet cake with chilled (0-10 °C) acetone (100 mL).

28. Dry the resulting white solid in a hot air oven at 45-50 °C unti] the LOD s NMT 1%.

Wet weight: 105 g
Dry weight: 88 g
20 Yield: 87.4%
LOD < 1.6%
Melting range: 218-219.7 °C
SOR: +126.4 (¢ = 1% in CHCL)

Stage-ik: 58-Androst-9{11}-ene-3, 17-dione



nit - 18.0 V 4 Hexanes 340 nit Water 1700 mt. - - 20,0 V Sodium

bi carbonate 423 nit - 5.0 V Saturated Brine solution 425 int, - 50V
Experi nerwal2opriosmdur e: 1. Char ge di ehl or onet hane (1275 PCmiUyS2@ndétibe
Stage-1 product into a clean and dry fl ask.

O O

" DCM, H,SO;
oy

2 g
Raw materials:
SN, Raw Material Oty Unit | Mol WL Maole Mele Ratio

1 Stage — | Product 85.G g 304 G279 1.0

2 Sulfuric acid 13.5 ol 98 0.251 6.9

3 Dnchloromethane 1530 mL - - 180V

4 Hexanes 340 mi. - - 4V

5 Water 1700 ol - - 200V

& Sodium bicarbonate 425 mL - - 50V

7 Saturated Brine solution 425 mi. - - RRUAY

(4]

Expenimental procedure;

01. Charge dichioromethane (1275 mbL} and the Stage-I product into a clean and dry flask.
02. Cool the mixture to 10 °C and then add sulfuric acid {13.5 mL) slowly over 15 min at 10-13
°C.
{13. Reaction solution temp raise to 25-35°C and stir for 2 h at 25-35°C.
10 04, Check for completion by TLC (30% EtOAc in DCM; NMT 1% of Stage-f product}.
05. Wash the reaction mixture with water (300 mb.).
06. Back extract the aguecus layer with DOM (2 X212 mL), and then combine the organic layers.
(7. Wash the organic layer with saturated sodivm bicarbonate sohution (425 mb)
08. Wash the organic layer with water (556 mL) followed by brine solution (425 mi}.
15 07, Distil out the solvent completely under vacuum at less than 45 °C.
(8. Add hexanes (340 mL) and distill out the solvent completely under vacuurm at less than 50 °C.
(9. Add water (616 mL), stir for 15 mun at RT, then filter and wash the cake with water (255 mbL}.

10. Dry the white solid in a hot air drier at 53-60 °C until the moisture content is NMT 0.5%.

23 Wetweight: ~190 g,



2. Cool the mxture to 10C and then add sulfuric acid (13,5 nt) slowy over
15 mn at 10-15 C. 3. Reaction solution tenp raise to 25-35C and stir for 2
h at 25- 38Q.20008701Check for conpletion by TLC (30% Et ORETIUS20QD6AS0 NMT 1%
of Stage-1 prod 5. Wash the reaction mxture with water (300 nit). 6.
Back extract the aqueous | ayer with DCM (2 X212 nit)" and then conbine the
organi ¢ 1'dyeres 76 Arxash the organic layer with saturated sodi um bicarbonate

sol uti on {4Rboiwpt) 8. Wash the organic layer with water (550 nit)
foll oned by bri ne solution (425 inL). 1507, Distill out the solvent

conpl et el YoiiFter Cv&cuum at | ess than 45 T. 08"Add hexanes (340 nt.) and
distill oMgmh@&n&thﬁemmprrpl etely under vacuumat | ess than 50 C 9.

Add wat er g nt ) ) for 15 -mn at RT, then filter and wash the cake
with wat et ‘f?ﬁéiﬁi(‘t’f]/““(m 340. Dry the white solid in a hot air drier at
55-60 C untid, direRooggyre content is NMI 0, 5% 20Wet weight: -190 g WO
2011/ 075701PCT/ US2010/ 061150 Dry weight. 76 g Yield: 95% Moi sture < 0.5%
Melting range: 148.5 - 150,1C SOR +144.4 (¢ = 1% in CHC13), HPLC R

Purity: 96s0%-iSt ageAli r&xZ)<ﬁ§>@ew¢<lgetﬁw i Ploego@akl) , 17(20) - di ene

(conpound 30) Raw ateri al s: Ao. Raw material Qy Unit M W, Mle Mle
rati o conpound 27 76 0 286. 2 0.265 1.0
0 o )
LIAOBu3H KOtRa, THE it
o 27 Ho™ o™
: 28 B
]
Ac20, DMAP
TEA, MTBE
62% - 3 steps
AcO™
10 Ho35
Raw matenials;
S.Ne. Raw material Qty | Unit | M. Wt | Msole | Moele ratio
i compound 27 76 g 286.2 0.265 1.0
Lithium tri-sert-
2 _ ) 319 ml 2542 (489 1.2
butoxyaluminom hydride
3 THF 760 mk - - 10V
4 Pachloromethane 380 mi - - 6v
5 Water 456 k. - - 6.0V
& 2N HCI 456 ml - - 6.0V
7 | Brine solution 380 mkb - - 5.0V
§ | THF 532 mh - - 8.0V
Potassium fert-butoxide B )
9 , o 768 mi - 0.797 29
(1.0 M i THF)




Lithiumtri-tert- 2 butoxyal um nuni hydride 319 nit 254.2 0.489 1.2
THE 760 rrilL 10V Dichl oroni ethane 380 nit - 6V Water 456 inL - -

10

[,
(4]

WO 2011/075701 PCT/US2010/061150

Ethyltriphenyiphosphonium

10§ 2954 g 37126 ¢ 0.795 3.6
bromide
it | MTBE 2280 | mhb - - 30V
12 | Water 760 mb - - 10V
13 | Brine solution 380 mb - - 3V
14 | Acetic anhydride 37.6 | mkL 102 0.368 1.5
15 | MTRBE 216 mi, - - 5V
16 | Tricthylamine 739 1 mbL 101 0.530 20

4-{ N N-Diethyl-
17 S o 3.23 4 122 0.026 0.1
amingpyridine (DMAP)

18 | Water 796 ml. ~ - 10V
1¢ | Brine solution 380 mki. - - SV
20 | Methanol 380 mL - - 5V
21 1 2% Aqgueous methanol 380 mk - ~ 5V

Experimental procedure:

01. Charge dry THF (760 ml) and Stage-lI Product {76 g} under nifrogen into a clean and dry
flask.
02, Cool to -35 to —45 °C and then add a solution of lithium tri-rere-butoxyalununum hydride at -
3s

to ~45 "C over 1 h.
03. Stir the reaction mixture for 2-3 hat -35 to 43 °C.
04. Monitor the reaction by HPLC (30% EtQAc in DOM; NMT 3% of Stage-H Product).
035, Add 2N HCI solution (474 mL) to the reaction mixture, maintaining the teyoperature at <Q°C.,
(6. Separate the lavers and back extract the aqueous layer twice with dichloromethane (2 X 380
mb)
(7. Wash the combined organic layers with water (380 wl.) and then with brine solution (380
i
08. Completely remove the solvents by atmospheric distillation at less than 60 °C.

09. Check the residue for water content. If it is >{.5%, add DCM (156 mL) and distill

127
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6 2N HC1 456 nit - 6.0V r--c;r, Brine solution 380 5.0V THE 532 nE -
8.0V Potassiumtert-b toxide 9 768 nit 0,797 2.9
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atmospherically again at less than 60 °C.
10. Dissolve the residue in dry THE (380 ml), and keep the solution under a nitrogen
atmosphere.
this is the Stage THA Product.
3 11 Charge ethyliriphenyiphosphonium bromide (295 g) and dry THF (250 ml.} into 2 clean and
dry
flask onder nitrogen.
1Z2. Add a solution of potassiun fers-butoxide (1M in THF, 769 mL) over 10 min and then stir the
Resulting red-colored solution for 1 h at 25-35 °C.
10 13, Add the THF solution from step 10 over ¥4 b and then stir for an additional 3 hoat 25-35 °C.
14. Check for completion by TLC (30% EtOAc in DCM; NMT 1% of Stage-IIA Product).
15. Add ice water (780 mb) to the reaction mixture at 25-35 "( {exothermic by 5-8°C).
16. Separate the layers and back extract the aqueous phase with MTBE (2 X 380 ml.).

17. Combine the organic layers and wash with water {380 mL) and then brine (380 mb).

i
(4]

8. Distill out the solvents completely under vacuum and below 50 °C.
19. Add MTBE (264 mL} and distill out completely under vacuum at below 50 °C,
20. Add MTBE (380 mL) again and stir for 2 hat 25-35 °C.
21, Filter the unwanted salts, wash them with MTBE (380 mbL) and combine the filtrates,
22. Distill out the solvents completely under vacoum and below 50 °C.
20 23, Add fresh MTBE (380 mL) and then distil] it out completely under vacuum.
24, Add MTBE (380 ml.) again and stir for 2 hoat 253-35 °C.
25, Filter the unwanted salts, wash them with MTBE (380 mL) and combine the filtrates distilled
under vacuum up to 20%, add fresh MTBE (180 b}
26. Charge filtrate (760 mbL) Stage-HIB Product into a clean and dry flask.
25 27, Charge DMAP (3.2 g).
28, Add triethylamme (73.8 mL).
29. Add acetic anhydride (37.58 mL) slowly at 25-35 °C over 15 min.
30. Stir the reaction mixture for 2-3 b at 25-35 °C.
31. Check for completion by TLC (10% FtOAc¢ in hexane; NMT 1% of Stage-HIB Product).
30 32, Wash the reaction mixture with water (760 mb.) and then agueous layer extract with MTBE
{380 mL) combined organic layer wash with saturated brine solution (380 mL).
. Concentrate organic layer by completely atmospheric distillation below S0 °C.
34. Charge methanel (152 mL) and completely remove the solvent under vacuum at below 50 °C

35, Charge 2% aqueous methanol (304 mL) and heat to 60-65 °C.



(1.0 Min THE) WO 2011/ 075701PCT/ US2010/ 061150 10 11
Et hyl tri phenyl phosphoni um brom de MIBE 295.4 2280 g m ., 371.26 0.795 3.0
30V 12 VawenroigosTe. , 10V 13 Brine solution 380 nl_, PCENIS2010/061150

36. Mamtain the resulting clear solation for 1 h at 60-65 °C, then slowly cool to 15-20°C
maintain

for 2h at same temp and then filter,
37. Wash the wet cake with chilled {10-15 °C) 2% agueous methanol (76 mL).

5 38. Dry the resulting white solid in a hot air oven at 45-50 °C until the LOD is NMT 1%,

Wet weight: ~70g.
Dry weight: 55 ¢
Yield: 63%

10 Moisture < 0.5%

HPLC/ RI Purity: 95.0%.

Stage-IV: Methyl 3o-acctoxy-50-chol-9(11)-en-24-0ate

[ Wethylacrylate, / COMe  10%-paiC COMe
EtAIC], DCM, rt Ha, EtOAC
Ao T 30 AcO™ 84 A0 T 32
15
Raw materials:
S.Me. Raw Material Oty Unit | Bol. Wi | Mele | Mole Ratio
i Stage —~HI Product 102 g 342 0.298 1.0
2 Methyl acrylate 61.0 kL 86 0.67 238

Ethyl aluminum dichlonide (1.8 o ‘
3 ‘ 496 mb 12698 0.893 3.0
M in toluene)

4 Dichloromethane 1560 mk - - 5V
S Saturated bicarbonate 8ol 1000 mb - - v
) Ethyl acetate 1804 mb - - 18V
7 Silica gel (# 60-120) 300 g - - 3.0

8 Hexane 1600 k. - - 0.0V




14 Acetic anhydride 37.6 nit 102 0.398 1.5 + 15 MIBE 216 mt 5V 16
Triethylamne 73.9 int: 101 0,530 2.0 4-(N, N-Di net hyl -

WO 2011/075701 PCT/US2010/061150
9 10% Ethyl acetate in Hexane 3008 - - NV
10 10 % Pd/carbon (50% water wet) 12 g - - 12 wi%
11 Methanol 600 mb - - 6.0V
12 3% Agueous methanol 400 mi. - - 4.0V
i3 Water 3000 mb - - K1Y
14 Saturated brine solution 1000 mi. - - JLALAY
18 Celite 30 g - - -

Experimental procedure:

(1. Charge dichloromethane (1000 mL) and stage-1IT product {102 g) cool the reaction mass to
°C.
5 02, Add methyl acrylate (61 mL) over Y2 hat -5 °C.
3. Stir for 1 h at -5 °C and then add a solution of ethylaturninum dichloride (1.8 M, in toluene,
496 mL) over 1 hat 0-5 °C. (Cautien: This reagent reacts violently with water}.

04. Stir for ¥4 b at 0-5 °C and raise the temperature to 25-35 °C and stir for 16 h
P

10 06. Pour the reaction mass slowly in 10-15 min into ice water (2000 mL) and separate the phases.
(7. Extract the aqueous layer with DCM (500 mL).
08. Combine the organic phases and wash with water (1000 mbL)} followed by saturated
bicarbonate solution (1000 mL} and then brine solution (1000 mL).

09, Concentrate the organic phase to dryness under vacuum below 50 °C. This is Stage [VA

15 Product.
10. Restdue dissolved in hexane (1000 mb) passed through silica bed buchnor funnel, bed wash
with 10% cthyl acetate in hexane (3006 ol).
11. Collect total filtrate to dryness under vacuurn below 50 °C. This s Stage [V A Product,
§2. After unloading the flask, rinse with 40% methanol m ethyl acetate (800 rol.) and save this
20 rinse for the next step.

13. Charge Stage IVA Product ind40% methanel in ethyl acetate rinse (200 mb) from above 1o a
dry autoclave.
14, Charge sturry of 10% palladium on carbon (12 g in 200 L of ethyl acetate).

15. Pressurize with hydrogen (70 psi) and stir the mixture for 16 h at 23-35 °C.
Yarog P8

130



17 am no)pyridine (DVAP) 3,73 g 122 0.026 0,1 18 Water 796 triL - - 10V 19
Brine solution 380 nL - - 5V + 20 Methanol 380 nml. -
PCT/US2010/061150
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(4]

WO 2011/075701

§6. Check for completion by HPLC (NMT 1% Stage VA Product).

5V

17. Filter the reaction mixture through Celite® {30 g) and wash the cake with ethyl acetate (1000

mi}.

18. Concentrate the filtrate to dryness via vacuum distillation below 60 °C.

19. Add methanol (200 mL) and concentrate to dryness via vacuum distillation below 60 °C.

20. Add 3% aqueous yoethanol (300 mb), stir for 15 min at 0-5 °C, filter and wash the cake with

3% aquecus methanol (100 mL},

21. Dry the white solid in a hot air drier at 50-55 °C until the moisture content is NMT 0.5%.

Wet weight: ~80 g

Dry weight: 60 g

Yicld: 85%

Moisture < 0.5%

Mehing range: 131.7 - 133.1 °C
SOR: + 57.4 (¢ = 1% in CHCL}.
HPLC/ Ri Purity: 93.0%.

Stage-¥: Methyl 3u-acetoxy-12-0x0-55-chola-9(11)-en-24-oaic

“,, %

CoMe R CO,Me
NaOCl_
Ao ) 32 AcO™ F 33
Raw materials:
S.Nao. Raw Material Qty Unit | Mol Wt | Mole | Mole Hatio
1 Stage — IV Product 60 g 430 0.139 1.0
2 70% TBHP in water 610 mL 99.99 5.06 340
3 10% Sodiurg hypochlorite 660 mi 74.5 1.036 7.0
4 Pyridintumchlorochromate 32.8 o 215 0.1636 1
5 Ethyl acetate 904 mi. - - 15V
‘ 20% agueous methanol 10 L .
Iotl& 2
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86.

nit).

(780 nit) to the reaction m xture at 25-35C
16. Separate the layers and back extract the aqueous

17. Conbi ne the organic |ayers and

out the
19, Add MIBE (264 ni) and

under’ vacuum at bet() 50 C, 20, Add MIBE (380 nit)
agai n Sandi3stAidd - ﬁt}riiﬂﬂhma‘:ta 12 {61885 at 1035 ‘ZlandRhdoteep! 1p hel-iffwant ed sal ts,

bﬂ éQKDHn& R 0e QQe Lilds

vacu m an
‘%tir the Iecutmn mlxmre for 3 hat 0-5 °C.

Check for completion by HPLC-RI (20% EtOAc in hexane: NMT 1% of Stage IV Product).

eow

. Separate the organic laver, aqueous layer exiract with ethyl acetate (300 ml).

agueous sodium sulfite { 600 ml} maintain for 2h at 55

% of Allvlicalcohol).

hat 0-5 °C, filter and wash the cake with chilled (0-5 °C ) 20% agueous methanol

(8. Combined organic layer wash with water ( 2X600 mi.).
(9. Charge ethyl acetate layer and 20%
.
10. Scparate the organic layer wash with water (2 X 600 mL).
11. Charge organic layer into R.B. flask charge PCC (32.8 g) at 25-30 °C.
12, Stir the reaction mixture for 6-8 h at 25-30 °C.
13. Check for completion by HPLC-RI (20% EtQAc in hexane; NMT 2
14, Charge DM water {1200 mbL} and stir for 15 min, separate organic layer.
15, Organic layer wash with BM water (3X 600 mL), and brine solution (300 mi.}.
i6. Completely remove the solvent under vacuom distillation below 50 °C.
17. Add methanel (240 mL) and completely remove the solvent via vacgum distitlation below 50
.
18. Add 20% agueous methanol (180 mL) and then coolto 0-5 °C.
19, Stir for 2
{30 mL}.

|x]

wash

gtes 22. Distill out the
0



2023. Add fresh MIBE (380 nit) and then distill it out conpletely under
vacuum 24. Add MIBE (380 nt.) again and stir for 2 h at 25-35 25. Filter
t he unwarweadosal7s®1 wash themwith MIBE (380 nt.) and cegibiuseomwioel1so | trat es
distilled under vacuum up to 20% add fresh MIBE (180 nt.). 26. Charge
filtrate (760 nlL) Stage-| Product .into a clean and dry flask, 2527.

Char ge 768“2 s “2@“" aﬂd‘tﬂ‘“ﬂt SECRYY SHiSie pdavgeHi t'f% 29. Add acetic
anhydrldeu(%zm@% 0191!1&\)’%83 thy eai/ i%ém?iéz ﬁ@afr%@ﬁmh@y gy 30. Stir the
reaction m xture for 2- 25- CC. Check Tor completion by TLC
(10% Et 0AEL. |Cr§il«ih§>m¢1bdml&|&/ﬁ‘3 zla%of St age IIIB Product), 3032. Wash the
reaction nd. .t hen aqueous |ayer extract with
MTBE (%3 \eﬁ{m)ﬁ]erg?ﬁ) "Héiéla*qg %?Qlit%e %%%?Fa%%h with saturated brine sol ution
(380 tari L4, A3B. Dﬁomemlﬁamswmwmihaaéﬁnx byd eanmphetiel yiat Mmspheni C
distillation below 50 CC. 34, Charge nethanol (152 nL) and conpletely
renove the é@?“@’éﬁ@ Qﬁﬁw@*\)@é@@ﬁ? at bel ow 50 "C 35, Charge 2% aqueous

met hanol 07,602, L 014 7Q1R 82010/ 061150
36, Mai nt al n t resu {’] \’\’i egrm?gl Ut |Cort1 1% %@de\g% (gq V then slowy
cool to %mﬁimmﬁw&w&h vZﬂhliB% Asgnahhﬁrrpéi(anmthen filter. 37. Wash the
wet cake with chilled % Z‘V%\/%ueous met hanaol (76 mi). 38. Dry the
resul ti ngzwli“éh‘s%ﬁ“i‘m‘up ué“:ﬁé@t %EF PYEVERUAL A5umsp DAP PVt he LOD is - NMT
Vet wej ghtyieg vVZ&QL 3 wei ght: 55 g Yield: 63% 10Mi sture <0.5% HPLCI R
Purlty 95. 0% Stag V: Met hyl -acet--511-chol -9(11)-en-24-o0ate Raw
mat er i al sDry &iloi: 3Raw Material Qv Unit Mol. W, Mdle Mle Ratio

Yield: 51.6%.

Melting rang —~143.1°C.

SOR: + 102.4 {c = 1% in Acetone}.
15 HPLC/ RI Purity: 94.0%.

85, List of Raw Materials and Solvents

The following list of raw materials and solvents are based on the details of the process described

26 above,

No. | Raw Materials

01 | So-Hydroxyandrostenedione {(Key starting material)
02 1 10% Pd/C

03 Sulfuric acid

04 | Lithivm tri-fers-butoxyalominum hydride

a5 Potassium ferd-butoxide

06 | Ethyltriphenvlphosphonium bromide

07 | Acetic anhvdride

08 | Tricthylamine

09 | 4(Dimethylaminoipyridine

10 | Methyl acrylate

11 | Ethylaluminum dichloride




1 Stage--ill Product 102 g 342 0.298 1.0 2 Methyl acrylate 61,0 int. 86
0.67 2.38 Ethyl alum numdichloride (1,8 3 N in toluene) 496 n,
126, 98 0.80208/05H1Di chl or omet hane 1500 5 nit PCT/US2010/061150

12 | 70% ters-Butylhydroperoxide

i3 10% Sodiom hypochlorite

14 | Sodium hydroxide

15 | Pyridintum chlorochromate

N, | Solvents

01 Acetone

g2 Dichloromethane

03 Methanol

04 | Methyltertbutylether

05 | Ethyl acctate

06 | Tetrahydrofuran

07 Hexane

86. Critical Parameters
Buring Process Madification, the following steps are wdentified as critical parameters,

which may show significant affect on quality or yield.

5> Stage IH
Operation: Addition of fthium tri-tert-butoxyaluminum hvdride solution under a nitrogen
atmosphere 1o the compound at - 40 10 - 45°C,
Explanation:
Comntrol of the stoichiometry of the reducing agent, lithium tri~sers-butoxyaluminum
10 hydride, 1s critical {o a favorable outcome in this step. If too little reducing agent is used,
the reaction will be incomplete. If too much is used, more of the by-product, compound

83, will be formed.

The control of the stoichiometry is made more challenging since the reducing agent is moisture
sensifive. Therefore, 1t is important to use anhydrous solvents and for the reaction to be carmed
I5  out under a nitrogen atmosphere. If moisture is allowed to contaminate the reaction, some of the
fithivm tri-fers-butoxyalominum hydride will be quenched.
Operation: Addifion of potassium tert-butoxide solution under wnitrogen atmosphere o the
compound at 25 to 35°C.
Explanation:
20 A strong base s required for this reaction. Potassium tert-butoxide 1s a sufficiently strong

base and works well. I it is exposed to water, the base is guenched and instead forrus



15 V Saturated bicarbonate sol 1000 m .,

10 V Ethyl acetate 1800

18 Vcy Silica gel (t,i 60-120) 300 g - - 3,0 Hexane 1000

10

5

20

WO 2011/075701 PCT/US2010/061150

potassium hydroxide, which is not a strong enough base to cause the desired reaction. For
this reason, it s important to use anhydrous sclvents and to carry this reaction out under a
nitrogen atmosphere.

Stage IV

{peration:

Addition of Ethylaluminum dichioride solution under nitrogen atmosphere at 0 fo 5°C.
Explanation:

Ethylalununum dichloride 15 a uniquely good catalyst for this reaction. Other, less
expensive catalysts have been tried, but the reaction does not work well with these.

Water will react with ethylaluminum dichloride and destroy its ability to catalyze this
reaction. For this reason, il is important to use anhydrous solvents and a nitrogen
atmosphere for this reaction. If the reaction is exposed to even small amounts of water, it
does not work,

Stage V

(iperation:

Addition of Sodium hypochiorite should be required 6-7h, the temperature must be conirolied io
below 5 °C.

Justification:

Temperatures above 5 °C give poorer results in this reaction, and it is possible for the
temperature to climb above this imit during the addition of sodium hypochlorite,
Theretore, it is important to add the sodinm hypochlorite at a rate that is slow enough that
it still allows for good teruperature and time control. This may prove to be an cven bigger

problem on large scale.

87. Cleaning Procedure
Study has been carried out on deoxycholic acid intermediates for establishing cleaning
procedure. It is concluded that, deoxycholic acid intermediates are freely soluble in

dichloromethane followed by water & methanol.

88. Impurities in DCA - intermediates:

During the course of process development, a number of impurities were isolated and
identified, or in some cases suspected mmpurtties were synthesized independently. A list
of such comapounds along with the data that s available for each compound is given in the

table below,



10.0 V. WO 2011/ 075701PCT/ US2010/ 061150 9 10% Et hyl

inl_ -

acetate in Hexane 3000

AcO™

30 V10 ii 10 (-.)/;.: Pd/carbon (50% water wet) Methanol 12 600 g inL
Now P BsOY 2 3% Aqueous net hanol 400 nt. - - 4pO0TNS2@0Métiee 3000
Stage
‘ Impurity Common Name Impurity structure Bata availabie
Nuntber
, TH NMR, Mass,
I 5 a~compound-26 ‘ ,
HPLC-REMR,SOR
TH NMK, Mass,
i 5 a-compound-27
HPLC-RI
‘ 1H NMR, Mass,
1 compound-83 ,
HPLO-RY,
- TH-Wittig IH NMR, Mass,
compound HPLC-RI
Hi Di Acetyl compound C}:?E& TH NMR, HPLC-RI
AcO™ )
IH NMR, Mass,
v 3,8-Ene 17-¢thyl compound ‘
' HPLC-RI
AcO™
H
1H NMR, Mass,
v 8,9-Ene
HPLC-RI
AcO™ o
‘ IH NMR, Mass,
Y Allylicalcohol

HPLC-RI




10 V 14 Saturated brine solution 1000 m., - - 10,0 V- 15 Celite 30 g - - -
Experinental procedure: 1. Charge dichl oro-nethane (1000 nl) and stage-H
product (WO2og)yo7smel the reaction mass to 0 "C. 2. Add mermhjskoiaosmbo ate (61
naL) over ',/2 h at 0-5"'C 3. Stir for 1 h at 0-5 "C and -then add a

sol uti op-of-eth.ylalumnum.dichloride (1.8 M. .in-toluene, 496.nL) over.1 h
at 0-5 C. (Cautiion: This reagent reacts vi ojjkntly wthiwater). 4. Stir |for
"A. hat 0-5'Ciand rai §1e,,7tdhe tenperature t§ 25-35 "C and ét\iérHngéi;G h.
5. Check foy conpletion By TLC (10% Et OAc | exX TS NME 896 01 st Hie- i |
Product). 1006, |Potnyihexy@apbin@n nass n 10-15 m n imti@-Rce water
(2000 nt.) and separate the phases,| 7 ct the aqueous |ayer wth DCM

(500 int.), 8. Conbine the organic pﬁcgéey and wash with water (1000 nit})
f ol | owed—by—saturated—bicarbonate—sotutton—(1060—nt)—and—then—brine
solution (1000 nm). 9. Concentrate the organic phase to dryness under

vacuum below 50 C. This is Stage |8Rrageck,i210. Resi due dissolved in hexane
(1000 inL) passed through silica bed buchrtor funnel, bed wash with 10%
ethyl ac elk%ﬁzﬁlufe!%tlﬂ%gﬁ&&@@gthmﬁﬁhesi% bi alBhbeate 4t gbmfdohiphat®24 & dryness
under vacuum bel ow 'C. This i's Stage | V'A Product, 12, After unl oading

t he fl askshorinng&civnh? hovbaretiimainchititte Brrigbe sadepatiect(tB0Bhnmayufasdiisgve

this rinse for.the next step. 13. Cha - Stage 1 VA,Product in40% met hanol
oyt Heetain Ry Ao rSbE i I SO TS PSS aDE ™ G ge
slum of 0% pakd aghum R BandgRelikdighsi n 200 int: of ethyl acetate). 15.
Pressurize with hydrogen (70 psi) and stir the m xture for 16 h at 25-35 C
WO 2011/ 075701PCT/ US2010/ 061150 16,~ Check for conpletion by Il PLC (-NMI 1%
Stage | VA Product), 17. Filter thg yeaeti% m xture through Celite(r) (30
g) and wash the cake with eth Ite (100®cre;Jsppsil8. Concentrate the
filtrate to dryness via va Il ati onWT. 19. Add net hanol
(200 nt.) and concentrate tQ 4 éss via vacUum'distillation below 60 'C.

H

24

AcO™

Li(-BuO);AlH,

_—

THF, 0-10 °C

CO,H
1. CH,Cl,/MeOH Rx

—_—

CO,H
NaOH (aq),

THF, MeOH, 0-25 °C 2. Acid/base work up

DCA-crude

Preparation of compound 33
10
The formation of compound 33 was conducted on 40 gram scale. To 10.0 g (25 wt %) of

dry 18% palladium on carbon (Pd/C) was added compound 24 (40.0 g, 90.0 mumol, 98.2%

~d

i3



20. Add 3% aqueous nethanol (300 int:), stir for 15 mn at 0-5 C, filter
and wash the cake with 3% aqueous nethanol (100 nit), 21, Dry the white
solid in wohotiEas7odri er at 50-55 'C until the noisture ©OMUSAL10/06115M
0.59/). 10Wet weight: -80 g Dry weight: 60 g Yield: 85% Misture K 0.5%
Melting range: 1?;1._‘7- 133,1 C._ 15SOR. + 57.4 S”C': 1%in CHC1,1). |IPLC R
Purity: 93U8ogy P hgelairwedy Pl naohetbyloeglardEgR 605 3L haigrdlo (MiXirewa24- oat e
Cco2mve TBHP.., J1 A et /4 _Er'a*m ;3%: ARG 1, RaN e igﬁy Yo iid . Dol .
W. , Ml rcl\gﬁ?%ﬁ’&t’si @5@0 I(g"' rgcflug"twlygao g %3%38[;3 f% n%‘%ﬁ%‘fl Pin
wat er 6101 hikdur9Bd89ted <1% AUC by HPLC of compound 24 remained, <1% AUC of the

allylic alcohol had formed and 14.5% AUC of the diastercomer of compound 24 34 had
5 formed. The reaction was deerned comiplete, cooled to 30-33 °C and filiered over Celite

The Celite cake was washed with EtOAc (400 mL) and the resulting filtrate was

concentrated to ~25 volumes and taken forward without further manipulation.

The PCC oxidation was conducted using the sample of compound 33 1o EtOAc (25 vol)
from above. To a sample of compound 33 (90.0 mmol} in EtOAc (25 vol} was added

10 POC (194 g, 1.0 cquuv, Aldrich lot # S37874-058). The reaction mixture was roaintained
at 20-25 °C for 25 hours. HPLC analysis indicated 1.1% AUC of the diastereomer of
compound 34. The reaction nuxture was deemed complete, dituted with DI water (400
mlb.} and filtered over Celite. The filter cake was washed with EtOAc (2 # 200 mL}. The

resulting filtrate was washed with DI water (2 x 400 mL) and treated with DARCO KB-G

o
LA

(8.0 g). The mmxture was heated to 45-50 °C for 4 hours and then cooled to 20-25 °C.
The shurry was filtered over Celite and the filter cake was washed with EtOAc (2 x 200
mlb). The EtOAc¢ filtrale was concentrated to ~5 volurnes and azeotroped with MeOH (2
x 600 mL) back down to ~5 volumes. The resulting slurry was assayed by 'H NMR to
indicate 6.4 mol % of EtOAc remained. The slurry was diluted with D water (320 mL)
20 and maintained at 20-25 °C for 1 hour. The slurry was filtered, washed with DI water (2
# 200 mL) and dried under vacuum at 35-45 °C to afford 27.4 g (68%) of compound 33
{97.9% AUC by HPLC containing 0.8% AUC of the diastereomer of compound 34}, KF
analysis indicated 0.02 wt % water. The lower than expected yield was most likely

attributed to the elevated level of EtOAc present during the precipitation
25  Preparation of compound 34

A 10 gram portion of the above sample of compound 33 was taken forward to the
formation of corapound 34 implementing the following isolation conditions. To a
solution of compound 33 (10.0 g, 22.4 mumol} in 60 mL of tetrahvdrofuran (THF) at 4-6
30 °Cwas added 33.6 mL (1.5 equiv, Aldrich lot # 004 19TH) of 1 M lithium tri-rers-
butoxyaluminum hydride (Li{(#BuO i AlHY in THF maintaining the temperature below 6

°C. HPLC analysis afier 18 hours indicated <1% AUC of compound 33 remained and
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5.5% AUC of the diastereomer of compound 34 had formed. The reaction was deemed
complete and quenched with 4 M HCI (150 mL} maintaining the temperature below 20
°C. The reaction mixture was extracted with heptave (2 x 100 mL). The combined
organic phases were washed with 1 M HCI (300 mL) and DY water (2 x 100 mL}. The
clear solution was distilled down to ~10 volumes and azeotroped with heptane (2 x 100
mb} down to ~10 volumes. Some scaling was observed and the sample was diluted with
heptane (100 mbL) and MTBE (2.5 mL). The sample was then heated to dissolution at 70—
75 °C and allowed to cool step-wise down to ~52 °C over a period of 1 hour when solids
precipitated, The thin slurry was held at 52 °C for 1 hour, 48 °C for 1 hour and 42 °C for
1 hour before the heat was turned off and the slurry was allowed to slowly cool to 206-25
°C overnight. The slurry was filtered, washed with heptane (2 x 25 mL} and dried under
vacuum at 35-45 °C o afford 6.8 g (68%) of compound 34 (96.0% AUC containing 2.8%
AUC of the diastercomer of compound 34) as white solids. Some scaling was observed in
the flask after the Gltration. The solids were dissclved in CHLCL and concentrated to
afford 1.3 g (13%) of compound 34 (96.5% AUC containing 1.9% AUC of the
diastereomer of compound 34). The mother liquor and washes were concentrated to

afford 1.6 g (16%} of compound 34,

Due to the lower than expected yield from the precipitation, the procedure was repeated
using 100% heptance instead of 1.25% MTBE/heptane, A sample of compound 34 (10 g,
22.4 mmol, 93.4% AUC by HPLC) was diluted with heptane (200 mL} and heated to
dissolution at 8085 °C. The solution was allowed to slowly cool down to ~65 °C over a
pertod of 1 hour when solids precipitated. The thin slurry was held at 65 °C for 1 hour
and cooled in 5 °C increments down to 30 °C over a period of 2 hours. The shurry was
filtered at 30 °C, washed with heptane (2 % 25 mL} and dried under vacuum at 35-45 °C
to afford 7.5 g (75% recovery) of compound 34 (95.7% AUC containing 0.1% AUC of
the diastercomer of compound 34) as white solids. Some scaling was observed in the
flask after the filtration. HPLC analysis are in progress for the reactor rinse and mother

Liquour
Preparation of BCA-crude
A saraple of aqueous BCA-crude (340 mb) was washed with 2-MeTHF (2 x 340 mL).

The agueous phase was assayed by HPLC to indicate 0.1% AUC of the unknown
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impurity with RRT = 1.12. The aqueous phase was diluted with 2-MeTHF (340 mL) and
adjusted to pH = 1.7-2.0 using 4 M HCI {68 mL). The phases were separated and the 2-
MeTHF phase was washed with DY water (2 x 400 val.). The 2-MeTHF phase was
concentrated to ~5 volumes and azeotroped back down to ~5 volumes with heptane (3 %
5 320ml). The 5 volume slurry was assayed by 'H NMR to indicate 2.0 mol % of 2-
MeTHF remained relative to heptane. The shurry was diluted with heptane (320 ml) and
held at 20-25 °C for 1 hour. The shurry was filtered, washed with heptane (2 x 150 mL)
and dried under vacunm at 35-43 °C to afford 24.2 g (96%) of BCA-erude (95.7% AUC
containing 6.4% AUC of' the diastercomer of DCA~erude, 1.8% AUC of the unknown

10 impurity with RRT = (.5 and .04% AUC of the unknown impurity with RRT = 1,12}
Preparation of BCA

A series of slurry purifications of BCA-crude were attempted on 2.0 g to assess the

purity and recovery., Samples of BCA-erude (2.0 g, 5.1 mumol) were diluted with 25

[,
(4]

volumes of MeOH/ CH,Cl, {(See Table 1) and the resulting slusries were held at specific
temperatures (See Table 1) for 1 hour. The shurries were allowed cool to specific
temperatures {See Table 1) and filtered. The filter cakes were washed with CHChL (2 % 3
vol} and dried under vacuum at 3540 °C overnight to afford BCA (Sce Table 1), The

results are summarized in Table 1 below

20 Table 1: Results for DCA

mol %% DA Results
MeOH | Slurry | . . HPLC resulis (% AUC)
Entry | relative | tem g‘; ¥ mmtiﬂfi ) Impurities
to °C) temp (°C) Axmnt, recovery DOA Dmst,’ of (RRT)
CHCLy DCA s iz
i 2 35-37 2830 1.3g,65% 89,00 ND 0.87 | ND
2 1 35-37 28-30 1.7 ¢, 85% 98.95 N 0.92 | ND
3 i 20-25 20-25 1.7g,85% 8915 ND 0.74 | ND
4 3.5 20-25 20-25 1.8 g, 90% 98.92 N .86 | ND
5 { 20-25 20-25 1.7g,85% 89,02 ND 0.70 | ND

The results from entrics 13 indicated that conducting the slurry purification at
20-25 °C with 1 mol % of MeQOH provided betier recovery and comparable

25 results 1o conducting the slurry at 35-37 °C with 2 mol % of McOH. The
samples of DCA were analyzed by "H NMR to indicate <1 wt % of CH,Cl, was
present atier drying.
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What is clalmed is:

1. A process for converting a mixture of compounds 2, and 3 and optionally -

OH R,

Pgo"

wherein Pg is a hydroxyl protecting group, R is hydrogen, hydroxyl, or -OPg, R’ is the
17-side chain of a bile acid, which bile acid is selected from the group consisting of cholic
10 acid, deoxycholic acid, taurocholic acid, and glycocholic acid, wherein the carboxyl
functionality of said side chain is optionally esterified with a C;-Cy alkyl group, and R® is
hydrogen, or R and R? together with the carbon atom attached thereto form a keto group
or a keto protecting group; and
2 3 : 5o . ~ 4
cach of R*, RY, and R’ is independently C-Cs alkyl;
15 said process comprises first reacting said mixture vnder hydrogenation conditions; and
then reacting the product formed thereby vonder oxidation conditions,

2. The process of claim 1, wherein the mixture comprises 2, 3 and 1.

3. The process of claini 1, wherein R' and R” together with the carbon atom attached

"

thereto form:



40 InL - - 0.66 V Experinental procedure: 1. Charge ethyl acetate (600
m.) arid Stage-1lV Product (60 g) into a clean and dry flask. 2. Stir for 10
mn at 25W8200G/073701Add 70% TB-HP in water (610 mt) at 2Ppc3Amadobano cool to
at 0-5 C. 4. Add 10% sodi um hypochlorite (660 int) over 7 h at 0-5 'C. 5.
Stir the reaction m xture for 3 h at 0-5 0C. 6, Check for conpletion by

FI PLC- R VP09 Rt §Aci H gkddive waKiioe o3yt rogtags ihy g di eeyuecizon Sehar at e t he
organi ¢ | ayelry..i ous | ayer extract with ethyl acetate (300 nit). 1 008,
Conbi ned ‘%?ﬁ%ﬁ?%%@%f wash with water ( 2X600 int). 9. Charge ethyl

acetate | ayer and 20% aqueous sodi umsulfite .( 600 int). naintai. r 2h at
SeTba © B BB RRUERYT AN Vil AR b B SR b 2 3

Char ge orgafisGeleayetrdnntie sRop cohkiasike shange a8EGoa2:1B1ighcidl ta2kcBOILC. 1 2 .
Stir the reaction mxture for 6-8 h at 25-30 C. 13. Check for conpletion by
FI PLCR {2bosiebaechoicheidane; NW2 % of Allylical cohol). 14, Charge DM
water (1200 int) and stir for 15 mn, separate organic layer. 15. Organic

| ayer wash wi t FhaDvbwet ef cle®X ! 6006, whircindhd cobpxid feoitignilon of 300 s rhain 6.

Conpl etely rempve the solvent, under vacuumdistillation below 50 'C. 2017.
Add met ha%g?tﬂ?g%g“ﬁg)a(‘dhdﬁ %Lc]%mr%‘fpel y remove the solvent via vacuum

distillatjon bgl ow 50 cc. 18 d 20% aqueous methanol  (180. nt) and then
cool to 05 ' CIGRIogEs PG 3 ‘Qg%ing;%*%?%P%WéP B0 e Lo 1
chill ed (QuBisbnd o20% aqueous net hanol (30 rut). 20. Dry the solid in a

hot air drier at 50-55 C.; for 8 h, crude 'weight 38g, 21. Charge crude 38
g of stagg-V material imo a freshpand dry RBI'477. Charge nethanol 383 ni.

23. Ref| uxzt reaction m o gét the clear solgsiqn, 24, Add DM wat er
drop w se #JSEWL\UR@@EHI‘E ux a ntinue the refl ux 0 min (observed
solids prééfpitation). vV 25 e reactT0f mass sI'y to@O-GZS C,
then 10-15 C and stir for 1 h. 26. Filtegr, stck dry & wash wit ¢ Act

. met hanol (40 tut). 27. Dry the npound under hot air en at 60-65

Cuntil LgD < 0,5% 10V weight:038g. Dry weight: 329, o

’/\/C02R6
SN CA A N SN N
10 H/\/SOe,H H/\/303R6

wherein R® is lower aikyl and the wavy line W represents the point of connection to

the 17-position of sterordal scaffold.

7. The process of claim 1, wherein the hydrogenation conditions comprise contacting
the mixture of compounds with a platinurn group metal catalyst comprising platinum,

15 palladium, rhodiom and/or ruthentum.
8. The process of claim 7, wherein the catalyst 1s PA/C or Pt(h,.

8. The process of claim 1, wherein the oxidation conditions comprise the use of

pydridiotum chlorochromate (PCC) in EtOAc,

10, The process of claim 1, further comprising reducing corapound 39 to provide

20 compound 48:

142



Yield: 51.6% Melting range: 142 - 143.1 'C. SOR + 102.4 (e = 1%in
Acetone). HPLC/ RI Purity: 94.0% O05. List of Raw Materials and Sol vents
The fol | owDreg1vd7st0o10f raw materials and sol vents are bageu/uspomheridet ai | s
of the process described 20above. No. Raw Materials 01

9u- Hy- dr oxyandr ost enedi one (Key starting npterial) 02 10% PdI C 03 Sul furic
acid 04 Lithiumtri-tert-butoxyahurinum r%/rﬁ:le 05 Potassiumtert-b-utoxide
06 Ethyltriphenyl phosphoni um brom de 07 d %mhydrl de 08 Tri et hyl am ne
09 4-(pinethylam no)pyridine 10 Meth

ate 11 Et hyl al um num
di chloride WD 2011/075701PCT/ US20 2 70% tert-Butyl hydroperoxi de
13

Pgo™ “R

11, A process for preparing a 12-keto compound 3:

LA
g}
@]
=
—
=
o
O
5
D
o2

g
g
joug
e
o=

(¢1#]
[
O
ek
[N
&
—
ow
(g
Q
=

=
~
P
=
=
joR
o

where Pg is a hydroxyl protecting group, R is hydrogen, hydroxyl, or ~OPg, R’ is the 17-
side chain of a bile acid, which bile acid s selected from the group consisting of cholic
10 acid, deoxycholic acid, taurocholic acid, and glycocholic acid, wherein the carboxyl
functionality of said side chain is optionally esterified with a C-Cy alkyl group, and R? is
hydrogen, or R and R? together with the carbon atom attached thereto form a keto group

or a keto protecting group;
said process comprises:

15 cffecting allyhic oxidation at the 12-position of compound 4 by reaction with an
alkythydroperoxide of the formula (R™ YRR YC-0-0OH in the presence of a co-oxidant,
wherein cach of RY, RY, and R’ is independently C,-Cs alkyl, to first provide a mixture of

compounds 1, 2 and 3;



10% Sodi um hypochl otite 14 15 Sodi um hydroxi de Pyri di ni um chl or oehr omat e
No. Solvents 01 Acetone 02 03 Dichl oronet hane Met hanol 04

Met hyl t erwbubylessteer 05 06 Et hyl acetate Tetrahydrof ur arCOUSRiERANES0 06.
Critical Parameters During Process Modification, the follow ng steps are
identified as itical parameters, which may show significant affect on
quality or vyiel Q&@ge | Operation: Addhtion of Iithium o
tri-tert- butoxﬂj?aF%J ; drlde sol ution gndefia nitrogen at
conmpound at - 40 45C. - Expl anat i on: - F of the stoi
reduci ng agent 220 /ri-tert-bute m 10 hydri £
a favorable o mthis step. I ||:ttle reduci @@ s used, the
reacti on wpldbe-fweonpl ete. Ifp & used, npye oLl Ty - product
conpound 83, wilIHbe forned. The cont bl of the stoichiongtry is nade nore
chal I engi ng since the reducing agent is #Apoisture sensitive. Fherefore, it
is inportant to use anhydrous solvents and for the reaction to be carried
150ut undgly @ix@h&i(xﬂ@ﬁ&ﬁt&%@%bﬁd{ & is thby MRINE BLRIAS 1@ 0WBdd Q-5con a0 Nat e
the reaction, soni'c of the I'ithiumtri-tert-butox]nhurinumhydride will be
guenched, \ﬁ@@rr&om’ﬁ@ Addi tion of potassiumtert-butoxide solution under
nitrogen atnosphere to the conpound at 25 to 3.5C Expl anation: 20A strong
base is rEyui r&grémes hicsnveeagy aroh-p-Rotmsgitumid ©rihe butogeadng $2-a

suff|C4e tly strong base and works well If it is exposed to water, the base
is quencﬂ%&g%% FERG G HRSSINS I E°075701PCT/ US2010/ 061150

a) selecting an appropriately protected 11-B-hydroxysteroid;

e to t he
ry of the
tical to

[PEIS

b} dehydrating the 11-B-hydroxysteroid to provide the A-9,11-ene functionality in said

steroid;

¢} effecting allyhic oxidation at the 12-position by reacting the steroid product of b) above

10 with alkylhydroperoxide in the presence of a co-oxidant; and

djhydrogenating the A-9,11-ene functionality to yield the 9-g-hydro-11-dihydro-12-

ketosteroid; and

e optionally reducing the 12-keto functionality of the 9-a-hydro-11-dihydro-12-
ketosteroid produced 1n d) above with an effective amournt of a reducing agent to provide

15 the 9-g-hydro-11~-dithydro-12-a-hydroxysteroid.

13, The process of claim 12, wherein the 11--hydroxysteroid is prepared by reducing

a corresponding 1 [-ketosteroid with at least a stoichiometric amount of a reducing agent

to provide the 11-P-hydroxysteroid.

14, The process of claim 12, wherein the 11-B-hydroxysteroid is hydrocortisone or a
20 hydrocortisone derivative,

15, The process of any one of claims 11 and 12, wherein the aliylic oxdations

effected by a more than one equivalent of fers-butyl hydroperoxide and in the presence of

Cul



pot assi um hydr oxi de, which is not a strong enough base to cause the desired
reaction. For this reason, it is inportant to use anhydrous solvents and to
carry thiwoneaa7s™m out under a nitrogen atnosphere. Stage/uswis@pasati on:
Addi ti on of Ethylalutninmn dichloride solution under nitrogen atnosphere at
0 to 5C. Explanation: Ethylalumnuin dichloride is a uniquely good catal yst
for this HeactTsnerooshel any @woicpendi vad darargjendhharexipedn’ 195t but the
reaction n g | W I Wbl s L\

iyl al ury el GouBatsiBe ottt NEAGn Bl ol LERE IIT

reacti on. PEOICQRDE-S;, Pédssey, and Cub I nportant to use anhydrous solvents and a.
nitrogen atnosphere for this reaction. if the reaction is exposed to even
smal | anmounts Qfcou@besd of forrd@ag: not work, Stage V 15Cperation: Addition

ol Sodi tun hi pochlorite should he required 6-7h, the tenperature nust he
controlled to below 5 C. Justificatkgn:s Tenperatures above 5 t give poorer
results in this reaction, and it i ﬁﬁééKble;@or the 20tenperature to clinb
above this linmt during the additiorf ©f sadidahypochlorite. Therefore, it
is inmportant to add the sodi um hypochj. at a rate that is stow enough
that it still allows for good tenpefa and tinme control. This may prove
to be an even bigger problemon |a dl €, 7. deaning Procedure 25Study
has been carried out on deox,, Pgl'cho adRd internedi ates for establishing
cl eaning procedure. it is concluded tHat, deoxycholic acid internediates
are frieely soluble in dichloronethane followed by water & nethanol. 8.
Inmpurities in DCA - internediates: During the course of process

devel opmegtsre@ nunber of inpurities were isolated and 30identified, or in
sonme cases suspected inpurities were synthesized i ndependently. A list of

such co ug@ﬁnghg@gﬁMk&ﬁngmgn%ata that is available for each conpound is
given in the tdble'b%lomﬁ WO 2011/ 075701PCT/ US2010/ 061150 St age Nunber

;Cglu Ir ;Lly e@%ﬂ?&%&%éﬁﬁglcmﬁgﬁl ﬁ%hég%%dct Fia Bl Ji{é%ﬂrd%d%ec%éjfrf%gﬁ

group consisting of cholic acid, deoxycholic acid, taurocholic acid, and glveocholic acid,

10 wherein the carboxyl functionality of said side chain is optionally esterified with a Ci-Cs
alkyl group, and R” is hydrogen, or R’ and R” together with the carbon atom attached

thereto form a keto or a keto protecting group, and
cach of R, R* and R’ is independently C1-Cs alkyl.

18 The compound of claim 17, wherein the compound of formula 2 1s selected from

15 the group consisting of compounds 42, 43, 44, 45 and 46:

AcO™




Il 5 a-conpound- 27 O OCe 11-1 NWR, Mass, HPLC-R1 111. OH ff NWR

Mass, 171131 ,CR1l, 111 Di-Wttig conpound *0 lee 11:1 NVR Mass,
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AcO™
44 , 45 and 46

19, A compound of formula §

wherein

N

Pg 1s g hydroxyl protecting group;

R is hydrogen, hydroxyl, or —OPg, R is the 17-side chain of a bile acid selected
from the group consisting of cholic acid, deoxycholic acid, taurocholic acid, and
glycocholic acid, wherein the carboxyl functionality of said side chain 1s optionally
esterified with a C;-Cy alkyl group, and R? is hydrogen, or R’ and R” together with the
19 carbon atom attached thereto torm a keto or a keto protecting group; and
cach of R, RYand R is mdependently C;-C; alkoyl

20.  The compound of claim 19, wherein the compound of formula § 1s selected from

the group consisting of compounds 48, 49, 56, 51 and 52;

AcO"
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ylical cohol AcGs s Ce COOCH3 O 11:1 NWVR, Mass, 1-IPLCR1 WO
2011/ 075701PCT/ US2010/ 061150 V 17-tert- bu dperoxyconpound COOCH3
114 NVR, WB=2811/0757¢Cs 1-1PLC-R1 PCT/US2010/061150
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AcO™ -
AcO'

50 51 , and

21. A compound of formula 6

wherein
5 Pg is a hydroxyl protecting group;

R is hydrogen, hydroxyi, or =OPg, R' is the 17-side chain of a bile acid selected
from the group consisting of cholic acid, deoxycholic acid, taurocholic acid, and
glycocholic acid, wherein the carboxyl functionality of said side chain is optionally
esterified with a C-Cs alkyl group, and R” is hydrogen, or R' and R? together with the

10 carbon atom attached thereto form a keto or a keto protecting group.

22. The compound of claiva 21, wherein the compound of formula 6 is selected from

the group consisting of compounds 48a, 49a, 50a, 51a and 52a:

=
~d



EXAMPLE | A manufacturing process for the synthesis of deoxycholic acid
from conpound 24 as shown in Schenme 2 has been nade suitable for |arge

scal e prodoepvilgms70The manuf acturing process is safe, ecenomsea/,061150
environnmental ly-friendly and produces high quality final product that
consistently neets spegifications. Preparation of corrpound 33 The formation
of conpound 33 was ©thd! _d_@Q é@ gram scal e. To,10 0g (25w % of 7 10%
pal | adi um on car bo Pd/ C) vvas adddd conpound 24 QL HodP. 0 nmol, 98.2%
AUC by HPLC) foI 600 M, of ethyl ace tOAc) The reactlon

e/t o 60 psi of hydrog and al l owed to react at
13 hours i ndi S Ta X by 'l PLC of conpound
24 remmi naeh" 19 ¥ of the allylic alcg I’r*ormed and 14. 5% AUC of the
di ast ereoner of 'donpound 24 34 had f&Qved:

conpl ete, cooled 48 30-35 'C and filtered over4%@elite The Ce|]ite cake was
washed with Et0Ac (400 inL) and t he resulting filtrate was concentrated to

-25 vol unes and t akejy f%vvard V\nl}roqﬂo flé)l‘/t\li} mani pul ati on. T[ge\gcc

oxi dati on was condugt ¢djusi ng t Hel sarp conmpound 33 i MOHELFAC\(25 vol)

from above. To a_ s f conpound 0 nr nol ) W, % vol ) was
added 10PCC ( equi v A Lot # S378744) 58 @ eacti on

m xture was ed at 20-2 ra25 hours. HP g i ndi cat ed
1. 1% AUC gfyth xSt er eongy pound 34. The re mbxt ure was
deermed conpl ete,Hdiluted w t% DI Water (400 ni) Aa@\l

E et ed over Celite.
The filter cake was washed with 1-#;0 Ac (2 < gOOThe resgpding filtrate was
washed with DI water (2 x 400 nL) and treat ed" Wi th DARCO KB- G 15 (8,0 g)
The mxtu{ eated 10.45-50,C for, 4 hours and then cool 20-25 C.
The i ur 1yt wne 14 EERGaC 06 Ew Qaities nth Piepititras R Sostouny ius flsc w th

Et OAc (2 a@OgQ@m{ﬁS}m The EtOAc filtrate was concentrated to -5 vol unes and
azeotroped vvlth NEO%l (2 x 600 nL) back down to -5 volunes. The resulting
slurry wag, assayed by 1H, NWR to imdi cate 6.4 npt % of EtOAc remmined. The

slurry was? ted with Ijt- 20 nL) 20and ain at 20 25 "C for
1 hour. Thgfslu Ofjas fi tere shed wi th DI ter 200 and
dried undé“vacuum at 35°%5 C to af“ﬁ 27,4 9 68% of co g97 9%
Al X: by EIPLC containing 0.8% AUC of th di ast er eoner of corrpo

analysis indicated 0.02 vt '?4) water. Jhe | ower than expect edoyl el d was
nost I|kel'/y attributed tg the el evated | evel f//,)Et OAc present during the
preci pitat mrepagr at 4 f c ound 34 A 10% porfti on of the above
sanpl e of npo 3R was It t ake oxward to the fgrmti f conpound 34

i mpl enent PHY the fol | owi A" i sol ati off cordi depps™To a sol ugl/ﬁ\gi&pgpound
33 (1§ 0 g 22.4 mol) in 60 nE of tetra ydrofuran (THE ) at 4- ¢ was
added 33.6,int ch Lot # 0041 mtri-tert-
Dot oxyal i by e Fd 8 Bt ARt 4 SR e R s i T ehper at ur o
bel ow 6 GheHPLG&RALY sb&i@f bl hours indicated <1% Al X of conmpound 33
remai ned and 2011/ 075701PCT/ US2010/ 061150 5. 5% . AUC of the di astereoner
of conpound 34Tb%%nﬁ&£ﬂ§@t ar yhc@f &8akLio Was; dened RGQ{TPR@&%e%@QwﬁH%Ched
with 4 MHO (15 mai nt di ni ng the’ tenperature bel ow 20 °C. The reaction
m xture wassbce»(’ttmacmtedmdnihdqeﬂnépﬁaaﬁxem(gﬁ‘ou@ 100 alL). The conbl ned organic
phases were washed with 1 MHCL (100 int) and DO water (2 x 100 MO. The
dear ol uzdi.on Wmcmgﬁmnﬁbémxd@ﬁ/mm 17100 ol unesrantt’ azelt repedr withhhe
h.eptane (2 x 100 mt down to -10 volunmes. Sonme scaling was Cbserved and
t he sarrpl‘e“%‘s“?ﬁf‘l“l}’fi‘e%lﬂ*d\fxi‘%rhmf{%‘&ane (100 ni) and MIBE (2.5 nt). The sanple
was t hen heat ed to dissolution at 70- 75 "C and allowed to cool step-w se
down to -52 "C over a period of 1 hou solids preci pitated, The thin
slurry was held at 52 C for 1 hour, C or 1 hour and 42 C for 101 hour
-before the heat was turned off an urry was allowed to slowy cool
to 20---25 C overnight. The slurry tered washed with heptane (2 x
25 nL) and dried under vacuum at 35- 45 Cto afford 6.8 g (68% of conpound
34 (96.0% NUC containing 2.8% AUC of the diastereaner of conpound 34) as
white solids. Sone scaling was observed in the flask alter the filtration.
The solids were dissolved in CH2C12 and concentrated to afford 1.3 g (13%
of conpound 34(96.5% M C contai ning 1.89% AUC of the diastereoner of
conpound 34), The nother |iquor and washes were concentrated to afford 1.6
g (1699 of conpound 34. Due to the | ower than expected yield fromthe
preci pitation, the procedure was repeated using 100% heptane i nstead of

1, 25% MIBE/ hept ane, A sanple of conmpound 34 (10 g, 2022.4 mmol, 93.4% AUC
by HP:1- ,C) was diluted with heptane (200 nt) and heated to dissolution at
80 85 C, The sol utlon was aIIowed to slowy cool down to -65 C over a

N 1 Y a [ Y I 1 o T 1 —— M 1 o T 1 o, ~ -



30 A sanmpl e of aqueous .DCA-crude (340 nt.) was washed with 2- MeTHF (2 X
340 nL). The aqueous phase was assayed by HPLC to indicate 0.1% AUC of the
unknown W2B0107ABT5701PCT/ US2010/ 061150 inpurity wi th RRI/GS2010021150he
aqueous phase was diluted with 2-MeTHF (340 .tnL) and adjusted to pH =
1.7-2.0 using 4 MM (60 nL). The phases were separated and the 2- MTHF
phase was¥NdsWeds £HPT af\ﬂé%‘iwawzh&e ATY [SREPSUTHE RINST HR R RSRIOES
concentr lLunes and azeotroped back down to -5 volunmes with
hept ane ?%%%ﬁgcﬁn§k¥% The 5 volune slurry was assayed by IR NWVR to

i ndi cate %30 nglniﬁ {ﬂw od FLel ﬂ q%d relative to heptane. The slurry
was diluted with “he(p 8 é’ﬁ%‘&)grﬁﬁ}‘p ug eld at 20-25 cC for 1 hour, The
slurry was filtered, washed with heptane (2 x 150 nlL) and dried under
vacuum at 35-45 'C to afford 24.2 g (96% off DCA-crude (95.7% Al X

unknown 10.inpurity with RRef = 0.5 arjd 10.404% ALl C of the unkno)Ain
impurity with RR1 = 1.120 Prepara i DGA ™A series of slurry
purifications of DCA-crude were at C of 2.0 g to assess the purity and
recovery. Sanples of DCA-crudeprdo?. 0 ., ’ inmol) were diluted with 25
15vol unes of MeOH CH2Cl12 (See Tabl e and the resulting slurries were

hel d at specific tenperatures 'See Tablg 1) for 1 hour. The slurries were
al | oned cool to specific tenperatures ee Table 1) and filtered. The
filter cakes were washed with C-12C12 (2 x 3 vol) and dried under vacuum
at 35- 40 ¥OWVEERGHC RS CAPPOrd IBoYSEd TTaphEdpyy! PIRECYRSYIONE are

sumari zed in Table 1 below 20 Table 1. Results for DCA Entry- 2 3 4 5
mol % MeOf't relative to ClI12C12 0,5 O 35-37, 35-37 Slurry tenp (O
20-25 20-25 20-25 Filtration temp (

13

under dehydrating conditions to provide compound 12.

o 27 The method of claim 26, wherein the dehydrating conditions comprise thionyl
chloride and pyridine.

28, The method of claim 26, wherein compound 13 is prepared by a method

comprising selectively protecting the 3-hydroxyl group of compound 17

O

29. The method of claim 28, wherein compound 17 is prepared by a method

comprising contacting compound 16

149



28-30 20-25 20-25 20-25 DCA Results Ant, recovery " 65% 1.7 g,
85% 85% 1.8 g, 90% 1,7 g, 85% HPLC DCA 98.95 98.92 99,02 99, 00
99,15 resol2zos/@bmwst of DCAND ND %AIX) Inpurities @ERraS2@ob60s87 0,92
0.74 0,86 0.70 L12 ND ND ND ND ND The results fromentries 1-3 indicated
t hat conducting the slurry purification at 20-% Cwith 1 .nmol % of MeOH
provi ded better recovery and conparabl e 25resuljt's to conducting the slurry
at 35-37 "Cwith 2 nol %of MeOH The sanpkeg of DCA were anal yzed by IR
NVR to indicate <1 wt % of Cl1-i2Cl2 was presefit after drying. WO

2011/ 075701PCT/ US2010/ 061150 HO (OH

16

with a vicinal alcohol oxidizing agent under oxidizing conditions.

30. The method of claim 29, wherein the vicinal alcohol oxidizing agent is Nal(y,
5 3L The method of claim 30, wherein compound 16 is prepared by a method

comprising contacting corapound 18

OH

..\\\\\\OH

with at least 2 equivalents of a reducing agent under conditions wherein the carbonyt

10 groups are reduced to alcohol groups.
32 The method of claim 31, wherein the reducing agent comprises NaBHa.

33 The method of claim 32, wherein compound 15 is prepared by a method

comprising contacting hydrocortisone




What is clahned is: A process for converting a m xture of conmpounds 2, and
3 and optionally 1: R3 RIOHRL RS RRR2 ON +OWN + Ce 0eCel*

Pg0' s. ' RAy0.2011/0RF7090\s. 123 5 to the correspondi ng 12- keCo/usempoondo 39:
wherein Pg is a hydroxyl protecting group, R is hydrogen, hydroxyl, or
---OPg, Ris the 17-side chain of a bile acid, which bile acid is selected
from t he Yrbapeedasrade sygieient RbRYEoRDaEKer hysosepate s ddlmd, taurocholic
acid, and glycocholic acid, wherein the carboxyl functionality of said side
chai n i s tpti odét pyptiestdcidiingd, wheisirathehydogentioy lcogdibup, commiisRPd{{gas
hydrogen,agﬁﬂakaggg)@gatg %thr with the carbon atom attached thereto form
a keto grohp o “a4" gfo %réié%%ing group; and each of R3, R4, and R5 is

i ndependently Cl-( kyl; 15said process. co ises first reacting said
m xture uﬁ%er %}ﬂﬁ@ﬁgﬁﬁ¥?€ﬁ“%%ﬁ8WP}%H@fﬁ§W@‘qﬁiﬁ reacting the product

formed thereby under oxidation conditions, 2. The process of claiml1,
wherein the m xture conprises 2, 3 and 1. . /The process of claiml1,
wherein RI- and R2 together with the car atqm attached thereto form 20
WO 2011/ 075701PCT/ US2010/ 061150 wher eign 2, or 3 and the wavy tine
avv' represents the point of conn :he’ rest of the nolecule. 4.
The process of claim1, wherein RI 17-side chain of a bile acid,
which bite acid is selected froeath otp consi sting of cholic acid,
deoxychol i c acid, taurocholic 5acid, &nd glycochotic acid, 5. The process
of claiml or 4, wherein the carboxyl functionality of said side chain is
esterified with a Cl-C6 al kyl group. &4 The process of claim1, wherein R2
is hydrogen, and Rl is selected fromthe group consisting of wherein R6 is
| ower al k3jlconmdtinghieydresoytisdnne srVIP represents the point of connection to
the 17-position of steroidal scaffold. 7. The process of claim1,
wher ei n the hydrogenation conditions conprisef{tontacting the m xture of
conmpounds with a platinumgroup netal catal conpri sing platinum
15pal | adi um rhodi um and/ or ruthenium The process of claim?7,
wherein the catalyst is Pd/C or Pt(I) "€ process of claim1, wherein
the oxidation conditions conprise thgq bydr i di ni um chl orochromat e
(PCC in E10Ac. 10. The process ¢
conpound 39 to provide conpound

H

with at least a molar equivalent of hydrogen under hydrogenation conditions to provide
16 4,5-dihydro-hydrocortisone — compound 15:

OH

..\\\\\\OH

contacting compound 13 with at least 2 cquivalents of a reducing agent under
conditions wherein the carbonyl groups are reduced o alcohol groups to provide

15 compound 16:



fromthe corresponding A-9, 11-ene conpound 4: 4 where Pg is a hydroxyl
protecting group. R is hydrogen, hydroxyl, or ---0Pg, Ris the 17- side
chai n of wokwtie7amwid, which bite acid is sel ected from Phg/use@opesnsi sti ng
of cholic 10acid, deoxycholic acid, taurocholic acid, and glycocholic acid,
wherein the carboxyl functionality of said side chain is optionally
esterified with a C-C6 al kyl group, and R2 isjhydrogen, or RI and R2
together with the carbon atom attached theHefo/forma keto group or a keto
protecting group; said process conprlses ¢f fecting atlylic oxidation at
the 12-position of conpound 4 by red¢t i thw@mh al kyl hydr oper oxi de of the
formula (R3)(R4) (R3)C-0-OH in the pr a CO-oxi dant, wherein each of
R3, R4, and R5 is independently C Jyli-/0 first prOV|de a m xture of
conpounds 1, 2 and 3: WO 2011/07 U$2010/ 061150 123 and
optionally mhereln conmpound 2 i & ther oxidized to provide the

A-9, 11-ene-12- one conpound 31912 K Arocess for converting an

11-11 - hydroxysterold to the corresponding 12- 5ketosteroid wherein said
process conprises: a) selecting an ap@ﬁopriately prot ect ed

11- 134hydroxyster0|d b) dehydratlng the 11-13 hydroxysteroid to provide
the A-9, 1 unct i ). allytic
oxi dat | or®aroia 8 5oBRTd Btif « Bl B e rahrSuBii PR, above
10w th aI&yﬁhyﬁ;ap@boxk@@g@amkhp"presence of a co- OX|dant and

d) hydrogenating the A-9J 1l-ene functionality to yield the

9- a- hydr o- 11-di hydro-12- ketosteroid; and e)ooptionally reducing the
12-kk.to functionality of the 9-a-hydit®. 1 _J1-Hilpydro-12- ketosteroid
produced in d) above with an effective 2 a reducing agent to
provi de 15t he 9-a- hydro-11-di hydro- droxygteroid, 13. The process of
claim12, wherein the 11-13-hydro i5 prepared by reducing a
correspondlng 11-ketosteroid with d'stoi chionetric anount of a
reduci ng agent to provide the dd¥'pP: oXysteroi d. 14. The process of claim
12, wherein the 11-13-hydroxysteroid Hs hydrocorti sone or a
20hydrocort|sone derivative. 15.The process of any one of clainms 11 and 12,
wherein the allylic oxidation is effectéd by a nore than one equival ent of
teri-butyl hydroperoxide and in the presence of Cu L WO
2011/075%®1Pcmk882@@®m68m15@thdﬁ&wdheyb@DQESEMUwanﬁiam@pnwkthains 11 and
12, wherein the c? g$?§ is selected fromthe group consisting of aqueous
sodi um hyso8fi8e © gﬁ “adi um on carbon, Pd(OCOCF3)2. Pd(OAc)2 and Cut

O

10 13
where Pg 1s a hydroxyl protecting group;

€} contacting the compound of formula 13 under dehydrating conditions to provide a

compound of formula 12; and



17. A conmpound of formula 1: wherein Pg is a hydroxyl protecting group,
R is hydrogen, hydroxyl, or ---0Pg, Rl is the 17-side chain of a bile acid
sel ect ed woamdig7ogr oup consi sting of cholic acid, deoxychalSeeiomciid)
taurochotic acid, and glycocholic acid, 10wherein the carboxyl

functionality of said side chain is optionaIIyOesterified with a G-C6

al kyl group, and R2 is hydrogen, or R and ogether with the carbon atom
attached thereto forma keto or a keto p < ng group, and each of R3, R4
and R5 is independently Cl-C3 al kyl. ound of claim 17, wherein

t he conpound of fornmula 2 is selec 5the group con5|st|ng of
conpounds 42, 43, 44, 45 and 46: 191 A conmpound of formula 5 5
wherein 5Pg is a hydroxyl protegtl Ny P; R i s hydrogen, hydroxyl,

or -0Pg, R1 is the 17-side chain of & bile acid selected fromthe group
consi sting of chotic acid, deoxycholie acid, taurocholic acid, and

gl ycocholic acid, wherein the carboxyl 2unct|onallty of said S|de chain is
optionally esterified with a Cl-C6 al kyl group, and R2 is hydrogen, or R
and R2 toget hermavidy thhbydiOsdrbonciatzormat togohede thepeto ¥orm a keto or a
keto protecting group; and each of R3, R1 and R5 is independently Cl1-C: 3

al kyl, 2038The c¢omphudd! pfepalial medifpoudief éomulihes, compoethad ofmfdmimul a 5 i s
selected fromthe group consisting of compounds 48, 49, 50, 51 and 52: WO
2011/ 075701PCT/ US2010/ 061150

said method comprising:

a) contacting hydrocortisone

10 with at least a molar equivalent of hydrogen under hydrogenation conditions to provide

4,5-dihydro-hydrocortisone — compound 15:




5051, and52 A conpound of fornula 6 wherein 5Pg is a hydroxyl protecting
group; R is hydrogen, |i:vdroxyl, or -OP g,is the 17-side chain of a bile
aci d sel exoedifa7stont he group consisting of cholic acid, pdeaxsgelobilgo aci d,
tauroch.olic acid, and glycocholic acid, wherein the carboxyl functionality
of said side chain is optionally esteri-fied with a C1-C6 al kyl group, and
R2 is hydyogeHne spmppundddoripat lsyb e mariviictl of Bacdrot@rassnt Wdens deiiehed
thereto f 1 eL0.0r a. ot egtin , 1€1..C dyaof claim
21, wher ol E e Rd L R Do e B o 18 s st ng
of conpounds 48a, 49a, 50a, 5la and 52a: WO gQ11/075701PCT/ US2010/ 061150
23, The conmpound of any of clainms 17, 19 or 21] wherein Rl is selected from
t he group consi sting of 5503 R6 wherein 3. .6 is |ower alkyl and the
wavy |ine aNAP represents the point ®, caphektoron to the 17-position of
steroidal scaffold. 24. The conmpound o ';} clainms 17, 19 or 21, wherein
Rl and R2 together with the carbo w\Qttached thereto forma keto group.
110 25. The conpound of any of cl ai 19 or 21, wherein Rl and R2
together with the carbon atom ag'a thereto form wherein nis 1, 2,
or 3 and the wavy line avv' represents tHé point of connection to the rest
of the nolecule. 26. A nethod for preparing conpound 12

c} contacting compound 16 with a vicinal alcohol oxidizing agent under oxidizing

5 conditions to provide compound 17:

d} selectively protecting the 3-hydroxyl group of compound 17 to provide compound

13:

Pgo™

10 where Pg is a hydroxyl protecting group;

e} countacting the compound of formula 13 vnder dehydrating counditions to provide

compound 12; and

0
A
A
PgO 12 - and
£) converting compound 12 under olefin forming conditions to form compound 18;



conprising contacting conpound 13 wherein Pg is a hydroxyl protecting
group: 13 under dehydrating conditions to provide conpound 12. 1027. The
met hod ofwol2aim72®1 wherein the dehydrating conditions eomaskee/oshisonyl
chloride and pyridine, 28, The nethod of claim 26, wherein conpound 13 is
prepared by a nethod conprising selectively protecting the 3-hydroxyl group
of conpound 17 1517, 29.The nethod of claim 28, wherein conpound 17 is
prepared by a nethod conprising contacting. dompound 16 HO ". 16 with a

vi ei nal al cohol oxidizing agent under m conditions. 30. The nethod
of claim29, wherein the vicinal a Qriehzi ng agent is NalO4. 31. The
nmet hod of claim 30, wherein conpou prepared by a nethod conpri sing
contacting conpound 15 OH 15 pgo Wilh~at |east 2 equivalents of a
reduci ng agent under conditions whereith ghe carbonyl 10groups are reduced

to al cohol groups. 12. The nethod of claim 31, wherein the reduci ng agent

conprises, NaBH4. 33 The nethod of c¢laim.32, wherein.conpound, 15 is.prepared
by et oh- oo Rebmde R Ryl Suast » SORESS e R R el o
nol ar equi val ent of hydrogen under hydrogenation conditions. 34. The

met hod oﬁ“claﬂﬁW@@?ﬁ&%é$@Fﬁ“§%E”hydrogenation conditions conprise |I'd/C as
a catalyst and DM as a sol vent,

hydrocotisone

5 with at least a molar equivalent of hydrogen under hydrogenation conditions o provide

4,58-dihydro-hydrocortisone — corapound 18;

contacting compound 15 with at least 2 cquivalents of a reducing agent under conditions

wherein the carbonyl groups are reduced to alcohol groups to provide compound 16:

10

¢} contacting compound 16 with a vicinal alcohol oxidizing agent under oxidizing

conditions to provide compound 17:



35. A nethod for preparing a conmpound of fornmula 4 14 a) contacting

hydr ocorti sone: OH with at | east a nolar equival ent of hydrogen under
hydr ogenawoOaent1aosmitt i ons to provi de 104, 5- di hydr o- hydr o®@oritisgsandétise¢onmpound
15: OH 15 contacting conpound 15 with at |least 2 equivalents of a

reduci ng agent under conditions wherein the cgrbonyl groups are reduced to
al cohol groups to provide 15conpound {d#: 16 © contacting
conmpound 16 with a vicinal alcohol oxid agent under oxi di zi ng
conditions to provide conmpound 17: pel egtively protecting the

3- hydroxyl group of compound 17 to ¢ @ compound of fornula 13:

1013 where Pg is a hydroxyl protec g~group; e)contacting the conpound of
formul a 13 under dehydrating conditions t@zprovide a conmpound of formula
12; and 12 renoving the hydroxyl protecting group to provide conpound 14.

36. A et hc?;d of sehecil gjr) I}"p&%nglﬁg%ﬁrp?% mgt« «Ir?,»&}%“& wmpdun%%l?qg prowcicg: wmp%nd sing:

5
13:

Pgo™

5 where Pgis a hydroxyl protecting group;

€} contacting compound 13 under dehydrating conditions to provide compound 12:

Pgo™

PoO™

0 g reacting compound 18 with an alkylpropiolate CH=CC(()OR or an alkyl acrylate
CH,=CHC(OYOR wherein R is alkyl in the presence of a Lewis acid to form compound

19 wherein the dashed hine -~ 18 a single or double bond;
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18, said nethod conprising: a)contacting hydrocortisone : OH 10with at

| east a nol ar equi val ent of hydrogen under hydrogenation conditions to
provi de 4yb-2ditgsroedhydrocorti sone - conmpound 15: OH 1PCTABS2M1Q06118¢
conpound 15 with at | east 2 equivalents of a reducing agent under
conditions wherein the carbonyl groups are redu 29 to al cohol groups to
provi de conpound 16: OH HO'. 16 <c¢) conta éﬁpound 16 with a vicinal
al cohol oxi di zi ng agent under oxi di zi ng SCondltlons to provi de conpound 17:
HO'. 17 d) selectively protecting ydroxyl group of conpound 17 to
provi de conmpound 13: Pg0's 10W3iii p hydr oxyl protecting group;

e)contacting the conpound of f 3funder dehydrating conditions to
provide conpound 12; and pgeonver] conmpound 12 under ol efin form ng
conditions to form conpound 18; P30'49 18

5
h) reacting the compound of formula 19 with H, under hydrogenation conditions to
forma compound 26:

CO,R

Pgo"
H 29
5 1 reacting compound 28 with an oxidizing agent to form compound 21
P CO,R
o 2
Pgo™
H o 21
i3 reacting compound 21 with Ho under hydrogenation conditions to form compound
22
CO,R
Pgo"
H 22
10 k) reacting compound 22 with a reducing agent to form compound 23:

157



37, A nmethod of preparing deoxycholic acid or a salt thereof, said nethod
conprising: a)contacting hydrocortisone : OH hydrocotisone with at |east a
nol ar equwoabant7s®i hydr ogen under hydrogenati on condit iPORMAIS2@OP51056 de

4, 5f 3- di hydr o4hydrocorti sone - conpound 15: OH 15 contacting conmpound 15
with at |east 2 equivalents of a reducing agené ggder condi tions wherein

t he carbonyl groups are reduced to apgoha 8 to provi de conpound 16:
OH HO s 1016 c)contacti ng conpound 36Jwifth a vicinal al cohol oxidizing
agent under oxidizing conditions tg p ge compound 17: 17 d)

sel ectively protecting the 3-by 5 p of conpound 17 to provide
conpound 13: PgO0's 13 5mh $ @ hydroxyl protecting group; e€)
contacting conpound 13 ung Wating conditions to provide conmpound 12:
converting conmpound 12 under olefhnzjorn1ng COﬂdItIO%§ to form conpound 18:

1§ exposing compound 23 to deprotection and hydrolysis conditions to form
deoxycholic acid or the salt thereof
38. A method of preparing compound 24

’,
’l

Q COOMe

AcO"

said method comprising:

a} contacting compound 25:

~H
Jecs

under hydrogenation condifions comprising hydrogen and at least 8% by weight ot a 50%

10 wet Pd on carbon in a solveunt selected from the group cousisting of acetone, isopropanol,
ethyl acetate, N,N-dimethylformamide, and tetrahydrofuran in an autoclave maintained at
elevated pressure to provide corapound 26:

0O

O
JSOCA

H

>

b} dehvydration of compound 26 in the presence of sulfuric acid under conditions

o
LA

wherein water is cluminated to provide comapound 27:



10g)reacting conpound 18 with an al kyl propi ol ate CHEECC(0) OR or an al kyl
acrylate CH2=CHC(0) OR wherein Ris alkyl in the presence of a Lewis acid to
f orm conpwonrdi1l@swher ei n the dashed line ---- is a singlPeTas2ado0biigo bond;

P CO2R h)reacting the conpound of forrmula 19 with H2 under hydrogenation
conditions to form conmpound 20: PgO\s. CO2R __ 5reacting conpound 20 with an
oxi di zing agent to form conpound 21: P CO4R S r eact i ng conpound 21 with E-b
d 22: PgO\ CO2R 10

o form conmpound 23: Pg0'
roteetion and hydrol ysis

e2§alt t her eof

CO2R ; and 1)exposing conpound 23
conditions to form deoxycholic acs

b
) contacting compound 27 with an excess of lithivm tri--butoxyaluminum hydride
under selective reducing conditions including a temperature of from -40 to -45° C to

provide compound 28:

O
HOY 28
) H

d} contacting compound 28 with an excess of ethyltriarylphosphonium halide under
Wittig reaction conditions to provide compound 29:

S7a

HO 29 .
)] protecting the 3-¢-hydroxy group of compound 29 under acetylation conditions

10 including an excess of ashydrous acetic anhydride to provide compound 3¢:

AcO H 30

) contacting compound 36 with an excess of methyl acrvlate in presence of an
excess of C-C) alkyl aluminum dichloride under alkylating conditions to form compound

31
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38. A net hod of preparing conpound 24 5 AcOs COOWe said nethod
conprising: a)contacting conpound 25: under hydrogenation conditions
conpri si yolwdroogmm and at | east 8% by wei ght of a 50% POTWSROIBPA6IN0 car bon
in a solvent selected fromthe group consisting of acetone, isopropanol,
ethyl acetate, N, N-dinethytfonnam de, and tetrahydrofuran in an autoclave
mai nt ai ned at el evated pressure to provi g sompepRgd 26:  b)dehydration of
conpound 26 in the presence of sulfurid gci d under conditions 15wherein
water is elimnated to provide co lE§: c)contacting conpound 27 with
an excess of lithiumtri-t-butox M hydride under sel ective reducing
condi tions including a tenpera from-40 to -45 C to provide conpound
28: d) cont acti ng conpoundo28™ ap, excess of ethyltriaryl phosphoni um
hal i de under Wttig reaction condltiond"to provi de c¢onpound 29:
e)protecting the 3-6-hydroxy group of conpound 29 under acetyl ation
condi ti ong 10i swtagthpgormpowXicdssitiohydnpyrdmoushaeetchetiardwaydt ddetiod provi de
conpound 30: .~ .contacting conpound. 30 with an excess of methyl
norylate T dhegaHe bR DatuTnb ey e o i urehrer Fle. under
al kyl at i nghdepR@irbi@ASod SorfddPsGRMRANNEh dtoclave maintai €N a8 kiNGegorROUId 31
wi th hydrogen and a hydrogenation catal yst selected fromthe group

consi st i nig revidprearpewish3dnd dry pal | adi um on carbon; in an inert sol vent
under hydrogenation conditions including an autoclave maintained at an

el evated pressure to provide conpound 32%.

COOMe
AcO"
H 32
) contacting compound 32 dissolved in an inert solvent under co-oxidizing
conditions mcluding an excess of Cs-Cy f-alkyl hydroperoxide as a first oxidant and an

excess of NaOCH as a co-oxidant under oxidizing conditions optionally followed by
10 turther oxidation with a slight excess of pyrnidintumchlorochromate to provide compound

24:

COOMe

AcO™
A 24

;and
i} optionally, washing compound 24 with methanol.
39, The method of claim 38, wherein:

15 step a) comprises acetone as a solvent;

step b} coraprises dichloromethane as a solvent;

step ¢) comprises anhydrous tetrahydrofuran as a solvent in aun inert attuosphere;



h) contacti ng conpound 32 dissolved in an inert solvent under co-oxidizing
condi tions including an excess of C4-C6hydroperoxide as a first oxidant and
an excesswof2011M88@1 as a co-oxi dant under oxi di zi ng con@criuse&looptisonal |y
foll owed by 10further oxidation with a slight excess of

pyridi ni unpthl orochromate to provide conpound 24: AcO' COOwe ; and
optlonalIViﬁﬁd§%ﬁﬁﬁc@6ﬁb@ﬁﬁaq2@(ﬂﬂﬁﬁ$ﬁ§%MéﬁﬁPm¢%95¥ﬁ@dmﬁﬁﬁ%ﬁkﬁW’claln138
uher ei n: L 5sh oo @ GRTRLL868iARAANGASpR, SO0l vent ; step b) compri ses
dlchloronet ane as sol ven step c %nprlses anhydrous tetrahydrofitran
as a solv% reaction conditions of step d)

conpri se bﬂ%gsonﬁﬂﬁYﬁh¥&%?nnn 3%§£%hgﬁﬁg%?%uéyF§?¥ahydrofuran as a sol vent

in an inert atnosphere; ses triethyl am ne an

ol o et iyt e food i 3 PR AP AR S e RS RAPTBE 8 ep

conpr isses; At mhakithroERath S Qe ; {h iRa0 Byl plG e i &-shtorornet hane as a
solvent in an inert atnosphere at 0-5"C, the hydrogenation catal yst of step

. 1{.:, and th
%) conpr 't%@%%@rokécrg&gabgggﬂa%% Ht&pigg*%%ﬂqph@c@&béhit %ﬁﬁ%&gﬁa%n% SV L an €

- C6hydr opér oXi step rrses operoxi de in water as
a solventmﬂiwﬁmmempérature bel ow 5C. 1040. A net hod for preparing
deoxycholic acid or a salt thereof which nethod conprising: a) contacting
conmpound 24 C,-Cowdilty] hydiopgeridnd sRdhCcungedes hpdrogenapéonide onditet ans
conpri sing hydrogen and Pd on 15 carbon optionally followed by oxidizing
any of théfﬁ§ﬁﬁwh¥6¥ymﬂﬁvéb%§-36}ned during hydrogenation with

pyrldlnlunnhlorochronate under oxidizing conditions to provide conpound 33;
10 40. A method for preparing deoxycholic acid or a salt thereof which wethod

COi’I’Epi’ISEBgf

a) contacting compound 24

COOMe

AcO™
c H 24

with hydrogen and Pd/C under hydrogenation conditions comprising hvdrogen and Pd on
15 carbon optionally followed by oxidizing any of the 12-hydroxyl groups formed during
hydrogenation with pyridiniumchlorochromate under oxidizing conditions to provide

compound 33;

b) reacting compound 33 with lithium tri--alkoxyaluminum hydride under reducing

20 conditions to provide compound 34:



b)reacting compound 33 with lithiumtri-t-al koxyal um num hydri de under
reduci ng 20conditions to provi de conpound 34: AcO COOwe ;and c)exposing
conpound 80 200/id&r ot ecti on and hydrol ysis conditions t@®crarsaidaenyehol ic
acid or the sail thereof. 41. A nethod of preparing conpound 31 5 AcUs.
COOve by contacting conpound 30 with nmethyl acrylate in presence of

Et At C12. 42. A nethod of preparing c@polpe 26048 by contacting conpound
25: WD 2011/ 075701PCT/ US2010/ 06115Q funder "hydrogenati on conditi ons

conpri sing hydrogen and 10% Pd/ set one as a sol vent A et hod
for preparing deoxycholic aci @ DEA Maving a purity of greater than 96%
or a salt thereof, which net ‘ dghyr Hses: 5(a)contacti ng DCA having a
purity of about 95% or | eas>m 3 so% ent conprising dichl oronet hane under
conditions to forma DCA sol uti of; ( l}/ crystal lizb the DCA fromthe DCA

sol ution obtained fromstep (a) to provide a solution containing
crystalline DGA ; asrgosing compound 34 to deprotection and hydrolysis conditions to form

deoxycholic acid or the salt thereof,

41. A method of preparing compound 31

%,

@;Sig%m
v
AcO H 31
by contacting compound 30
AcO H 30

with methyl acrylate in presence of EtAICL.

42, A method of preparing compound 26

O | E 26

10 H

5

(o

by contacting compound 25:

O

@



(c) recovering the crystalline DCA which has a purity of greater than 96%
1044. The nethod of claim 43, wherein the solvent further conprises

met hanol .wo4B11/0Th®1net hod of cl aim 44, wherein the rati ®C®fUS2010/061150

di chl oroi net h. ane to net hanol ranges from about 100 1 to about 3:1. 46.
The nethod of claim43, wherein the ratio of solvent to DCA is from about
40:1 to abut hbogenatioy copéONRePRGHSEE hefmeny agl 1%@@& HSIERBCEPIRAEL i ng i S
under ref]l| lfkg: gondl tions. 48. The method of claim43, wherein the .DCA is
crystallized by renovi ng a sufficient anount of the dichloronet hane in step

(c), 49.. The t J
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sol uti on, 92054.aKae tetdrodhrh n@égmm&@ug@berel n the crystallized DCA is
recover ed by filtration. 51. The nmethod of claim43, further conprising
converst i ngy: DCARtRtiA: PIeY ARGEYE beahl of .86aept Akl z%a@@itﬁ & sol9éat chhi@riaREhod of
clai m 43, wherein the purity 1s at | east 99 % . A nethod for preparing
deoxycholqﬁ@hiamlmﬁ@m)ld%axﬁﬂdlgwa& tmprmylWAgﬁ?ezap@r than 2596 (),,/,;, which
met hod conprises: (a)contacting DCA having a purity of about 95% or | ess
with a soﬂb\‘rentc,rgzmmhﬁvingitimgﬁﬂl%ﬂhbmﬁmrﬁtimﬁmﬁuiamd)bma’nd*thirmh stpder togomdii¢ Rons to
forma DCA sol ution; ﬁll/ ((7)}8 PCT/ US2010/ 061150 (b) crystallizing

t he DCA. ‘fgthafﬁnt‘*‘r"r‘@%?wtd tdi®ned fromstep (1) to provide a sol ution
containing crystalline ﬁ%eg recovering the crystalline DCA and

r enovi ng hff.réf»%wmaﬁ%mwaiaﬁ@ Hineh @Féﬁ?ﬁflﬁa?féﬁ%mﬁ%%(ﬁe a purity of
greater than 96%for the recovered crystalline 5 DCA = 54. The method of

cl ai m’%53, 4aher Binmethed pheliaon 64, ‘Mhﬁtfﬁpéﬁﬁb‘rﬁé“twaﬁél cocorsptiwnslctiaales from
about 100:1 to about 3:1. 55. The method of claim53, wherein the ratio of
sol vent t45.: DChhd sethpdpf aibimmMA@hﬁfceimhéamiutofﬁi@hmmrm%&nﬂihen@?mﬂwbdmgés claim
53, wher e1 nt X %{dt act | ng %z under reflux conditions. 57. The nethod of
cl ai m 53, 'WH 8?’”1 HelOBeR: crystallized by renoving a portion of the

sol vent an reduci ng the tenperature of the solution, 58, The t hod of

ol ai m 53, Haher SiEREd @Fy@ingﬁpa. %‘Hc%@vié%‘%“éé‘&%‘ﬁé‘d%f‘#%‘?é T 89, The
met hod of y£l,aign 53, further conprising converting :DCA to a
pharmaceutically acceptable salt. 60. The nethod of claim 53, wherein the

purity '54*"“ 'ﬁ?esrhet%% (K?c m@ Wﬁi%ﬁgg]}?cj‘ G zic%}é@#‘&&fe rv‘?ﬁ‘%x}ﬁ%%hﬁ aci d

(DC. A or harmaceu caf wherein the synt hetic

o0 or g, e ﬁﬁi&%ﬁl?ﬁ%«eﬂ%@ﬁbﬁﬁé A PR s Rt e

| east 99%@4@@@{3@@@9@%«;&9@{@m AGCRPL able salt -thereof and a
pharmaceutically acceptabl e excipien 63. A conposition for non-surgical

removal ofg | ocald gedlok 8t c1af@kE CRIRASAL HON 1@%&%&@&5)@6%&%%@01%%';Jo)/u&xf a DCA
having a purity of at |east 99%or a phar maceutical l'y 25accept abl e sal't

t her eof whghervetendDCHuisgdsstenpiallry of theesobdbe. f at renoval conponent of
said conmposition, WD 2011/075701PCT/ US2010/ 061150 64. A conposition
conpriddsi n§p.[ ) Chicandthad sotivent3, widreh tsotrventiizebPOIA sescovered by filiration,

51. The method of claim 43, further comprising converting BCA to a

pharmaceutically acceptable salt.

52.  The method of claim 43, wherein the purity is at least 99 %,

53, A method for preparing deoxycholic acid {DCA) having a purity of greater than
25 96 %, which method comprises:

{a) contacting DCA having a purity of about 95% or less with a solvent comprising

dichloromethane and methanol under conditions to form a DCA solution;



di chl oronet hane with or w thout nmethanol, wherein the concentration of
to solvent is from40:1 to about 10: 1.
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(b crystallizing the DCA from the DCA solution obtained from step (1) to provide a
solution containing crystalline DCA;
(¢} recovering the crystailine DCA and removing sufficient amounts of the

dichloromethane to provide a purity of greater than 96% for the recovered crystalline

DCA.

54. The method of elaim 53, wherein the ratio of dichloromethane to methanol ranges

from about 106:1 to about 3:1.

55. The method of claim 53, wherein the ratio of solvent to DCA is from about 40:1 to

about 16:1.

56.  The method of claimy 53, wherein the contacting is under reflux conditions.
57.  The method of claim 53, wherein the IMCA is crystallized by removing a portion
of the

solvent and reducing the temperature of the solution,

58, The method of claim 53, wherein the crystailized DCA is recovered by filtration.
59, The method of claim 53, further comprising converting BCA to a
pharmaceutically acceptable salt.

60.  The method of claim 53, wherein the purity is at feast 99 %.

61. A complete synthetic deoxycholic acid (DCA) or a pharmaceutically acceptable
salt thereof, wherein the synthetic DCA or the pharmaceutically acceptable salt thereof
has a purity of at least 99 %,

62. A composition comprising a IDCA having a purity of at least 99% or a
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable excipiont.
63. A composition for non-surgical removal of locahized fat, said coraposition
consisting essentially of a DCA having a purity of at least 99% or a pharmacentically
accepiable salt thereof wherein the DCA is cssentially the sole fat removal component of

said composition.
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64. A composition comprising DCA and a solvent, which solvent comprises

dichloromethane with or without methanol, wherein the concentration of DCA to solvent
ts {rom 40:1 to about 10:1.



