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This application clains priority fromthe U S. Provisional ‘A&Obtﬁaﬁdﬁn
Serial No. 60/141,042, filed on June 24, 1999. Technical F f e

| nvent i dh“ﬁ)?'l);b@_ resent invention relates to the preparation_ of

- qui nol i ne-'substttuted carbonate and carbamate derivativesFShHEH14Pbvi de
important internmediates in the synthesis of 6-0- substituted nacrolide
antibiotics. In one aspect, the inventign relates to the processes for
prepari ng quinolyl-substituted carbonate or carbanate conpounds and

processes for prepari ' I vative. In

anot her aspect, the i%ﬁ‘?%%ﬂ@%@%‘ﬁ?@f@ﬁﬁﬁ@?ﬁgnate or

car bamat e conpounds VCARBQONATE AND CARBAMAJEODERIVATEVHSI | vati ve

t her eof . Background of the Invention 6-0O Methylerythronycin A
‘(clarithronycin) is a potent nacrolide antibiotic 15 disclosed in U S.
Pat ent No. 4, 334 Tk : S ' VG D ral,
can be thought 3§?§%§macz$t§lu$€1§§§%§n%%e urlggbggﬁgﬁél;r%%\rgb f[f lﬁg%ornﬁ?{?‘g%m n A
‘as the st ®0fli4lgpi2pfiledioalJuncs24[3929. optionally convert the 9-oxo group to an
oxinme; Step 2: protect the 2' and 4" hydroxyl groups; 20 Step 3:

met hyl ate the 6-hydroxyl group; and Step 4: deprotect at the 2, 4" and
9- posi ti oMSchaicAFSelle udimeaygpy of clarithronmycin, new nacrolide

anti bi oti ¢ conpounds have been di scovered and are di sclosed in

comonfy- owned ThePresent igmentivo rel@e8®chS pgparplioredf quindljne3subitiGited canlonate

conpounds ner al | r.e_prepar.ed by. known processes. However, . the
Coberttut O etk At BRSafiS PaES RN ARER P B F ey R e e or
group i s nrabst@@sy niadrolide antitblicsh ok dspech AEOTHVaNti relte SiodBe pRRZEIsEOTVS

by- products and | ow i/i el ds. Recent devel gpnments provide nore efficient and

cl eaner sPFRIFESE QuUISHYLspRstUE] eagbonaisor catborpats,comngupdpand\erpessses gt esses

al | ow subst.li | gl = & i.Q0: - he
eryt hr onyi)itrér#aglgg?@eat I'ves. ch@?r%ﬁoEI%IEBE&m@eﬁ(’fnlkﬁs?r{.%ggﬁr(%gﬁélc})’r}ﬂglergen . 30
60/ 1490 96 8¢lafes ke preparinpeaebaddte of 88&Bamate sompewsis aizpa quiedlné carboxatdehyde or
6- 0- substit t.ed.A't}‘ 0 PEC 2003 WD 01/00582 PCT/ US00/ 16404 erythronycin
deri vat i vE&ICRYFUYGCIE0L har i ng 6- 0- substituted erythronycin ketolides

i nvol ving a pall adium catal yzed process using carbonate or carbamate

derivatives. )
Background of the Invention

6-O-Methylerythromycin A (clarithromycin) is a potent macrolide antibiotic
15  disclosed in U. S. Patent No. 4,331,803.
The process for making clarithromycin, in general, can be thought of as a four-step
procedure beginning with erythromycin A as the starting material:
Step 1: optionally convert the 9-0xo0 group to an oxime;
étcp 2: protect the 2' and 4" hydroxyl groups;
20 Step 3: methylate the 6-hydroxyl group; and
Step 4: deprotect at the 2', 4" and 9-positions.
Since the diséovery of clarithromycin, new macrolide antibiotic compounds have
been discovered and are disclosed in commonly-owned U.S. Patent No. 5,886,549, filed
July 3, 1997. The compounds generally are prepared by known processes. However, the
25 substitution at the 6-position with substituents other than the methyl group is not easy to
accomplish and is accompanied by side reactions, by-products and low yields.
Recent developments provide more efficient and cleaner syntheses for alkylating
the 6-hydroxyl group. Novel processes allow substituents other than the methyl in the 6-
position of the erythromycin derivatives. Commonly-owned U.S. Application Ser. No.
30  60/149,968, filed on June 24, 1999, discloses a process for preparing 6-O-substituted



' Preparation of the carbonate and carbomate derivatives involve use of a
variety of quinoline substituted intermediates. In Chem Pia@nDEGUL003.

1979, 27(J)., -273, 5 synthesis of 3-(3-quinolyl)-2-propyn-l-ol 1s
described&bﬁw&%gﬁr, there are no known reports of quinoliné SY84¢94t ed
carbonate or carbamate derivatives or the nmethods of preparing them
Summary of the Invention 10 Various netlpods are disclosed for preparing
gui nol i ne-substituted internediates fromwhich a carbonate, preferably
t-butyl carbonate or carbomate conpound, is obtained. Processes described
and cl ai nEEUHERYFIA dervatyps and B gireparing tPssubsdiated esythsompeipdetolidand

car boxy! i envapiifia pAladiting @&él?zé&éx%bé@disﬂ{g&a@wﬂ&mba}%e defieAvRdi ate
conpounds proylide a suitab substrate fromwhi ch a qujnoline-substituted
alkenol i's obt ATREFIGY of HE CHPORRE AnHEaTDamats Loty INyOlgaise GEnARE O

obt ai n caqgbmohhesubstitord heemtalistes. i InaChenesPleimt Ball., i18YRrB7A(Dy) 270-275, one

aspect; t | y.enti kel S . |.hg. a co und of the
for mul .'%éi%lsés&ﬁ%az-%g%?r@?ﬁl U3 BREBh, SRR thefl BRI PR
sel ect ed taports Rfaiingline substitetad qatbphatemricatbamiaie dartystivesusrabie meithidds ofie or
nore of: Bép(u"iﬂ @bkyl, (ii) alkoxy, (iii) aryl, (iv) nitro, and (V)
hal o; RRis ClgO o-alkyl; Xis -0- or -NR3; and R3 is hydrogen,

C -C6-al kyl or aryl, or R2 and R3 taken together forman aromatic or
non- ar onaSummarnof thd heveptimcess conpri ses the steps of: (a) preparing an

interpepdi ate se) ected fromthe gro consi stin f. 3 i) R -C=CCH20R4,
wher ei R4 is S&?H?‘Efd@?f[’%& are HV& S%yp%rpé‘f%‘f’gl‘ﬂé‘ ncgllnsﬁﬁgst%p?e)i intermediates

R - CHECHOkGh{Iich Wb Bidie, Foefefabfylr-betyFRarbOitiié oPLdt¥irmand Burfpotmd 40 bilied.

Processes described and claimed herein employ alcohols, esters, acetals, aldehydes, and
carboxylic acids as suitable intermediate compounds. The intermediate compounds
provide a suitable substrate from which a quinoline-substituted alkenol is obtained or the
15 intermediate is directly hydrogenated to obtain carbonate or carbamate derivatives of the
invention.
In one aspect, the invention relates to a process of preparing a compound of the

formula;

|

R!-CH=CHCH,0C(0)-X-R? (I),

20  whereinR'is independently selected from hydrogen and quinolyl optionally substituted

with one or more of:

@) alkyl,
(i1) alkoxy,
(iii) ~ aryl,

25 (iv)  nitro, and
(v)  halo;

R? is C;-Cyp-alkyl; X is -O- or -NR?; and R? is hydrogen, C;-Cg-alkyl or aryl, or R* and R®
taken together form an aromatic or non-aromatic ring. The process comprises the steps of:
(a)  preparing an intermediate selected from the group consisting of:
30 () R]"CECCHzOR4 , wherein R* is hydrogen or a hydroxy protecting
group;
(i) R’-CH——-CHC(O)ORS, wherein R’ is C, to Cg lower alkyl;



3 (iii) R-CHCHCH(ORG6) (OR 7), wherein R6 and R7 are indepgnqieﬂgd)mﬁ‘a to
C6 lower alkyl; (iv) R-CHCHC(OOH (v) R -CH=CHCHO 5 (Vi

R - C=C- ChPo @X08¥2> X- R2; and (b) ‘reduci ng or deprotecting anprfiSsiedsat €
obtained in step (a); and (c) optionally coupling the conpound obt ai ned
fromstep (b) with an acylating reagent. Intermediates (i) through (v)
can be reduced to provide the al kenol dérl vative. The 10 al kenol

under goes a coupling reactl on with an acyl ating reagent, for exanple acyl

hal i des, acid anhy@iij deR'-CH+GHEBORIKORIE syheasid wdedafdm@etpwmuyfcl
aromati c and non- arorratlmcglaivmrtanwﬂ es, to afford conpounds of formula

(). Internediate ( ﬁ-&hr f@ﬁ@% hydrogenated to provi de conpound
(1). Therefore, onell Sfo E ing a conpound of formula (1) via
the al kenol 15 geng aI |R'.@}l{$@j—[§j@m; 20 (a) preparing a conmpound of the
formula R - CH=CHCH2OR4, wherein R and R4 are as previously defined; (b)

.optiorally deprotectving weom]rp:mir@b@))t-m}ﬁedndn step (a); and (c)
reacting the &B&rpound of the formula R -CH=CHCH2OH with an acyl ating
agent. An al t dPhat i "FEUPRE OB SEPTPIsELing B HGTRdiatRoiamgd imsien(a)fadtnul a (1)

whorein R and ko’ soagng cSOMRRLADcGhptilE Al Bl S A b

conmpound obt ai ned ileagdnep (a). 25 I n anot her aspect, the | nvention r eI ates
E ?I )a %g?gisﬁ tellgme&1 g{els ’28 t ougHP\%ucrz]lg bgfre urg:gd to]c gxrovuieadle alkenol 5er1vat1ve The
10 alkenol undergoes a coupling reaction with an acylating reagent, for example acyl halides,
acid anhydrides, carbamoyl halides, and acid derivatives of aromatic and non-aromatic
heterocycles, to afford cc;mpounds of formula (I). Intermediate (vi) can be directly
hydrogenated to provide compound (I).
Therefore, one process for preparing a compound of formula (I) via the alkenol
15  generally comprises: '
(a) preparing a compound of the formula R'-CH=CHCH,OR", wherein

R! and R* are as previously defined;

— kb) optionally deprotecting the compound obtained in step (a); and
(c) reacting the compound of the formula R'-CH=CHCH,OH with an
20 acylating agent.

An alternative process for preparing the compound of formula (I) comprises:

() preparing a compound of the formula RI-CEC-CHz-OC(O)-X-R2 ,
wherein R' and R? are as previously defined; and

(b) hydrogenating the compound obtained in step (a).

25 In another aspect, the invention relates to a process of preparing a compound of the
formula:
o]
O/L X-R?
R R® (1D

wherein



1 0 DEC 2003 WD 01/00582 PCT/US00/ 16404 4 R, R2 and X arf aﬁmousl y
defined, and R8 is selected fromthe group consisting of. )U

wher ei n Rwdloisgosggydr ogen or al kyl; and (ii) --C=CR1l. Them&,ﬁ&;m
conprises the steps of (a) reacting a conmpound of the fornmula: CHO or
wherein X is a halide, with an organonetal lic conpound of the formula
R8-Mor R8-M X, wherein R8 and X are 4s defined above and Mis netal,
and an acylating reagent; 10 (b) optionally hydrogenating the conmpound
obtained in B &R 4ra) X avehar erevioB8y idsfinal, kit isaelestab sioht thie @ebi) dovBigtingt O
afford the correspondi ng conpound wherein R8 is al kenyl or substi tut ed

al kenyl . \Q& anot her aspect of the invention relates to preparing a

conpound of formu@ OH=CAIR(! Whertih 1 fd mq)ggggyglk f3ndn yet anot her

aspect, the invention relates to the conpounds sel ect ed from "(a)
R - CH=CHC( O) OR5; (l)(bpitR@H:CHG-l(O%)(CR') (c) R -CH=CHC(O OH, (d)
R -CH=CHCHO, 20 (€)' R-C=C-CH2-OC(O -X-R2; and (f) R -CH=CHCH2CH, wherein

R, R Rﬁ:hel?ﬁomssicmpmasthsstppm/& ously defined. Processes of the

i nvention provi carbonate or carb t npounds useful as
i nt er medi at es i‘%)et hereaSHfigALqrapqiind @ ;}?ﬁeﬂﬁ@ﬁ. n derivatives, for exanple,

macrol ide 25 antibiotics 2 ol i dg Conmpounds of
formula (1) or (Il) arq 7 S ' Fubstituted
erythromycin derivative i : i ng subsffi tuted propenyl
substituent. 1 0 DEC 208X X

wherein X' is a halide, with an organometallic compound of the formula R5-M or R3-M-
X!, wherein R® and X' are as defined above and M is metal, and an acylating reagent;

10 (b)  optionally hydrogenating the compound obtained in étep (a), wherein R® is
alkyny! or substituted alkynyl, to afford the corresponding compound wherein R® is
alkenyl or substituted alkenyl. ‘

Yet another aspect of the invention relates to preparing a compound of formula (1)
or (II) as defined above.

15 In yet another aspect, the invention relates to the compounds selected from:

<a) R-CH=CHC(O)OR’;
(b) R'-CH=CHCH(OR®)}(OR);
(¢)  R'-CH=CHC(O)OH;
(d R'-CH=CHCHO;
20 (&)  R'-C=C-CH,-OC(0)-X-R%;and
() R'-CH=CHCH,OH;
wherein R!, R?, R® s R® and R’ are as previously defined.
Processes of the invention provide carbonate or carbamate compounds useful as
intermediates in the synthesis of erythromycin derivatives, for example, macrolide

25 antibiotics and erythromycin ketolide compounds. Compounds of formula (I) or (II) are

suitable for preparing 6-O-substituted erythromycin derivatives having a 6-O-quinolyl-

substituted propenyl substituent.



WO 01/00582 P T/ US00/ 16404 5 Detailed Description of the In npge ﬂﬁg
nunber of terns are used herein to designate particular ele ? he
present WE\Ge§838dn. When so used, the followi ng neani ngs ar@&T/Uaeeisddd: 5
The term "l ower al kyl"™ or "alkyl" as used herein refers to straight or
branched chain saturated hydrocarbon rﬁdi cals. "C to Cy alkyl" and
"Cx-Cy", wherein x and y are each an integer from1 to 20, denotes an

al kyl group containing the nunber of carbons as designated by x and y, for
exanple, the term"Cl to C6 alkyl" refers to a straight or branched chain

t t f | to 6 b t 10
Eeempl aryRrATEs et on AT BB T T D Lde, but are not 1im ted to,

.met hyl, et hyl , Amunjbeppytermi mprsﬂi)lydremmo besigtiate pa&ﬂmﬁrkéhem&ﬁ.@obthb gsent

t- butyI pentié, \{}gx%l and the like. The term "al kenyl" as used herein
refers t oMY Mg ht' i€ 50 B3ednibA O&H%SWeMHWr%%H‘F%ﬁdradl cal s cont ai ni ng

,,EZ'; \t;\ﬁ%nc;\rl\ﬁoﬁng%ﬁ)er%@ o"ﬁﬁ@@'anpfﬂz{gﬁoggmyﬁ ra gt?aégl nclu eCh\&/:flnyI

al lyl, 2-chain @tura&dlhydmwtbpn 2adicals: "€k tetCpaliylé apd "CQCy",Svherelnx and y are

5- hexenyl nd.t he soner i forms t hereof .. The term "al kynyl" as
ns0d hoy etash AR FBPEen T 8 P ASROFS B AU R Soa ARG Hegtam s of CRRARLAY
cont ai ni ngesAhWAEDY X MR yarfsr édaeﬁp&aﬂmanaft@rfs C%@ﬂcyp'%&?ssﬁi i‘ﬁrﬁ%htlo‘?aSt one
carbon- carbon triple bond anpl es_of al kynyl “radi cal ude et hynyl,

pr opar gy! bramhséyhawﬁ@ratectbychmrltqméathaé@onwgi fsomdrtp 6 dahorsatomer eof . The
ool 110P0 BerRES b e VMl B2 ink Rl HhPhre SRRl Ed B2 YRI5 "9 2"

easily reéno pro 7 helad mte

N, N- di rret;bmbjzlofsﬁpmpgle,n-wtw 1sdb1[t§2ll; Feelbutyd crethuayt] plﬁnyu\hemgl layid tRe R, r ol i done,
hexanet hyl phos,g{l\orl c triamde, %trah rofuran, 1,2- di nethoxyethane,

acetonitrile wrmaew@axleasme EIGE TEfeRsto SH?‘gh"ﬁf branehed-ghainof . 25 The
term acyﬁﬁﬁa&%amsﬁars coht pnga@eéfx t%*aﬁa lsstx%n GRAAARL lsa‘s gﬁg' PRl

acyl group or carbanmpyl group onto a nucleophilic site |nc ,
limted tanecadyin-canbon dkmble leodd Exanplds oﬂdbt;nybadbahnyctlu&Qdebsallyh@} dr 3-

Bxemphiary SUEE T KoY ERGRRD i) o - BEACo Rt LA ie forms

di - t ent - bbbt di car bonate, di-isopropyl dicarbonate, t-butyl chloroformate
(not 30 conner0|ally avai | abl e)
2- ('t - but oxycar Pamigrmorlkyryn ey U@‘i meEHefEiosHpight erdranghedgheishydrocarbon
car bonyl Oéﬁﬁufs%gmamlﬁg betvear b QY A AUt addrBog?e%th at least one carbon-
di cycl ohexyl carbanoy
carbon triple bond. Examples of alkynyl radicals include ethynyl, propargyl, propylidyne,

20  and the like, and isomeric forms thereof.

The term" polar aprotic solvent" refers to polar organic solvents lacking an easily
removed proton including, but not limited to, N,N-dimethylformamide, N,N-dimethy!
acetamide, N-methyl-2-pyrrolidone, hexamethylphosphoric triamide, tetrahydrofuran, 1,2-
dimethoxyethane, acetonitrile, ethyl acetate, and the like, or a mixture thereof.

25 The term “acylating reagent” refers to a substituent capable of placing an acyl
group or carbamoyl group onto a nucleophilic site including, but not limited to, acyl
halides, agid anhydrides, carbamoyl halides, acid derivatives of aromatic and non-aromatic
heterocycles, and the like. Exemplary acylating reagents include, but are not limited to,
di-tert-butyl dicarbonate, di-isopropy! dicarbonate, r-butyl chloroformate (not

30 commercially available), 2-(t-butoxycarbonyl-oxyimino)-2-phenylacetonitrile, N-t-butoxy-

carbonyloxysuccinimide, 1-(-butoxycarbonyl)-imidazole, dicyclohexylcarbamoyl



1 0 DEC 2003 WD 01/00582 PCT/ US00/ 16404 6 chloride, diphenylgfgr gEngm
chl oride, diisopropyl carbanoyl chloride, norpholine acid chloride;

car bonyl viggiogzol e, and the I'ike. Conmonly owned, U S. AgkRbiG&oli8bs
Serial No. 60/140,968, filed on June 24, 1999, describes a rret%)tgc} ‘P}or

preparing 6-0-substituted nmacrolide derivatives which relates to 5 the
coupl ing of substituted or unsubstituted allyl carbonate or carbomate
derivatives with a macrolide core, and particularly a ketolide core. The

met hod exehltidé,idsheaplearbRibAchtdride, distprepy] Rartiidyn 8RBRd&\AbIABife acid
i ntroduci ng@substl tuted or unsubstituted allyl carbonate and carff)omat e

subst i t uefRlergncarbenydisndazolbngadithe Bt e. Nunerous processes for preparing
the int di I b b t
conpounds. ¢ her SPioHy bRk P18 RAANALINA StHCRE RSOk sl o ez 49991

Schenes 1deéscribks xinetod forprepaciag 6t O-subbtitatedahacralidy dsRaGve whits rélaesd i on
and arg ot neant oliméthe cope of Eheinventionin any way..

| soner?c FSPEPYIE ?:‘ffh‘BﬂlﬁWB or stityied allyl carborpie eheasbamate derivatings aithee and
consi der e¢haaflabe s AR p | i [ on.

Vari ous changes a%ldgprm iffégla%goﬂ%ét%dﬁﬁgedsggh&s@ %ﬁlgﬁgapﬁ%ﬁ}%&ﬂo\%%a be

appar ent numberadeynthedes adhilabletiteoducing Sbstitutdtborgesulticuted all i casidnarsandar e
Wi t hin them%urvie f the invention and gan be nmade w t hout departing from
the spirif gﬂﬂteﬁ‘bﬁé"e{’ é’r“ié’o??arﬁﬂecmﬂ‘t‘é‘ €8¥¢- preparing the al kenol

i nternedi ate | NufleY®fs provesiks ﬂﬂ_paemganamzen@dma%d%é YorfesPahaigy! nol i ne,

and reduci ng the conpound obtained therefromto the 20 correspondi ng

al kend? asarberaiger dartamatencompeands therefearoare dgscitddigsan. Sxbmpiary pliideREs2 ORA
(2) ‘ 10 DE%I%QPS’: é?;ﬁg,h&sﬁ% &%Qﬁre@ﬁteﬁ%@ %u‘&%@%ﬁ&%‘%“o&ﬁl invention and are -
not meant to limit the scope of the invention in any way. Isomeric forms of compounds
described in the Schemes are contemplated and considered as encompassed within the
scope of the claimed invention. Various changes and modifications to the disclosed
15 embodiments will be apparent to those skilled in the art. Such changes and modifications
are within the purview of the invention and can be made without departing from the spirit
and scope thereof.
One manner of preparing the alkenol intermediate involves coupling a propargyl
alcohol with a haloquinoline, and reducing the compound obtained therefrom to the

20  corresponding alkenol as exemplified in Scheme 1, below.



H=CHCH2OC( O) - X-R2 zz~s N (1) According to Schene 1, a corme'rﬂi%tyzg

avai |l abl e hal oquinoline (L) wherein X is bromne, chlorine, i mne,

i s react e‘ﬁo\ﬂﬂ’f"%s%ubsti tuted or unsubstituted propargyl al c&#RBIUSl/ 48 e
presence of a base and a pall adi um based catal yst. The reaction is carried
out at a 5 tenperature from20 Cto 100-C. Preferably, the tenperature is
fromabout 25 Cto about 90 C. The propargyl alcohol is either
unsubstituted or substituted with a hydroxy protecting group R4. The
protecting group can be one of nmany corﬁﬁﬁmy_l_avai | abl e hydroxy protecting
groups. Typical hydroxy protecting groups for R4 include, but are not 10
limted to, tetrahydropyranyl, benzyl, trinmethylsilyl, triisopropylsilyl,

t - but yl di et hyl siA Z tputyl di phenyl silyl,_AQr oy acebtyH,ort val yl
mesyl, and tosyl jlugh gdhsisiomt of i[pg groups and the
solvents in whict NaT € nost—effective i syprey ded by T W G eene and
P.GM Wits in Protggrive Goups in Oganic Synthéis, 3rd ed., John Wl ey
& Son, Inc., 1999. 15 At | east one carbon of tf@)qui nol i ne-based starting
material is substituted with a halide sel ectedifromthe group consi sting

v

of brom ne, chlorine, and iodine, for exanple, |bronoquinoline,

chl or oqui nol i ne, and i odoqui noline. The hal oquigoline is optionally
substituted with aliphatic or aromatic subsiitu $HoeeEHCASOR?
nitrogen-containing noieties including, b 1ted to, alkyl,

al koxy, aryl, and nitro. WD 01/00582 8 1 O 03 PCT/ USO0/ 16404 The
catal yst used is either the 0-valent palladi Umsp¥cies or it is generated
in-situ, such as palladiuntriphenyl phosphineﬁgby t he net hods known in
the art. See for exanple, Beller et al. Angew. |Chem Int. Ed. Engl.

1995, 34(17), 1848. The pall adi um catal yst can £be selected fromthe group

consisting of palladiumacetate, tetrakis(tr ;h

pal | adium and tris(di benzyli deneacet at e) difp
pal | adi um acetate or palladi umon carbon p

® "

Accc;rding to Scheme 1, a commercially available haloquinoline (1) wherein X' is
bromine, chlorine, or iodine, is reacted with substituted or unsubstituted propargyl alcohol
in the presence of a base and a palladium-based catalyst. The reaction is carried out at a

5 tempera?ire from 20 °C to 100 °C. Preferably, the temperature is from about 25 °C to
about 90 °C.

The propargyl alcohol is either unsubstituted or substituted with a hydroxy
protecting group R*. The protecting group can be one of many commonly available
hydroxy protecting groups. Typical hydroxy protecting groups for R* include, but are not

10  limited to, tetrahydropyranyl, benzyl, trimethylsilyl, triisopropylsilyl, z-butyldimethylsilyl,
t-butyldiphenylsilyl, formyl, acetyl, pivalyl, mesyl, and tosyl. A thorough discussion of
protecting groups and the solvents in which they are most effective is provided by T.W.
Greene and P.G.M. Wauts in Protective Groups in Organic Synthesis, 3rd ed., John Wiley
& Son, Inc., 1999,

15 At least one carbon of the quinoline-based starting material is substituted with a
halide selected from the group consisting of bromine, chlorine, and iodine, for example,
bromoquinoline, chloroquinoline, and iodoquinoline. The haloquinoline is optionally
substituted with aliphatic or aromatic substituents as well as nitrogen-containing moieties

including, but not limited to, alkyl, alkoxy, aryl, and nitro.



manner when used with a promoter, preferably a phosphine. A suitable
phosphine is selected fromtriphenyl phosphi ne, 0 DEC 2003

bi s(di phegy @lipsehi ne) met hane, - bls(dlphenylphosphlne)ethané 7US00/16404

bi s(di phenyl phosphi ne) propane, 1,4 10 bls(dlphenylphosphlnefgutan

bi s(di phenyl phosphi ne) - pent ane, tri(o-tolyl)phosphine, and the Ilke. The
rati o of palladiumcatal yst to the phospli ne generally ranges from1l:1 to
about 1:8. A halide, such as a copper halide or phase transfer catalyst,

such as a tet roRudaydpamRa w@nhexlﬂhé% @ﬂexh%hnﬁi?&&hxfa&m 'it%gé}%é%é’cg Dsitu

sul fate, can be used Wth the 15 palladi umrbased cata 0 en ncé t he
coupl i ng rsugk abnallerdnampnpbcxaﬂ Ipdepmlpqgéy theainedheds hroewmnplpmn b earforiexzmmngle,

ot abut y s ol Ut BBt (e Pd £ B AT Gl i Stk She PR csplyar A% or
i nor gani ¢ HeagRSted XN Bup BOKIAIN §Cof pbﬂ&ﬁ&n'a@&hﬁd@ual@ﬂ?nﬁ%ﬁygg?&dsghiﬂ&t ed

to, sodi um hydroxide, potassi um hydroxid ammoni um 20 h sodi um
car bonétePab‘é‘fhéi%Pﬁ‘?ﬁ@é‘?lb@?ﬂé{ﬂléeﬂ%ﬁﬁfﬁwmmﬁ?ér%nate and the like, or a

e e ol ST BANEA R BT o Bl S8 b

di i sopr opyhatrenehen usempi'tl@ Bpk@hdmf quhablyt 4 pisisphihanAneitablPpipphide e,
pyrrolidine tri nd the like, or a mxture

yrrole, | SOpr opy

t her eof . Ie?%@ F%&QR}GHYQBHSP@@‘%E%SEAIE’EF“M hoﬁﬁhl%eﬁmﬁ'ﬂi?’@ﬁ ic solvent. Typical
aprotic s geyrpde, N, N-di net hyl
a(F:)et ani defyf%lfiaggé Pﬁosgﬁ%g%g %%ﬂgﬁg@ gﬁbﬂ r Isyci]‘oné Y
he?ﬁnlﬂ){lylmstf(dmhhmylpbosp?lrin)bme lﬁm(dxpl‘mylwphbmhme)-tp&m&e m(gnblltybpbmphmtee?nd
met hyl -t - | ether,. ueng, he itri nd e cet at e.
The. pr ef e?ﬁ%g‘l‘%oﬁ;eewmiogpﬁﬁ%ﬁ%'mcﬁ é?oatrt? ﬁP mergﬁ?ﬂy%f IR 95%? hie
01/00582 Qibbuf1:PEC 2003 PCT' / USO0/ 16404 Exenplary conditions in which the

reaction is carried out are described belowin Table 1. Table |
Al cohol Anmi neCatAlhgkde, uelnastaeoppaphatisie\s phase transfer catalyst, such as a

tetrabutylammonium halide or tetrabutylammonium hydrogen sulfate, can be used with the

15 palladium-based catalysts to enhance the coupling reation. The preferred copper halides
are copper bromide and copper iodide. Preferably, the phase transfer catalyst is
tetrabutylammonium bromide.

“Useful bases for the invention are organic or inorganic bases. Exemplary inorganic
bases include, but are not limited to, sodium hydroxide, potassium hydroxide, ammonium

20  hydroxide, sodium carbonate, potassium carbonate, ammonium carbonate, and the like, or
a mixture thereof. |
Organic bases include, but are not limited to, dimethylaminopyridine, pyridine,
dimethylamine, diethylamine, diisopropylamine, diisopropylethylamine, triethylamine,
piperidine, pyrrolidine, pyrrole, triisopropylamine, and the like, or a mixture thereof.

25 The reaction can be carried out in an aprotic solvent. Typical aprotic solvents are
selected from N,N-dimethylformamide, N,N-dimethyl acetamide, dimethyl sulfoxide, V-
methyl-2-pyrrolidone, hexamethylphosphoric triamide, tetrahydrofuran, 1,2-
dimethoxyethane, methyl--buty! ether, toluene, heptane, acetonitrile and ethyl acetate.

The preferred solvent is acetonitrile and N,N-dimethylformamide.



Propar gyl al cohol Et 3NPd( PPh3) 2C1290CCul , Et 3N (i Pr) 2NHPd( Sé@ckﬁaiml
Et CAc pi peridine, nBu4NBr Pd( OAc) 2, PPh345CCH3CN, K2CO3,
PPh375CCH3aMNo1/f5p2r i di ne. nBu4NBr 5% Pd/ C, PPh350CCH3CN, CorthwsmaaM
descri bed above in Table | are neant to be illustrative and are not 5
intended to Iimt the scope of the inven%i on in any way. The al kynol (2)
obt ai ned fromthe coupling reaction can be reduced to provide an al kenol
(3). The al kynol (2) can be reduced either by catalytic sem -hydrogenation
or  reducErEMPITY Ronditiensiniviieh thpdeacden isppaiadeagenidesonibed helowsipect i vel y
prod tyhe cis and the trans isoners of 10 an al kenol internediate, as
illustratéd below. Schene 2 3 trans In Schene 2, the cis isoner (3-cis) of
t he al kenol can be prepared by cdftableyiti ¢ 15 sem - hydrogenati on using

"hydr 0g talytic transfer hydr ngprlaLi on using a w0 01/00582 10
1 0 DEC 20Q3cdHel! USOG/ 16404 mimyedr ogej dRRO/s/PRIME 3{3% as @Gmmurf
L

formatle, formc acid  benzylfrieth drazine,
cycl oheRrapargpkalceed tBeNl i ke, or a det(Ei?fe)zcizherem 90%” Ch‘dthbhh enpl oy a

nmet al [catal yst, such Hareh-u—at I;gg——-?:ﬁq—ﬁ@——eat al ysts
for the serﬁ-hydrogeml ncl ude, mp%}éck lim e%l o7 b 24 chl oro 5
tri phenyl phosphi ne papibefdiHadBu,NBPITHdeOAY))) PRIGT at €45°C | CH5CN,
tetrakli s(tri phenyl phiasphi ne)pal | adi ym
tris(dj benzyl i deneacldker@). &yl | adi gd]O‘Vde/CaBPMm omd€ar hEA:EGN | adi um on

cal ci um car bonat e, ga—l—l—ad%—u-m-% - =N el
pl ati num bl ack oxid PIPI At Py ?ﬂ- g e tab EG %C@é’t al ytic
sem - hydrogenation and can arford U the CIS 1somer W|tn I proved yields.

One sui t apl,g4iRadl Bés\éﬁbééaﬁbaé iff ﬁ%ﬂ%f’} “ate Bieff 1¢BEMuSative BRYVENG{or Vari ous

other additives can be used in the hydrogenation. Reacting the al kynol
wi t hindgndetl trlimitrthé gehpedd the/ipvemtmmgravyway.f or ds the trans

The alkynol (2) obtained from the coupling reaction can be reduced to provide an

alkenol (3). The alkynol (2) can be reduced either by catalytic semi-hydrogenation or
reduction with an aluminum hydride-type reagent, which respectively produce the cis and
the trans isomers of

10 an alkenol intermediate, as illustrated below.

-~ Scheme 2
H
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— |
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In Scheme 2, the cis isomer (3-cis) of the alkenol can be prepared by catalytic

15  semi-hydrogenation using hydrogen gas or by catalytic transfer hydrogenation using a



I somer (3-trans). Typically, the reaction is carried out frorﬁ-zo Cto 25
C. Alum num hydride 15 type reagent- suitable for the react il ofh 2003

exanpl e, Widdilweg: al um num hydride, diisobutylal um num hydrid r d- Al
(sodi um bwg(dzi{ogrgegf hoxyet hoxy) al umi num hydride  in tol uene). Pi{ggiﬁ“&l“‘{ﬁg
about 2 nol ar equivalents of the alum num hydride are reacted wth

on' equi val ent of the 3-(3-quinolyl)-2-gbopyn-1-o0l starting material.

Sui tabl e reaction nediumfor the alum num hydride-type reduction is

anhydr ous hy@@géredonahtiir@f siicns ahAR i8R Fsinde CRMMA f9qbe carried out in
pol ar aprotic solvents, such as di nmet hoxyethane or methyl-t-butyl ether,

and nonpoberzylipetbylpmmosiue farmates hydrazige, teyclobasadivites an®R@edike, bea alikero! i S

a hydroxy eglkn rou the ¢ nd is. deprotecte rior to
converti ntglgh%g g%’@éﬁ%ﬁocfsoeggﬂ%ya?’ B’S%EF%%B’FL A\s lg’dHB‘i"’é%anu“Dé’ﬁPH’@‘Sbt i on
of the hyTypiey caiaby foethe benPRERORInbSHEHCUIRS bulkt HofliRied 8 bis-GeRGES | ons
25 dependi\r{}gl on the nature of the protecting group by standard nethods

known 1 n enylphosphing pahiadiuym@l, Ralladismoacstaie.es suitabl e for deprotecting

brot oet] v pisiiheh oGS e RE adilln, distdivGhANAEN A che G iadlies paffygiom,
1991, whi o carbot@akkdium oaealpiunataboraye, pelladiancen biauny cilsite/Raky Alikienol (3)

to the carb riate or, carhamat e derivatives can be carried 30 out with a
wi de vari 84 plaganymblagaexide.The product ni xture obtai ned maintains the

approxi mat e pr epefit h@ffv&farCiuitabl@ by RO SataBAEeshi) 'd?%ehaﬂdncsﬁ%d%%@r
h ce el ow.

conversion preserves the orientation at t'he regi er as shown
wQ 011®058e cislis@udrovith BuBevidyidds. r@mssuilabler astditivesis 8, & dishid- 1t 8-actanddibl, i
oc ‘X_ R2 howéver, various other additives can be used in the hydrogenation.
Reacting the alkynol with an aluminum hydride type reagenté affords the trans
isomer
(3-trans). Typically, the reaction is carried out from -20 °C to 25 °C. Aluminum hydride
15 type reagent suitable for the reaction are, for example, lithium aluminum hydride,
diisobutylaluminum hydride, or Red-Al (sodium bis(2-methoxyethox§)aluminum hydride
in toluene). About 1 to about 2 molar equivalents of the aluminum hydride are reacted
with oni#equivalent of the 3-(3-quinolyl)-2-propyn-1-ol starting material.
Suitable reaction medium for the aluminum hydride-type reduction is anhydrous
20  tetrahydrofuran. The reaction can also be carried out in polar aprotic solvents, such as
dimethoxyethane or methyl-r-butyl ether, and nonpolar aprotic solvents, such as toluene.
When R* of the alkenol is a hydroxy protecting group, the compound is
deprotected prior to converting the alcohol to a carbonate or carbamate moiety.
Deprotection of the hydroxy group can be accomplished under acidic or basic conditions
25  depending on the nature of the protecting group by standard methods known in the art. A
summary of the procedures suitable for deprotecting the hydroxy group is described in
T.W. Greene and P.G.M. Wauts in Protective Groups in Qrganic Synthesis, 2™ ed., John
Wiley & Son, Inc., 1991, which is herein incorporated by reference.
Conversion of alkenol (3) to the carbonate or carbamate derivatives can be carried
30  out with a wide variety of reagents. The product mixture obtained maintains the

approximate proportions of cis to trans isomers which indicates the conversion preserves

the orientation at the regiocenter as shown below. -



According to Schene 3, an acylating reagent is reacted w th mi nﬁyj i ne-
substituted al kenol (3-cis or 3-trans) obtained fromthe egi 3
reaction YB8W8M§2rt the alcohol to a desired carbonate or PEBRUISH e
derivative of formula (1), the cis and trans 5 isoners of which correspond
to conpounds (4-cis) and (44-trans), whgrein Xis -0- and R2 is

C -Ci o-alkyl, respectively. The reaction is carried out in an aprotic
solvent at tenperatures from about -30 Cto 50 C. Introducing either an
organic or an inorganic base facilit e reaction. 0 The acylating
reagent pl aces ggou of the formula C -X-R2, wherein X and R2 are 10 as
previ ously defi neg<a to, the oxygen atom of t he Praddetsxy noi ety. Acyl ati ng
.reagents suitablke fg

p £P

g,p ng the carbonate deri vatl \lias are typically
acyl halides affd ai rides.__which jncl w A 2 &xpot [imted to,
di -tert-butyl Qonte and di - isopropyl d . a eﬁv exenpl ary
.reagent s incl udée¥ar enf- but yIO®thl or of ormate, 2 SN OC-X-R?

but oxy- car bonyl oxyi m no) - 2- phenyl acetonitrile,

Nt - butoxycarbonylo y succinimde, and 15 1-(t pggoxy carbonyl)lnldazole
and the |iKke. For “Ff%eparing the preferred carbo

qui nol yl )-2-propen-I-ol t-butyl carbonate the 3-(3- qU|nonI)-2-propen-I-oI
internediate is prﬁeradytreﬂedvmﬂwdhtem butyl di carbongte.

Car bamat e deri vg 3 ( g inp the

al kenol, with l e caerHDyI chloride f e aqi d ghl otaaberdf an
aronatlc or noRN aqatiic nPtrogen 20 heteroc i he ptesence of base.
Exenpl ary acyl ati'ng ﬁbagents for preparing the Tarb&fnate conpounds are

- sel ected fronlcar%g % hal i des and acid derlvaty§§§ of 1 0 DEC 2003 PCT
/ US00/ 16404 1 O 03 WO 01/ 00582 PC | US00/ 16404 12 aromatic and

non- aronat i ¢ nAwoﬁgﬂg\tocsmmb Bj mgamamﬁg)&xg:dm&,remeﬂ wcthra udlingot |imted
to, dicyclohex ar hanoy| chlors dlp enyl car banoyl | ori de,

di i sopr op}bSELHie a ol (3<if Q513 gans) pP 1&6?@’%‘!996‘?40&811 tQ gonysHythe
di i m dazojigonoffifh ddifted Ldffona d%l’ Pl L\ﬂ@x‘i‘\r'a?lv@%?fo?ﬂu {IB@N{]{@%&% droup as

descri bed above. The preferre vent 1s toluene. of onet hane |s
al so sui tiatthersfobwhicheorrespond trcongourels {£-ois) aid mms;u\mmh pisoCeadd R n

more faci| isTy rao-aﬁql Vr\@s;e)gctlvel?l ﬁ?e reactxon0 i cta19ne% ?m an aprotlc éo vent at

temperatures from about -30 °C to 50 °C. Introducing either an organic or an inorganic

base facititates the reaction.

The acylating reagent places group of the formula -?:-X-R’ , wherein X and R? are
10  as previously defined, onto the oxygen atom of the hydroxy moiety. Acylating reagents
suitable for preparing the carbonate derivatives are typically acyl halides and acid
anhydrides, which include, but are not limited to, di-fert-butyl dicarbonate and di-
isopropyl dicarbonate. Other exemplary reagents include are #-butyl chloroformate, 2-(z-
butoxy-carbonyloxyimino)-2-phenylacetonitrile, N-r-butoxycarbonyloxy-succinimide, and
15  1-(t-butoxy-carbonyl)imidazole, and the like. For preparing the preferred carbonate, 3-(3-
quinolyl)-2-propen-1-ol t-butyl carbonate the 3-(3-quinolyl)-2-propen-1-ol intermediate is
preferably treated with di-ferz-butyl dicarbonate.
Carbamate derivatives of formula (I) can be prepared by reacting the alkenol, with
a suitable carbamoyl chloride or the acid chloride of an aromatic or non-aromatic nitrogen
20 heterocycle in the presence of base. Exemplary acylating reagents for preparing the

carbamate compounds are selected from carbamoyl halides and acid derivatives of



equi val ents of a phase transfer reagent relative to the al kqnlplq]ELt 9003& ng
material is added to the reaction m xture. A wi de variety of phase
transfer woagemdss are suitable-for the reaction includingpchiisodftios
limted to, 10 n-tetrabutyl ammoni um hali des and n-tetrabutyl ammoni um
hydrogen sul fate. The preferred phase transfer reagent is

n-t et rabutyl amoni um hydrogen sul fate. TAl ternati vel y, the alkynol Ois
coupled with the acylating reagent to afford a carbonate or carbamate

i nt er medi abmaté andeof-aromat: Mtre @G dBHAnIOEHSlerdeyRRs, Mbdiak But R 1i3RLJRE ar e
previ ousl%g\){o]lczfliéer;& . which can be,reduz;ed to provide the al kenyl carbonate

15 or car . . ’éCBlP“fiBr%lP?i‘y qaybamayd Cflmié?:rééi@@mﬂfhvl@agbamgyk educed
by way ofcheidd, ﬂdr?hogﬁ{/@ acy I QRRD ehivBhy I Rirkla@uhident IR ifigr | vaLl ve of

formula (1). Prefera internedi ate 1's reéduced using 5% pal | adi um
on cal ci um car Apridicsopentsane stledtechirbmatie gfdupreddascribed abdkey The pRirEICO3/ Pb)

d hyd whi ch.provides the cis | "-cis). The porti f
il 31 SORAPEryalepe o Bt e & it fylabler e Eisaon Gymeroian of beng 20
mat eri al digeriol procebdih XnBRTadif AR vthed ¥82h BB ORI 9P bRABISFARE S- One

alternate nethod of preparing the carbonate relates to treating a
hal oqui ndiquivalens efa phase sragsier repgeti atlative oohp etkemnad Isiadeg materialieaddedfier abl y

or coence i FERIBR e b S NIRY o BRRPURHE AL B BRI 1) i nea
t her ef r orreactiondidelagihebbutit ligdeedas, hydr ogenation 25 or Red-Al reduction to
afforg an al kenol, which can be coupled with an acylating agent to

provilfe d-tst@bpiylargmpnipa halides apdrietrabypdammogmmpbidiegenstlfgeebe i ng the

al kynol i py@ly ' QUi ' e | cohol , o
t et r abut ﬁ} amgﬁgén%%d%@é%ggﬁﬁlsg’gﬂrg@llttl%&r%gc&é@gp 38@?5’%:'? %di um on car bon

i n conbi nat i onAiternhatieelpythe plkiynel. (2T isecoupkedtwitnthe acylftirpaesent iowfoed 4 n t he
presence of a secondary am ne, such as piperidine, or acetonitrile or

M Xt ur es cafboPiE errdrheanate int@etdiaté oftheformhida R k CREHCI-OIT(GPX-RY, wiserein
coupl od M (R e PSP Pt hich B BEEeBtAOR e DslkEACHto8ss/ 16404
P i A D R A
Pr ef er ablcptalytieesenzitloslnogeskiioretoqurayide the degivetivadf fosmde (1dcPreferiblnrthe
3-br Ormql{irx&e?rlrlie fte is reduced using 5% palladium on calcium carbonate poisoned with lead

(Lindlar™$ catalyst, Pd/CaCQs/Pb) and hydrogen gas, which provides the cis isomer (3-cis).

The portion of Lindlar's catalyst reacted with one equivalent of the alkynol starting

20  material is from about 0.005 to about 0.2 weight/weight equivalents.

One alternate method of preparing the carbonate relates to treating a haloquinoline
with propargy! alcohol, a copper halide, or more preferably copper iodide, and
dichlorobis-(triphenylphosphine)palladium(lI) in the presence of triethylamine in an
aprotic solvent. The alkynol obtained therefrom is reduced by methods of hydrogenation

25  or Red-Al reduction to afford an alkenol, which can be coupled with an acylating agent to
provide a desired derivative.

Another preferred method of preparing the alkynol involves reacting a
haloquinoline with propargyl! alcohol, tetrabutylammonium bromide, and palladium
acetate or palladium on carbon in combination with a phosphine. The reaction is

30  accomplished in the presence of a secondary amine, such as piperidine, or acetonitrile or
mixtures of THF and water. Reduction of the alkynol with Red-Al is accomplished with

tetrahydrofuran solvent and the resulting alkenol is coupled with an acylating reagent,



or 5 3-iodoquinoline. The nost preferred hal oquinoline i 51
3- bronoqui nol i ne. O her possible nmethods for preparing the apkggﬁ)lzu%vol ve
usi ng acr¥P#if0eet al or vinyl ester reagents as descri berCTwsoohedos

foll owi ng Schene. WD 01/00582 14 Scheme 4 0 1) X CH2=CHCOR5 (10) 00 (R
10 DEC 2003 PCT/ US00/ 16404 0 11 H=CH CH=CHCOOH (8) CH=CHCHO 0
H=CHCH2OC- X-R2 (I) As illustrated in Schene 4, a hal oqui noline couples (1)
with an acrolein acetal (7) having a formula CH2=CHCH( OR6) (OR7), wherein
R6 and R7SushesidirdarbHeYS Aicribogatey in thg presgnies of base and teabutpidimmoniumal yzed

reaction | y Qﬁg : reaction is carried out at a
t enper at u?@&?%‘m%’%ﬁﬁ?qgﬂﬁ%@é a gl?{-tu}%?et: in a polar aprotic solvent.
‘Pal | adi um cat aPyfemblyyihedfal quireline craptirigngaterdied ipyehpasddytm albzomeduinblife t he

hal oqui nol i ne can al so be used for the reacting the starting nmaterial wth
the acrol 8 n acetal. Acrolein acetals suitable for the coupling include,

‘butarg nglioddqhindite! The &sChrefdtredlifaloqgiHoRRPE 3 -bromoquinoline.

Other possible methods for preparing the alkenol involve using acrolein acetal or

vinyl ester reagents as described in the following Scheme.



15 1 0 DEC 2003 PCT/ US00/ 15404 di net hyl acetal, acrolein diet Byhﬁc‘%ﬁé ,
acrol ein diisopropylacetal, acrolein n-dibutylacetal, acrc;l i
n- di pent ywaresy@bs2 acrol ei n et hyl net hyl acetal , acrolein PCT/US00/16404

i sopropyl net hyl acetal, and the like. Portions of the acrolein acetal used
relative to the hal oqui noline generally ranges fromabout 1:1 to about
4.1 5 A phosphine is optionally used with the pal | adi um acet ate catal yst.
Sui t abl e phosphines are selected fromthe group as descri bed above
relating to the coupling of the alkynd@cheme3chene 1. Preferably, the
phosphi ne for coupling the acrolein acetal with the haloquinoline is
tri(o-tolyl)phosphine. Portions of Ohe phosphine relative taportions of
the palladiumcatalyst generally rﬂngg fromabout 1:1 to adbut58:1. 10
Addi tion of a phge~yrAansiel agaTCHCBRef er abhig~ eiabufHEEMSARUM hydr ogen
sul fate, provide bonat e. ﬂ@)inoLga Ic or orgalic base is suitable
for the reacti oR select ed fron1thé"grQHP descri ed above. The
reaction is carried,pul in an aprotic solven 55 Dhig iously described. 15
The car boxal dehyde etal (8), wherein R6 and Rgzpre \ndependently Cl to
C6 alkyl, obtained therefromis then treated with an ®cid to produce the
acrolein (2). The ac| §H27HCEHKPRIAUCRI) from a wi de Jvari et y\of i norganic and
organi ¢ aci ds selectled frd® hydrochloric acid, |sulfuricXacid, formc
acid, acetic acid, propionic acid, butyric acid,] tartagc agid, EhL&hECMM4
acid, trifluoroaceti acid,‘gﬁ%ﬁhgggﬁkﬁgonic acild, pgs P

p-t ol uenesul f onpg#™a 2-1p). I 2 or a mixt -reofl The
preparation of n allows for using mllder ¥y .agents, such 3
as borane conp , during reduction. Reduction he acrolein
with a borane ¢ N'eagent provi des the al kgnol, whi can be
converted into the d8fbonate or. carbamate deriVatives of fornmula (1) as
previ ously describedy The reduction is 25 acconpli shed room tenperature
in an aprotic solven{ selected fromthe group ddscrib above for the
coupling the al kynol [to the hal oqui noline. Exengl ary/borane conpl ex
reagents include, buf are not |imted to, borang-digethyl sulfide,

bor ane-t et rahydrofurgn conpl ex, borane-pyridine conpl ex,

bor ane- nor phol i ne bor ane- LLLRREHY! am ne co ex, or %?-ECPCH%’(SN' am ne,
. P , 4

borane- N, N-di i '©; et ¢yl am ne, bor ane

—

~ =CHCH,OC-X-R?
~
N

()

As illustrated in Scheme 4, a haloquinoline couples () with an acrolein acetal (7)
having a formula CH2=CHCH(OR6)(OR7), wherein R® and R are independently C; to C¢
5 alkyl, via a palladium-catalyzed reaction ih the presence of a base. The reaction is carried
out at a temperature from about 90 °C to about 110 °C in a polar aprotic solvent.
Palladium catalysts suitable for coupling the propargyl alcohol with the
haloquinoline can also be used for the reacting the starting material with the acrolein

acetal. Acrolein acetals suitable for the coupling include, but are not limited to, acrolein
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of the 3-(3-quinolyl)acrolein. The nost preferred borane conplex reagent
is borane t-butylamne. Simlarly, borehydride reducing reagents are
suitable for the reaction. Typical borohydride reducing reagents are

sel ected f.rom borane, borane-nethyl sulfide, borane- 5 methylsulfide with

a1 ve Rt b GG ARk Ay Sle S ma et bR - bbe el

bor ohydr i feoleis Ak Sl Vadrdidle 8th ' bt : '
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.reduci ng thelikenfastionsaf theasrdéia adétpkusied relativg tontha haloyitolide gergnallyt fanpesum

al um niu | de.,al r,wth AIC13, are also suitable for the
FOREb4RT 3oRpgu

reducti on. I'um coupling reaction can al so be carried out

.usingsa vinyl &gkdphind4ophbnallyhesel ovithihe paliRdiGHGcaRatalyhiesaitbiES is C
to C6 al kyl, for pre%ri ng 3-(quinolyl- substituted)-2-propen-|-alkyl

est er ( 11Phospipess arersetasterd drom the grep af deseriberh abave Frjating taghoepuphiogioféher t h a
vi nyl est i ' . apsent .t.he use
of 3 phosaRraLh SRLhET, PRAESH) ThE pHbEi kS wE kBl RS H I s T re
presence hatoquamdind s tri(d-tolyi yphosplittiet iPortiads af thipkesphinanalhive oggtions ofIheh as

tetrabutyl ni um brom de or tetraputyl ni um chl ori de. Exenpl ary
vinyl est ?rTEEDé‘E‘i"E"& SE%"S@YH@?J&E‘??‘@WW%@%“ Bt are not linited to,
met hyjlo a- cryl aA§itidt dP4 phase tydndfef agdt hrbfegatlly k&rabl%ﬂ}h?ﬁgmatﬂ%ﬁéédzng

material for the conversion reaction’is obtained 0 ester
i n one ofsulfals, prayides the cabenateduct i on of the al kyl ester with an al unm num

hydri de reagent. as detail ed. ve | e 1 pr.ovides .the,al cohol under
condi ti ons as ‘pF &SI " 'gé%g%bégwalbﬁgg?ﬁar?aEQO%IaR Iselg‘rélF% rom ﬁl?")e at

anbi ent tgonedatibed abbid) The@eactibe ik carriéd oatiauh apidlicelvant AGrvislapt s of
base for each equivalent of the al kyl ester affords carboxylic acid (12),

whi ch carfes@i%eds t her reduced to the al cohol under nild reduction

condi{s ons w tﬁ"%é‘ﬁ’%"mg@gee ?}(%gdf?ﬁa%héfe@ﬁﬁmand Rach ﬁae&?gé}gé’g%L ar6y0r

borane conpl ex reduci ng arious processes yi'e
car bonat ealkigy obtahéduberefradniicthen treatelé s\ithi dyeatid o pradeentbaaaelent (9). Thetabidr
aspect Ofis tse gcttiecp f\r/gmn taiucfllgé va-lr-xhe% g n r%%‘gsmgforéar}&c gcgcrisnéjelleac:ted from hydrochloric
acid, suliuric acid, fonnic'acid, acetic acid, propionic acid, butyric acid, tartaric acid, citric
acid, trifluoroacetic acid, p-toluensulfonic acid, pyridinium p-toluenesulfonic acid, and the
20  like, or a mixture thereof.

The preparation of the acrolein allows for using milder reducing agents, such as
borane complex reagents, during reduction. Reduction of the acrolein with a borane
complex reagent provides the alkenol, which can be converted into the carbonate or
carbamate derivatives of formula (I) as previously described. The reduction is

25  accomplished at room temperature in an aprotic solvent selected from the group described
above for the coupling the alkynol to the haloquinoline. Exemplary borane complex
reagents include, but are not limited to, borane-dimethy] sulfide, borane-tetrahydrofuran
complex, borane-pyridine complex, borane-morpholine, borane-trimethylamine complex,
borane ¢-butylamine, borane-N,N-diisopropylethylamine, borane dimethylamine, 4-

30 (borane-dimethylamino)pyridine, borane-4-ethylmorpholine, and borane-4-

methylmorpholine. From about 0.25 to about 1 equivalent of borane complex is reacted
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wherein R is independently sel ected from hydrogen and qui np![yIDE@pQ(][}gnfal |y

substi t utwe oibésda one or nore of (i) alkyl. (ii) alkoxy, (igdy,a (1v)
nitro, and (v) halo, R2 is Cl-00- alkyl: X is -0- or -NR3, %T)e"f%u"w‘ﬂé i s
hydr ogen, Cl-C6-al kyl or aryl, or R2 and R3 takent together forman 5
aromatic or non-aromatic ring; and R8 i¥-CH=CHR' or -C=CR 1, wherein R
is hydrogen or alkyl; can be used as internediates in the 6-0-al kyl ati on

of mact olwide] equivhiehtif e 3nd-diidN isteoleTPASs: Al boh: QlmiBe
6-0-position of an erythromycin derivative is acconplished in manner
simlar teagentdsdorangdduylgsing the primary carbonate, as described in the
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carbamat e deriva e prepar y eses.

I n one niolubtdride Peduding rgugoned drd ecldcted fdak borded) WaeanstrddthyInal iRl Kdrhl 1S
treated with alﬂ grgg{fjcr)netal I'ic rea}gﬁ}nt and an acyl ating agent to obtain a
conpotdnd RthylsiBdg additrvss sushoas Bis QR ar(OMe)hdiborabigydlensinames lithium

Er eat mont oo hride: AR Bt lond LORRRRNAVE fuch BRI o BB wi ¢
acyl at i ndporahydede, and potassiudebarohydrideds of forrnula (111), as illustrated
bel ow. Schere ‘au%{&}rpl %%fldxgldél' i‘edﬁgirr]xtg rIleeasgiegts,2 for (e\)évamcglg d?isob%%_'lé-luRn%imiRg hydride

and lithium aluminium hydride alone or with AICls, are also suitable for the reduction.

10 The palladium coupling reaction can also be carried out using a vinyl ester (10) of )
the formula CH,=CHC(O)OR’, wherein R® is C; to Cg alkyl, for preparing 3-(quinolyl-
substituted)-2-propen-1-alkyl ester (11), wherein R® is C; to C¢ alkyl. Treating a
haloquinoline with a vinyl ester and palladium acétate yields the alkyl ester absent the use
of a phosphine. The reaction is carried out in an aprotic solvent in the presence of base

15 with the addition of a phase transfer reagent, such as tetrabutylammonium bromide or
tetrabutylammonium chloride.

Exemplary vinyl esters suitable for the reaction include, but are not limited to,
methyl acrylate, ethyl acrylate, and the liice.
The alkenol starting material for the conversion reaction is obtained from the alkyl

20  ester in one of two ways. Direct reduction of the alkyl ester with an aluminum hydride
reagent as detailed above in Scheme 1 provides the alcohol under conditions as previously
described. Treating the alkyl ester (11) at ambient temperature with from about 1 to about
10 molar equivalents of base for each equivalent of the alkyl ester affords carboxylic acid
(12), which can be further reduced to the alcohol under mild reduction conditions with a

25  boron reducing reagent, such as borohydrides or borane complex reducing agents.

Various processes yield secondary carbonate derivatives, which are described in
accordance with another aspect of the invention. The compounds of the formula:
0
oc'!-x-R2
R' "R®
an



A 2-hal o- 3-qui nol i ne carboxal dehyde (13) can be reacted w th apEC 2(98
organometvgbliﬁtL§ reagent R8-Mor R3-MX , wherein R8 is as defined %ve, M
represent s dYfEP41 , and X is 20 a halide, and treated wit RCHNSY$HM: i ng
reagent to provide a protected secondary carbonate. Preferably, the

hal oqui nol i ne car boxal dehyde i s 2-i odoi3-qui noline carboxal dehyde. 1 0 DEC
2003 WO 01/ 00582 PCT/ US00/ 16404 is Reaction with the organonetallic
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therefromand foll owed by a suitable acylating reagent” to provide the
secondar?l‘é’ﬁ%ﬁngré{' 5 Suitable organolithiumreagents are alkyl lithium

reagent s_ygh B | ~ 1A t I 2 tylLlithiym Reaction
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acyl asi Ngron@Aie R homblopiatie rin@MRRVRY s CHLOHMR! 8r Cd= HT,%epaﬁﬁﬁrirsed
reagent, quinoline-3- carboxal dehyde, is a commerci aﬁl y aval l abl e

conpound hydiegeneralkylrandbsswed ay intérmedatasdn she &O-alkylatipr nfinacrofi$e30/ 5 g,

Al drich, Ml : . Dr sgas for reparjing the
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material or in accordance with a process reparin

lang [oc for g
qui nol i n&2TEORALE.iaf descrbedinghe bk 2 Application ser. MEO/%@,&@& Schene 6 ROCH or
HE( OR30) 3 (i y - "t
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01/ 00582. isji?ea%‘e% \%%Canzgrggnometa]lic reagent and an acylating agent to obtain a compound of

the desired formula. In another method, a quinoline carboxaldehyde is reacted with an
organometallic reagent followed by treatment with an organolithium compound. The
15 compound is reacted with acylating reagent to provide compounds of formula (I1I), as

illustrated below.

Scheme 5
h Synthesis 1: ,
CHO OC-X-R
=z
| - YR
x 1
az ’ Ny
(1I1)
Synthesis 2: ﬁ)
CHO OC-X-R?
=
| - Y
S
7 NS
(1IN

A 2-halo-3-quinoline carboxaldehyde (13) can be reacted with an organometallic
reagent R®:-M or R&-M-X!, wherein R® is as defined above, M represents a metal, and X' is
20 ahalide, and treated with an acylating reagent to provide a protected secondary carbonate.

Preferably, the haloquinoline carboxaldehyde is 2-iodo-3-quinoline carboxaldehyde.
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equi val ents of base is use Exenpl ary sol vents used are organi'c sol vents,
such as acetonitrile, N, N-dinethyl3dcheme@ de, N-nethylpyrrolidinone, 25
nmet hanol , et hanol, isopropanol, and the |like, or a m xture thereof.
Organi ¢ base, for exanple am nes, and inorganic bases are suitable for

i at _ape useful incluyge ’ HOR®NQRIPt ed to,

t he reaction. Amgnes ’
secondary and i nes, _such as,.di m n§, diethyl am ne,
triethyl am ne, roIethyI aPhyer di et Ry op i di ne, and pyridine.
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carbonate, and th ke. The carboxal dehyde L s obtained from

car boxal dehyde acetal (17} by

CH(OR?)OR™)

15
The starting material for the carboxaldehyde synthesis (]_3_), wherein X ! is a halide,

can be prepared by Vilsmeier-Haack formylation of an acetanilide as described by Meth-
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i nor gani VIS8 sui tabl e i norgani ¢ acids include sul furi PEEPI0/16404
hydrochl oric acid, and the like. The preferred solvents are organic

sol vents, such as nethanol, ethanol, igppropanol, and the |ike.
Preferably, the weak acids are formc acid and acetic acid. The
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brom ne, chlorine, and iodine. Cormon @ignard-reagents as scribed in
accor dancdosg typicaly sefected fromi acey adithdoinsic 260i8.1p-tal@ehesulfmicaeid, by trchbiomic

I ncor por af g neference...Exenpl ary.,aorganonetal lic reagents are t-butyl
20 lithi uéﬁ%j’d)%f’%h nﬁﬁé&ggﬁd&fﬂc ag?%%%hﬁ‘&gﬁ‘esi um brom de, ethynyl magnesi um
chloride, vi nRenBYiRgTheHAlb pedliptd thevduindlifiBQrietd-abbkAdédde acisl ishe |i ke.

The reaction is acconplished in an aprotic solvent selected fromthe group
descri bed24pBplshed by tratrpertysiting msial eatalyytand hxdrasen in the pragsnee pEpeseat ur es
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palladium complexes, platinum black oxide, and the like. A summary of suitable reagents .

and conditions for metal-catalyzed coupling reactions are described in Heck et al., J. Org.
20 Chem., 1972 37, 2320.

The reaction is carried out in an organic solvent in the presence of from about 1 to
about 6 molar equivalents of base relative to the carboxaldehyde acetal starting material.
Preferably, about 4 molar equivalents of base is used. Exemplary solvents used are
organic solvents, such as acetonitrile, N,N-dimethylformamide, N-methylpyrrolidinone,

25  methanol, ethanol, isopropanol, and the like, or a mixture thereof. Organic base, for
example amines, and inorganic bases are suitable for the reaction. Amines that are useful
include, but are not limited to, secondary and tertiary amines, such as dimethylamine,
diethylamine, triethylamine, diisopropylethylamine, diethylaminopyridine, and pyridine.
Inorganic bases are selected from sodium hydroxide, potassium hydroxide, ammonium

30  hydroxide, sodium carbonate, potassium carbonate, ammonium carbonate, and the like.

The carboxaldehyde (14) is obtained from carboxaldehyde acetal (17) by

hydrolysis with an acid carried out in organic or inorganic solvent. The acids are organic
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hexanet hyl di si |l azane, |ithium diisoprop and the |ike. Potassium
t - but OXI rhamate derivatives oé therin eatipm ean bmﬁm,fﬁé@vn@mgcﬁarmwéhhlbhsl@beow th

t he I ng ernnedi ate (9) using o
rel a ve éalcﬁg’%gsnsffa@em@eca&enﬁ & n?ﬂéﬁé& é]rr}]seé mo}ﬁd%an be carried ﬂﬁ
Suitable organometallic reagents are represented by the formula R®-M and R%-M-

, X', wherein R? is substituted or unsubstituted C,-C¢ alkenyl or C;-C; alkynyl, such as
substituents of the formula -CH=CH-R''and —C=C-R'!, wherein R'! is hydrogen or
alkyl, M represents a metal, and X' is a halide. Preferably, the organometallic reagent

15 used is an organolithium or an organomagnesium reagent, such as a Grignard reagent.
The preferred reagents are selected from reagents of the formulas R®-M and R%-M-X',
wherein M is lithium or magnesium and X is bromine, chlorine, and i6dine. Common
Grignard-seagents as described in accordance with the Y. H. Lai, Synthesis 1981, 104,
which is herein incorporated by reference. Exemplary organometallic reagents are r-butyl

20  lithium, diethylmagnesium, ethynylmagnesium bromide, ethynylmagnesium chloride,

vinylmagnesium bromide, vinylmagnesium chloride, and the like.

s

The reaction is accomplished in an aprotic solvent selected from the group
described above for the preparation of the alkynol. Suitable temperatures for the reaction
are from about -10 °C to about -15 °C.

25 Alkyne-1-substituted quinoline compounds of formula (II), wherein R® is
—C=C-R!! can be optionally reduced to the corresponding alkenyl-substituted carbonate
by a palladium-catalyzed hydrogenation reaction using hydrogen gas. The preferred
palladium catalyst for reducing the alkyne-1-substituted quinoline carbonate is Lindlar's
catalyst (5% palladium on calcium carbonate poisoned with lead or Pd/CaCO3/Pb).

30 The reaction is carried out in a polar organic solvent selected from the group

consisting of tetrahydrofuran, N,N-dimethylformamide, and isopropanol.
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3-(3-quinolyl)-2-propen-1-ol 1-bButyl carbonate. In another preferred
process, the 3-(3-quinolyl)-2-propyn-Il-ol is coupled with an 15 acylating
reagent to provide a carbonateQor carbamate derivatives, ich can be
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$nefine and reacted with vivey Rghesi um brom de fol | oned
by. 20 n- buty#%%t%|un1and an acyl ating agent Upeferably di-tert-butyl
di‘car bonat e 1- (3- quinolyl)-2-propen- t-butyl carbonate
prepared by th rocess i s a conpound of fornula (I'1). The processes for
preparing a co;ﬁgb of formula (1) via the al Kenol internmediate can be
general ly descli bed Aﬁ gﬁgﬁ sing the steps of:] 25 (a) preparing a
conmpound @ AT onptrl'a CHCH2OR4, whereiq R and R4 are as

previ ousl nedl (b) optionally deprotecting the conmpound obtained in
step (a); B ~Q Feacting the conpound of theifornula R - CH=CHCH2OH wi t h
an acylating (ggent. 30 An alternative process |for preparing the conpounds
of formula (I)lconprlses

1
F CH=CHCH,OH / CH=CH-CH,-0-C-X-R?
U —
N
) N

A suitable acetate ester for the reaction is represented by the formula H;C-
C(O)(OR®), (18) wherein R® is C; to Cs alkyl, selected from methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, t-butyl, and the like. Preferably, about 0.5 molar equivalents
10  to about 2 molar equivalents of base are used relative to the carboxaldehyde. Typical
bases for the reaction include, but are not limited to, potassium s-butoxide, sodium #-
butoxide, sodium hydride, potassium carbonate, sodium ethoxide, sodium methoxide, 1,8
diazabicyclo[5.4.0Jundec-7-ene, sodium hexamethyldisilazane, lithium
hexamethyldisilazane, lithium diisopropylamide, and the like. Potassium ¢-butoxide is the
15  preferred base.
Condensation of acetaldehyde with the carboxaldehyde (14) affords the acrolein

intermediate (9) using relatively inexpensive reagents. The condensation can be carried



(a) preparing a conpound of the formula R-C C—CI-lZ-OC(O)-X—(IiZ O%E;p%ﬁaan R
and R2 are as previously defined; and WO 01/005%2 2a 1 0 DE 9

PCT/ USO0/We4040%8) hydr ogenati ng the conpound obt ai ned i n Hapdedssod he
alternative process allows for preparation of the carbonate and carbanate
derivatives by directly coupling a propargyl alcohol derivative with an
acyl ating reagent and hydrogenating the al kyne bond to obtain a desired
conpound. 5 In another aspect, the invention relates to a conpound having
t he for meuawithReeBHuENGHAOD Be-preseBcoof 26 R2d wWRedweitinn oXthie prodiict 6btaindR3-; R

I s i ndepend ly sel.ected from hydrogen,a ui.nol yl Lonal |y
subst it u,?%ea@%?rproixge%ﬁ\g CSFC?ﬁ?ngnﬁfggﬁqoll‘uiﬁ? gregmeélcr{;%ﬁg# *béﬁ?‘i“ﬂnﬂ the kyl |
(i 1) al ka¥olein Ghieimhedifitglis redhttion With a®orétydrilie réaginthdlcBias séBumS
Cl-Ct0-al kyl; R3 is hydrogen or Cl-C6-alkyl; or R2 and R3 taken together
form an XeEthydrideor non- aromatic ring; and R8 is selected from 20 (i)

nventi on al s aresies ReeiAdForl ifbensch S PREGTRL bseB R vreretie oo

R - CH=CHGORoBRS-2-propersil defRvatives,i widep ardomniponndebtoieda (1) and hxdgen  and

qui nol y| p?é}texirgg ?tlnlx turséu 01§ %hietélﬂ EaquY\zllititorrll rggc%ogrofsnsnja%?otliidte lzjzr?tri]lgiotsicgl. er%to%?ai; 5-0(572 (H)
quinolyl)-2-propen-1-ol #-butyl carbonate, for example, 3-bromoquinoline isf:oupled with
propargyl alcohol, and reduced by methods of catalytic semi-hydrogenation to obtain 3-(3-

10 quinolyl)-2-propen-1-ol. The 3-(3-quinolyl)-2-propen-1-ol is coupled with an acylating
reagent capable of placing a r-butyl group on the oxygen atom of the terminal hydroxy |
group, preferably di-zert-butyl dicarbonate, to afford 3-(3-quinolyl)-2-propen-1-ol t-butyl
carbonate. |

In another preferred process, the 3-(3-quinolyl)-2-propyn-1-ol is coupled With an

15 acylating reagent to provide a carbonate or carbamate. derivatives, which can be
hydrogenated to provide a compound of formula (I). The preferred acylating reagent for
the reaction is di-tert-butyl dicarbonate.

In yet another preferred process, the 2-chloro-3-quinoline carboxaldehyde is
converted into 2-iodo-3-quinoline and reacted with vinyl magnesium bromide followed by

20  n-butyllithium and an acylating agent, preferably di-zerr-butyl dicarbonate. The 1-(3-
quinolyl)-2-propen-1-ol
t-butyl carbonate prepared by the process is a compound of formula (II).

The processes for preparing a compound of formula (I) via the alkenol
intermediate can be generally described as comprising the steps of:

25 (@)  preparing a compound of the formula R'-CH=CHCH,OR?, wherein R' and

R* are as previously defined;

(b)  optionally deprotecting the compound obtained in step (a); and

(©) reacting the compound of the formula R'-CH=CHCH,OH with an acylating
agent. .

30 An alternative process for preparing the compounds of formula (I) comprises:
(a)  preparing a compound of the formula R'~C=C-CH,-0C(0)-X-R?,

wherein R! and R? are as previously defined; and



25 al kyl, (ii) alkoxy, (iii) aryl, (iv) nitro, and (v) halo; and R is Cl
to C6 lower alkyl; (b) R -CH=CHCH(OR) (OR7), wherein R6 anb(QRBEErH)

i ndepend®?p1y0aE82to C6 al kyl; 10 DEC 2003 WO 01/ 00582 24 PRUN/SUB04046404
(c) R-CH=CHC(O OH, (d) R -CH=CHCHG, (e) R -C=C-CH2-0OC(O - X-R2; wherein
R2is G-Go-alkyl; Xis -0- or -NR3; ,and R3 is hydrogen, Cl-C6-alkyl or
aryl; or R2 and R3 taken together 5 f&6Fm an aromatic or non-aromatic
ring; or (f) R -CH=CHCH2COH. The intermedi ates are prepared by processes
previ ously descri béb) andypraggnaimgibe cempowgrabirineddn sigPdt ai ni ng t he

desired r I L) .

br ocessed TANDRATTe 865 3lI0QF Rnerod i SFhEburbdnbie st hrpBilte by iehles

f Old! ?yvi Nyy dReétdy mupﬁb 'nﬁ@ﬂ?xgﬁmtboﬁamivasvedwah hmwéz_alhl@rr@&ntﬂmd .
modi fication may. be e by one having.ordinary ski in the art without
departi nbyqlrf’éﬁ‘ﬁat“ﬁé%ngglé“%t?or{%@oit’m%gg%’i‘?dc‘?%omﬁef erence Exanple and the

Exanpd es are m?&gﬂgdﬁs &tﬁh?Yﬂx@ﬁﬁ%ﬂ tetitd Bl @hpbifid ﬁadalfgtth,@fo la

under standing o vention and are, not neant to I'Tmt the invention
in any way. EXAMPLES Reference Exanple | The follow ng ference Exanpl e
illustrates a nethod for preparing the quinoline- 20

2- chl or o- 3- car boxal dehyde conpound, which can be used sdp@rting
material for the preparation of quinoline-3-carboxal dghyde. Reference

Exanpl e 1: Quinoli ne-@éﬂlg@?_&%@bg%%bdehvd& To a f gH ee- necked fl ask

equi pped wi th nechani nperature probe, pressure equalizing
droppi ng addition funnel, and dry nitrogen |line was charged with 25
Idlnmgl'ﬁlhyl formam de (54.1 g, ?D74 nol). The contents vver(ﬁ) cooled to 0-5 C
‘ wherein
X is -O- or -NR’+;
R! is independently selected from hydrogen and quinoly! optionally substituted with
10  one or more substituents selected from:
() alkyl,
(i1)) alkoxy,
(iii) aryl,
“(iv) nitro, and
15 (v) halo;
R? is C;-Cyo-alkyl;
Riis hydrogen or C;-C¢-alkyl; or R? and R’ taken together form an aromatic or non-
aromatic ring; and
RS is selected from:
20 (i) -CH=CH-R';and
(i) —-C=CR", wherein R"' is hydrogen or alkyl.
The invention also relates intermediate compounds having the formula:
(a) RI-CH=CHC(0)OR5 , wherein R' is independently selected from hydrogen
and quinolyl optionally substituted with one or substituent selected from (i)
25 alkyl, (ii) alkoxy; (iii) aryl, (iv) nitro, and (v) halo; and R’ is C, to C¢ lower
alkyl;
() R!-CH=CHCH(OR®)(OR"), wherein R®and R’ are independently C; to Cs
alkyl;



i ce/salt/water bath. Phosphorous oxychloride (317.5 g, 2. of u‘rﬂEESiﬂﬂ&as
slowy char(ggd into the m xture while nonitoring the internal tenperature
of NMr +1% 49382 addition typically required 30 minutes. PRREUSM46408ant
slurry was mxed at 0-5 Cfor 30 mnutes. Acetanilide (40.0 g, 0.296 nol)
was charged in a single portion via theypressure equalizing 30 dropping
addition funnel. The cooling bath was rem)ved and the reaction m xture was
warnmed to 75 C, .The nonitored by thin | ayer chromatography
(40: 60 ethyl W01/ &%@ﬁ@(%eoos PCT/ US00/ 16404 acet at e/ hept ane).
After conpleti ¢dy of Rt'.lmﬁcemggoon the m xture was cooled to room
tenperature and then transferred to a droppi ng addition funnel. The
mxture was ad@®d ®'ePECSEHL-OCKOFX-RY; exfharém\ié‘txelclqolgla@ldyltﬂlg Q- b1
contained in a 3-L three-negked flask equi pped with chary cal stirrer
and cooled in an |Cé7‘§alaﬂ¢ﬁalsé”rydffﬁeﬁ» Cribealky %fﬁhtorg yeaid| Rstakenupgathera s
stirred at 0-5 C for 30 gputes, and then filtered. The solid was filtered
and washed with water to neutrality, then air dried. The solid was then
dried in a vacuum avieromitichd nGh-aveematia ripgl ood of 2 days to yield 39.0 g of

product as a I ry solid. 10 Exanples 1-8 Exanples 1-8
illustrate rret ﬁoﬁfg%ﬁ‘gﬁ\,&g 3-(3-quinolyl)-2-propen- | -01 t-butyl
car bonat i ;

3- (3- Qui ﬁgﬁiﬁt > Pirageé(é‘gna prefatél E_%@oéeslééfbﬁﬁgsggagétagggé fpdppyvide useful o
3- (13- qui nesypurdls iy ehppaining-theldesBehearborbies Godparbaniale? of fdumaasi(ly, (H) nd
three1 @ﬁs flask previously purged with nitrogen was charged 3-
bronnéﬂ 'ne (118.77 g, 570 mmol ), propargyl alcohol (71.9 g, 1.28 nDI
2.25 equiv), Pebckiseebinb ammm(alcéeateﬁhﬂderﬁ@ww tdferened tcdﬁle(fan&%n 19 mol ,
0. 033 eqw v) and _di chl orohi s(triphenyl - Msphl ne) paI l adi un(I1) éﬁh 67 g,
9.5 mol ) ReferencgiExample apA Expmples sVprieus changesaad meidificationgnay berradaby heat ed
to reflux t.i on_.was
rechani cangrahy lsin AREI GEG: WiobotRperkiph HolV TR PN MR he .o

triethyl akefwer&elathma and shef Edaimplesdireintbndedstoqatovide hllastiatioh fbearbéier ( 300

mL 5 The_ filt e t hen c ncentrated ynder reduced pressure to
pr 2)\” o Sglpqeagta%{‘ &of tﬁgfrg(em?on are not meant to mgxt the invention 1% any way.
EXAMPLES
— Reference Example 1

The following Reference Example illustrates a method for preparing the quinoline-
20  2-chloro-3-carboxaldehyde compound, which can be used as a starting material for the

preparation of quinoline-3-carboxaldehyde.

Reference Example 1: Quinoline-2-chloro-3-carboxaldehyde

To a 1-L three-necked flask equipped with mechanical stirrer, temperature probe,
pressure equalizing dropping addition funnel, and dry nitrogen line was charged with
25 dimethyl formamide (54.1 g, 0.74 mol). The contents were cooled to 0-5 °C in an
ice/salt/water bath. Phosphorous oxychloride (317.5 g, 2.07 moles) was slowly charged
into the mixture while monitoring the internal temperature of NMT +10 °C. The addition
typically required 30 minutes. The resultant slurry was mixed at 0-5 °C for 30 minutes.
Acetanilide (40.0 g, 0.296 mol) was charged in a single portion via the pressure equalizing
30 dropping addition funnel. The cooling bath was removed and the reaction mixture was

warmed to 75 °C. The reaction was monitored by thin layer chromatography (40:60 ethyl



suspended in 5% aq. NaHCO3 (600 nlL) and extracted with ethyl acetate (1 X
600 nL). The solids which were left after filtration were’tﬂ&&fedﬂﬂzﬁ t he
same manm¥P 014458 conbi ned ethyl acetate extracts were stiPERUSMIIGHOSI | i ca
gel (15 g) and decolorizing carbon (3 g) before being filtered through a
bed of celite. The filtrate was concentrated under reduced 30 pressure to
provide a tan colored solid which was vacuum oven dried at 45 C overni ght.

The 3-(3-quinplyl)-2- -1 - ol i solated in 92. 14 88.3% vyield).
e A B BB B e g, (B, L )
300 MHz : , ; . 7.70
(500, et o e e dodipd s e iyl B Ay " 10,

(2A):  Pr dmmaseiton. Sdftemofsvaer(c@oksditn®iSyA0 contginepd éma B-L tired-Geckedflagk Conpound

(3- 5 cis_To 1-L three-necked round-.bott.om f.| ask ar ge

§ 3 g ReBre i b aRRa e fud S R AP Rt B TR Bentr ) ana 5%
~pal | asli upeiw glah s WiBs6aédoR10a8 €C fd? B0IRIRAEs Varidthes Eltefed] MHeab]id wadFideyedtt |

750 ng, 0.024 equiv). The atnosphere above the heterogeneous m xture was

pur ged wRRhWASHEd Bflrvaigrite pewirdlioh thanrair drjed: oblmsalidsvasahere iiigdingdvacoumhe
reaction_yi kal The -Br faot ict 1.0 mopitored by TLC
(11 et ngYod 302k RERperiedor B 0E RN oL E o BRRAPE o i RN RGP 1o
m xture yelgl. purged with nitrogen and vacuumfiltered through a bed of
celite. The product filtrate was then concentrated under reduced
pressure. The residue which resulted was dissolved in ethyl acetate (750

mk) gpd extracted with 2 N HC (ZE),gai@gem. The aqueous acidic 15 product
W

solution was then adjusted to pH NaOH and then back extracted
with isoprop¥kamples &idllgstradé i@bodsifpr prepharing §e(Biquinedd)-Rireopalr 1-etz-butyt
Na2SO4, filtered tand E ncentrated town oil under reduced pressure. The
product &FPoRaty SLigmmyla 61 )-2-propene- 1-ol (29:S g, 92.2%, which
consisted of a m xture of both ci SExaﬂ(_#lé gans- al kenols, was subjected to
flash chromat ography (1:1 ethyl acetate/heptane) to isolate pure cis-

al kenol . 20 Both the cis- and trans- al kenols were isolated and subm tted

for 141 NVR anal ysigg. ,Tas, oUPl, e 90580ty 12 0k i hgpslag: @l kenol uas
found™to be 11.67 = und to be
15.93 Hz. Step (2B): Preparation of trans 3-(3-quinolyl)-2-propen-I-ol

(Scheme %ie C?r:rpfg)rlema?'atgo%_of 3-(3-quinolyi)-2-propyn-1-ol (Scheme 1, Compound (2

To adry 2-L three-necked flask previously purged with nitrogen was charged 3-
bromoquinoline (118.77 g, 570 mmol), propargy! alcohol (71.9 g, 1.28 mol, 2.25 equiv),
20 triethylamine (1500 mL), copper(l) iodide (3.62, 19 mmol, 0.033 equiv) and
dichlorobis(triphenyl-phosphine) palladium(II) (6.67 g, 9.5 mmol). The mixture which
resulted was mechanically stirred and heated to reflux for 3 hours. Upon cooling the
triethylamine solution was mechanically stirred and heated to reflux for 3 hours. | Upon
cooling, the triethylamine solution was filtered and washed with triethylamine (300 mL).
25  The filtrate was then concentrated under reduced pressure to provide solids which were
suspended in 5% aq. NaHCO; (600 mL) and extracted with ethy! acetate (1 x 600 mL).
The solids which were left after filtration were treated in the same manner. The combined
ethyl acetate extracts were stirred with silica gel (15 g) and decolorizing carbon (3 g)
before being filtered through a bed of celite. The filtrate was concentrated under reduced
30  pressure to provide a tan colored solid which was vacuum oven dried at 45 °C overnight.
The 3-(3-quinoly!)-2-propyn-1-ol was isolated in 92.14 g (88.3% yield). MS(CI): (M+H)*



25 trans To a dry, jacketed 250-nL three-necked round-bottom fl ask was
charged sodi um bi s(2-net hoxyet hoxy) al um num hydri de (Red-A} ) DERo

sol uti on weotodasene, 11.0 g, 38.1 mmol, 1.39 eq) and anhyd¥©risgsed) 220
m.). To this precooled (0-2 C) and magnetically stirred solution was :
added a THE (50 nL) solution of the 3-(3-quinolyl)-2 30 propyn-l-ol (5.0
g, 27.32 mmol) via pressure equalizing ﬂ‘?oppi ng funnel. The tenperature
was nhot aIIovved to rise above 15 C. After the addition was conplete (20

mi nut es) 4tH84; H XMR ¢3Gtks1Hg Cmmg&émsrampmm (sobrond, EFPET.8Y Whe1 ) G.70
stirred f VO 0 582 2 0. PEC 2003 PCT/ USQQ 16404

sol ution @%sﬂﬁh@ﬁ?z&)c}l}éd 1§ @ g{h%d“)cﬁﬁe}%}aéoo%gﬁ {He addition of aqueous
10% sul furic acid (20 nL) such that the internal tenperature did not rise
above 15 C. The b| phaSI o reactlon mxture was then washed with ethyl
acetate ( ay) > Is G B

t hen asdj ust;fd to pH 9 10 vmth aqg. conc. NH4C]—I and back 5 extract ed into
et hyl e (2 X 125 nL). The conbi ned organic |ayers were dried over

anhydr OUS sodi pén 3L, tat@nediiedtraRBbatitsin @1@5!@%& tRdrgel B’-Q@'—‘?qhm’bgﬁ'}’ ?ﬂ)é;?flzssur e
to give exclusive ui nol I) trans- prqfen- - ol

g, 81% Sdpl.63p:1 ﬁ@paﬁ)atﬁ Qm@WI%mllg igmpmogadniuth carbbnate but y |

car bonat m_ .\t re - necke

round- bo OQS%%P I? ee%]da@' gp %%%yéh»%%%’%hgggggﬂewﬂ §°rcrﬁerrera$’f’ Ve e

char ged &e&&agweamd mbatux%\pas)mﬁged with h@a €3 after \Zzﬁxcﬁihnmﬁsld}o whs M Xxture

of cis- aeg trans- isoners %cCis 19%trans) , di -tert but yl
di car@ona‘{] vered g0 the rgactipp wea#ﬁﬂvon Thirr eiswf th %@ﬁ%prhwmymmwﬁ)gu The 7
hydr ogen I I h 5nm).
The. ot rrad trunse et e Ut %&@%ﬁﬁ’é‘* R Bedildife iy T
aqueous a&&gmm nmittogen and dectud3 ﬁﬁemﬂ)hmagh adee df ceiter TUSprotdne fidisats wab

that the internal tepperature di d not se ove, 20 C. Upon  _conpletion of
the r cact o engad Rt apured pirsiate QS By oRECviigh sesulis) was dissoned n

acet at e/ hapjlap&hte (75@&15)%%:9&“@3 WHtHI2EN MRS @I kuztseqlnw frﬂe BRleBYd RiMfic

chloride (50 mL) and washed with water 20 (2 X 125 ni The organi c was
dr i ed Sov eprodust gelution was themadjustédaiogpH 9 withed NdNa@Hdind k exttastediwithvacuo

to provi dlgoﬁrgﬁ'l%'cétgfecﬁi}e %Y lrr}I:).2 _T%re%?gGaQﬁcl w8 fHen Ay overaI{Iang 'fitered and

concentrated to an oil under reduced pressure. The product oil 3-(3-quinolyl)-2-propene-

1-0l (29:5 g, 92.2%), which consisted of a mixture of both cis- and trans- alkenols, was
subjected to flash chromatography (1:1 ethyl acetate/heptane) to isolate pure cis- alkenol.

20  Both the cis- and trans- alkenols were isolated and submitted for 'H NMR analysis. The
coupling constant Jy, for the cis- alkenol was found to be 11.67 Hz while J,, for the trans-
alkenol was found to be 15.93 Hz.

Step (2B): Preparation of trans 3-(3-quinolyl)-2-propen-1-ol (Scheme 2, Compound (3-

25 trans))
To a dry, jacketed 250-mL three-necked round-bottom flask was charged sodium

bis(2-methoxyethoxy)aluminum hydride (Red-Al, 70% wt. solution in toluene, 11.0 g,

38.1 mmol, 1.39 eq) and anhydrous THF (20 mL). To this precooled (0-2 °C) and

magnetically stirred solution was added a THF (50 mL) solution of the 3-(3-quinolyl)-2-
30  propyn-i-ol (5.0 g, 27.32 mmol) via pressure equalizing dropping funnel. The temperature

was not allowed to rise above 15 °C. After the addition was complete (20 minutes) the

mixture was allowed to warm up to room temperature and stirred for one hour. The



18. 359, 91.4 % as an oil. This material can be further puribi ﬁe’;t@uiermve
| owe urities by eIutlngthroughapIug of S|I|ca1gl ¥ t

hept ane/ Xﬁ%?gﬁ@/@%rl ethyl amne - (9:1:0.1). The product el ualP@T/Us0titusn
concentrat ed under reduced pressure and further 25 dried by the

azeodi stillation of ethyl acetate. Thisy,procedure provides the purified
carbonate as a colorless oil which retains the original ratio of cis and

3 (3 ot Oy SRl o o fFncber b fheceTepb g papouTISpavEicon of

3- (3- gui neidvi2b-mE. M&H‘iﬂat'th Rterhal RethpératiRs AR h9eg8 kC 2003
PCT/ US00/ 164004 Topa dry | 6 ehraee ngcrl%ed romﬁg%ﬁog#lslgséhéaghpp%d wth

.anitr ogé?ﬁcltlﬁhétllxaﬁél Waé\?@ﬂhmheftmthrﬁéhyl\&a@a@(éﬁ@h(w mL) The pH of the aqueous

gi f:gr gg'n%fg ‘%é’f%}fgt S%B}l/t nl‘fSLdJ‘Ei3 e%Efu‘?%%’ d%é%‘? aYBEﬁ 41Q‘Fn"rté';ht%‘r‘ﬂ‘hydrogen

sul fabe (eRirBfted intd efidl Hm&te (pxom 80} iThe cdRbineaioRyna By Hverd #RIGIE0 n) .

The resulting 5 suspension was nmechanically stirred while a 25% w w
aqueous hﬂh}&&rgaﬁ sedivm sulfategfilterad andherencanirated veder sedyeed pressufe tB gitienut es.  The

bi phasi c ¢ Tl Lr s after which tine
t he react ?%1’%&%@ %Ngj ﬁgmggﬁjh%&@gz ﬁ : & %%Lseﬁand l‘ﬁrjgw/"The m xture was
diluted with water (200 m_) and net hyI ene chloride (100 nL). After

stirring nu es the | a ers were
separ at e ; Schgme 1y ) and 20%

:_Preparation of 33 ¥l)-2:prope X on
qd. , ]blacgfé'-r&%ié’ﬁggjm) The organl C was then sti rred with 15 g of sodium
ere

sul fate and then stripped to an oil under reduced pressure. The
resi dual oil wesatakel ﬂpea-kasd)mtmpybott@cxeﬂ@kenumpmweh @d oterheéad0 ni) and

Phe: samo iR 08 vk phadi bl -pimottiial (LPEe ARBanwPlaen under

reduced ﬁﬁxﬁtﬁ&s w czanﬁhdlﬁaﬁs-wm %l is Sahdi wwwagtwrmw 1 dicarpbith¢l t he
3-(3-quin -propyn-lol t-buty carbonate as a or ange yel | ow

|
col ored é?@gl 347%68 gnmszbé%l eguiz) tztra n—hn%ﬁammumqhs@rogen sulfate (742 mg,

3-(34 250- nL
o hglee nei i) BPRERylene Bhiopl (136 mE 5 TH8 3 Ed R SHCh feided 1957,

pr opyn- | cobletl-tb@ttyl5 Mbdneﬂ #mé hqbétys %V%dmh}drckxﬂemmw’mi leiedt) and

? SA) ngal Bag)lgfgxm %ag}qvéztgs & g\nhatahe 1?1?6%&3 t moplaésrgtr&?eddx\é’lntop n.l,eea ove i’d ‘g}Ldl 6r S catalyst,

completion of the reaction (1 to 4 hours) as indicated by TLC (3:2 ethyl acetate/heptane),

the reaction mixture was diluted with methylene chloride (50 mL) and washed with water

20 (2X 125 mL). The organic was dried over anhydrous sodium sulfate, filtered, and
concentrated in vacuo to provide the 3-(3-quinolyl)-2-propen-l-ol--butyl carbonate:
18.35¢g, 91.4 % as an oil. This material can be further purified to remove lower Ry
impurities by eluting through a plug of silica gel with heptane/acetone/triethylamine
(9:1:0.1). The product eluant is then concentrated under reduced pressure and further

25  dried by the azeodistillation of ethyl acetate. This procedure provides the purified
carbonate as a colorless oil which retains the original ratio of cis and trans isomers: 17.50
g, 87.2%.

e Example 2
30 Preparation of 3-(3-Quinolyl)-2-Propen-1-ol #-Butyl Carbonate

Step (1): Preparation of 3-(3-quinolyl)-2-propyn-1-ol -butyl carbonate



suspension was stirred (rapidly) nmagnetically and the at msggf\bggaeme t he
solution was purged with hydrogen. A balloon of hydrogen g n

pl aced ovWP Q@58 eaction stirring mxture and the reacti orcwassoahéoued to
stir for 16 hours at roomtenperature. 25 The reaction m xture was then
filtered through a O 45 filter disk and,rinsed with 10 nL of isopropanol.
The conbined filtrates were concentratet under reduced pressure and the
resi due (1.55 was taken up in 9 nL of heptane/acetone (8:1) and el uted
t hrough a pl ug TocF dili-k dhregraecked r@ingybomomfla8k £rGippdd with a nitrogen inlet and

hept ane/ i et hyl ami ne. . The. desjted fracti nbi ned and
Concent r ap SaERL rtef Wit cBAFeBE . LSBT S Povid bt P8 e Rom Moy Jpers:
pr open- | - bltyl dizaibphae 2 HIRA163 mindl, HJ_9Zéui9f/%WQr&uac}%§go&iuga 0gei03

1' CTI USOY 11%3104 29 Exampl e 3 Preparation of 3-(3-Quinolyl)-2-Propen-1-ol

t - But vl fE-80 gt 2pt mmol, PP rguir)iasd msthydene(lagider(30 ML 2- Tireaysuiting - ol

5A 14t = - : har ged. w 37.2 ¢
etrape b P g e ey Skt BhaSE 2R3y BIBLIRE N hlivfordas d atong,
50% wet waddedvintoeena paivd of 3. fidugs.0Thé biphsmbpie SIKIER esultB@ whk 88K RS 4
fitted wih a refl condensor, a therponeter, ressure e%ual I zi ng
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repeated 3 tinmes). Piperidine acet oni
3- br onoqufordDimisutes 48d Settjing\fer k5 mitiea tanidyerk svercesephiacnl. Mhetorgmidpgéed t o

50 C.. Propargyl, al cahol wa ded .dr.Qpy over. 15 mnutes, wth
no ap recﬁ'ﬁ%%ﬂé@o‘?’ﬁé?’megif %éogﬁl@rﬁ&’a&w‘*ﬁ% ﬁ%@é@@‘fﬁ%’m t Jhe ofgamewas r e )
at 50 C Uthich IstitlB4 GithDISi ¢ OF doBfinT RVBR, BferbMBnd BRA SirRRed B BE oil CRAH rgaxfceﬁabout
8 hours). 15 Once conplete, the reaction mxture Was hot-f1ltered (1o

renove t heregsne| Yhe yesiduplrailivyes takenyp iplisaprapyl agetate/diexand ¢let,i H0§ mLpandThe

|l ect ' i ' ... Th i ned
i1t at osPasrd SRl S8R e it oole By Phepd GRARER Y BeapPetien
dei oni zed(19@tmk). The@omnibitied dilte0est wets endeptratdDunden védeised pedssiré@ng onpl et i on

of t addi tggln a,ng,t he solid product was_co]llected by filtration. The
filtered BETPHSY HEied ifa ¥araymayen i visldthe pr(3-guinelylh2-paern-1elechudi oni zed

wat er  andeibdfl hdla MRR GParlgBlyeliRO EBI0R dHF 24 88 &1 100%.

Step 2:.Preparation of 3-(3-quinoly)-2-propen-1-ol t-butyl carbonate (Compound (I))
To a 250-mL single-necked round-bottom flask was charged the 3-(3-quinolyl)-2-

20  propyn-1-ol +-butyl carbonate (1.52g, 5.37 mmol), isopropanol (30 mL) and 5% palladium
on calcium carbonate poisoned with lead (Lindlar's catalyst, 75mg, 0.049 equiv). The : %
suspension was stirred (rapidly) magnetically and the atmosphere above the solution was
purged with hydrogen. A balloon of hydrogen gas was then placed over the reaction
stirring mixture and the reaction was allowed to stir for 16 hours at room temperature.
25  The reaction mixture was then filtered through a 0.45u filter disk and rinsed with 10 mL
of isopropanol. The combined filtrates were concentrated under reduced pressure and the
residue (1.55 g) was taken up in 9 mL of heptane/acetone (8:1) and eluted through a plug
of silica gel (1.5 g) with 8:1:0.01 heptane/acetone/triethylamine. The desired fractions
were combined and concentrated under reduced pressure to provide 3-(3-quinolyl)-2-

30  propen-1-ol t-butyl carbonate: 1.1 g, 71.9%



tenperature bel ow 50 C) overnight affording 41.85 g (99% ylissl déﬁOf a
browni sh yell ow solid. Measured potency 85% versus known abl 203 St ep
(2): Prepépa{’t”o?ﬁ?zof 3-(3-gui nolyl)-2-propen-1-ol 25 The  PCT/US00/16404
3-(3-quinolyl)-2-propyn-1-ol fromabove is reduced to the al kenol by

ei ther the hydrogenation nmethod (Exampbe 1, Step (2A)), or Red-A nmethod
(Exanple 2, Step (2B)). Step (3): Preparation of

3-(3-quinolyl)-2-propen-1-ol t-butyl_ car Eogat e 30 The al kenol from above
is converted into the 3-(3-quinolyl en-1-ol t-butyl carbonate in

accor dance with th@r%&;ﬂm oq*gggqmqylgn-ﬁ@mheollfaslﬁbﬁea&%)xatem 01/00582 0
DEC 2003 PC I Us00/ anple reparation o
.Cis-3-(3-Quinolyl)-2-Propen-1 -ol t-Butvl Carbonate Step (11: Preparation
of G s-3- &3:gul. ~ dliy 3000-nL t hree-necked

] acket ed ) ' was charged

3- (3- guii nol yl ) A2t-priey-etke roundtboftonrldek Iwva¥hbdget BHATBY @ glershiunfil) ) . 5%
Pd/ CaCO3 (1.52 g), and 3,6-dithia-1, 8-octanediol (0.76 g).” 3A Ethanol (1125
nl) was EMEIPIEER Prseide 1§ 6Rrecpalipdibmran saphanSPelnatings S0ksweti with warst)y and

stirred a ' r ve the m xture
was pur ge36®r§)‘?}ﬁﬁ£}lﬁ“§5@§£"g‘%’§ ? fl?g %ﬂ%%%su%}?ée‘ddﬁtﬁﬁgﬁﬁé g%%}r%g ??{gg and

evacuat i nthepmomet s, ajasssure pqadlizihgtadiition fidyctt ey a nixeddendnist 4dapR2. Mhe) Were
pl aced abovle t he reaction m xture fand t he ro&fgss of the reduction was
noni toredsowmeegéfﬁo?f@% ABPlicaHPROf VAgUYR i g?e andyenting WHARIERESBped. The

mxt uf@ &dsh tepet i 0 r i and
cake V\ermsﬁed@&m tg?lggikgg?%ﬁ%l %T(ﬁzo i t?{@?ﬁ@%@%@%?ﬂg@g%&é@é(
reduced pf48s®g) were addedrind thereaction miatireihentes toct) 9G3 Propasdyl akoholt(92.8lg3t one
(MBK, 40 nd this soluti.on was,passed through a plug of Filtrol (38
0 M e Ve opBsalh s bl BTR W piecl M nciutbale Pheerind e { ace
was col or keaston mbeweaRistieel itiS0tCaintis HRECEMERINGY fedtaed iR rdactiéRhs/BE® Of
200 nL then diluted with MBK (270 nL) at which tine the crystallization
of the cFRMPfepbiSIhowkss initiated. The crystallizing solution was then
slow yztritura | . A | L0 r cool ed
Slowlystritur gpglée %xgﬂﬁlggzgggegkﬁm@gﬁlﬁéz Vel hbt-WebRaSid fehlVe oA hedi s

through a %" plug of filtrol filtering aid. The collected solids were washed with 50 mL of

isopropanol. The combined filtrates were slowly added to 1.5 L of rapidly stirring
distilled deionized water. The mixing continued for 10 minutes past the completion of the
addition and the solid product was collected by filtration. The filtered solids were washed
20 twice with 150 mL of distilled deionized water and dried in vacuo (nitrogen purge, oven
temperature below 50 °C) overnight affording 41.85 g (99% yield) of a brownish yellow

solid. Measured potency 85% versus known standard.

Step (2): Preparation of 3-(3-quinolyl)-2-propen-1-ol
25 The 3-(3-guinolyl)-2-propyn-1-ol from above is reduced to the alkenol by either

the hydrogenation method (Example 1, Step (2A)), or Red-Al method (Example 2, Step
(2B)).

Step (3): Preparation of 3-(3-quinolyl)-2-propen-1-ol ¢-butyl carbonate
30 The alkenol from above is converted into the 3-(3-quinolyl)-2-propen-1-ol ¢-butyl

carbonate in accordance with the method described in Example 1, Step (3).



washed with cold M BK/ heptanes (3:4, 150 ni). The wet cake was_vacuum oven - .

dried at 50 C for 6 hours to give cis-3-(3-quinolyl)-2- pﬂoB)eDEU 2003 (50.0
g, 70.0%WQ &l'¥582adj usted for potency of starting material pcT®sod/teyosas
determned by HPLC was 98.9% 25 Step (2): Protection of

ci s-3-(3-quinolvl)-2-propen-1-ol The soJOud ci s-3-(3-quinolyl)-2-propen-|
-ol (10.0 g, 54.1 mol), di-tert-butyl “di car bonat e (17.6 g, 80.6 mmol,

1.5 equiv), toluene (43 g) and tetra_n-butylamoni um hydrogen sulfate
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was passed through a plug of Filtrol (38 g). MIBK (125 mL) was used to rinse the flask

and cake until the filtrate was colorless. The combined filtrates were concentrated to a
volume 6£200 mL then diluted with MIBK (270 mL) at which time the crystallization of
the cis-PQ alcohol was initiated. The crystallizing solution was then slowly triturated with
20  heptanes (270 mL) with stirring and later cooled to 0 °C overnight. The product was
washed with cold MIBK/heptanes (3:4, 150 mL). The wet cake was vacuum oven dried at
50 °C for 6 hours to give cis-3-(3-quinolyl)-2-propen-1-ol (50.0 g, 70.0% yield, adjusted
for potency of starting material). Purity as determined by HPLC was 98.9%.

25  Step (2): Protection of cis-3-(3-quinolyl)-2-propen-1-ol

The solid cis-3-(3-quinolyl)-2-propen-1-ol (10.0 g, 54.1 mmol), di-fert-butyl
dicarbonate (17.6 g, 80.6 mmol, 1.5 equiv), toluene (43 g) and tetra n-butylammonium
hydrogen sulfate (0.68 g, 2.0 mmol) were combined and stirred (mechanically) in a three-
necked round-bottom flask. To this stirring mixture was slpwly added an aqueous sodium

30  hydroxide solution (28 g H,O and 7.0 g, NaOH) over 10 minutes. The temperature of the
biphasic mixture warmed from 18 °C to 31 °C for 1.5 hours and then allowed to stir

overnight at room temperature. The reaction was then diluted with toluene (33 mL) and



a bed of

pressure was rel eased and the reactor was vented and purged QUL qu}gogen
three ti rrg,g(ag) g)gi or to filtration. The m xture was then filtered Through
1'%8%2The reactor was spl ashed with 20 kg (25 [CT6{S0@EdBhoOl
and passed through the filter also. The combined product filtrates were
colleceted in a tared polylined drum andgihel d for futher processing. To a
50 gal l on reactor was charged tetrabutyl amoni um hydrogen sulfate (0.34

kg, 1.0 t-he N at i solution (27.3 nol). The
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was r af segressuréandibatteiperamraglis 0. dheicinwhigh reuitetbwandhdiddoitt Fopfankd
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al | oned t at !pp@btééwemrblto deaveded white toyoff wdritsl colaredRILG (1B g, 803%).i Purityas
diluted wi . Ak water (9.4 kg). The organic |ayer was
separ at edaéaaﬁél\?%g%ggyﬁhélmgé&a}?g X 14 kg) and 25% aq. sodiumchloride 5
(27.51kg). The organic solution was then filtered through a bed of celite.
The toluene product filtrate was distilled_under vacuum and a | acket
tenperature of NMI 65 C. Toluene (1ExeHpleds charged back to dissolve the
residue. The sol Ubl R4S diaRsdsabaiaghyLRpARAN AMds i Ehdigl Pr 0Py ene
carboy foll owed by toruene rinse. Ihe overdrl tWwWo Step was 92%
10 Exanple 6 Preparation of 3-(3-Quinolyl)-2-Propen-l-ol t-Butyl Carbonate

To a 100-nL roynd-hottom fl ask wag charged t.he tetrahydropyranyl protected
3% Carqui nol yi o2 B reader vl Gl S el boptink B (000 2y ot (77
ny) ansl agpfayAEREmple 3, Step (1)), 5% Pd/CaCO;3-Pb (100 g) and 3,6-dithia-1,8-octanediol (50 g).

The reactor was vented and purged with nitrogen three times before anhydrous ethanol (75

L, 60 kg) was charged. The mixture which resulted was stirred at 2 psi of hydrogen
pressure and at a jacket temperature of 18 °C for 23 hours. Upon reaction completion, the
pressure was released and the reactor was vented and purged with nitrogen three times

20  prior to filtration. The mixture was then filtered through a bed of celite. The reactor was
splashed with 20 kg (25 L) of ethanol and passed through the filter also. The combined
product filtrates were colleceted in a tared polylined drum and held for futher processing.

~ To a 50 gallon reactor was charged tetrabutylammonium hydrogen sulfate (0.34

kg, 1.0 mol) and the ethanolic hydrogenation solution (27.3 mol). The ethanol was

25  distilled off under vacuum and a jacket temperature of NMT 60 °C. The residue was
dissolved in toluene (25) and again concentrated under reduced pressure with a jacket
temperature of NMT 65 °C. The residue was again dissoived in toluene (18 kg) and
analyzed by GC for the presence of ethanol. Di-zert-butyl dicarbonate (8.9 kg, 40.8 mol)
and toluene (18 kg) was charged to the reactor and the internal temperature was raised to

30 NMT 30 °C. An aqueous sodium hydroxide solution (3.4 kg NaOH and 14 kg water) was
then slowly charged to the reaction mixture maintaining an internal temperature of NMT

40 °C. During the reaction, the biphasic suspension completely dissolved to give a clear



15 ethanol (22 mL). The m xture which resulted was magnetically_ stirred
under an at nosphere of hydrogen gas (balloon, 0.3 psi) for ﬁEﬁrZﬂ(BThe
reacti on wagimesscked by HPLC and TLC and was term nated ap¢Eiysh@idsba!
conversion to the product (12% product, 88%starting material). The

m xture was filtered to renove the catal yst and the filtrate was
concentrated under reduced pressure toﬁg}i ve an oil 1.95 g. The

t et rahydropyranol 20 protected 3-(3-quinolyl)-2-propen-1-ol was

depr ot ectasubdsolrehstdnigomeT teodactmndvas matvedito proced eatidadeeninkd Byt he net hod
descri bed_in @(W 1, Step (1) to obtain the title conpound. Exarrple 7
25 Preparalnfpéﬁe (3-Quinolyl)-2-Propen-1-ol t-Butyl Carbonate Step M
Heck coupl i ng The Stbiciwayiinatd Ath Wikheass. Qlkg} %ﬁ@t&h@d@ﬁ% afhe(cﬁga&fée 4
Compound (9)) A m xture of 3-bronoquinoline

di et hyl adayé&wgsisepargted and svashai witlo Water (2 X(14-kgd hyd 24 agpéuidinem (cBlcRleg, 0. 76

| 1] ad 43 h 6 m
oat i utdBR g0y THE OB Alaigton e nep s WRorlgn s e Seitéd P delotoon v
conpl et e. ramm diltrate waks dibitied aRddr ¥BRRRTAM 4 jackes FRpeRfue®r NI J¥>O1/ 00582 1

0 DEC ZO%PCT/ USO0/ 16404 Schenme 4. After cooli ng_ to roomtenperature, the
i xt ur e 8 keywap chargesl back ¢ dissplye the resue h@ISthborpmdmfm dramed
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vacuum t iegidweas®®2%b.ght br own oi | (1 35 g). Colum chromatography (silica
gel , 20: 80 ethyl acetate/hexane) gave 3-(3'-quinolyl)acrolein (0.75 g,
42. 6 (conpound (9), Schene 4) as light yellow crystals. MS(M-H+) =| 84"
H NWR(ppm: 6.93 (1H, dd), 7.6 (1'Exa 67-62 (1 H dd), 7.8 (1 H m,
7.9(1 H, dd), 815(1H d), 832( ; 912(1H d), 9.8 (1H, d).

10 Step (2): ReducPiepa af 333 y i | © nBuivl Catimmare t - but yl am ne
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tetr ahydr(quﬂiﬁtﬂyl()-fQOprﬁg)n-atol {POPL ! E PRk Lﬂ)dla'ﬁa Qataﬁ?stx(tw rrﬁg)%a aﬁﬁayafo%g at
room.tenperature f 0 m nutes, quenched wt wat er an
15 “ethanol (22 mL). The mixture which resulted was magnetxcally stlrred under an

atmosphere of hydrogen gas (balloon, 0.3 psi) for 46 hours. The reaction was tracked by
HPLC and TLC and was terminated after partial conversion to the product (12% product,
88% starting material). The mixture was filtered to remove the catalyst and the filtrate
was concentrated under reduced pressure to give an oil 1.95 g. The tetrahydropyranol

20  protected 3-(3-quinolyl)-2-propen-1-ol was deprotected by standard methods and treated
in accordance with the method described in Example 1, Step (1) to obtain the title

compound.

Example 7
25 Preparation of 3-(3-Quinolyl)-2-Propen-1-o0l t-Buty] Carbonate

Step (1): Heck coupling of 3-bromoguinoline with acrolein diethylacetal (Scheme 4
Compound (9))
A mixture of 3-bromoquinoline (2 g, 9.6 mmol), acrolein diethylacetal (1.5 g, 11.5
30  mmol), tri(o-tolyl)phosphine (0.23 g, 0.76 mmol) and palladium acetate (43 mg, 0.2
mmol) in triethylamine (6 ml) was heated under nitrogen at 100 °C for 4 hours. TLC

showed the reaction was complete. The crude product corresponded to Compound (8), of



15 extracted with 2 X 20 ml ethyl acetate. The organic Iayeé)s rﬁ

combi ned and washed with 10 m of water and concentrated It Qﬁ&é 03

3- (3" - quivMBI%OP38R1 yI al cohol (0.3 g). Step (3): Preparati oPCHES00/16404
3-(3-guinolyl)-2-propen-1-ol t-butyl carbonate 20 The 3-(3'-quinolyl)allyl
al cohol was treated in accordance with Step (3) of Exanple 1 to obtain
the title conpound. Exanple 8 Preparati on of 3-(3-Quinolyl)-2-Propen-1 -ol

t - But yl rbonat e 25 St (1): Preparation of_ 3-(3-auinolyl)-2-propenoate
(Schene 4; dﬁ%’?r?p%‘u %‘ef i‘i‘ﬁﬁlg t?ﬁ%"%-t‘ﬁgﬁ?%’q‘iﬁﬁﬁlmﬁémf %@q@qncmdmiﬂmrgmlpf et hyl
acryl ate gl HGI. n | | : L 1 mol ),
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(483. 9. glaysr was weshedweitte 1% ool matkrj filtaedtolremounihsdlableosnd doasdatrad@ Wi t h
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ot ur o winderlaP i B ide s el Bie ol A Bl Shborastogyiy Wlicagel
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roomtenperature with an ice bath, and 1 0 ] 003" WO 01
PCT/ USOO Sehrmae Quasdight yellayy cosipls. MEEYIaHe=184 BB (ppthe ©9@H] &d)] 2ger was

hed wi ] f
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with 6 x 98l(1H;dpe, then evaporated to give 217.4 g (65% of desired

product). 5 Step (2): Preparation of 3-(3-quinolyl)-2propen-I-ol (Schene
4, Conpound 6)) The 3-(3-quinolyl)-2-propenoate (141 g, 0.621 noles) was

di-ssojovedsie (2):0Rl-d}_@ﬂﬂﬂ gF 2-;§'-%§£$]yig§é}ae%'\m{ ng»ggé ;-'%@pgﬁqhmer @H&lﬁ?&’,} tom
flask with overnead stiTrl - /dry ice
bat h. Di i Comapoyhdi{@ivi num hydride (1.55 L, 1.0 Min nmethylene chloride)

10 reaction

- added | | t i h t f th
hxt ar e bel ow BREe Dufianin 078 ¢ B A moh SR adathg steed onionalstined
Whi | e CO@LihBE'l)M:ﬂo'[tiiﬁl (o'.éi 61206 8n tefdy didfutAQ@rD WlSar 30HR ErtlicPe SEaNd

the mxture was . allowed to warmto roomtenperature. Then, 2 L of 10%
sodi um poR¥slTe YRS Hirradat soama tempeaetaes f96PQ minwigss euenchadhwitls b0 i pHwatanahad he

m Xt s VagrRtdd With 25050 bl t}tl@t} ab&ige! ﬂ?e”&?&{n‘?é H&@rs were combined and washed
with
10 ml of water and concentrated to give 3-(3'-quinolyl)allyl alcohol (0.3 g).

g

Step (3): Preparation of 3-(3-quinolyl)-2-propen-1-ol f-butyl carbonate

20 The 3-(3'-quinolyl)allyl alcohol was treated in accordance with Step (3) of

Example 1 to obtain the title compound.

Example 8
Preparation of 3-(3-Quinolyl)-2-Propen-1-ol -Butyl Carbonate

25
Step (1): Preparation of 3-(3-guinolyl)-2-propenoate (Scheme 4, Compound (11))

The 3-bromoquinoline (300 g, 1.44 mmol), ethyl acrylate (168 g, 1.68 mmol),
palladium(II) acetate (32.3 g, 144 mmol), tetrabutylammonium bromide (478 g 1.44 mol),
and sodium bicarbonate (483.9 g, 5.76 mol) were combined in a 5-L round-bottom flask

30  with overhead stirring and 3 L dimethyl formamide (anhydrous). The reaction mixture
was heated to 90 °C with heating mantle. After 30 minutes, 3-bromoquinoline was not

detected by HPLC. The reaction was cooled to room temperature with an ice bath, and



The | ayers were separated. The organic | ayer was washed w @/nﬁ gm NaCl
solution and 15 dried over MySO4. Evaporati on gave a SO|I g %
recryst alWoaadosszom Et OAc to afford a yield of 71 g (62% pafriso@iéikd sh
solid. Stet (T)- Preparation of 3-(3-quinol 1)-2-propen-I|-ol t-butyl
carbonate (Schenme 4. Conpound (1)) A Iyl i c al cohol (115.4 g, 623 mol),
di -tent-butyl dicar bonate (163.2 g, 748 20 nmmol ), and tetrabutyl anmmoni um
hydrogen sul fate g6 35 g, 18.7 mpl) were conbined in 721 nL nethylene
chl ori de, 2684} etethy! @e@te@vasmddecéoﬂimmy@iadm ves pashed with 258@minHe3) in

293 nL H2 The e e} Stdf nitro an owed
to warm. @8 Sltle% B h) ashf)‘tm%%g ﬁ{]hx‘{\lail‘ el {ggk‘?’}e? @é"tgaéee“rf"ﬁ?ﬁ nd
met hyl eneotghhﬁzr Iay@s (v%ﬂélhexﬂivaﬂﬁﬂ With 6T e Lﬁlﬁiﬂ&@tlﬁnk&éiﬁt‘raﬂéﬁ&o exlerAGteE (§9%h
anot her m. et hyl ene chloride. The 25 conbined organic |ayers were

washed W|'E’ desiredprod¥ctled with Na2SO4, filtered and evaporated to give
285.8 g of crude material which was purified by silica gel chromatography

20/ 80 «th t 0l 0 3 - QUi I 2-
o 1 "enR0F PBLARAARCE L il B2l 0ndn 9ol Mol 4 SCh i) 12
Exanmple 9 Pr epé‘haBn-(Gqumiol)aa-(za:r@munh y14)1- g@%?dpmﬂet)-\oés disdived inQa0 bonate 5
To a 1- L t e- neck ani.cal stirrer,
et oot BBy shethordiin par coftherom. A yih hreheLTinR e s

charged 3 & loyd W R #8. DiisOb ) and
370 nL (1?9 (;;edmg?? nl@rsoﬁxro? e%teﬁeghl or|lS m?%fa&%‘g%){dgjd\?g;gg?ﬁ §e°

di ssol ve Nhin mh@ar qng@hl@udc)owasaddedam@ slow so¢am. |1@ﬂpln9ﬂhd]eam§raturetaf thee ne

(99. 82, g %S0 UL | 7 2 AL, 175.78 mol
equi vfo vvageag %\Aﬂ}m&ﬁe Z V& éﬁ‘ﬂ—(}% IQ%H %’ghf FATUrg SEeF A5 cansuigd: #a? ai ned
at NMI' - ésolfngtwith B ictlaceasid] 434001 MéOIlﬁﬂca@ aammdhepwm dnd4BE mitkture-wadiour s,

and reveal ed that the reaction was conplete. The reaction was quenched by

the sl ow adRIVed B Wam gopm PPHEEIca D, 2 hef AQé’l%ﬁ‘ﬂﬂtﬁn Rotagsipartamtiatewas  NMT
30 G Thhgachbrdiiigdt appxoxau&md% e Qvdllssiftbd For 11 at o itk e

pot assi um so agai n mal ntalning a errpera ure o
The layers were separated. The organic layer was washed with 2 L aq. NaCl solution and

15  dried over MgSO4. Evaporation gave a solid which was recrystallized from EtOAc to
afford a yield of 71 g (62%) of a pinkish solid.

Step (3% Preparation of 3-(3-quinolyl)-2-propen-1-ol -butyl carbonate (Scheme 4.
Compound (1))
Allylic alcohol (115.4 g, 623 mmol), di-tert-butyl dicarbonate (163.2 g, 748
20 mmol), and tetrabutylammonium hydrogen sulfate (6.35 g, 18.7 mmol) were combined in *
721 mL methylene chloride, cooled to 0-5 °C, and sodium hydroxide (92.7 g, 2.32 moles)
in 293 mL H,0 was added. The reaction was stirred under nitrogen and allowed to warm
to r.t. overnight. The mixture was partitioned between H,O and methylene chloride (310
mL each). The aqueous layer was extracter with another 200 mL methylene chloride. The
25  combined organic layers were washed with brine, dried with Na,SQ,, filtered and
evaporated to give 285.8 g of crude material which was purified by silica gel
chromatography 20/80 ethyl acetate/hexanes to give 136.7 g (81%) of 3-(3-quinolyl)-2-

propen-1-ol t-butyl carbonate.



C during the addition. The reaction m xture was then warnmed tao C and
stirred at tenperature for 1 hour. The cooling bath was rbrﬁ)\ﬂéﬂ 203 t ne
reacti on MO&®PB2was allowed to warmto room tenperature RETHS8¥1440¢ ng
overnight. The follow ng norning the aqueous phase was renpoved and .

di scarded. The organic phase was washeds2 X 95 nL 20 with water. The
conbi ned organi c phases were cooled to 8) to 5 Cthen 25.0 g of BOC (I-
but yl oxy-car bonyl ) anhydri de was added, followed by 1.2 g of

t et rabut yl ammoni um hydrogen sul fate, and 55 nL of 25% aqueous sodi um
hydr oxi de. The cooling bath was renoved and the reaction m xture was

allowed to warmto room terrperaturemi%]_g_gti rring, 25 overnight. HPLC at
T = 16.5 hours revealed 2.2%remaining S artlng materlal An additional
3.8 g of BOC anhyd®Ereparagigr of bgi-Guinolvi)-2Rrapg 2 natour s reveal s

0.8% remai ni ng starting materlal The reactlon was con5|dered to be
conplete. The reaction mxture was filtered, and the aqueous phase was

separ af ed and o ade thesk-nebhed roan@-doitém p‘hals ecfmﬁ@ped/\ﬁ&h @fkchanic8 Xrifder, LK Bm
water, then filtered through a 18.7 ‘%y of 30 flash grade silica. The
iy

silica patfmRsEtys Fbda, tlanﬁ(feie@nﬁi? ahd fé‘é&?“ﬂﬂ%‘&‘@%’ﬂﬂdl Yot3-geinolyDh- crude
b t f

Fesult ant PRPREIETEEPAED? find oL Ayie BRI MER 19D hE)e) 6FAT Mol UG

crystal | i gidarida: o?he%nuehmufer&/\bxxﬁ]i/t@ﬁi‘s&ﬂv&am BER c3613 t¢*GD LSO/ 1A 6dliddors6

hept | t ant to 5 C |.d t t t

for NLT 19hDHHAL e Bt d st bfionr 250 esiive TORAL 3 a&%”ﬁgf e

hept ape, bleeqhil} ey g6wly UhGroa® beakeholes and"ﬁm%h@ﬂp&‘fa?d}e Has 'Pﬂau\éy% b gpprcol d

heptane, then 'dried in a vacuum dessi cator over ni ght mat eri al
wei ghed 14850€¢ @rmshmddn;nnelédy HPLPisgnplerwasytakensat 35-23wurs aE&mvpaled 1ipat
Prepar at i rQJcngngvgi yI) 2-Propen-1-ol t-Butyl Carbonate To a 1-L

t hr ee- nec roun Fask equi pped with nechanical stirrer, J-Kem 10

t enperature prwbeeneaétroarwefsememw by the smda@ummbrwwcfmeshms char ged
3-(3-quinolyl)-2 propenoate (18. 78 nol equi v) and 280 niL
(15 ni/ g) M@MmtHRing FEgmpergiureqf Mﬁr%ﬂ EhlﬁM?ééoltl%W%# élsepbafgaﬁm%m efml ed

to -5P5 E PsdrsofdtiobihdtRiut sddtufMartafite, again maintaining a temperature of NMT -30
°C during the addition. The reaction mixture was then warmed to 0 °C and stirred at
temperature for 1 hour. The cooling bath was removed and the reaction mixture was
allowed fo warm to room temperature with stirring overnight. The following morning the
aqueous phase was removed and discarded. The organic phase was washed 2 X 95 mL

20  with water.

The combined organic phases were cooled to 0 to 5 °C then 25.0 g of BOC (¢-
butyloxy-carbonyl) anhydride was added, followed by 1.2 g of tetrabutylammonium
hydrogen sulfate, and 55 mL of 25% aqueous sodium hydroxide. The cooling bath was
removed and the reaction mixture was allowed to warm to room temperature, with stirring,

25 overnight. HPLC at T = 16.5 hours revealed 2.2% remaining starting material. An
additional 3.8 g of BOC anhydride was charged. A i'esample at T = 19.5 hours reveals
0.8% remaining starting material. The reaction was considered to be complete. The
reaction mixture was filtered, and the aqueous phase was separated and discarded. The
organic phase was washed 2 X 95 mL with water, then filtered through a 18.7 g pad of

30 flash grade silica. The silica pad was washed 1 X 100 mL with fresh methylene chloride.
The crude carbonate was concentrated by rotary evaporation. After chasing the resultant

thick brown oil with 75 mL of heptane, the residue was crystailized from 95 mL of



tol uene (102.02 g of 25 wt % solution; 25.5 g active DI BAL, 1@%5%(93 nmol ,
2.03 equiv) was slowy charged over 2 hours, and the terrpér t 20035

mai nt ai neWORI/O/E - 45 C 15 during the addition. Once the addetivsenwas
conplete the reaction mxture was warnmed to - 30 5 C. An HPLC sanple was
taken at T = 3 hours, and reveal ed that 3 he reaction was conplete. The
reacti on was quenched by the slow additiron of 50 nmL of cold tap water,

mai ntaining a tenperature of NMI -30 C. The reaction m xture was then

war ned t oheptangg Thegpsplgnt sipgn vers coeledde ftta 5 G, dield\it TerBpdramresfor Rig chalr ng

bat h was : r | M %t Ul s allaowed.to mto room

t enper at uﬁ@%ﬁ?’ g tgl?l dr&rllaﬁ?g Og\%lg%éri@gﬂ?%lﬁﬁgffo X%F%Wﬁd%%@%%%%@ﬂ@ﬁ@n

M xt ure wevashet Ivtietr 250mil OowithfeeR cblicheptae) i atied in leh'dﬂuﬂﬂdf@éi@itt)xsbvemglét? alts
wer e washed wi_ith an additional 2 X 100 nL qpf fresh THF. The conbin

or gani ¢ phasegi’\ﬁ/éll“édé‘l?é?ré%l weighed 0.8 £(64@% vield) HPHC BOTy aab98id¥de was 25
added,sfollowed by 1.1 g of tetrabutyl amoni um hydrogen sulfate, and 55 niL
of 25% aqueous sodi um hydroxide. HPLC at T = 4.74 hours reveal ed 8. 8%
remaining starting material. An addEtampll106.0 g of BOC anhydri de was

charged, along with 10 ni off eo SP sodi um h de. The reaction
mi xture was then st£$RaEHoR 0L dsbi-Ounaivl)-2ebropen-deol 11ButyhiCarbamatene f ol | owi ng
norni ng HPLC anal ysis reveal ed starting material was still present.

Addi ti onal BOC anhydride (16.0 grans) and sodi um hydroxi de sol ution (20
m.) was neede8oad-pilyhemaek resmditiotom Baskmqpipped ovith MechadRalSstinet)Jsklem 1 O

DEC 2003 00582 PCT/ LS00/ 16404 The crude reagtion _m_xture was o
fil teir)ée)d %éégprg’éa;}%‘gé’mi“& %’%S,L‘%%?ﬁ?“’t‘ﬁea? i’ ‘ir%%enulbl?eg‘é(?ﬁ awﬁégszwwed 2°%)
50 mL Wi t propérioate @89 8lg, 88TF ol It ediil Yhd JHEMBAYS AT mﬁ% _ then
back extracted with _50g mL of tol uene‘s:uT)rgl conbi ngg org%}ni C gglg\g?h%v\ere
concent r afRENELWErermixed to dissolug prd thengapled te MO * 8G) Aasolutioniocd PIBADVN 0 |

with 75 dilqut , tdu i forom of

hept ane. niloﬁie}j]? glsu 1 a%tepg? B\?%ygo\?gdsoql’ ggﬁ%ﬁ?ﬁ%@"égg} %’Bm&’@r&e@w rature
for NLT owes $iowly, chahgedradr Byhoutye amdithettéraperafur@mwas adhitiih@haINMT -93-cof

hept apg, %hen Il tered. The wetcake was Waihed with 25 . with fresh cold
hept aﬂi, g e pddition, Qnge theAddioasyasoaplels dhs pactionhixture wag weanest oal

vei ghed 18914 °g. (ASHPYCY sShHE waEden YT ¥ h¥@S, Rt RVBaled that the reaction was

complete.

The reaction was quenched by the slow addition of 50 mL of cold tap water,

maintaining a temperature of NMT -30 °C. The reaction mixture was then warmed to 0
20 °C and stirred at temperature for NLT 2 hours. The cooling bath was removed and the
reaction mixture was allowed to warm to room temperature with stirring overnight.

The following morning the reaction mixture was filtered to remove the precipitated
aluminum salts. The salts were washed with an additional 2 X 100 mL of fresh THF. The
combined organic phases were cooled to 0 to 5 °C then 20.0 g of BOC anhydride was

25 added, followed by 1.1 g of tetrabutylammonium hydrogen sulfate, and 55 mL of 25%
aqueous sodium hydroxide. HPLC at T = 4.74 hours revealed 8.8% remaining starting
material. An additional 6.0 g of BOC anhydride was charged, along with 10 mL of 25%
aqueous sodium hydroxide. The reaction mixture was then stirred at room temperature
overnight.

30 The following morning HPLC analysis revealed starting material was still present.
Additional BOC anhydride (16.0 grams) and sodium hydroxide solution (20 mL) was

needed to push the reaction to completion (T = 29.5 hours).



10 Exanpl e 11 Preparation of 3-(3-Quinolyl)-2-Propen-I-o0 Lg} Egtg@p
Carbonate Step (1): Preparation of 3-(3' -quinolyl)-2 pro g d
(Schene WOW%und (12)) 15 Methyl 3-(3' qui nol yI) 2- pr ABisA0/e64025 g,
117 mml) (Schenme 4, Conpound (11)); see Exanple 8, Step (1) for
preparation) and rret hanol (125 nm) were,charge to a three-necked

round- bottom fl ask equi pped with an ovérhead stirrer. Sodium hydr oxi de
(23.5 g, 5, 88Tmm was di ssol ved |§ water (50 nmL) and added to the
suspensi on to hsfcmedeacgomwﬁaewaa tsr@m@ F%OV‘”ISH’ idy, apé thegpmaiaingst i r r ed
for 1-3 trated
hydrochl o § acgzlé)f/\v/ggsglta Q”);‘;gaég\ atc nd"iﬁ%?(? fn(lgﬁ ?‘%utﬁén%gvgmfs
slightl ypbasesjmre(tﬁﬁn B&Mtraﬂ:@dl\t)xth SIIhrrd, wfeslmlebedrhencdnhﬁnqdrcﬁgam piséson  of a
white solid. The s S edb filtration and washed w th water
And. et ntF conesaBt bl GE A ik AT AL kRO W P A b um
oven at a@thetxeaiasé aJay s tamzeelfﬁ;heds mLebﬂl%p'izﬁ‘:QQQHe iésel@a&‘é’xuﬂ? v%‘g% to
22.2 g, 95% 25 St eg reparation of 3-(3-guinolylLpropen (Schene
4, Conpocended ®)0 to 3= @3heldgaﬁ tnmpyna}urgfcprrl‘ébimﬁbomtmr(eabst@ adiftich afaol ) and

tetrahydr 5 t nd bot qui.pped with
2"t empor AP0 el S heBhn R FRER,  PuE I eRE) e eBbRed 1o o
C and 4- freilhydlabepiant, Itﬁ@dﬁed&ﬁa@acﬂmﬁdﬁfﬂﬁa}oro?r@m ighs added rapidly foll owed
by sl ow addition of |sobuty| chl oroformate (1,93 ?‘1 14 mol) over 30

m nut es mai nt ARG Matsrial rerghed d 6 fder @O MR Yields %P‘E’%Wﬂil'%9% xture was
thenmstlrred at 0 C for an additional hour and then filtered i nto water

(7.5 m) which was 1 0 DEC 2003 WD 01/ 00582 1" CT/ US00/ 16404 38 cooled to
0 C The light yellow sol ution was Exampktll0 C and the sodi um borohydri de

(I g, 26.5 mmol) sadded at c oner 4EWBUt£E§O maintain a
t enper at ure bel ow HepEAl St ' =0 stirred an
additional 1.5 hours at 0 C. The reaction was guenched with sl ow addition

3 NHO (40 nL) at 0 C The 5 resultlng orange red soI ution was extracted
wi t h et h3tepAd ¥t Breparation of 3-(3 d-RrOPENo!ld g ompeuidii/@)aqueous

R TR O T A9 §§°‘“€f§‘ﬁ 1 R 00 o

(11)); see Example 8, Step (1) for preparation) and methanol (125 mL) were charge to a

three-necked round-bottom flask equipped with an overhead stirrer. Sodium hydroxide
(23.5 g, 588 mmol) was dissolved in water (50 mL) and added to the suspension to
provide a homogeneous solution. The reaction was stirred for 1-3 hours prior to adding

20  additional water (250 mL). Concentrated hydrochloric acid was then added in batches
until the solution was slightly acidic (55-60 mL, 12 N). This resulted in the precipitation
of a white solid. The solid was isolated by filtration and washed with water and methanol.
The white, crystalline product was then dried in a vacuum oven at ambient temperature.
Isolated yields ranged from 20 g, 86% to 22.2 g, 95%.

25 : _
Step (2): Preparation of 3-(3-quinolyl)-2-propen-1-ol (Scheme 4. Compound (6))

3-(3'-Quinolyl)-2-propenoic acid (2.5 g, 12.5 mmol) and tetrahydrofuran (50 mL)

were charged to a round-bottom flask equipped with a temperature probe and magnetic
stirrer. The suspension was cooled to 0 °C and 4-xnethylmqrpholine (1.93 g, 1.9 mmol)

30  was added rapidly followed by slow addition of isobutylchloroformate (1.93 g, 14 mmol)
over 30 minutes maintaining an internal temperature less than 5 °C. The mixture was then

stirred at 0 °C for an additional hour and then filtered into water (7.5 mL) which was



conbi ne organic extracts were dried with magnesi um sul fate anﬁ filtered
though a plug of silica gel to renove sone of the red colbll. D&G 0

resul ti ngwioiogtepssgel | ow | i quid was 10 concentrated to give bhg 5408986404

al cohol as an orange-red oil (1.87 g, 10.1 nmml, 81 %yield, HPLC purity
90% . Step (3): Preparation of 3 (3-guinolyl)-2-propen-l-ol t-but |y
carbonate The 3-(3-quinolyl)-2-propen-12%l was treated in accordance with
Step (3) of 15 Exanple | to obtain the desired t-butyl carbonate.

Exanpl es agolddstork &@p T light yellowebhttien s iepttan dSClaad tiy @RBGIMbrohydride (1

1-( 3- qui nol -2-propen-L-al t- butyl carbonate. 20 Exanple 12 Preparation
o b DR 26 i SR8 Rdsadh bhien vt 4 S R FisiainG tompsratire below 5
2- | odo- 3- @i RelldWGAARRMAHE eDYAsh (RS RRIR ai-ad@gilem?ggﬁ ‘é{’r‘.'érss??l‘? o3eep (1)

Preparation of 2-iodo-3-quinoline carboxal dehy Corrpound (13))
To a dry thr eeThestastion wiandudnchadowitli slawiaddiionspe HGli(#hmii X at@uan Thé et and

haad Stif. f d d
o oh o o-SSUhg orarsBrst Kol GRtER, Aot B3 v ¥l oot 50 mha tererorvy sevue i )
fol | owed inypusizidsuMhi Qdiﬂdﬁaqﬁ@&xs%ye%%iéﬁ@ﬁﬁaiﬁéﬁihé BRRtuct, Wak reGftbrized \%% Oa”d

the solution was heated to reflux for 6 h. The reaction m xture was
evapor at eityratedisegivm bicarhenaje saluion 3nd extractethwith wtiybacet26 @4 X 50 arlg). The

saturate ' . | riviative.crystallises out
and 1t veo et Sreshl RS S e liln s R el o eria Tk Bpng BE
2003 WO Osifi@0g820 Bandveedotheof He 1§d €albr. %9 he REulling LISAGLNEH AR Qs (2) :

Prepalr ation of 1%3- ciui ol yl%-z; ropen-1-o0l t-butyl carbonate To a o
sol uti%n ncentiedtoe aiﬁﬂﬁcﬂ“? é@gwﬁéﬁw%@wyﬁ@ (né(léf,ﬁ 801 &1 mmop), 8il %6 yiddd,( 25 )
5 m) at HPLE putitpgbePgInesi um brom de (1 Msolution, 10.8 m, 10.8 mmol)

was. added. It~ was stirred at that tenperature until the starting materi al
di sappears, which takes about one

Step (3): Preparation of 3-(3-quinolyl)-2-propen-1-ol s-butyl carbonate

The 3-(3-quinolyl)-2-propen-1-ol was treated in accordance with Step (3) of
15 Example 1 to obtain the desired s-butyl carbonate.

Examples 12-16
Examples 12-16 relate to methods for preparing 1-(3-quinolyl)-2-propen-1-ol ¢~
butyl carbonate.
20 Example 12
Preparation of 1-(3-Quinolyl)-2-Propen-1-ol t-Butyl Carbonate z
via 2-lodo-3-Quinoline Carboxaldehyde
(Scheme 5. Compound (I1))

25  Step (1): Preparation of 2-iodo-3-quinoline carboxaldehvde (Scheme 5. Compound (13))
To a dry three-necked round-bottom flask equipped with nitrogen inlet and

overhead stirrer, reflux condenser was charged 2-chloro-3-quinolinecarboxaldehyde (20 g,
104 mmol) and CH;CN (200 ml) followed by sodium iodide (39 g, 260 mmol) and conc.
HCI (cat, 4 ml) and the solution was heated to reflux for 6 h. The reaction mixture was

30  evaporated to about % the volume, poured onto water (250 ml) and saturated sodium
carbonate (100 ml). The iodo derivative crystallises out and it was filtered and dried under
vacuum at 40 °C for 48 hrs.



~hour. N-butyllithium (8.5 n, 2.5 Msoln, 21.2 mvl) was fqA@ECapist he
solution was stirred for another 25 mn and then quenched wth t- but anol
(1.63 g, W92 only the C 2-anion is being quenched). THEHUSIO46404t i on
of di-tert-butyl dicarbonate (2.54 g, 11.6 10 nmol) was added and the
solution'was stirred for 2 h at -5 C. The reaction was then worked up with
MIBE (60 ml) and 10% amoni um chl ori de solution (25 m). The organic

| ayer was agai n.with saturated NaCl solution and it was concentrated to
an oranggeegérgﬁ\/rﬁgw/“érystal | ised on standing at O C overnight. It was
used as such for alkylation experiments. Yield = 2.8 g (92.7% 15 Exanple
13 Preparatlon of I (3 O.II nol yI) 2- Propen I -01 t-Butyl Carbonate via
-Condensat 28 Lat: ’ = felats gphearbonaBonpound | 20 Step

1 Oondeat -. £ ‘ ” na

(1), Sndenzat gy sﬁfun%xbf“? T f’fw@ RS BN RS L
-hydr ogen) mlyatas S(E,I Vxﬁﬁd:agﬂdsfuﬁrybmfm&wdlI‘MISOI‘RQ»OB a8 BXH. slqhuas vx(a5 a8ded3 1t 8
mmol) in tetrahydrofuran (15 rrII) at -150 C, vvas added etlcl{g magnesi um

chl ori de VBBSWTed at this temperaturgypiil the stgyingmaterial disappaays.twh s aboug oaer
sol uti on wiiChy. m@qﬁm 53ht 8% Wganaﬁfz Frcf81) WS a88dd g lu&§n§ %OI 30

m nutes. HPLC s reacti oh was co rans érre
cannul a t stireedsfor amegliks @5 min @and ﬂfenduertched whhv-y)htannbelr@bg,azmﬁﬂ %lygtheltl 3

I trah f d
fo 10 C i hanisAaY Fte Tiene) SO bEApP L eH By s Boate B o€ mal 1 1 gnar d
adducto Tﬁfmdlfa«ﬁ; hdued 3 e %b1ufi6n WasstRRAIBE? hat =D, Crhéifehéﬁ&ﬂwm fngn 0 M of
met hyl t-but t her and(guence with a solution of citric acid (8 g) in

wat er (45W9§keétux><m(h M TBE (68 mlpandni (Yo ammoniugn Plyorlﬂheolumxgéz{i ol)l Byer was

01/ 00ss> Pty Restd R yAG SERAINECCORNAR TR forderlelie s
filtered blangeigih mldheﬁysm‘lhs‘edlohetan&ngat 0 smdvérhghtfhlvtzarsaised sesuch@mcent r at ed

under vacuumto an oil. The oil_ was az otroplcally dried with 2 X 50 m
of et hyl XF&P’&“ER?“&ICI}@ thed &8 (B 7?2 10.4 g). Columm chr omat ogr aphy

(silipp

Example 13
Preparation of 1-(3-Quinolyl)-2-Propen-1-ol -Buty! Carbonate via

- ~ Condensation with Ethynylmagnesium Chloride

(Scheme 5, Compound (I1))
20

Step (1 ): Condensation of quinoline-3-carboxaldehvde with ethynylmagnesium chloride

(Scheme 5. Compound (IT), wherein R®is ~C=CR'' and R"'is hydrogen)
To a stirred slurry of quinoline-3-carboxaldehyde (5 g, 31.8 mmol) in
tetrahydrofuran (15 ml) at -150 °C, was added ethynylmagnesium chloride (66.8 ml, 33.4
25 mmol, 0.5M in THF) at -10 to -15 °C. A clear solution which was formed after the

addition was stirred at -15 °C for 30 minutes. HPLC showed reaction was complete. This

was transferred by cannula to a stirredsolution of di-rert-butyl dicarbonate (7.84 g, 41.3
mmol) in tetrahydrofuran (10 ml) at -10 to -15 °C. The mixture was warmed to 10 °C in
one hour. HPLC showed complete disappearance of the Grignard adduct. The reaction
30  mixture was cooled to -50 °C, diluted with 50 ml of methyl ¢-buty! ether and quenched
with a solution of citric acid (8 g) in water (45 g) at <10 °C. After 30 minutes mixing, the

organic layer was washed with 60 m! of saturated sodium bicarbonate and



gel, 30:70 Et OAc/ hexane) gave pure fraction of the desiredf g ?ﬁg %0098. 65
)asavery5wscousllght yellowoil. Yield was 96.1 % z

284( M+H)
H, 7.87

W12 (ppm CDC 13): 9.08 (d, 1 H), 8.3 5 (d, |HCITBoed2sa6dd, 1
(dd, | H, 7.75 (m | H, 7.58 (m 111), 7.47 (d, | H), 2.82 (d,

IH, 1.50 (s, 9H). Step (2h-Pre parati ‘g)of 1-(3-qui nonI) 2- propen- | -ol
n

t butyl carbonate (Schenme 5 10 Conpou

(II) wherei n Is -CH=CHR ' and

v Iutlon of 1-(3- qU|noI - 2-pr n- -ol t-butyl
c ar bo nat 22/ gf%gg‘g‘z'at? g3nic golutign yyas &iﬁfﬂ téwgﬂﬁ ) bﬁiﬁgﬁsf fileeg aisls sxhdaie

ni trogen

end (Lt e S LohcRrattpRth QR B Rl Pk 680 BADRLSirR) 3RAFVINS' e
agai n eva¥ofndef eihybasetantb glvhyhtrmgémoﬁalo o@h @ahmm amedaamgea hi haniéd ask
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5.30-5.45 (m 2H), 1.50 (s, 9H) 25 Exanpl e 14 Preparation of
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Et hynyl

of qyjnol
at -15 C

.-2 Proen Ifiol Car bonate Vi a Oondensatlon with

ech. sol uti on

Mgwmgyg@_éﬁ @Hgiax%ggg:g ]g t]etrahydrofuran (15 mﬁ)N

wWas a , 0.5Min 30 THF) at"

-10 to -15 C Abdutierct i-@rquanlydpaiprepyn- bbt sbuyDcarbontted. sb% slﬂnﬁaol)Thl S

sol ution

di car bond¥oprepan
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I3was geg gnd; njtrqggn RUrgEGiWice, 5 A»mllp@umm a@lciynt er
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PCT/ USO0/ 16404 41 room tenperature. Redction

0 be conpl ete

at 3 houmnixiye W@ ggaiménacuated twice, and a hydrogen balloon was placed over the flask with
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25

30

vigorous stirring at room temperature overnight. HPLC showed reaction was complete,
and the catalyst was filtered off. The filtrate was concentrated under vacuum to give an oil
(1.57 g). The oil was purified by column chromatography (silica gel, 30:70
EtOAc/hgxane) to give the pure product (1.41 g). Yield was 93.3%. MS(m/z)
286(M+H)". H' NMR (ppm, CDC1s): 8.94 (d, 1H), 8.15 (d, 1H), 8.11 (d, 1H), 7.80 (dd,
1H), 7.70 (m, 1H), 7.52 (m, 1H), 6.27 (s, 1H), 6.05-6.18 (m, 2H), 5.30-5.45 (m, 2H), 1.50

4
7

» Example 14
Preparation of 1-(3-Quinolyl)-2-Propen-1-ol ¢-Butyl Carbonate via
Condensation with Ethynylmagnesium Bromide
{Scheme 5. Compound (1I1))

To a stirred solution of quinoline-3-carboxaldehyde (5 g, 31.8 mmol) in
tetrahydrofuran (15 ml) at -15 °C was added ethynylmagnesium bromide (66.8 ml, 0.5M in
THF) at-10 to -15 °C. The reaction was complete after 50 minutes by HPLC. This
solution was transferred to a stirred solution of di-rerr-butyl dicarbonate (7.84 g, 3 5.9
mmol) in THF (10 ml) at -10 to -15 °C. After the transfer, the mixture was warmed to



m xture was cool ed back down to -50 C, diluted with 50 m,gfgggtmg
t-butyl ether and quenched with a solution of citric acid (8 Q) wat er
(45 n) AYOLOUHYSE The organic tayer was washed with 60 nl PEFUSKHIGHEL ed
sodi um bi carbonate and 200 M water. After 5 filtration, the organic |ayer
was concentrated to dryness, azeotropicglly dried with 2 X 50 m ethyl
acetate to give a brow oil (9.5 g). Columm chromatography (silica gel,

30: 70 Et QAc/ duct (8,45 g). Yield 93.4% Th
or oduct BV PR RME LRop bRttty dmRbiaiele & L e by BRLC. The

et hynyl nagRas: wak c6Mk@bhéedovi e B i LAV e
1- (3-quinolyl)-2- Sr open-| - ocl’ t - but @@aggégyggagﬁzu@% ?’h@gg éggeggé?bed I n

Exanpl e m®enchedyithpg solugoEebeiricacid(8p)dpavaten (@A nal) ati<l® °COlteairgdnjc layer

2 P00 A O R SORSERRE PRyl RO
qui nolsi nefiltatie, RRsreatibYaler has GonckltrdtedM® tynkss, aidtrbpioxfr @edrvm (15 nl) at

-10 C, was_added vi nyl magnesj um chlorjde solution in THE (11.3 nml, 15
w . % d=G 3728 wl ethyl getatgtq give adrewn pil (9.A&)e f@lusnn ehremaiggiaphysilicapel 20
showed r | AVBE Thi r ORIty ransferred by
cannul a ?’?%g@@tl rr%)%gg}(;éﬁe%%e gypa‘é‘?-(?}g?rgﬁbw'%{j%\ggég%nat e (4.4 g, 22.9
mol ) in THE (The prbduettobtaifled foom tHiS rédctidd isideitival torthmsion ethiémagasiunon

r tp 0-5 Cfor 1 g T | Xt, | ed back d to -10
Gl T ut Eaiten 186 Prodisy S puceaa A iok e - B TE e 1 p

50l utjigon @fbofhtetyGn@fbas ddchbd indkaSpleTP skt er (27 m) at <5 C. After
5<hours 25 m xing, the organic layer was separated, washed with 30 ml of

7% sodi um bi carbonate. 2 X 30 m water, filtered and the filtrate was

concentrated under vacuumto a Iighk brome.;gil (5.5 9g). - Colum
chromat ography (silica gel, 20:80 E ne) of the crude product gave

pure carbonate (4prapsthtion’bel 43 \Gasnol)-0%ropereticl aBudkdiCarkdhateRiss Mat eri al

are consistent with that _obtained by reduction of the 30 ethynyl
carbonate. 1 0 DEC 2003 $gndensatipggvitiomvimagnespum@hlotdeyanpl e 116

15 . ; {Scheme 5. Compound (1))

To a stirred solution of quinoline-3-carboxaldehyde (3 g, 19.1 mmol) in
tetrahydrofuran (15 ml) at -10 °C, was added vinylmagnesium chloride solution in THF
(11.3 ml, 15 wt.%, d=0.975 g/mL) at -5 to -10 °C. At the end of the addition, HPLC
20  showed reaction was complete. This brown solution was transferred by cannula to a
stirred solution of di-fert-butyl dicarbonate (4.4 g, 22.9 mmol) in THF (10 ml) at -10 to -
15 °C. After the transfer, the reaction was warmed to 0-5 °C for 1 hour. The mixture was
cooled back down to -10 °C, diluted with 60 ml of methy! s-butyl ether and quenched with
a solution of citric acid (4.8 g, 22.9 mmol) in water (27 ml) at <5 °C. After 5 hours
25 mixing, the organic layer was separated, washed with 30 ml of 7% sodium bicarbonate. 2
X 30 ml water, filtered and the filtrate was concentrated under vacuum to a light brown oil
(5.5 g). Column chromatography (silica gel, 20:80 EtOAc/hexane) of the crude product
gave pure carbonate (4.3 g). Yield was 79.0%.
Spectral data of this material are consistent with that obtained by reduction of the

30 ethynyl carbonate.



Preparation of 1-(3-Quinolyl)-2-Preen-1-o0l t-Butvl Carbonate,V
Condensation with Vi nvl magnesi um Brom de (Schene 5, Corrpouﬂdu(éﬁg )2033 A

sol ut i on WO 040A5AD| i ne- 3- car boxal dehyde (2 g, 12.7 nmmol) i rrchiAESdoh@40d ) was
cooled to -20 C, and 1 M vinyl magnesi um brom de (12.7 m, 12.7 mml) was
added at - 15 to -20 C. At the end of the addition, reaction was conpl ete.
This brown solution was transferred to-a solution of di-tert-butyl

di carbonate (3.6 g, 16.5 nmmol) in THE (10 m) at 10 30 C. The sol ution
was gradual |y warned to roomtenper dxamplahel stirred for 2 hours. The

m xture was cool eg back do i.th a sol ution of
citric acid (3.2%9 = BIP8aad? stirring,
the organic | ayer was vvasja,ﬁded%ﬁdh\aﬁhmnmag%sﬁgd}g iBi carbonate and 2 X
20 :m water. The organic [ayer was concenirated to dryness and

chr omat ogr aphed by silica gel ¢Sthems 5 Gompound @) pure 15 product (2.1 g).
Yiel dgwas 57.9% Exanples 17-20 Exanples 17-20 illustrate methods for
preparing a quinoline-3-carboxal dehyde, which can be used as an
internediate i A s‘oh&xo&wﬂdmﬁﬁjlme-cfcaﬁmxblﬁia@tde (R1g, AT hanaly & PIAF ¢DORAYGES Of

| f d
e ol naoelelipgd A¢ dind, L VingIrsachasign &%ﬁé’z{zﬁm J 257 mimebkwas aldedatbed | n
Schemes 5 qd)d o@s Aﬁ%@%ﬁ&GﬂW add1fon, ‘i'é%:%ﬁéﬁ Rk 961”%@ @ﬁ?s;@h@ggg{t@hw

provi de the deS| red carbonate or carbamate ounds
Pr epar at i toansfefire@uo asblution 3f Qatenobuyldbtayblmatt @ d, 16.5SRnmphriaTHM(1& ml) at -

(16) 1950 ' B SaHton PagEOuE. P FBE A TR BRPFRLK Sy T rgelar AR, )
mechani ¢afheSthixti@ was ao@meaaak H6n EP1301°C! ARy quehaﬁ»a ith MMt dh of Gfrldbtid
condenser and dry nitrogen |ine was charge

qui nol i ne32 g)hndﬂcgwa@aabéﬁaﬁc?@hyé@f@r@mqhwgnm the ongamiq laperdvasP@astiedof

met hanol . 150 W 18 o m Bicatbonatdztia 230 30 Bt Wade® %é‘ gxé'g%xc layer was

concentrated to dryness and chromatographed by silica gel column to give the pure
15 product (2.t g). Yield was 57.9%.

Examples 17-20
Examples 17-20 illustrate methods for preparing a quinoline-3-carboxaldehyde,
which can be used as an intermediate in the synthesis of carbonate or carbamate .
20  compounds of general formula (1), (II) or (III). The prepared quinoline-3-carboxaldehyde
| is treated according to syntheses described in Schemes 5 and 7 as detailed by the
description and Examples herein to provide the desired carbonate or carbamate

compounds.

25 Example 17
Preparation of Quinoline-3-Carboxaldehyde

Step 1: Preparation of 2-chloro-quinoline-3-carboxaldehyde dimethylacetal (Scheme 6,
Compound (16))

30 To a 250-mL three-necked round-bottom flask equipped with mechanical stirrer,

temperature controller, heating mantle, reflux condenser and dry nitrogen line was charged
quinoline-2-chloro-3-carboxaldehyde (11.7 g, 61.06 mmol) and 120 mL of methanol. The



reaction was heated under reflux for one hour. The reactigrh m zﬂb I tored
by thin layer chronmatography (40:60 ethyl acetate/ heptank) ' showed
conversi oWOt%/08$&8 acetal was conplete after one hour. TherprosSowtedos
sol ution was used directly for dehal ogenation in Step 2. 5 Step 2:
Preparation of quinoline-3-carboxal dth di net hyl acetal (Schene 6,
Conmpound A sol ution of 2-chloro-quinoli r"le 3 car boxal dehyde di net hyl acet al
was charged to a second vessel containing 0.7 g of 10% Pd on carbon (50%
wet) and TRV heated poAstratluy fop ore hourg@ha reaghen yas mme@clt}rmmiaesxsel
was evac her After
conpl et OU%E %?at?g’géﬁp ga(lé'P ?gﬁmyiﬁb cg{l%%g g’%ﬁa‘é&%é)%éegnﬁffsmp tgqﬁ and
.washed wiwas comiplatealfier diechomol Viengrodwas saslelmveds 3ed rdixieadly f@vmerogkmmn in The
oily resi ue,was di ssolved in 120 nL of isopropyl acetate and washed 3
times wt 8 m. of water. The organi c phase was then concentrated to an
.o0il by rotary evaporatron to afford the product as an oil (12.4 g, 100% .
b

7.55 (m 10, T
1H), 8. 99‘1@ 1 H. Step 3: Preparatron of gur nol i ne- 3- car boxal dehyde’
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under r ef( gar?@ B he ERCHOn Yesseh Pias evaspaedithsp rf&bﬁwlemm@g@t £as|
acet gpe/ e, t
oncag r St oy b, ARERop M O e deackBh The Oyt RN Y00 veen
50 L pcﬂltratmsamﬁ washieg withoadtlvne!. i sﬁ%eﬁﬁwmdnmned)by aastbqnataporaﬁbher
d| scar d|

i th
water e B APES R B 1 RESopr b LaceiE e Brriad? rimeargno0
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through celite to renove a small anount of oily resid ‘
concent r aﬁf@dd the prodnayias axy@xﬂ (13w &300%).bYIS: /21204 (M oy laﬂ NMR (€591, S)VB: M Z
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Step 3: ~.lgre aration of gquinoline-3-carboxaldehyde (Compound (15))

To a 250-mL three-necked round-bottom flask equipped with magnetic stirring,

20  temperature controller, heating mantle, reflux condenser and dry nitrogen line was charged
4.5 g of crude acetal, 30 mL of isopropanol, and 22 mL of 88% formic acid. This mixture
was heated under reflux and monitored by thin layer chromatography (40:60 ethyl
acetaie/heptane). After completion of the reaction, the mixture was concentrated by rotary
evaporation. The residue was partitioned between 50 mL portions of ethyl acetate and 5%

25  sodium bicarbonate. After discarding the aqueous phase, the organic phase was washed 1
x 50 mL with water. The organic phase was then concentrated to an oil by rotary
evaporation. The crude product was dissolved in hot heptane, filtered through celite to
remove a small amount of oily residue, then concentrated to a light yellow solid by rotary
evaporation (86%). MS: M/Z 158 (M+H"); "H NMR (CDCl3, ) 7.68 (m, 1H), 7.90 (m,

30 1H), 8.0 (dd, 1H), 8.20 (dd, 1H), 8.64 (d, 1H), 9.48 (4, 1H), 10.26 (s, 1H).



1 0 DEC 2003 PCT/ USOQA 6404 Step (11: CQuinoline-2-chloro- 3- c&r,ﬁ)&ﬁal dehyde
di net hvl acetal (Schene 6. Conmpound 5 (16)) To a stirred SJI t 2003

qui nol i neW9-04/958¢# o- 3- car boxal dehyde (5 g, 26 mml) in et rEOwOUSOLEHM )
at room tenperature, was bubbled in hydrochloric acid gas (1.7 g, 46.6
mol). The solution was stirred at roomtenperature for 25 mnutes.
Reaction was conplete by HPLC. NaHCO3 (4.7 g, 56 mmpl) was added'to the
reaction flask in portions 10 and stirred for 10 additional m nutes. The
solid precipitate was filtered of f, Examplek8 ate was concentrated on a
rotary evaporator to givep

I Okl Wa di,gsolved in ethyl acetate
(75 m). washed with H20 r2hidn of ﬁm%hlnevgaéaxrb% ARSR e product as an oil

(6.2 g, 100%9. WNMs: MZ 238 (MrH+); "H NWR (CDCI 3, S) 3.45 (s, 6H), 5.72
(d, 1H, ¢ 1 . 85, 8. 25 1 H),
8.42 (s, FPy-l-gdBneupe-£-ghiorors-camoxaldenyac gimefbylace chamg 61C d
128. 2,429¢f#nHL30. 0, 137. 2, 147.4, 149.3. Step (2): Preparation of
gui nol i ne- 3-car boxal dehvde The qui nol i ne-2-chl or o- 3- car boxal dehyde

di met hyl acet al Te astirrad salatiorast quinelined2-chlvredemrbtaatiehfe(ssg, @8)maod if 3) of

of - oui nol At Bl kiRestafi® 3R TuRBlRl S py ocionc eid gas (7 e 466

cLui nol i nemdbly artecseltbalvdetideant Mnﬁfe%ﬂratﬁx%%?ﬂ?nﬁnm%% 1%958&85%%5%}; A
.0 g

m xt ure of qui noline-2-chl oro-3-carboxal dehyde acet al

triet hyl atqmRleledydiPlC. NaHGRH) mrié mong e addiedito d remtion flagBinSrions50%

ool B R O PR T GBS

vi gor ous| sorseitratetion rota EvAITRGE & give ahoil. Fhe3fl Was fdlisColsEOUESh T Acetate
i trogen (BB HPA it T GRrRD S CoBRSTPIeH ap Lhe RIpAucAAclan DHI{64 B1i0096)
o o MRS R R AT) SRS (EDREC S5 (S Bk 8218 1, TR 4B 795 1 ©
(m, 1H), 7.85 (dd, 1H), 8.25 (dd, 1H), 8.42 (s, 1H); *C NMR (5) 54, 100.4, 126.8, 127.3,
15 128.1,128.2, 129.2, 130.0, 137.2, 147.4, 149.3.

Step (2): Preparation of quinoline-3-carboxaldehyde

‘the quinoline-2-chloro-3-carboxaldehyde dimethylacetal from above was treated
in accordance Steps (2) and (3) of Example 17 to obtain quinoline-3-carboxaldehyde.
20
Example 19
Preparation of Quinoline-3-Carboxaldehyde

Step (1): Preparation of guinoline-3-carboxaldehvde dimethvlacetal (Scheme 6.

25 Compound (16))

A mixture of quinoline-2-chloro-3-carboxaldehyde acetal (0.8 g, 3.4 mmol),
triethylamine (0.69 g, 6.8 mmol) and 10% palladium on carbon (0.05 g, 50% wet) in

methanol (15 ml) was nitrogen purged and evacuated. A hydrogen balloon was placed

over the reaction flask, and the mixture was vigorously stirred at room temperature for 15
30 h. HPLC showed no starting material was left. The resulting mixture was degassed and

nitrogen purged twice. The catalyst was filtered off and rinsed with methanol. The filtrate

and the rinse were combined, and concentrated to an oil. The oil was dissolved in ethyl

)



PCT/ US00/ 16404 acetate (25 nl) and washed with water (20 Té.mgﬁ‘uggﬁihyl
acetate | ayer was concentrated to an oil which was purifile \ mm
chr omat o&’r(g“df?%f‘%SO: 70 Et OAc/ hexane) to give pure PCT/US00/16404

gui nol i ne- 3- car boxal dehyde di net hyl acetal (0.55 g, 80.4% . 5 Step (2):
Preparation of quinoline-3-carboxal dehyge The qui noline-3-carboxal dehyde
di met hyl acetal from above was treated in accordance with Step (3) of

Exanple 8 t aj\n_qui nol | ne- 3- car hoxal d de. Exanple 20 10 Preparation
of i noprdie EReAh BB SEH HbSEE @Ryl B EPal Fesibleyer was concentiaied

qui nol i ngs Fr GiPWARKAVAPUYFRA By BRI 88hdato 70 o%mg Q)

Qui nol i ne-2-chl or o- 3-?§¥boxa dehyde (1.0 gﬁgﬂmﬁt was ?xghg(ﬁég%l in

met hanol pwesju{mling3ycaghaxatdehy dx dandtiyrlacetd (B.55 Bo80MP®. sol uti on was added
10% pal | adi um on carbon (100 ng) and amonium formate (1.65 g, 26 mMmol)
and refluxed for two hours to form qui noline-3-carboxal dehyde

di net hiyl t(2): Rri on il @findlde-3-Badpraladiyde of qui nol i ne- 3- car boxal dehyd
20 The qui nol | ne- 3- car boxal dehyde di met hyl acetal from above was treated in
accor dance wi fRe qyipplines3-carboxaldehyds dimetiviasetal from above was treated in

qui nol i ngz 3 lSQé;h@é PI:‘& L 0Q5 16404 46 5
Exanpl es%czc%-r%g&gxggﬁpl S g?fg%axlﬂ*) ustoféa%?agnﬁ@tnﬁééggf%r%b%%a I'hg derivatives
of formula (1) from quinoline-3-carboxal dehyde. Exanple 21 Preparation of

3-(3-Quinolyl)-2-P r~open-1-ol t-Butyl r.honate via Condensation of
Qui nol i ne- 3- Car boxal dehyde with Et Méﬁa te (Schene 7, Conpound Il 10

Stepjgl): Condensation oﬁrgﬁgd“gﬁbpgugroggggcg&bg@a dwi th ethyl acetate To
a .50-nL round-bottom fl ask equipped wth magnetic stirring and a dry

nitrogen line was added 1.1 g (7.0 nml 1.0 equiv) of
quinol i n%'te?’p'(?fzfr rgpxa%atg&hgtd eui%&?ne- -'cgrbg;c‘aldeh de dimethylacetal (Scheme 6,
Compound (16)) '

Quinoline-2-chloro-3-carboxaldehyde (1.0 g, 5.2 mmol).was dissolved in methanol
15 (20 ml) and refluxed for 1.5 h. To this solution was added 10% palladium on carbon (100
mg) and ammonium formate (1.65 g, 26 mmol) and refluxed for two hours to form
quinoline-3-carboxaldehyde dimethylacetal (>99%).

o

Step (2): Preparation of quinoline-3-carboxaldehyde

20 The quinoline-3-carboxaldehyde dimethylacetal from above was treated in

accordance with Step (3) of Example 8 to obtain quinoline-3-carboxaldehyde.



of ethyl acetate. This was m xed to dissolve and the resubt@mﬁ'@ﬁli on
was cooled to 0-5 Cin an ice/water bath. 15 To this sol uti arged
1.03 g (VD 0N(nsse = 1.2 equiv)  of potassiumt- butoxide inp@rssigdos
portion. Continue stirring the mxture at 0-5 C. TLC at t = 2. hr.

reveal ed that the reaction was conplete. Acetic acid (506 ng = 8.4 nmol =
1.2 equiv) was themcharged to neutral i“%e the base. This m xture was then
washed with 5% sodi um 'bicarbonate solution until the agueous phase

remai ned basic. The m xture was di |ExamplgQ2M22h et hyl acetate as needed to

assist in the Shl n e was then .k concentrated rotary
evapor at i on to ge%pl{%ﬂg?g%? H%ﬁ?ﬂ"&f’tm’"}aﬁ@eﬂ?’?}d’és ﬁﬁfogpplfl(lbéﬁm be
recryst al hueBnt3u@bRWRLId. acetate/ heptane. Step (2): Preparation of
3-(3-quinolyl)-2-progen-1-ol 1-butyl carbonate 25 The et hyl

3- (3-qui nol yI) 2-propenoate was treated in accordance with Steps (1) -
(3), Exanple to obtain 3-(3-quinol ﬂ‘; [e0Pen- . .1-0ol t-butyl carbonate.
30 Exanpl e 22 Preparation of 3-(3-Qu )-—2 Prapen-1-ol t-Butyl
Carbonate via Condiepauiion ods-(DOuidlyine-Ho @ghexﬁbg@hm%m%ep (1)
Preparation of 3-(3-qui noltyl I ) pr openal Scherre ! rrpoun

2003 WD 01/ 00582 WEwoudensatigmolQuinolipe-3-Uar hregtite

equi pped wi th nechani cal sti rrﬁgs,chgépgp_@éﬂgmléggﬁﬁl and terrperature bat h
was charged 30.9 g (0.2 nol) qui dehyde and acetal dehyde
(50 m). The mixture was cooled to -10 C and a solution of sodium
hydroml X q . _has adde d drovm se keeping the

t enpetat uPERS §ayon acgtateor 30 i n.

Acetic anhydridg a(ﬁﬁmr.taouﬂaeoouaﬁ;mk%a&l phddEwifh eﬂag'.&ega) ‘éﬁ%@"aﬂ& %%g}ti&gfg}

(methyl acetate formed in the reaction was renobve
m xt ur e. wiine wgsladded: b1 3(17@ mamel 30 equivdNf BOnolis®3 whrbosaldehydeighd il hOXAD

nout 11 | 225eu et o b Bl RSP Etd B ebnfon Fouts Baieacilipg-s

cont ai ni ngC it af ielwatdObaths checked by TLC, system i sopropyl acetate,
visual i ze under_short UV). At the end of the reaction, the m xture was
cool elf to <30 @ thisisglusignyyasicharged HO3\gBdrmmali=il 2 aguiy) of potassium r-

butoxide in a single portion. Continue stirring the mixture at 0-5 °C. TLC at t = 2 hr.
revealed that the reaction was complete. Acetic acid (506 mg = 8.4 mmol = 1.2 equiv)
was then charged to neutralize the base. This mixture was then washed with 5% sodium
‘bicarbonate solution until the aqueous phase remained basic. The mixture was diluted

20  with ethyl acetate as needed to assist in the washing. The organic phase was then
concentrated by rotary evaporation to yield 1.1 g of crude product. The crude material can

be recrystallized from 10% ethyl acetate/heptane. -

Step (2): Preparation of 3-(3-quinolyl)-2-propen-1-ol ¢-butyl carbonate

25 The ethyl 3-(3-quinolyl)-2-propenoate was treated in accordance with Steps (1) -
(3), Example 7 to obtain 3-(3-quinolyl)-2-propen-1-ol z-butyl carbonate.

Example 22
Preparation of 3-(3-Quinolyl}-2-Propen-1-ol ¢-Butyl Carbonate

30 via Condensation of Quinoline-3-Carboxaldehyde

Step (1): Preparation of 3-(3-quinolvl)propenal (Scheme 7. Compound (9))



washed with 2 X 150 nL isopropyl acetate. To the aqueous Iﬁ)tﬂpEgammhen
added iso acetate (500 nL) and the pH was brought t

neutral i PH Sﬁth sodi um carbonate. The organic | ayer ®kSS/¢¥94p4ded and
concentrated to a snmall volume until the 15 product starts to crystalli ze.
The m xture was stirred for 30 mn. fil4t-f-,ered and dried to give 18.5 g
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Preparation o Qui nol yl ) - 2- Propyn-1-o0l D cycl ohexyl Carbanate
(Scheme 1cari@umiso qrgamic layer was separated and concentrated to a small volume until the
15  product starts to crystallize. The mixture was stirred for 30 min. filtered and dried to give

18.5 g product as a light yellow solid. A second crop (5.4 g) was collected by

concentration of the mother liquor and filtration of the solid product followed by washing

with M]:BE (25 mL). Total yield, 23.9 g (66%). The NMR of the product was consistent

with the proposed structure.

20
Step (2): Preparation of 3-(3-quinolyl)-2-propen-1-ol (Scheme 7. Compound (3))

A mixture of 3-(3-quinolyl)propenal (10 g, 54.6 mmol) in methanol (50 mL) was
cooled to 0 °C and to this mixture, sodium borohydride (1.03 g, 27 mmol) was charged in
small portions keeping the temperature below 10 °C. After the addition was complete, the

25  mixture was stirred at 23 °C for 90 min. until the reaction was complete as monitored by
TLC (isopropyl acetate, visualize under uv). To the mixture, saturated ammonium
chloride solution (20 mL) was added and the mixture was stirred for one hour. The
mixture was then concentrated under vacuum at 45 °C to rémove methanol. The product
was extracted in isopropyl acetate (150 mL), and the solvent was evaporated under

30  vacuum to dryness. The product was triturated with MTBE (40 mL), filtered, washed with
MTBE (10 mL) and dried to givé 3-(3-quinolyl)-2-propen-l-ol (6.6g, 65.4%) as a light

yellow solid. The NMR of the product was consistent with the proposed structure.
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stirred for 2 hours at 0 °C and then allowed to warm up to room temperature over a period

15 of 6 hours by which time the reaction was determined to be complete. The reaction
mixture was worked up with MTBE (50 ml) and 10% NH,C! (25 ml) and the organic
layers were concentrated to an oil. The purity compared to the standard was 94% and was
used as-such. Yield =2 g (95%).

20 Example 24
- Preparation of 3-(3-Quinolvl)-2-Propyn-1-ol Diphenyl Carbamate

Scheme 1. Compound (1))
To a dry three-necked round-bottom flask equipped with nitrogen inlet and

W

overhead stirrer was charged 3-(3-quinolyl)-2-propyn-1-ol (5 g, 27 mmol) in THF (50 ml)

25  and the solution was cooled to 0 °C. Potassium #-butoxide (3.6 g, 32 mmol) was then
added followed by diphenylcarbamoyl chloride (6.9 g, 29.7 mmol). The mixture was
stirred for 2 hours at 0 °C and then allowed to warm up to room temperature over a period
of 6 hours by which time the reaction was determined to be complete. The reaction
mixture was worked up with MTBE (100 ml) and 10% NH,4Cl (50 ml) and was

30  concentrated to Y the volume. Heptane (75 ml) was added and the product was
crystallised out. Yield = 8.3 g (80 %).
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Exanpl es 28 illustrates a nethod foExgmplad ng an allyl carbonate conpound
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Preparation of 3-(3-Quinolyl)-2-Propyn-1-ol Morpholine Carbamate
15 - (Scheme 1. Compound (1))

To a dry three-necked round-bottom flask equipped with nitrogen inlet and

overhead stirrer was charged 3-(3-quinolyl)-2-propyn-1-ol (2 g, 10.8 mmol) (Scheme 1,
Compound (3)) in THF (20 ml) and the solution was cooled to 0 °C. Potassium t-butoxide
(1.34 g, 11.9 mmol) was then added followed by morpholine acid chloride (1.95 g, 13

20 mmol). The mixture was stirred for 2 hours at 0 °C and then allowed to warm up to room
temperature over a period of 6 hours by which time the reaction was determined to be
complete. The reaction mixture was worked up with MTBE (50 ml) and 10% NH,4CI (25
ml), concentrated to an orange oil, and purified by column chromatography using heptane
and ethyl acetate as eluant. A total of 1.4 g was obtained as pure fraction (100%). Yield =

25 14g(44%)

Example 27
Preparation of 3-(3-Ouinolvl)-2-Propen-1-ol Imidazole Carbamate

(Scheme 1, Compound (1))
30 To a dry three-necked round-bottom flask equipped with nitrogen inlet and
overhead stirrer was charged 3-(3-quinolyl)-2-propen-1-ol (5 g, 27 mmol) (Scheme 1,

Compound (3)) in CH,Cl, (50 ml) and carbonyldiimidazole (4.82 g, 29.7 mmol) was



general formula (1). 10 Exanple 28 Preparation of Alyl t- Butyl Car bonat e
A 3-L three-necked round-bottom flask equipped with mechan] @aDEth‘mal ng, a
ni trogen wal @isekgapt er and a pressure equalizing addition fwﬁ;}@

charged with ally] alcohol (149.5 g, 2.57 nol), di-tert-b oPcarbonate
(510 g, 2.34 nmol), and CH2Cl12 (1200 nL) and cooled to O C. A 0 C solution
of 30% NaOH (aq.) (1000 ni, 7.5 mol, 3.2015 equiv) was added dropwise to
the rapidly stirring solution at such a rate that the internal
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was stirred 0O C for u lLor to workup. -The crude reaction
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afford about 300g of a yeI I ow oil. The crude product was purified by
fractipnal distillation, b.p. 96 C aé 70 %‘g affording the product as a
coIorI ss oil, 250.3 g (68%. The pr le a b.p. of 96 Cat 70 mmtg.
'H NMR (CDC13, ER&pi¥iz3 ill d for: Ls,
2H), 4.55 (appar d%ubl et l%%étterg?pgfléeqlg err&»a%ngaaﬂ%‘l&l I—i?éﬁa%&&ﬁﬁ%&?%%

75 25 wgen@alf@muia(llsl 9, 118.3, 81.9, 67.4, 27 6. M5 (NH3, Cl): 176 (M

NH4)"". Anal Calc'd for C&H1403: C,60. 7 H, 8.92. Found: C, 60.95; H,
8.96. WD 01/00582 51 5 10 (1) alkyl M-&I koxy, (irii) aryl, (iv)

nitro, and (v) halo; r -NR3; 15R3|s
hydro?§: Cl- C6- al kyl or a%r arz%io ther forman
aromatfc or non-

A 3-L three-necked round-bottom flask equipped with mechanical stirring, a
nitrogen inlet adapter and a pressure equalizing addition funnel was charged with allyl
alcohol (149.5 g, 2.57 mol), di-tert-butyl dicarbonate (510 g, 2.34 mol), and CH,Cl, (1200
mL) and cooled to 0 °C. A 0 °C solution of 30% NaOH (aq.) (1000 mL, 7.5 mol, 3.2

15 equiv) was added dropwise to the rapidly stirring solution at such a rate that the internal
temperature did not rise above 20 °C (about 1 hour). The reaction mixture was stirred at
20 °C for 2 hours prior to workup.
The crude reaction mixture was partitioned between 1 L water and 500 mL
CHCl,.The organic layer was separated, washed with 1 L water and 1 L saturated NaCl
20  solution, dried over MgSQ;, ﬁltered and reduced to dryness in-vacuo, to afford about 300g
of ayellow oil. The crude product was purified by fractional distillation, b.p. 96 °C at 70
mmHg, affording the product as a colorless oil, 250.3 g (68%). The product had a b.p. of
96 °C at 70 mmHg. 'H NMR (CDCl;, 300 MHz): d 5.95 (m, 1H), 5.3 (appar quartet of
quartets, 2H), 4.55 (appar doublet of triplets, 2H), 1.49 (s, 9H). *C NMR (CDCl, 75
25 MHz): d 153.1,131.9, 118.3, 81.9, 67.4, 27.6. MS (NHj3, CI): 176 (M+ NH,)". Anal
Calc'd for CgH,1403: C, 60.73; H, 8.92. Found: C, 60.95; H, 8.96.



aromatic ring, conprising the steps of: (a) preparing an ijng § te
sel ect edh‘t @g&o_ i) R-C=CCH20R4, wherein R4 is hydrogen or aﬂ%ﬁ

protecti 65 group; (ii) R -CH=CHC(O) OR5, wherein R5 is GCHBSM@H6408vner

al kyl; (iii) R -CH=CHCH(OR6) (OR ), wherein R6 and R7 are independently Cl
to G alkyl; (iv) R-CHCHC(OOH, 25 (y) R -CH=CHCHO, and (vi) R - C =
CCH2-OC (O-X-R 2 ; (b) reducing or deprotecting an internedi ate obtai ned
in step (a); and (c) optionally coupling the conpound obtained from step
(b) with an acylating reagent. 30 WHAT IS CLAIMED I'S: 1 0 DEC 2003

PCTI US00/ 16404WHAR ISTOLASMEI 187 epari ng a conpound of the formul a

R - CH=CHCH2OC(0) - X-R2 (1), wherein R is independently selected from
hydrogen and qui nolyl optionally substituted wth one or nore of. 2. The

process accordj ng t i ﬁgﬂié Ebpﬁgli i or t-butyl. 1 0 DEC
2003 WO 01/ 00?82 Péf&%ﬁ@fg . ) ngdgﬁg%gogg%éfccor ding to daiml.,
. WhereiSn the internedi ate of Rid?HeCH(DI—&O@((I)ﬁG@%Z@}M is obtained by a
process conpr.i siing.the steps of reacting, a haloquinoline wth propargyl
B oohor oYheiahaf indipettenly seegsd Baim Brispes s AAQl A anal s bites
wher ei N Réith SndWdneResE: or a hydroxy protecting group. 5 4. The process
according to Caiml, wherein the internediate of the formul a

(i) alkyl,

(i)  alkoxy,
10 (i)  aryl,

(iv)  nitro, and

) halo;

R? is C)-Cyo-alkyl;
X is -O- or -NR?;
15 R®is hydrogen, C-Ce-alkyl or aryl; or R? and R taken together form an aromatic or non-
aromatic ring,
comprising the steps of:
(@)  preparing an intermediate selected from:
@) R‘-—CECCHZOR4 , wherein R* is hydrogen or a hydroxy protecting
20  group; _
(ii) R'-CH=CHC(O)OR’, wherein R’ is C; to C¢ lower alkyl;

0 (i) R-CH=CHCH(OR®)(OR’), wherein R®and R’ are independently C;
to Cs alkyl,;

(ivy R'-CH=CHC(O)OH;
25 (v)  R!'-CH=CHCHO; and
(vi) R'-C=C-CH,-O0C(0)-X-R%;
(b)  reducing or deprotecting an intermediate obtained in step (a); and
(c)  optionally coupling the compound obtained from step (b) with an acylating
reagent.
30

2. The process according to Claim 1, wherein R? is isopropy] or t-butyl.



" an al

R -CH=CHC(O ORS, is obtained by reacting a vinyl ester of he formul a
CH2=CHC(O) OR5, wherein R5 is C to C6 alkyl, with a haloqu IﬂEﬁeZUUQOS
The procegsp dgwesdi ng to Caim1l, wherein the i nt er medi at epefm{gagng&r mul a
R -CH=CHC(O ORS, is obtained by reacting an ester of the fo

CH3C(O ORS, wherein RS is C to C6 alkyl, with a quinoline

car boxal dehyde. 6. The process accordi ng'?.to Claiml1l, wherein the
internediate of the formula 15 R -CH=CHCH(OR6) (OR 7), is obtained by

reacting an acstal qfhetﬂ}ecésgam&cﬁnQ&c@lﬂQﬁ(mmﬁ’e Hem\é’eﬁfe%ﬂhg%ﬁma R7

are independently C, to C6 al kyl, with haloquinoline. 7. The process

accor di ng R'e C2@CHLOR’ 20
CH:CHC( OM™is H%)t ai \rﬂmﬂg&gg’@ﬂyg?é’r %ﬁé&gh%g% tgﬁﬁg};ﬁﬁr%ﬁﬁkgr mul a

|, ." - CH=Chalogyiorkine mthmepqsrgwécs@oh@ stitgted praglargyiraltoholtoé e fortrinin
intermediate of the formula B CH=CHCHO i s obt ai ned by reducing the

i nt er medi :H%—&CH&RuJ whﬂ'cx ishy diagei GRE)YABRY) pro@ctifghgropp.ocess accor di ng
to Claim1, wherein the internediate of the formula R -CH=CHCHO i s

obt ai ned via condensati on of acetal dehyde with quinoline carboxal dehyde.

30 1 0 DEC 2003. WOTht/H0&SR2 ad¥erdikg &00iaiko 4 0#héréin tﬂ@mtéﬁ'ﬂ@dxﬁfe%‘%ﬁé f&afps di ng

to daiml, wherein the,internediate represented by the fornula
R - C=CCH, BRCETCRC(@QRGHs obiainejl by rerctingviay hesterfof mfgtrelpia(a) is reduced

by met hOd%\kﬁL@ﬁ%%ﬁgs er rre%w (pgg@a%lkglat ‘3‘ jﬁlag%-ﬁ rocess according to

Claim 10 erel ?ogen gas and a
netal catal yst selected from pall adi um and pl ati num cat alysts. 12. The

proce accordi_ng t Cl ai m 10, erel internediate i s treated with a
ﬁfﬂ num hydri de rhéaﬂj%?ﬂss QWBVQ mb therein theaniesmediate of ihg farmads um-

and. pl ati pi st I&z% 5 wherein
the inter !r}e{jq}zlafg}{g?éﬁk l%?‘r’r%ﬁedgg?eagﬁgéﬁég? %?géb@gﬂ% gduc %kt ’h an
al um num IwghdrqudB issGgterTs alkyl, with a quinoline carboxaldehyde

6.  The process according to Claim 1, wherein the intermediate of the formula
15 R'-CH=CHCH(OR6)(OR7), is obtained by reacting an acetal of the formula
CH,=CHCH(OR®)(OR"), wherein R® and R are independently C; to Cs alkyl, with

haloquinoline.

7. The process according to Claim 1, wherein the intermediate of the formula
20 7 '-CH=CHC(O)OH is obtained by hydrolyzing a compound of the formula
i!-CH=CHC(O)OR’. i

8. The process according to Claim 1, wherein the intermediate of the formula
R!-CH=CHCHO is obtained by reducing the intermediate of formula R'-
25 CH=CHCH(OR®)(ORY).

9. The process according to Claim 1, wherein the intermediate of the formula
R!-CH=CHCHO is obtained via condensation of acetaldehyde with quinoline
carboxaldehyde.

30



15 14. " The process according to aim1l, wherein the i ;? of t he
formul a CHO or R - CH=CHC( O) CH obt ai ned fromstep s reduced
using a b‘%(gg_.ozsggdum ng agent or an al unminum hydride reag L/l ‘We
process according to Caim14, wherein the boron reducing agent is
selected fromthe group consi stl ng of gi3borane conpl ex reagent or a
borohydri de reagent. 16. The process according to Caim15, wherein the

bor ane corpl X, S04 ol eesael SERET ELAGDRRARS: AL IR UL S hicq by

bor ane-t et rahydr'of uran rane-p

bor ane- i o] t Ryl C Hor.ane b t pe,
bor ane- ﬁqh? Il slg%r%pgzﬁt%] t(%ﬁnﬂnﬁeﬁym@-d@r&r@%ﬁ Rn&h‘%"‘e r(OHg?%RgaT
-di met hy| atine)dby meihods ofatayir-sédmehhdlopaiapbel i ne, and

bor ane- 4- net hyl nor pholine. 17. The process according to Caim15, wherein
t he borohydride reagent is selected from borane, borane-nethyl sulfide,

‘borang et hyl s 1 | don LAl euehoRAERTE 10 30nbth b AR ANNIL i catodh U

bor ohydride, |1thium pot assi um 2003
WO 01/ OOBQQIrGQEﬁ/gdS@ﬁd  owa] c&élyit&ele]:’tcd fmmpﬁbﬂxmm&ipiaﬁmnh(&a@ﬁtsm 12, 13 or
14 wherein the alum num hydride reagent is selected fromthe group
consisting of lithium alum niumhydride alone or with A CL3i dii sobut yl

al umi num hydri ge, apge ﬁ&@éggm&mﬁgtm&hﬁwe@mﬁkﬁé iRt Rliedfd

tol uene. 19. The process accordi ng Caim1l, wherein the corrpounc}b
formul a & algngoiH bpidie rXagent ands rottalacratﬁﬂéxﬁt b@le%tdjfybmrmlladlunmreipimm e of
t he fl?lr a"t'lal R - C=CCH20R4 with an acyl ating reagent. 10 20. A process of
:preparlng a ?’rpound of the formula: O OXR2 Xis -0- or -NR3-; R is
i'ndependently sel ected from hydrogen and qui nolyl optionally substituted

with one or npre substituents selected from 15 .i) alkyl tglll) al koxy,
13.  The process according to Claim 1, wherein the mtermcdxate of the formula

R'-CH=CHC(O)OR’ is reduced with an aluminum hydride reagent.

15 14. ©  The process according to Claim 1, wherein thé intermediate of the formula
R'-CH=CHCHO or R'-CH=CHC(0O)OH obtained from step (a) is reduced using a boron
reducing agent or an aluminum hydride reagent.

15.  The process according to Claim 14, wherein the boron reducing agent is

20  selected from the group consisting of a borane complex reagent or a borohydride reagent.

16.  The process according to Claim 15, wherein the borane complex reagent is
selected from borane-dimethyl sulfide, borane-tetrahydrofuran complex, borane-pyridine
complex, borane-morpholine, borane-trimethylamine complex, borane ¢-butylamine,

25  borane-N,N-diisopropylethylamine, borane dimethylamine, 4-(borane-

dimethylamino)pyridine, borane-4-ethylmorpholine, and borane-4-methylmorpholine.

17.  The process according to Claim 15, wherein the borohydride reagent is
~ selected from borane, borane-methyl sulfide, borane-methylsulfide 9-borabicyclononane,
30 lithium borohydride, sodium borohydride, lithium borohydride, and potassium
borohydride.



(iii) aryl, (iv) nitro, and (v) halo; 20 R2 is G -Cl0-al 0;DF3 zgp
hydr ogen \96090659?' al kyl; or R- and R3 taken together forman arona ?c or
non- aromatic ring; and R8 is selected fromthe group consiF&I/PYPoaFd04( i)
-CH=CH R', wherein R' is hydrogen or alkyl; and 25 (ii) -C=CR' conpri sing
the steps of (a) reacting a conpound ofs4he fornmula: t 0 DEC 2003 WD

01/ 00582 PCT/ USO0/ 16404 CHO or 55 CHO -IN XI wherein X is a halide, with

an organonetal fgc c f r -M X . wherein R8 and
X1 are as defi k\%d aﬁg@vgru g%agﬁﬁoﬁéiﬁﬁé{?gw LI{élllnic?q?'b rqg’p‘?li?eéﬂgltffﬁ/hm%@éwgf‘ fig
t he conpotsagenlix seleated from titeapomdonsivtiag@if litHREmi zﬂumfni@h"lggﬁhe Qlons\¥PSidht ut ed

al kynyl , af ford the correspondi ng conpound wherein i s al kenyl or
substit ut é‘gmé’l ‘{yé?mtyl %‘H?W&@F‘BE%’% sodubR Bishyymeshaaygihoxaluminanehydridee
metal is agRegd. umor |lithium 10 22. The process according to O aim20.,
conprising the steps of reacting a conpound of the formula: N' 'X
wherei’h X is a halide, with a magnesi um hal i de conpound and an al kyl

lithium 15 coygo an_al c%ol i C fol vent.. 23. The process of preparing

u in
a conpound aCC{(;BI")di nt"TBOEAROBETE ihElaamnl, whereig the campaund of s Bormalay de i s
obt ai ned Ry—&ﬁécﬂg%?éﬁxwg l)gtla{xll%d tbr)]/eco%}t)l?rPgS ar? In'termediate of the formula

R'-CECCH20R4 with an acylating reagent.

10 20. A process of preparing a compound of the formula:
0

A
D

X-R?
R®
X is -O- or -NR*-;
R'is independently selected from hydrogen and quinolyl optionally substituted with
one or more substituents selected from:
15 i) alkyl,
(ii) alkoxy,
(iii) aryl,
(iv) nitro, and
(v) halo;
20 R?is C;-Cyo-alkyl;
R is hydrogen or Ci-Ce-alkyl; or R? and R? taken together form an aromatic or non-
aromatic ring; and |
R is selected from the group consisting of:
(i) -CH=CH-R" yherein R" is hydrogen or alkyl; and
25 (ii) -CECR”;
comprising the steps of:

(a)  reacting a compound of the formula:



(a) reacting a 2-hal o-quinoline-3-carboxal dehyde havi ng aifﬂ)rDﬁU CHO 20

N "Xl 561/ 3% is a halide, to a 2-hal o-quinoline-3- carboxalde d

. acetal having a formula: R90,,.0ORL H 0 DEC 2003 WO 01/ 0058BCPEYI(&HE, 16404
56 wherein, X1 is a halide and RO and R10 are each independently C, to C6

| ower al kyl, by reacting with an alcolsl of the fornmula R9-CH, wherein RO

is C to C6 lower alkyl, or with an orthoformate of the formula HQ OR

)3, wherein RL is C, to C3 Iovver 8Q (b)..deha ogenehiong t he

2- hal o- qU| nolllne 3-c# : et al a

i hawrng fornul a: JROOORLIO N H (c¢)

hydroly2|ng the qui nofNge-aR ardoxal dehyde he process

.according to Claim. 20, corrpr't‘5| ng the steps of. No (a?( reacting quinoline

car boxal defieréle XMis hhafieatfhands éiﬂﬁnetalﬁ@):oxhﬁ&ﬂfd S¥aht PR %&Egr o ned
In step Wi th

in step (g,  and ) co pllng t he conpound oODbt ai ned
‘acyl at i né( wéargm&é: QC ap defingrbahaye ahd Misguetell ahdom  ( a)

R - CH=CHC( O tl t f d d
qui ol y1 opti o0t 19 PaEb Rk SaraiiER H 3o tad B an e Gy whereia Hom (1)
al kyl's (i) al koxyall(ymyl or subytituted alynyl,tto afforidle em)re:%h ng c8Mgoldd is C to
C6 | ower al kyl; 20 (b) .R CH:CHCH(CRG)gd? wher ei n R? are

i ndependent |y C1 tvgle(%n& islkenylor substituted alkeny!.

21.  The process according to Claim 20, wherein the metal is magnesium or
lithium.
10
22.  The process according to Claim 20, comprising the steps of reacting a

compound of the formula:

7 | _CHO
™
NT Dy
wherein X' is a halide, with a magnesium halide compound and an alkyl lithium

g

15 compound in an alcoholic solvent.

23.  The process of preparing a compound according to Claim 20, wherein the
quinoline carboxaldehyde is obtained by the process comprising the steps of:

(@)  reacting a 2-halo-quinoline-3-carboxaldehyde having a formula:

_A~_-CHO

N
20 N7 x

wherein X' is a halide, to a 2-halo-quinoline-3-carboxaldehyde acetal having a formula:



(c) R-CH=CHC(O OH, (d) R -CH=CHCHO, and (e) R -CC CH2- OC{qQ)-PER2003
wherein R2 is C -Cl0-alkyl; Xis -0- 25 or -NR3; and R3 is hydrogen,
C, - C6- al kYO 0r0638%/| ; or R2 and" R3 taken together form an arcan®dooa sddi
non-aromatic ring; and (f) R -CH=CHCH2OH. 26. A process for preparing a
conmpound of formula WO 01/00582 57 RlGR-lgg:l-lcl-l OCO-X-R (I), 10 DEC

2003 PCT/ US00/ 16404 X is -0- or -NR3-;
hydr ogen and quin
subst i t uenWherstl, &ctied halidmandR ( and B

nitro, and
Cl- C6- al kyl°

R - CH=CHCH20OR4, wherein R4 is

I s i ndependently selected fro
ql yl o.tional$y suRstituted with one or nore

m

lag¢ ¢ach (ndeperadektdx €, to Ci lower alkyl, by (i V)

: is O - C10s | R3 is. hyd
o $36 551 RS e ot s v
ring; conpn erthfoirhiste $f deForhula(HO(TR €RawhéeinR '€ A0 166 el znﬁypj ormul a

drogen or a hydroxy protecting group;

h

(b) optionally Gﬁproé@fé\l?maﬁ%t% erdinglinexd watbokaldeltydp a¢eaayl o dorah & )

react | Bg aq SRRl RIM:PhA i H R, 20H wi th an acylating
20 . p or paring &

agent .

rocess prepar conmpound of formula

R - CHECHCH20C(O) - X-R2 (1), X is -0- or - NB8-: R

10

15

20

25

24.

25.

(c)

26.

= l H
.
N
hydrolyzing the quinoline-3-carboxaldehyde acetal.

The process according to Claim 20, comprising the steps of:

(a) reacting quinoline carboxaldehyde with an acetaldehyde;

(b)  reducing the compound obtained in step (a); and

(©) coupling the compound obtained in step (b) with an acylating

reagent.

A compound of selected from:

(@  R'-CH=CHC(O)OR’, wherein R' is independently selected from
hydrogen and quinolyl optionally substituted with one or substituent
selected from (i) alkyl, (ii) alkoxy, (iii) aryl, (iv) nitro, and (v) halo;
and R® is C, to Cg lower alkyl;

(b)  R'-CH=CHCH(OR®)(OR’), wherein R®and R are independently C;
to C¢ alkyl;

(¢©9 R'-CH=CHC(O)OH;

(d) R'-CH=CHCHO; and

(e) RI-CEC-CHz-OC(O}X-RZ; wherein R? is C;-Cyo-alkyl; X is -O-
or -NR>; and R? is hydrogen, C-Ce-alky! or aryl; or R? and R? taken
together form an aromatic or non-aromatic ring; and

(H  R-CH=CHCH,OH.

A process for preparing a compound of formula

15

g



R is independently selected from hydrogen and qui nolyl o')t' glz j
substituted \w.bh, one or nore substituents selected from ﬁE I Qﬂ , 25
? ri S0O184%4) Ky ;

(ii) al koxy, i'Ti) aryl, (iv) nitro, and (v) halo; R2 iR
30 R3 is hydrogen or C -C6-alkyl; or R2 and R3 taken together form an
aromatic or non- aromatic ring; conprisisng the steps of: W 01/00582 58 1
0 DEC 2003 PCT/ USOO 16404 (a) preparing a conpound of the formula

R -C=CCH2-0OC(O -X-R2; and (b)_hydrogenating t he_conmpound obtained in
step (a). 28. The process accorﬂlp'ﬁéh(g‘l@ﬂﬁ%%)@(&z 270), wherein the

acylating re gq?_i@_l\}g{di -tert-butyl dicarbonate. 29. A conpound havi ng
the formul a 33~ - 2CH=CHCH2OC(O) - X-R2 or R1 R8 (1) (Il) 10 Xis -O

.or -NR3-; R R'ss iﬂddpéiﬂ@dﬂ’ylEél&ctéiﬁﬁrﬁﬁh?&oéé@ﬁﬁd%&ﬂ%?ti@ﬁﬁi‘ﬂ%g@ﬂuﬁd with

optionally substituted with one or nore substituents select rom (i)
al kyl,  (i9P¢ oAmpyR pubstituents selecteddiam: (iv) nitro, and (v) halo; R2 is
- C, -G ozal kyl ; R3(i'>)s gﬁéﬂf ogen or Cl-C6-alkyl; or K2 and R3 taken together
forman aromatic Or non-

(i) alkoxy,

(1ii) aryl,
(iv) nitro, and
(v) halo;
10 R? is C;-Cjo-alkyl;
R?is hydrogen ér C,-Cs-alkyl; or R? and R? taken together form an aromatic or non-
aromatic ring; comprising the steps of:
(a) preparing a compound of the formula R'-CH=CHCH,OR"*, wherein R is
hydrogen or a hydroxy protecting group;
15 (b) optionally deprotecting the compound obtained in step (a); and
(c) reacting a compound of the formula R'-CH=CHCH,OH with an acylating
agent.
27. A process for preparing a compound of formula
20 R'-CH=CHCH,0C(O}-X-R* (1),
X is -O- or -NR?-;
R' is independently selected from hydrogen and quinolyl optionally substituted with
one or more substituents selected from:
(i) alkyl,
25 (ii) alkoxy,
(i) aryl,
(iv) nitro, and
(v) halo;
R? is C;-Cy-alkyl;
30 R3is hydrogen or C,-C¢-alkyl; or R? and R? taken together form an aromatic or non-

aromatic ring; comprising the steps of:



20 aromatic ring; and R8 is selected fromthe group consis

i)
-CH=CH R', wherein R' is hydrogen or alkyl, and; (ii) - éFﬂgD EC 206
WO 01/00582 : PCT/US00/16404

58

(2) preparing a compound of the formula R'-C=C-CH,-OC(0)-X-R%; and
(b) hydrogenating the compound obtained in step (a).

28.  The process according to Claim 26 or 27, wherein the acylating reagent is

5  di-tert-butyl dicarbonate.

29. A compound having the formula
(o]
R'-CH=CHCH,0C(0)-X-R? or R'” RS
D ' I
10 X is -O- or -NR>;

R'is independently selected from hydrogen and quinolyl optionally substituted with
one or more substituents selected from: '
(i) alkyl,
- (i1) alkoxy,
15 (iii) aryl,
(iv) nitro, and
(v) halo;
R? is C;-Cjo-alkyl;
Rlis hydrogen or C;-C¢-alkyl; or R? and R taken together form an aromatic or non-
20  aromatic ring; and

R? is selected from the group consisting of:
(i) -CH=CH-R", yperein R"' is hydrogen or alkyl, and;
(ii) —~c=Ccr!!

0,





