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Technical Field of the Invention
5 | The present invention relates to the preparation of quinoline-substituted carbonate
- and carbamate derivatives, which provide important intermediates in the synthesis of 6-O-
substituted macrolide antibiotics. In one aspect, the invention relates to the processes for
preparing quinolyl-substituted carbonate or carbamate compounds and processes for
preparing the compounds via an alkenol derivative. In another aspect, the invention
10 relates to preparing carbonate or carbamate compounds via a quinoline carboxaldehyde or

a derivatjve thereof,

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
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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;
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Vari ous net hods are disclosed for preparing quinoline-substituted
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sui tabl e substrate from whCgloveerglkyhol i ne-substituted al kenol is obtained
or the 15 |nterrred te i e rogenated to obtain carbonate or
.carbamate derivati g) ofﬁt%lg'[l éﬁdﬂﬁﬁg " In one aspect, the invention
relates to a procesy)of Rﬁ@@:&cng}mcorrpound of the formula:

R - CH=CHCH20C( O - X-R2 (1), 20 wherein R is independently selected from
.hydrodgen and qui nol i) opR e@ﬁd-ﬂ}gu{b{g(c())t-)dt}édanwth one or nore of: 25 (i)
al kyl, (i) aéé(oxy, (i) aryl, . (iv) nitro, and 81/) hal o; RRis
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or R2 and R3 ke he
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G5 Towbr ol oy TOTREae ()i Viie 08 sef st 1 Rish s aawAlkena] pspive.“The

g!l kC:quméﬁﬁMdanJeh a cUPIif) FealRomiith BA a8y18tinAARENORR Ek e acyl Balfdis! Over
Y 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



(iv) R-CHCHC(OOH, (Vv) R-CH=CHCHO, 5 (vi) R-CzC—CHZ-OCéﬁ) %’Qand
(b) reducing or deprotecting an internedi ate obtained in st PE‘; ad (c)
optional | weoug@ssng t he conpound obtai ned fromstep (b) w tpeTAs08G¥403t | NO
reagent. Internediates (i) through (v) can be reduced to provide the

al kenol derivative. The 10 al kenol undergoes a coupling reaction with an
acyl ating reagent, for exanple acyl hal i les, acid anhydri des, carbanoyl
hal i des, and acid derivatives of aromatic and non-aromatic heterocycles,
to afford coRpoRhatsl Xfard ax praviaugly Mefihet endRYisatlecked fonras ghupdionsistihy

hydr ogenat %d to provide conpound (1). Therefore, one process for preparing

a compoun®of formula (1) via the al kenol 15 generally conprises: 20 (a)

preparing a conpogydcaf=ther Fophrtb I ijarddehieRty; Whgrein R and R4 are
as previously defined; (b) optionally deprotecting the compound obtai ned
in step (a); and (iﬁ)c)-oze@Rt”i_ng t he conpound of the formula R - CH=CHCH2OH
with an acylating ‘agent. An alternative process for preparing the
conpouhd dfhefpspenss eorppiisesahpstepesf. (a) preparing a conpound of the fornmula
R-CCCH2-0C(Q): X-R-' .. wherein nd. R2 .are as previously defined; and
(b) hydr ogenat %b tﬁga@&%fﬂmpodﬂgé’lfﬁ}f&q%“}gt ep (a). 25 In another aspect,
the invention relates to g progess gfopreparj onpaHl of the

formula: D Ok XR2 R A7) Wwerein 1 200 O 01/ 00582

PCT/ USO0/ 16404 4 R, d X 4k e asrpre (deined, and R8 is
selected fromthe groupSsgu h g N X!

wherein X' is a halide, with an organometallic compound of the formula R®-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.
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Description of the Invention A nunber of terns are used herein to
desi gnat ebrgashed ehrinrsatirated hydsoesrbantredipsl egutaining fera it Grearbwmeatoms. used, the

fo l‘ | oy ngEML&QﬁW@f glkglmreaﬂgf?groups include, but are not limited to, methyl, ethyl, »-
h propyl, isopropyl, n-butyl, isobutyl, sec-butyl, z-butyl, pentyl, hexyl, and the like.

The term "alkenyl" as used herein refers to straight- or branched-chain
hydrocarbon radicals containing between two and six carbon atoms and possessing at least
one carbon-carbon double bond. Examples of alkenyl radicals include vinyl, allyl, 2- or 3-

15  butenyl, 2-, 3- or 4-pentenyl, 2-, 3-, 4-, or 5-hexenyl, and the like, and isomeric forms
thereof.

The term "alkynyl" as used herein refers to straight or branched-chain hydrocarbon
radicals_gontaining between two and six carbon atoms and possessing at least one carbon-
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
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Exenpl ar y esgen ae coptemplated gpd copsadered ag nepmpassed within the
di -tent-by o?lih‘é m@@fn%rmtg% é')\?zﬁ'mlﬁﬁhnéys%ﬁa R Giohs RUhY kistysgy of or mat e

(not 30 co rC|a y aval
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di phenyl caﬁcbgja;py{hegéalforl de, diisopropyl carbanmoyl chloride, norpholine
acid chloride, carbonyl diimdazole, and the |like. Conmonly owned, U. S.
Appl i cation SePnemaRper of prepaning e alkenokintermediateinyalves e@mling a propargyl

alcohol with a haloquinoline, and reducing the compound obtained therefrom to the

20  corresponding alkenol as exemplified in Scheme 1, below.



describes a nethod for preparing 6-0-substituted nmacrolide 1dpr%g@tz'u fs
which relates to 5 the coupling of substituted or unsubstitule I y

car bonat e¥8018%Ehomat e derivatives with a macrolide core, PERAIS00/16404
particularly a ketolide core. The nethod exenplifies one nmethod of a
nunber of syntheses avail abl e introduci substituted or unsubstituted
allyl carbonate and carbomate substituents onto a parent conpound core.
Nuner ous processes for preparing the internediates and the correspondi ng
10 carbonate or carbamate conpounds t he¥demeh are descri bed herein.

Exempl ary processes followin Schenes 1-7, which are intended to
illustrate a process of the jnvention and are not neant to limt the
scope of the invefiro# MNy—-ahy way. |soneric HpowigRt descri bed
in the Schenes & pl at gd=ritsh omisi de onpassed W thin the
scope of the cl aNpe +ent | om—Vartous—Thakg Q pdi fications to the
.di sclosed 15 enbodi ggnts will be apparent to hoséN'skilled in the art.
Such changes and nodifications are within the (ghrvi ew of the invention
and can be made w thout departing fromthe spi riit and scope thereof. One

manner of preparing the al kenol internediate inyolves coupling a propargyl
al cohol with a hal oqui noline, and reduci ng the gonpound obtai ned therefrom
to the 20 correspondi ng al kenol as exenpli f | i B~C @{m_—_-'éch pw. WO
01/ 00582 Scheme | CH CCH2OR4 (2) 10 DEC 20¢ gF1 USO/ 16404 C= CCH20R4
HC=CHCH2OR4 (3) H=CHCH20C(O) - X-R2 zz~s N (I Adegrdlng to Scheme 1, a
commerci al ly avail abl e hal oqui noline (L) wherein is bromne, chlorine,
or-iodine, is reacted with substituted or unsuBBtituted propar gyl al cohol
in the presence of a base and a pall adi um basedlcat al yst. The reaction is

carried out at a
mH=CHCH200(O)-X—R2
o
N

Y

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  temperature 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.
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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.
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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
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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



reduction with an alum num hydri de-type reagent, which respectjvel

produce the cis and the trans isoners of 10 an al kenol i nilel BEL ﬁﬂ as

i | Tustratgeedpbay. Scheme 2 3 trans In Scheme 2, the cis ig Oéfi ﬁl s) of
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with an al uminum hydride type reagents affords the trans isoner
(3- trans)am{nﬂg’/‘ﬁﬁ"t‘%%ﬁkf’ﬁéereact|on is carried out from-20 Cto 25 C.
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exanpl e, lLithium alum num hydride, diisobutyl
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anhydrous. 20 tetrahydrofuran. The reaction can also be carried out in
pol ar apr®PM€r sol vents, such as di net hoxyet hane or nethyl-t-butyl ether,

and oo g;t;g{mgggcm%aly (e ion WERHEF ol Al 150 LGB, ArublifulhaGL ' ©
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. -
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3-trans) obtained fromthe reduction reaction to convert the alcohol to a
desired carbonate or carbamate derivative of forpula (1), the cis and
trans 5 i soners off$hich correspond to conpounds™ A-ci s) and (44-trans),
wherein Xis -0- and R2 is G -G o-alkyl, respectively. The reaction is
carried out in an aproti & solvent at tenperatures fromsbout -0 C to 50
C. Introduci ng grthesaniq gaQi ¢ oL—an-i-ngk ganj hase flaci litdies the
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According to Scheme 3, an acylating reagent is reacted with é quinoline-
substituted alkenol (3-cis or 3-trans) obtained from the reduction reaction to convert the
alcohol to a desired carbonate or carbamate derivative of formula (I), the cis and trans

5  isomers of which correspond to compounds (4-cis) and (4-trans), wherein X is -O- and R?
is C;-Cjo-alkyl, respectively. The reaction is carried out in an aprotic solvent 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
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sulfate. Alternatively, the alkynol Ois coupled with the acylating
reagent tearbonater e cartpandto in¢rmediateaf heformala R'e CREHCH;-00g0)-XhR? fviieneih a
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sem - hydrogenation to provide the derivative of fornu
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(Lindlar' catalyst, Pd/CaCOs/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,
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invol ve using acrolein acetal or vinyl ester reagents as described in the
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=CHCOR5 CH=CHCOCH ( 8) CH:CECﬁ&) ,
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R6 and R7 are independently C, to C6 alkyl, via a palladiumcatalyzed
reaction in the presence of a base. The)d{eacti onis carried out at a
tenperature fromabout 90 C to about 110°C in a polar aprotic solvent.

Pal | adi um catal ysts suitable for coupling the propargyl alcohol with the
hal oqui nol i ne can al so be used for the Schemtidng the starting material with
the acrolein acetal. Acrolein acetals suitable for the coupling include,
but are not limted to, acrolein W@ 01/00582 15 1 0 DEC 20®3
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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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(14) of acid, suliunc acid, formic 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



the fornmula CH2=CHC(O) OR5, wherein R5 is C, to C6 alkyl, for preparing
3-(quinolyl- substituted)-2-propen-I-alkyl ester (11), wher$inDRS P8J3C. to
C6 al kyl .whrg@bigag a hal oquinoline with a vinyl ester and M/ﬁ}ﬁﬂ}.lw&
acetate yields the al kyl ester absent the use of a phosphine. e
reaction is carried out in an aprotic solvent in the presence of base 15
with the addition of a phase transfer rEagent, such as tetrabutyl amoni um
brom de or tetrabutylammoni umchloride. Exenplary vinyl esters suitable

for the ragct bquiviiead sfiBe 300tqAsAyHNRYoleinT TIRANbG prePBEMYdrafl fe, ethyl
acrylate, and the I|ike. Thg?a kenol starting mat grr? al ?ormﬁg%c%%versi on
react i on reageniys Horang /fawplamine. al kyl 20 ester in one of two ways. Direct
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to [
al kyl JestRst theadditivasisuchyes BFs. QEb)or B{IMe)s, Saborakicyalendnere, lidduoed t o
the al co ] I: | 3 M on-.educin
Feagent . SLuaAEE, Btk RERUELANBANE WA il 82 ATCH SEREECHBNGE, | ous
pr ocessedoyahytiids endpbtasyiuanbdrohadrideder i vati ves, which are described in
RPN R
17 wher ei i d gg@,ﬂdﬂ,la}i Mahy. |
opt i onal |a§d gthtl)gl?ie{lﬂged W't hh%ﬁ%ﬁEEPWé& lg‘? (i )ﬂgfﬁ@??ﬁ?ﬁ @ng{a%ti(&. (i)
aryl 10(iv) ni {lihe pafladiumgoupling reartion sarGlls@be carrikg byt Vsirgsa viflyl ester (MIR3f g

Form an & foPmiirRECCHAIGR Sndtein BY 1ECY Lo GO, 6 Reamating RlGponB20R 1,
wher ei n Biibstisuted)y2Hpesin- Dalk! devdr;(1Lawherein REG @Stol tzﬂkﬂ?fﬂ&ﬁgé aln the
6-0-al kyl ation of macrolide antibiotic and ketolide conmpounds. Al kylation
of the 6halogempling withra vinykesiariapd pplladiumacetatetyiclds the allkyd evter absens theiuse a
manner  sigfh b%spth%et. NEheSRL RS SariSh 38 aﬂ:%tf@a{o‘fvent 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'” RS
an



carbonate, as described in the U S. Application Ser. 349%@390

The seco 6&% carbonate or carbamate derivatives can be pre are %ne of
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For tho TOMHELHHLT pESRRDUILE JeREe RS 5 157 SARBAPEH 1 RPPER RaSepoup of
U S. A) . tiiesiredfoRif1as B addMer 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
\N X! ~
13
I3) ) N
Synthesis 2 ﬁ)
CHO OC-X-R?
=4
| - Y
S
N N
1 N
19 §11))

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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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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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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accordance with the Y. H Lai, Synthesj,s 1981, 104, which is herein
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N, N- di met hyl T or mani de, and i sopropanol . 0I/00582 21 1 0 DEC 2003

PCTJ USO0CaBwmeterdeaivatives ok Hiedeveption ¢andye praparad Sy usingesaghamayh delosides em wi t h
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T mck?ﬁ%%%ist% or ur%gi_tgggcq-célékenyl or Ci-Cs 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,

s

vinylmagnesium bromide, vinylmagnesium chloride, and the like.

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.



CH=CH CH2-0-C- X-R2 A suitable acetate ester for the reactionis -
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t he carboxal dehyde (4) affords the acrolein internediate (9) using
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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



20 n-butyllithiumand an acyl ati ng agent, preferably di -tertrgtggtlé 2003

di carbonate. The 1-(3- quinolyl)-2-propen- | -ol t-butyl carb
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preparing a conpound of fornmula (1) via the alkenol internediate can be

general |y described as conprising the steps of: 25 (a) preparing a
conpound of the fornmula R - CH=CHCH2OR4,“wherein R and R4 are as
previously defined; (b) optionally deprotecting the conpound obtained in
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an acyl atj n ent.. 30 An _al ternative process for, pr I ng, t he conmpounds
of formul aer%??%g%%ﬂdf% ;cofrgﬁpoﬁfigﬁgaqui‘?{ﬁ’ ‘a?ﬁﬁ ﬁf?é‘iﬂﬁﬁl 'g?tggcﬂé’rf‘iﬂuﬁﬂgéhq? -C
C- CH2- OCatdolein Ratermudige aé redBetichWitha bdkehyFidR k@b RUSICY 28 66digd; and WO
01/ 005%2 2a 1 0 DEC 2003 PCT/ US00/ 16404 (b) hydrogenating the conpound
obt ai ned bPrPhydeEde(a). The alternative process allows for preparation of

t he carbonate ~dard I . ' t.ly coupld ng a pr rgyl
al cohgl deri V<5’1!tq-|[‘]i 338\%5% %r%%&é%g If{g%/?)tﬁdx%zlél&g%{éjggr{ggulﬁ%wg ﬁ%ﬁﬁ@f”?’ﬁgg@ %ne
bond to goimelyl)-2-gtepéryddedeaivesinchich aterconiyiunds o AREH (1) LA havBAL | On

aving the formula 0 R - CH=CHCH20C( O) - X-R2 or X-

e R e g e e g
auL ol PRS-y bl SPRORDT SRER BRIl bt o
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 3
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



15 (v) halo; R2 is Cl-CtO-alkyl; R3 is hydrogen or Cl-C6-al kyl; or R2 and
R3 taken together forman aromatic or non- aronatic ring; hdDRS 31093

sel ect edW@OH9058D (i) -CH=CH R'; and (ii) -C=CR', wherei n PRT/USO&16304Ir 0Ogen
or alkyl. The invention also relates intermnmedi ate conpounds having the
formula: (a) R -CH=CHC(O) OR5, wherein R, is independently selected from
hydrogen and quinolyl optionally substftuted with one or substituent
selected from (i) 25 alkyl, (ii) alkoxy, (iii) aryl, (iv) nitro, and (v)
hal o; and R is Cl(bb ChyHwgenatingthyFompenndmbiameddmsiap GR) (OR7), wherein R6

and R7 a i | C .

PCT/ USOOR ﬁ%ﬂg%g%g‘?edﬁwééé% %}r%pa?%tg’;ﬁ %%ﬂ&%@ﬁ%}?ﬁ&%%g%“%

R - C=C- Cbi dipeétls) eotpRag awhepaegyl aRdhobdetivatyowith kiy heylafingseagent emd - NR3; and
R3 is hydrogen, Cl-C6-alkyl or aryl; qr. and R3 taken together 5 form
an ar onahy@rogenatigg the q‘aoqditﬁg%bf%agfﬁﬂ)%ﬁommmzm The int er nedi at es
are py epar ed tRESRPES, tRE SRS H1HES® a DRoIFPhAAMR hE forkhte U!
conp(%nds in 2%?‘3(? ni&ﬁ%ﬁt he desier ed car boneellt egﬂ)gnd carl%\e/mat es of formul as
(1), (1) and 10 (I11). Processes of the invention are Ketter understood
by reference to the followi ng Reference Exanple and Exanpl es. Vari ous
changes and nodification may be nmade by one having ordi X-pgkill in the
art without departing fromthe scope of the invention. [The Reference
Exanpl e and the Exanpies;;afe A d, e provide il lps gon for a better
15 under st andi ng of %g&i{nggﬁﬁﬁon a g(?}re, not meant to limt the

i:{.{;@?\‘/enti on in any way. :

¢y an
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
()  —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;



EXAMPLES Reference Exanple | The foll ow ng Reference ExanﬁlﬂsDECI 2803r at es
a net hod for re aring the quinoline- 20 2-chl oro-3-carboxal dehyde ,
conpound, W n be used as"a starting material for the PEireyaiadtdon of
gui nol i ne- 3- car boxal dehyde. Reference Exanple 1:

Qui nol i ne- 2-chl or o- 3- car boxal dehvde To,a 1-L three-necked flask equi pped
wi th mechanical stirrer, tenperature probe, pressure equalizing dropping

addi tion funnel , and,dry_ 1 line was charged with 25 di et hyl

formam de (54. id) g%{ﬂ’r@ﬂé{&%ﬁg contents were cooled to 0-5 Cin an

I cel/ sal t/water (d)athR enestioHoys oxychloride (317.5 g, 2.07 noles) was
slowy charged into the m xture while nonitoring the internal tenperature

of NMI +10 C. e addrCE@qCHgm(oamR relsseineRt i8C, ¢ puilied; XTiseor gsul t ant
slurry was mxed at 0-5 C for 30 m nutes Acetanilid (40 0 g, 0.296 nol)

was charged in a si MyRe aB@)Rt isdﬁ'dmgin»t%ecpiﬂ@%@rraéyle@miﬁl@ddé takendoggihémg
addi tgon funnel . The cookjpg bath was renmoved and the reaction m xture was
warnmed to 75 C. The reaction was nonitored by thin |ayer chromatography
(40: 60 ethyl WO 01/ GabdEndticr Dbh-amihtic Piag! &S00/ 16404 acet at e/ hept ane) .

After conpleti of _§ the m xture was cooled to room

t enperat ure anggth %ﬁ'&r@i@?@@ to a dropping addition funnel. The

m xture vege AdRLIARY Lkt |

cont ai ned i?l a Llat ﬁr ee- rﬁgaéi@ba)lpgc T sﬁ%axﬁ?té%% gsrv‘\:nnit%’ger?gg g‘%‘@%ﬁs ﬁpi rrer
and cool e@bmpmanis nmdft&aiﬂg/th@dasirctbmrbnnaﬁh @nd ezrbhmates of fgmhblasyIy (1) and was

stirr {]11&5 Cfor 30 mnutes, and then filtered. The solid was filtered,
and she th water to neutrali ty, then air dried. The solid was then "/

dried in a vacPrgtesssy6fithainvéftidn L BétteRuikiritoe BY refeals 1d ﬂlexbﬂé\dm§9 0 g of
product as a light yello solid. 10 anpl es 1-8 Exanpl es 1-8

wd

i || ust r at Refepanes dixample apd @Qﬁmgr t\«/farecsxsqbarm@ﬁ $nd mpdifieation-may bomade byt y|
bonat

o2 3 ot naf g B batyt g AR SichpdcAcphRR R hne of e dpvension o

3-(3-qui ant;ekéncE Examplenmﬂ il&E)(aﬁtpﬂ‘amﬁe ihtenedoqrodide 2D1x)stmt10n for a better

15  understanding of the invention and are not meant to limit the invention in any way.

EXAMPLES
o 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



To a dry 2-L three-necked flask previously purged with nitrogen was
charged 3- bronoquinoline (118.77 g, 570 mmol ), propargyl di @ BED 2003.9 g,
1.28 ol WOOYESE Ui v), 20 triethylam ne (1500 L), copperkd)Tsusdicdss
(3.62, 19 mmol, 0.033 equiv) and dichlorobis(triphenyl -phosphi ne)

pal | adi un( 1) (6. 67 g, 9.5 mmol ). The-,gi xture which resulted was

mechani cally stirred and heat ed to reffux for 3 hours. Upon cooling the

triethyl am ne squS1 was ani cal | stlgéed and heated to reflux for 3
hours.  UBSARERMIhg! b cormRl s SATR) 1ok AeATH b th FHUTRNAY Solestledoemd. washed
With triehdpel T Wasndi h under
reduced pres 3531?% @ﬁ%ﬁ%g gr\?f{%f érresdtz)él ] pr};lhé 5&%@3 S ueg pgﬁ% gé]é[é/?ga?ngaHCCB
(600 ) deopavissrto d 2ditebfwvatér cobleg Ito aéeiCaccaltémed I16806- Imh)ee-nédked flatk ds whi ch
were left after filtration were freated in the sane n The conbi ned
S hyl - oo aipastptn midrhicB et fod ERRH anlet PSR b 1 restifan

~decol ori gtiRgy SlafrP s bidrr@) at 002¢O 1R 30ehingtek] Aidihes filbreal dthe 3o dagtilerld t €.
The filtrate was concentrated under reduced 30 pressure to rovide a tan

col ored 3@l Washgwith Waler to aeuitakinG vieen 2 drégdl. aThei®lid wascthen dtied in aTvesuum

va(cl )+ DRSOV Bty % 2 o o B8k A gk iy SV ey e

(300 MHzsélaC13) S: 4.56 (s, 2H), 4.70 (s, broad, 1H, 7.57 (m 1H), 7.70
(m I H, 7.77 (d, 1 H, 810 (d, I H, 810 (s. 1 H, 9.05 (s, | H. Step
(2A): Preparation of cis 3-(3-quinolyl)-2-propen-l -ol (Schene 2, Conpound
(:3- pocis To a 1-L three-necked reyagipiati.gm flask was charged
3-(3-quinolyl)-2-propyn-1- ol (31: d, mol ), ethanol (550 nL) and 5%
pal | adi um on Ezdmplesi-Gallimmatt methqdsi foppredaning B-(B emeholyl)-Aetirapeéns] -oht-bltydt |

750 ng, 32 qtljlg%l ﬂ[we at nosphere above the heterogeneous m xture was
pur ged WCEROMGMIGERIA Yer which tinme hydrogen was 10 delivered to the
reaction via a balloon. The progremam‘gli ffe reaction was nonitored by TLC
(1:1 ethyl acetate/heptane). Upon reaction conpletion (j- 16 hours), the
m xture was purged wth nitrogen and vacuumfiltered through a bed of
celite. The produgt, f : 2B 2Rt 3k educed
presggre The res (rj‘)ﬁc'%g}‘gt h3rS-(EBRindiy) P2 106ET 412 18660 acetate (750
nm) and extracted with 2 N HCl (2 X 750 nL). The aqueous acidic 15 product
sol ution was thrgn ad; ust%d to, ; d extracted
with | sesRapidIoRasg 3xqui ),

Na2SO4, filt eﬂ%q @1 three-necked ﬂask prev1ously purged W1th 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)*



concentrated town oil under reduced pressure. The product oil
3-(3-quinolyl)-2-propene- 1-ol (29:S g, 92.2%, which consﬂ;tﬁegngzwa

m xture oWOWOOPsSEi s- and trans- al kenols, was subjected topdtasbiesos
chromat ography (1:1 ethyl acetate/hept ane) to isolate pure cis- alkenol.:
20 Both the cis- and trans- al kenol s wej;e I sol ated and submtted for 1H
NVR anal ysis. The coupling constant JatPfor the cis- alkenol was found to
be 11.67 Hz vvhile Jab for the trans- al kenol was found to be 15.93 Hz

Step (2B)at 1B FANMR (300MHz NI 3-5GUs, Ry M) 202(sphropéiH): D7 (Bche

(1 ook wasbilaPora? Eohbive i itk e, Bk ks o W, ﬁﬁm“ﬁ%??dé"?%edbif for

70% w . solution in toluene, 11.0 g, 38.1 mml, 1.39 eq) and anhydrous
THE (20 nL). To thIS precool ed (0-2 C) and magnetlcally stirred sol ution
was addeddtap I4D: (Pyeparh ] pig-23profemil ol 230ompamdr34 - ol
(5.0 ¢, 27..32 mmol) via pressure equaI|Z|ng dropplng funnel The

t enper-at was not allowed to rise above 15 C. After the addition was

conpl ete (20 NTHWYESIhrbdiBeckEdrbiliEbYRM BablOWRS chao@s 13140 -
tenperature and stirred fg(; one hour. The WO OE/O 582@2.[471“1;1)%;&1(8})586

PCT/ USOQ/ 96385 gol T marelwethanhbt$ 50 ool eandt 6 patiading m&mmaamname

Ferper at drisoR W Redt (aRiab by 75 B B kil e o ishere bt B
t hen was hfwcmgdrhoﬁ Ih)bhuﬁoseés?\;hﬁgécﬁw?fh 198rogkn aft@ﬁh@hmﬂ tivhe Waeog%g%eus acidic
product solutign was then adjusted to pH 9-10 with ag. conc. NH4AOH and

back ¥ exqelixeted do thetrsactionya adallogne pz progress afjthe repROTC A RIS Bakle )
| ayers | e

co%cent \rNe{ 19 A6 l e‘rﬂa{éﬁplli @%%?%%o&ﬁééeﬁgﬁicm@d&gf {}Egn ?@‘ q‘ﬁ/asnol yl)
trans- 2- mtmgmiwith oitregen and vacwlm filtered ghro8gha bSﬁeﬁ c€lidg.. The pduaffildate oks

3y 0! DRard et B e Sipel BTMREo P sy bk Brsp el AoRAat or head
nechani caémyatabétaer(7s@§mq%ae§@}a§e& evnm Kol ozﬁﬁsbemnﬂe gueeééacﬁ’cﬁc g,

70.43 mmol ) as a mxture of cis- and trans- isoners (8 cis, and 19%

t r anshs, cnrod\mt solytieny wag thﬁirmmdeto p(Hl% wdth 23N Nazoﬁendmﬂn bagk imr&gtfdlwl)h

ot hyl o ntbATERG %@?X %@gﬁ[}h e Phhic WS ol aritd ot STR, g
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



cooled to 0 to 5 C at which tinme aqueous 25% sodi um hydro><1uﬂ Dﬁfﬁﬂﬁ
was added over 45 mnutes such that the internal tenperat 35 rise
above 20 WO OUPBH2 conpletion of the reaction (1 to 4 hour SJCEESOIGH0E at ed
by TLC (3:2 ethyl acetate/ heptane), the reaction mxture was diluted with
met hyl ene chloride (50 nL) and washed w4 h water 20 (2 X 125 nL). The
organi c was dried over anhydrous sodiumsulfate, filtered, and

trat t he 3- | -ol -t-butyl
 car bonat ofitipy wsdhettocdled ol ! Cind dvencht & hecadiiliah ofadvents Tpewamc
purified sl OTRVPsUcOWRA: thilinterhdRéthpéaRSe B Rk H%é %vgh'%@eg%,g bg,lpgsgu

silica gel wth heptane/acetone/triethylamne
.el uant i geachien mwﬁgemas@h@muhq@thh@mm@detpne@ém@ mhyl ThamHtcfrtheZéiqudbmsed by

t he azeo edure

puri f |Zedql i?étéf %%ﬁ%%t S%gﬂ Syth? nggé‘f |96lnoo\ygf?: £V lréfgn‘i E\&?M gpd.bac r ati o of
Cis apd fexgaced $moetts] adeZaté@’ Xngs&ZLF%heEéﬁfm{ea ofgadit 15’&@9%%&8 o9er
3-(3-Quinolyl)-2-Propen-1 -ol t-But Car bonate Step (1): Preparation of

3- ( 3- gui IBhyArpus sedivpesylipte, Bitered prd Wﬂ%ﬁﬁrﬁ%e\n@rmu@/ WeB8E to giveDEC 2003
PCT/ USOO/ r e bpt 41 ask equi pped with
anit roge%&?’gz\l’g!}p}a dqﬁ%oiﬂt’ )% f? O(ri!)r%glr(1 (?/\k/a‘{ss%ctﬁz}g? ‘g 8%

3-(3-quinolyl)-2- propyn- | -ol (15.818, 86.39 nnDI) di-tert- butyl

di carbongt e o] A ammoni tfm hydr ogen

sul fate E3€ 2L i AL : A St 38-1(300 nl).
The rlgsu%#ﬁlgi?ﬁpenm on was rrechanl cal I y sti rred while a 25%w/w
agueous solufion (38 g) was added in over a period of 5 mnutes. The

bi phasi ¢ mi xt uFea d0-oiL ﬂasa:mtt‘:kdd vmmdshqﬂloneﬂa*@qumpemwuhsn afzetrheadv\hl ch tine

the reactio found to, be | et e HPLC T ure was
ot oqC et g Rnatted S TRabironaka el (' Gs 04 Minph gt &
stirring mixfure b cidl ant SansA sdniees wl%lgzsf@fd 1086 FFans)! @Sert B@tyl X Ebenater €
separated. The organic |ayer 10 was washed with water (1 X 200 nlL) and 20%

aq., Nac(16.21%, 7848 mmol, ’rﬂé eguiyhrietea tebytylammeniym hydsegepisulfata 6743 me, sodi um
| f f Th
sul T gke, of {7 &ﬂ&f‘?:gq:@ﬁ{hg&ﬂe %ﬁxbhﬁ@ffkp L?"rht%' my@ %Em{e%?%e sul%& ‘” €. 1he

resi dual 0|I p Irnsopro ace exane m.) and
passed t koolegito @ te 15l atpedclofims iabjuarms @86 {odigm hydrbeidp3.3vak.) maniadiddwi t h

e 2 ELES inly OO s s S RSk 3 0 AR Dbt 5, e
3-(3-qui Q@Hﬂlé@a&r&ftﬁ@b’d&cﬁ&{ (1tto BHokts) 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%.

‘ 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



carbonate as a |light orange-yellow colored oil: 24.50 g, QD?EOM
Preparation of 3-(3-guinolyll-2-propen-l -ol t-butyl car bon t und
(1)) To aw23n/0f582si ngl e- necked-round-bottom fl ask was char ged ida6/16404
3-(3-quinolyl)-2- 20 propyn-1l-ol t-butyl carbonate (1.52g, 5.37 mmol),

I sopr opanol (30 m.) and 5% pal | adi um on, cal ci um car bonate poi soned with

| ead (Lindlar's catalyst, 75ng, 0.049 iv). The suspension was stirred
(rapidly) magnet ically and the atnosphere above the sol ution was purged
wi th hydrogen. T& %dwlobthre¢-nékdd ogud- @a&w%kteheupppd adthch niveger figetra@act i on

irri h d .t faor. 16 h
¢ emper at ub U e Sl RO L OB B PRRE 11 ( P Ly Rhasmae v
filter dibitybditarbonae@2nitd) 189 mwol, P19 b&aY), QR&%utyl-EﬂﬁnSHiﬂP«lﬂ%g %é)nl trates

wer e conce‘ﬂ rat ed under reduced pressure and resi due

taken up FYiae (A-8&8. hepmamnd GO equev)@sd metmﬂ@eahww (8A6 migh 'Ehep’esugtmg)f

| eltr
dest 1 o0 1 Psprmsiofbalinehdiic? sied RN LR AT M RERb IO SRl v o
to provi dadd@d(if-oses apiridd)of3 riidutes.ophabiphadic ifm)h%)ﬂlh@l@f‘é%ﬂﬂé& Qias dtikedfor 41- 9%

WO 01/ 00582 1 CTI USOQO 16404 29 Exanple 3 Preparation of
3- ( 3- Qui nBPYF ?RETD&P&SE@HW g reagtion w3g fopng I?d??dioglpé%tébY(IiBLCIanéa“&CatTm of 3

- (3- qui nomykthrelwh &YM&H with wh Bar ?20‘6 &Lmr}ﬁ@tﬁy%ﬁgmgn{i@%ﬁé%t R?Ff %@%{(}%\Nﬁﬁ

charged with 37.2 tetra-n- niu
carbon ( SﬁQIIl@auanFp abdsetiliog fou Iﬂrmxmnasrﬂ)q laparsl wed: @&pagpteal. The organic layer

t her nimet 8P WEieSig] M (TR 500 Ry i abt dh Nagh b im0 e spesnic et 79
adapt er. {heg stifrell i Meg'@fééﬁﬁﬁﬁﬁﬂatebmt&@@hﬁ&%h %pséd S(?IEH Hmuhaexldéa&a‘e | sk

and venting with _nitrogen 10 (process r epeat ed time eri 69.0
g). acet opressire.eTha sidyyl ghwagalmnmmqusqmnyhecetqtdsxe@a@ (lwb,erOadH)amchnd t he
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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%



i sopropanol . The combined filtrates were slowly added to 3 rapi dly
stirring d| stilled deionized water. The m xi ng conti nued 1f DE m&ut es
past the YOMMOBZon of the addition and the solid product P@REsemickect ed
by filtration. The filtered solids were washed 20 twice with 150 nL of
distilled deionized water and dried inygacuo (nitrogen purge, oven

t enperature bel ow 50 C) overnight affording 41.85 g (99%yield) of a
browni sh yell ow solid. Measured potency 85% versus known standard. Step
(2): Preparation of 3-(3-guinolyl)- t'S-‘—e’%ﬁéfe;é-a-l-ol 25 The

3-(3-quinolyl)-2- pm&%don%'f3f=B%!%x@d?ﬂﬁ-e-lbz%gérﬁqwngﬁtgg %;%o%tgenm by

ei ther the hydrogenation netho anpl e d- Al net hod
(Exanpl e 2, Step (ZB)) Step (3): Preparation of

3-(3-quin { 1) t ~but cgrbo ate 30 The al kenol from above

IS conver -l-ol t-butyl ~carbonate in

accor diance wthth&hﬁ%@ﬁ&dd@ﬁﬁtb&&@& flak earehbsped, with $P2 3kira WBURH/ 00582 0
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was purge h hydrogen and then evacuated. 10

evacuat i n{A80 9):@513 addesd and theancactionwiztire hgatedigetd Hal Pmpasqu alcamolmgz P 2vere
pl aced abgQv eaction xt.ure an ogress of the reduction. was
Fon: ¢ or ea e bR RS §r IS gl S8 nosppRCTH S ufiem g SBe Bk JB The
m xt ure mmcﬁcbd inNtee waseHehas0bednal HEL& onitaMSrevadled tieadtibs 16 bask and
cake were washed with 3A ethanol. The filtrate was concentrated under

reduced pFerEBlgiedabout § hopes).r esi due was di ssol ved in nmethyl isobutyl ketone

(M B 400 ) WRSur _ 0 . lfrol (38

g). %K (125 %@g&%@blgtse :@L ?égh?(?lnse t E%$ ?latsﬁml‘a%ﬁgtbc%@k’gglﬁ {mﬁ#éj filtrate

was col or Heesgh a8 phugrdfifited filteting aitle Theveolectoodids maredashedawith 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).



vol ume of 200 nL then diluted with M BK (270 nL) at which tinme the
crystallization of the cis-PQ alcohol was initiated. ThekByBEC?tIZUﬂ&l ng
sol uti onWRSIAA¥N slowy triturated with 20 heptanes (270 mtrusbdis404
stirring and later cooled to O C overnight. The product was washed with
cold M BK/ heptanes (3:4, 150 nL). The cake was vacuum oven dried at
50 C for 6 hours to give cis-3-(3-qui ncﬂyl)-z-propen-l-ol (50.0 g, 70.0%
yield, adjusted for potency of starting naterial). Purity as determ ned
by HPLC was 98.9% 25 Step (2) Pr otlexamplg 4of
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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



L, 60 kg) was charged. The m xture which resulted was sti rr]e@l@(:@mgsi of
hydr ogen ‘gg)r ﬁ)g#ﬁr&e and at a jacket tenperature of 18 C for 23 hours.” Upon
_ reaction rfg “on, the pressure was rel eased and the redéiT6+S0HHH04 ent ed
and purged with nitrogen three tinmes 20 prior to filtration. The m xture
was then filtered through a bed of celityg. The reactor was splashed with
20 kg (25 L) of ethanol and passed through the filter also. The conbi ned

product fi |l eceted in a tar pol vl ined drum and held for
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Duri ng t hat roeacieinparaturdo proyidesd white tpefi sylote cobwebsadicde1 3.6 ¢t 8830y ePuritp gi ve
a clear 0] DEC.2003 PCT; USO00/ 16404 anber col ored sol ution.
The reacy\%)%&éé%lgggpgig}% B"aﬁ?g?é’gd until determ ned by conplete HPLC
The sodution was diluted with toluene (16.4 kg) and water (9.4 kg). The
organic |l ayer was separated and washed with water (2 X 14 kg) and 25% aq.
9 y p g
sodium chloride 5 (17.5 kg). The or g&xampeSution was then filtered
through a bed of eelislfion I8l RNOSIBE el Lo A MBS llafit | | | €d under
vacuum and a jacker tenperature of NV y s charged
back to dissolve the residue. The solution was then drained to clean and
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flask was charged the tetrahydropyranyl protecte -
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



(3-quinolyl)-2-propyn-I-ol (1.92 g, 7.19 mmol), Lindlar's catalyst (77 ny)
and anhydrous 15 ethanol (22 nmli). The nixture which resul tkd ﬂéﬁ 2003
magnet i cawvDywisesser ed under an at nosphere of hydrogen gas (petARe§ 6404 3
psi) for 46 hours. The reaction was tracked by HPLC and TLC and was
termnated after partial conversion toﬂt,)he product (12% product, 88%
starting material). The m xture was filt*ered to renove the catal yst and
the filtrate was concentrated under reduced pressure to give an oil 1.95
g. The t eambenyrdioogd/scnaén. ZDhereattioatver aBowad guirncdey luhtiPdfeepasd byol was ,
depr ot ect %d qéﬁ ntgard met hods and treated in accordance with the nethod
descri bed P m * 1, Step (1) to obtain the title conpound. Exanple 7
25 Prepar at i onTi sobuticir 4 Biaked Wi _ &@@b t& Step M
Heck coupling of 3-brono u?ﬁgﬂ)eﬁ ngﬂwﬁ?ﬁﬁggégﬁgé %’{dd‘?}étt&‘iy]{?r ac fgp?e(%g el(rére 4,
Conpound laggnwas sgparaigd end fwaghdsh witbwaien XKrid kg ang 23% Gqnsudliym catorideei n

di et hyl I (1 1.5, .30 .1m L1 (0-tolyl)ghasphi 0.23 g, 0.76
‘rr;’rgl )gaﬁgﬁzg ‘T%(l'd Fﬁﬁmg*é%%‘%°a%°é“‘t°£§”'s i,“?”of?ﬁzerré 9@‘*@@? P?E@rflﬁni#rg ﬁ%‘ue%éq m) was
heat ed urnstedudnifiltratg &vas distilie ubddr Yacuhin &1 Sjackk fempehAMR SN T §REET On vas

conplete. The crude product corresponded to Conpound (8), of WO 01/00582 1
0 DEC 200%lpenr/(béke) voa ohargrd eack toydisslyesthe gesisiuen dhe solntiommas thrar draimed, t he

m xture j i | .t he-product. was
extract e\c,iyav%\nlétlﬁ%%%n?d ?@ﬁ%‘%’ﬁ{? ?Leﬁ%i"é Fd(%lro %g b lj‘%ﬁ%lu%%gggrﬁe‘c T?‘Fé’ys‘fat'WQ SR hed
with 15 rpieldfwasei286., filtered to renove insol ubles and concentrated under
vacmi? to give a light brown oil (1.35 g). Colum chromatography (silica.,
gel, 20: 80 ethyl acetate/ hexane) gave 3-(3'-quinolyl)acrolein (0.75 g, "/
42.6% (conpound (9), Schenme 4) as fyaghiey€!! 0w crystals. MS(MrH+) =l 84;
H NVR(ppm: 6.93 (1H, dd), 7.6 (1F|_%%#—, , 7.62 (1 H dd), 7.8 (1 H m,
7.9(1 H, dd), 8. 15Pyepatatio i Cadianated. 8 (1H, d).

© Reduction of 3-(3' - quipolyl inwthb - byt.y! ani
(Schens 4 coron b Hls Humdsiotinn o el PEHEE el diopianirarelereded. added
to a stir@amisayigdppi-131(Bo2 gaui e, Eﬁfd‘lﬁrﬁigﬁ‘ta%ygt- (?2 18g) ahd ‘anfyBlohs! N

tetrahydrofuran (10 at roomtenperature. The xture“was stirred at
r oom!Pensdhancl (42 mb). Ghe mixfureshichyiested vpsumagnetiaallyistined wadesranand

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 ‘5
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; c%’ﬁ*‘p%‘u %‘ef i‘i‘ﬁﬁlg t?ﬁ%"%-tﬁgﬁ?%’q‘{&mﬂfpﬁénf %@q@qncmdmiﬂmrgmlpf et hyl
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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:Ssojgvedgied (é):ORL-d@BM gF 2-;§'-%§M]yig§é}ae§'\m{ B@»ggé ;-'%@pgﬁqhmer @H‘Qﬁ?&} tom

flask with overnead stiTrl - /dry ice
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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
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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



15 dried over MpSO4. Evaporation gave a solid which was rgcpygéegnhied
fromEtQAc to afford a yield of 71 g (62% of a pinkish soFid: (T -
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di ssolve and then cooled to -50 5 A solution of DIBAL intoluene
(99. 82 g M imxmethylens sblotide)ovas agdedying sdew siyeanDikgeping titGteperatate of tie 2. 00

equi vy, wa oMy charged oV rs. an t% tenperature wa i.nt ai ne(iﬁ
at i eSS G T 00 PR ek R B R S O

and. r eveat@dlirighwith diylice/aeéile] 434 MBMEDM W taddedirophaRGnd ARe #RGufwashed by
the slow addition of 19 nL of nethanol, _nmaintaining a tenperature of NMI

-30 C. Thalowedtor wambipergomyerapesatiey d heh, 2bef H%gpdim patassymyaitiate was of
pot assi u i tar: i | | 1 -30 C
fur i ng et pHFGRSEARE sol ARl BT b s08 ik #F Rabibaloraryd
stirred alhe tayepewat separdted. Thehwganic [Ejer wasolvashgd bathi2 vag. NaCGbswaticinghd he
react ié) n H‘riéé g\r/eer Rfi’§§o4. 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.



allowed to warmto roomtenperature with stirring overnight. The follow ng
nor ni ng t he gueous phase was renoved and di scarded. The brﬂg&Eﬁcz ase
was washeWORIROHZ {1 20 with water. The combi ned organi c pREEESOHEGE4
~cooled to 0 to 5 Cthen 25.0 g of BOC (I- butyloxy-carbonyl) anhydride was
added, followed by 1.2 g of tetrabutyl ggmoni um hydrogen sulfate, and 55
m. of 25% aqueous sodi um hydroxi de. The cooling bath was renpbved and the
reaction mxture was allowed to warmto roomtenperature, with stirring,
25 overnight. HPLC at T = 16.5 hours revealed 2. 2% renmaining starting
material. An additional 3.8 g of BOC anhydri de was charged. A resanple at
T = 19.5 hours reveals 0.8%remai ngradmpl@9ting material. The reaction was
consi dered to be corrpl ete The reaction mxture was filtered, and the
aqueous phase was Sapamtipnaf 3 pnohy])-d el ; Y gge was washed 2
X 95 nL with water, then flltered through al18.7 g pad of 30 flash grade
silica. The silica pad was washed 1 X 100 nL with fresh nethyl ene

chlorisle. TheTeuaudethesarfRed putdbonan drsk eqiipfedWith dhethinieX ABSEAULREm
After chasing the resultant thick brovvn oil wth 75 nL of heptane t he

resi due WEEPEFaNE RTQDEAgamster sannuis, and ¢ nitgogsy lowsess chareedRc( P @OBoFOTZ-US00/ 1
6404 36 h | Was t
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To a 1-L three-neck round-bottom fl ask equi pped wth nmechanical stirrer,
J- Kem 10-45efpturimgdheadditisime An HBLG fsampleavasuiken qﬂ&zdrqarsq iand oxyealelithes was

char ged 3@(3%#H§)pwfgwﬁ_%ropenoate (18.78 g, 88.07 mml, 1.0 equiv) and

280 nmL (1 E The contents were nixed to dissolve and then

cool ed to -50: ﬂéreﬁknoﬁv@&@&émdh@dEflﬂ@sﬁﬁltadlditmﬁ@fﬂ@ﬂﬂ., 6@éth@rolg of 25 wt %
solution; 25.5 g active DIBAL, 179.3 3 nnol, 2.03 e wvéar was sl owy
char ged oPemtaining atempesgiureaf NM E b Gt 'E?‘é%@%‘i"?ﬂbk’hé ge o0 mimof@ 15

dur i ngs t heseadgiutib@Bf pdtiSfunt HRATHbiA) 2481 nefiRlfhEa tdhSper iRt draavT Xpur e
was warmed to -

°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



30 5 C. An HPLC sanple was taken at T = 3 hours, and reve?lﬁ/ I hat the
reaction was conplete. The reaction was quenched by the si 2003on of
50 nmL of W&IU/PEE water, nmmintaining a tenperature of NMI p80uSho/1bh&
reaction mxture was then warned to 0 20 C and stirred at tenperature for
NLT 2 hours. The cooling bath was rermv§(g and the reaction m xture was
allowed to warmto roomtenperature with-stirring overnight. The foll ow ng
norning the reaction mxture was filtered to renove the precipitated
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4.74 hours re\zr al ed . 8.8%.remaining starti n%) material. An additional 6.0 g

of BOC anhydr i1 s materig)oneizhadohlg0%e (98-4% yieldyr HPEM pusityisves 98.3%di um
hydr ox4 de. The reaction m xture was then stirred at room tenperature
overnight. 30 The followi ng nmorning HPLC anal ysis reveal ed starting
material was still present. Additi cieimpledfanhydride (16.0 grans) and
sodi um hydr oxi de s?,l ution (2f0 ni eeded to push the reaction to
conpl etion (T = 29M=RFRHAN0 GBI ke 3 ropeny] 1ol gy ifiarbanaren/ 16404 37
The crude reaction mxture was filtered to renove solids, and the

remai ni ng organi c phase was washed 2 x 50 nL with water and I x 50 nL
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t ol . Jhe i d i h . trated t thick oil.
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cooled to 0 to 5 C, held at tenperature for NLT one holUr, thinned by the
addi ti on ¢fntents Weigdnixed te Hispalvapndthenepelsd do ~-3hed °G. At sotwsion of BEBAktinake

h \ ' of h jed i
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3-(3-Quinol yl)-2-Pr.open-l-ol t-Butyl Carbonate Step. (1): Preparation of
3-(3 -Ra'ui ﬁlﬁf*\ﬁf the 2%?8%9&% theadghtiogowasRomplete dhg irapipn mixfyre was warmed to -

30+ 5°C. An HPLC sample was taken at T = 3 hours, and revealed 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).



15 Met hyl 3- (3 qui nol yl) - 2- propenoate (25 g, 117 mmol) ipgr; @a
Conmpound (11) see Exanple 8, Step (1) for preparation) Z nol (125
m) wer e WEHHY 8% o a three-necked round-bottom flask equiBsTaEoNE 64p4 an
overhead stirrer. Sodium hydroxide (23.5 g, 5,88 mmvl) was dissolved in
water (50 nmi) and added to the suspensizon to provide a honpgeneous

sol ution. The reaction was stirred for 1-3 hours prior to adding 20

addi ti onal vvame1 (250 ni). Concentrgi ed hydrochloric acid was then added

i n batches F eryds deachiop rRiFRIrg as (PRSP yermeveiolidy 584 € rAmainig N) . Thi s
resul tedgj [ l4i ted by
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(50 m.) were charged to a round-bottom flask équi pped wth a tenperature
probe an@bqh@tfefﬁ tacS °6theld atf temphratuse §?IeNIsT®nC Wawr, &nmteédbytthf: @ld@icarod an

4- et hyl hol,iyRe dded | owed by
sl ow addfqﬁlgﬂn%iz Igi%%l?&??ﬁtg?ﬁ’ g}}egffg{égea% gga(ﬁ ‘??ﬁ%‘f)‘jvq%éé?ﬁaw t'ﬁ\;enut es
nai nt ai Nfrégh aﬂdheptaﬁé]aﬂxed&maahawab@uhelaﬁslctamrbvém@n The m xture was then
stirred at 0 C for, an additional hour and then filtered into water (7.5

nL) whi ch was The@rigtmasais wagsbgd 1674@(66:6"e Yl bIPLE1p1itg 8728 88P%d to 0 C.
The ¢ ght yellow solution was kept at O C and the sodi um borohydride (|

g, 26.5 mvl) was added in batches over 45 minutes to maintain a
terrperature below 5 C. Fol |l ow ng M the reaction was stirred an
additional 1.5 hou];s ith slow addition
3 NHA (40 nlL) at=6 —F ‘ ‘ ' BR was extracted
with ethyl acetate (50 m_) to renove sone irrpurlties The aci di ¢ aqueous
| ayer, which cont ai ned the roduct was neutral | zed with saturat ed sodi um
bi car bonatep (s cparatiom of 3 ) PrRpe: ] e p
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carbonat 83 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



The 3-(3-quinolyl)-2-propen-1-ol was treated in accordance 'égESt eg (3)
of 15 Exanple | to obtain the desired t-butyl carbonate. a e032- 16

Exanpl es wD-0180s%2| ate to nmethods for preparing PCT/US00/16404
1-(3-quinolyl)-2-propen-l-ol t- butyl carbonate. 20 Exanple 12 Preparation
of I -(3-Quinolyl)-2-Pro )en- | -ol t-Butyl Carbonate via

2- 1 odo- 3- Qui nol i ne Car boxal dehyde (Sche%?e 5. Conpound Il 25 Step (1):
Preparati on of 2-iodo-3-quinoline carboxal dehyde (Schenme 5. Conpound (13))
To a dry edniebion@eedhe tightyeliowtsohtibh ask kegjuit P9 dinditidhsdtilmastROhy dHlet(1 and
over head st'éer Qeflug candenser was, charged | |
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Preparation of 1- éS qui nol yl)-2; propen-1-0l1 t-bu car bona
sol ut i on tturated sgdivm Bigarhenate solutonandextractsdiwith sthy] acetate (43050 mL). THE ( 25

5m) at 4 D | Ap:Tels) [ ' 0 | on, . 8 ... 10. 1)
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soln,, 21.2 m"mlﬁ% s .added and the solution was stirred for another 25
mn afd t§PmeeR FF@?Pe%?V ifridepifolplas apprangeged o (h#be, 1 G hmymph81& yieddi on )
I's being Hpg@%@goaj en a solution of di-tert-butyl dicarbonate (2.54 g,
11.6 10 mmol ) 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
sol ution ét% ) The. organi c .| er, washe Oﬁgg\&trﬁ wi th saturated NaCl

sol ut i on ST W&S—toncer squinplyll-2-propen-|- 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.



- orange oil mhich crystallised on standing at 0 C overnight. Jused as
such for _alkylation experinents. Yield = 2.8 g (92.7% 1 Exanp e 13
_ Preparatﬂ%ﬂ B¥ 2. (3-0uinolyl)-=2-Propen-1 -01 t-Butyl Car B6iiA00045494
Condensation with Ethvnyl magnesi um Chl ori de (Schene 5, Conmpound | 20 Step
(1): Condensation of guinoline-3-carboxal dehyde with ethynyl nagnesi um
chloride (Schene 5. Conpound (Il), wherein R8 is -C=CRlL and R' is
hydr ogen) Tg aéﬁt|7r%ﬂ slurry of quinoline-3-carboxal dehyde (5 g, 31.8
mol) in ? 3 ran (15 m) at -150 C, was added et hynyl magnesi um
chloride (66.8 n1 33.4 25 mmmol, 0.5Min THF) at -10 to -15 C. A clear
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Example 13
Preparation of 1-(3-Quinolyl)-2-Propen-1-ol ¢-Butyl Carbonate via
- ~ Condensation with Ethynylmagnesium Chloride
(Scheme 5. Compound (11))
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
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azeot r opicalohate Bois6ikdWith Ik (LRI Y4, (993D AmBINE hifas dB&P‘"ﬁa oil (9.5

g). Colum chromatography (silica gel

gave pure

product MSXUEe wis ageire¢hcuatsd wa%ndTmhaquogmhhailoobtums ipected voenthdflaskvadct | on
is identi o..that from.et hyn nes rid The product, can be
- edudsa tirolsdui o oG SRS BIERAE HPER RONES reqblion Pl Commplets

20

25

30

and the catalyst was filtered off. The filtrate was ¢ oncentrated 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

%
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



10 carbonate by nethods described in Exanple 13, Step (2) 019F§x le 15
Preparation of 143 -Quinolyl) 2-Propen- | -ol t-Butyl Carbonate Vi
CondensatY@RH%h Vi nyi magnesi um Chl ori de (Scheme 5. ConpoREHUS0/1$44
stirred solution of quinoline-3-carboxal dehyde (3 g, 19.1 mmol) in
tetrahydrofuran (15 m) at -10 C, was agded vi nyl magnesi um chl ori de
solution in THE (11.3 m, 15 w.% d=0.975 g/nL) at -5 to -10 C. At the

end of the aqditio . LC 20 showed r.e%ction was conpl ete. This brown
sol ut i on "B ERFEREF. - BERR M ST o beRPMPLe o] AR HPLC. The

di - t er t - hutonlre Ha§ 2bHRABLE: ddwi 18-5022, %ilméﬁlv)itﬂasg %x'ﬁgf @%%ygﬁéﬁmgiteﬁﬁelgn& 0 - 15

C. After the transfer, the reacti on was warne r our. The

‘mi xture \uenchedatidua selukoriofwiticacid B ©, indvdten (¢4 mi) eth<1®CF Orl Theforgamidiaer

t - but yl h it h | ut.i f citri id (4.8 g, 22.9
oty 1 n RSy RGPS hdeheq o Binik Blio e Snd 20 barr A i &1 ayer
was  s@éparfiiirgtion, dRsdrganivildyer 3s Bbndehtrdid 30 et bERirBpoalEdried with 30

water, filtered and the filtrate was concentrated under 'vacuumto a |ight

brown oi 12 X9 ml gthyl acetate tmeive Absonk e 2518). Colume ehrgmptogmphB(ilica gel,

Et OAc/ he u te (4.3 g). Yield was
79. 0%  SociEPARREBEH PR BhREHElueRYS 1 KA HARNE, | fat obt ai ned by
reduction of tTie pré@uaettobyaiydd ftam thisadaetion iDidEdticaldGBat\WonD dthP®GBagnesium
PCT/ USO0/ 16404 Exanple 116 Preparation of 1-(3-Quinqlyl)-2-Preen-|-ol
Bty G e PrOECE R0 R TI06 A i gy O PR L6l KB, S
Compqynd cadbbhite dyn&tBbay dQRrivdd iﬂlﬁﬁﬁlﬁlé‘%,%xéﬁ(zﬁ.oxm dehyde (2 g, 12.7 mml)
inm THE (10 mM) was cooled to -20 C, 'and 1 M vinyl magnesi um brom de (12.7
m, 12.7 mmol) was added at - 15 to -20 C At the end of the addition,
reaction was conplete. This brown sglution.swas transferred to a solution
of di-tert-butyl dicarbonate (3.6 QMU in THE (10 mM) at 10 30

E. The sol ution v@gpstaaeniaf 1-y3 \Gained)RoPopennl 1od MR CakRnaRdisti rred for 2
ours.

Condensation with Vinylmagnesium Chloride
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.



The m xture was cool ed back down to -50 C, and, quenched Wtﬁm%hﬁl on
of citric acid (3.2 g) in 18 g water at -5 to 5 C After one
stirringWoREESEYani c | ayer was washed with 20 nl of 7% saditmsdeiieasdonat e
and 2 X 20 :ml water. The organic |ayer was concentrated to dryness and
chromat ogr aphed by silica gel colum to,give the pure 15 product (2.1 g).
Yield was 57.9% Exanples 17-20 Exanpl 6 17-20 illustrate methods for
preparing a quinoline-3-carboxal dehyde, which can be used as an
intermediate in the synt hesi s of cakbamplel®r carbamate 20 conpounds of
general fornmula ( ) 5 -) . : )
qui nol i ne- 3- car boxatte ' ARG -E%hE arhanateda qescri bed i n

Schenmes 5 and 7 as detai tgﬂdggaﬁdaﬁmmvgﬁ,nm@ﬂe@mmnga@npl es herein to
provi de the desired carbonate or carbamate conpounds. 25 Exanple 17
Preparation of Quinoline-3- mrwﬁw&: Preparation of

2- chl @r o- qui nol i ne- 3- car boxal dehyde di net hyl acetal (Scheme 6, Conpound
(16)17°30 To a 250-nL three-necked round-bottom flask equi pped with
mechani cal sti Arselunontcﬁ‘rqnﬁfoﬁh%ecaﬁhﬁxhiddhylder(2 ghtaT bidgolyVBITHE (10 afl) Whs

Ui nol | neoRHPoR® 6. it b VcumaiBngaEs i promde (117 b Iavbmmodlsea st o
et hanol e WR01 QR84 Rt of 12003, RETLARRBEL SARERACHADEER

heat ed un er reflux for on our e reactio S noni t or
chr omat ogransfeyre40 a80lutioh\of dawettattyl dleqnbczmm)@ 6ih)i1615 raimolydn T(t-ﬂh(/l@rml)cm to

t he eta# onpl.ete aft pr oduct sol utio s used .,
i e dPy 30 aThE OB e et DaFared ' sodt fipstatipr apbitirscihr Souts - 7
qui nol i nen?e e vdsdRNdDback db\raietdnsbaee&rai %deﬁ&tka rmthGa sﬁﬁmp&mtﬂ% &) uti on

of 2-chl or o- qui nol i ne- 3-car boxal deh hyl acetal was charged to a
second ve3sks) indRtgawatenat .19 5gj’CofAfl€@%lem§r$UUa¥gbﬁn %mmr)wmwaﬁmdasm um

car bonat o 4 I n S vacuat ed then
filled vvlevt‘"r%lg éaﬁoggr{gg%éuTW%%n e%fi ﬁ??r%i“ﬁ%“ T %gﬁ’ P’@am@‘jﬁ)fﬁ efton of the
reacti on,conbenteadddoytiiness and eliromatbghiphed byt itied ged dolafish to@pleale phteh

nmet hanol . The sol vent was renmoved by rotary evaporation.
15 ‘product (2.1 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



The oily residue was dissolved in 120 nL of isopropyl acetztﬁ ﬁn shed 3
times with 60 nlL of water. The organi c phase was then co Ea to an
oi | by rov&%)/088%8poration to afford the product as an oi | rPCHRsd/G0400%) .
M5: MZ 204 (MrH+); "H NVMR (CDC13, 8) 15 3.40 (s, 6H), 5.65 (broads, | H),
7.5 (m I H, 7273 (m | H, 7.8 (dd,.1 H), 8.13 (d, | H, 8.25 (d,
1H), 8.99 (d, 1 H). Step 3: Preparatioﬁjof gui nol i ne- 3- car boxal dehyde
( Conpound %1}5(%) To ‘a %SO-rﬂ_ t hr ee- necked _round-bottom fl ask equi pped with
magnet i ¢ ERTHAR W& hestsd g frdrRviios orphruroThe reachempanmomitotddely thisf laysr

condenser mgsd it ' i of crude etal , 30 nL
of isopr ocpano‘Im(,&}z(i,ar?(it}y 2(%9%@_%31),1 %%3%\@%6 %&gfg@ﬁ%}l é‘?ﬁ\feg TR AR ] to&ﬁ%a‘i‘?@e\t ed
.under r efwascompletenfict oredtbuby Thedpradicayentiahwasided gipiy fdrdhadgehdivh in
acet at e/ ;etgéane). After conpletion of the reaction, the m xture was

concentr by rotary evaporation. The residue was partitioned between
.:50 nL portions of ethyl acetate and 5% 25 sodi um bi carbonate. After

di scasdi rRiep De PReHaeAILH P RamElind 118286 AN AP RSN MRS INARIEEME 6. EorBolig W th
wat er. The organi c phase was then concenirated to an oi

evaporat‘i(éﬁ)_) The crude product was dissolved in hot heptane, filtered
concentrated t Sy RPHnRre e RTREEbo el sRin it Wiameedin. w2
158 (MrHigsecotd Xds& coflanliy 0.8 ) of 16% Hdon darbon (B0A0WENand Botasdiim Brtfdna@dd, |
H, 8.20 (32% éH), 8. 64 &g 111), 9.48 (d, 111), 10.26 (s, 1H). WD
01100582 (44-S8 As*anmgl) plbe rmaghanoesssl wenie Yashated then didled oxish Hxdrogen gaso DEC
2003 1BCT/ : i, kne-2-c _ 9.

i ot o Ao otk paherkonO R LG Teri6 Ihocalilo i R ALGHES

quinol i ndilgragen andwashed mbtmadthizol dEhe(Blvgnt as enoivyd by rotant dapotatioh50 nl)
ol 5 TIED e WAS istalverR 120 B epempL pestat nd widies! Tiiraef bath S0°
React i on mB®f WP ITak ordaictiRbde woYaKA Bntehirhted to R oY thiab@ evaHGthn@ t he

reaction flask in portions 10 and stirred for 10 additional nutes. The
sol i d preéfosd the prodes as an eib (13t HIN0%).NMSE M/AZ286 EMiAE); FONMRICRG Spn a

oL ALk, 46 ot AR SR 0 R S L e

(6.2 g, 180844, 1H), 8.9 (d, 1H).

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).



M5: MZ 238 (MFH+); "H NMR (CDCI 3, S) 3.45 (s, 6H), 5.72 (q lﬁg 58 (m
1H, 7.75 (m | H, 7.85 (dd, I H), 8.25 (dd, 1 H), 8.42 sﬂ ﬁ—DZﬂﬂ3l3C
NVR (6) S5WOO016@582 126.8, 127.3, 15 128.1, 128.2,129.2, 13@@"/&&)3(12404
147.4, 149.3. Step (2): Preparation of quinoline-3-carboxal dehvde The

qui nol i ne- 2- chl or o- 3- car boxal dehyde di m_a‘ghyl acetal from above was treated
I n accordance Steps (2) and (3) of Exanple 17 to obtain

gui nol i ne- 3- car boxal dehyde. 20 Exanpl e 19 Preparation of

Qui nol i ne- 3- Car boxal dehyde Step (1) _Elapkrlétlon of

cLui nol i ne- 3- car boxal dehvﬁ%ﬂb@@% gygﬁﬁ] II@IC_B(@%}B%nq!g 25 Compound (161) A
m xt ure of quinoline-2- 089 3.4 mol ),
triethylamne (0.69 g, 6.8 mmwol) and 10% pal | adi um on carbon (0.05 g, 50%
wet) in t ged and evacuat ed A hydr ogen
bal | oon wWas*% & e : = Va Ehisles

vi gor osisl gz |rred at roomterrperature for 15 30 h. HPLC shovved no
starting material was left. The resulting m xture was degassed and

ni trogen pur gedorwtived solhigorcef qlipelinea2shioro-3evaebbxaldehpded(5r ¢, 2%afmel) iR

met hanol . ate . and the rjnse nbined, and concentrated to
o o1 TetEnh (38 AFa B0 mpere bt ot GG an g cuionc o Sms Ab 2. 46,6
PCT/ USO0/ i)y} Rteadoiition (Wi stitrkd ﬁﬂﬂ)oﬁ@ﬁéﬁ%ré&hxterfows ﬁﬁm‘tgé) me iofl Mas €t hy!
acetate | ayer was concentrated to an oil which was purif dﬁby col um

chr omat ogﬁqpﬁyte(tgdiﬂlgﬁEN@jﬁm;dﬂg@)Sétmn@lms apiglpé to the reacnon flask in portions
I
Brepat ot | an apted AT ROl b0, AT et vaf ey o b iietectoue

di met hy| aceicentrdtedon abang evasorhtos & gdfelaﬂ ouacmrcﬂamﬁremssdlv& AfethydacOhte -
Exanpl e 8 anpl e 20 10 Preparation

bt a | i ne-3- carboxaldeh de.
oo mol {Temi &%s%@atﬁ*&@ 6130 D @0 Concenisaishds the piadGH a5 an oil (6.2 g, 100%)

qui nol i ne %f‘ﬁﬁ‘?} I gfbﬁng (

Qui nol i neM;k chloro-3-ca ’boxa?\/gie&é?@i’?sgﬁ(é m*zgl(ﬁi @m%r@bll ’d‘)m

met hanol (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



15 (20 m) and refluxed for 1.5 h. To this solution was a dﬁm
pal I adi um on carbon (100 ngy) and amonium formate (1.65 93 and
refl uxedMHH hours to form qui nol i ne- 3- car boxal dehyde RETHESOPY448E et al
(>99% . Step (2): Preparation of quinoline-3-carboxal dehyd 20 The

qui nol i ne- 3- car boxal dehyde di net hyl aceyal from above was treated in
accordance with Step (3) of Exanple 8 to obtain

ol S EBIRIALASIS: L P70 36 Dilposez Cééé’%%%@%?wiﬂ ves

of fornmu R Boatye) & ration of
3-(3-CQui Ir?%?rg/?lg whfcﬁfﬁ'afgiggémlhl_bgﬁfo Bu?mmw%onaﬁgow a Céqnc/i’?& %Rl@ |

Qui nol i n@ug-quinobiosd rqaeng@bdemydmdmmwlam@t(aﬁé g, B&dfene 7, Corrpound 1l 10
Step (1): Condensation of auinoline-3-carboxal dehyde vvlth et hyl acetate To
a 50-nL round-bottom flask equi pped with magnetic stirring and a dry

ni t r o§en Stdpi(Re Myeparaistest duidolghet I-corbokaliehl.de equi v) of

qui nol i ne-3-car boxal dehyde and 11.0 nL of ethyl acetate. This was nixed
to di ssol ve ahBe ﬂ%oh@sécﬁé?ﬂxa@éhmq Qawem&ace@bi(r@m ovowasgeptad ih i ce/ wat er

bath. 15,1 &a@béw&ﬂ §t@d (3) of Bt l%rg?f%dob%mf?ﬁu%gixﬁe% -da8Baldehdgl €aui v) of

pot assi umt- but oxi single portion ntinue stirri the m xture
at 0-5 C. TLCat t = 2. hr. revealed that the reaction was corrpl ete.
Acetic acid (506 ng = 8.4 mol = 1.2 equi was them charged to

neutral ize the base. This m xture “washed wi th 5% sodi um

' bi cggbonat e sol uti on unp iebaﬂah@n@ﬂﬁﬁ%ﬁn@b%b&%ékﬂ?g basic. The m xture
was diluted 20 with ethyT acetate as neede 0 assi St in the washing. The
organi ¢ phase was then concentrated by rotary evaporation to yield 1.1 g

of -crude praodu The crude matefi £ | d from 10% et hyl
acet at e/ P&t %@%@M—M o Hieci-cb aﬁghﬁ%&ﬁ%&%ﬁ%@genl-ol

1-butyl Coaipetrd 695 The et hyl 3-(3-qui nol yI) 2 propenoate was treated in
accordance w th_ Steps

3- (3- qui nol yI nglog,\p@-g qo Ibparzaorgﬁj@ghyde &l ggnggénmol) 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.



30 Exanple 22 Preparation of 3-(3-Quinolyl)-2-Prapen-I-ol 1t my? K]
Carbonate via Condensation of Quinoline-3-Carboxal dehyde Sq ( 9

Pr epar at i W 08/0032 ( 3- qui nol yl | ) propenal (Schene 7, ConpoundedBusoeok:ddodEC
2003 WO 01/00582 PCT! USOO 16404 41 To a 500-nL round-bottom fl ask,

equi pped with nechanical stirrer, dr opprg funnel and tenperature bath
was charged 30.9 g (0.2 nol) qui noI i ne 3%car boxal dehyde and acet al dehyde
(50 mL). The m xture was cooled to -10 C and a solution of sodium

hydr oxi de (500 ng) in nethanol (8 rElampies 2d22d dr opwi se keeping the

tenperature 5 | ow, 1 s stirred at, 0 C for 30 mn.
Acetic anhydri %&S%ﬂ%%é@m%%a%%ﬂ%ﬂtﬁﬂ meparing darixatiygs ohiosmale Aofrom C
(et hyl agg@inalige BjarBskaldehyye reaction was renoved). After 1 hour, the
m xture was cooled to 30 C and 100 nL 3N HCl (50 mL conc. HCl in 100 nL
wat er) was added. The m xture was heat ed to 80 C for 45 mn. and

neutradized with 10 % sodi um car bon ﬁgﬂ ljst“‘y (The organic |ayer,

cont ai ni ng product, 10 was checked b stem i sopropyl acetate,

vi suali ze under shdrrepassion 8f 3{Bh@ensyioD-Prbpedr-T-8RLBIQN Catbiardl Xt Ur € was
cooled to <30 C, diluted vvrth 200 L water and |t was wasrT"'d vvrth 2 X 150
mL- i sopropyl acetdd ondensatien of{uingl BFboy byl Acetat

acetate (500 m) and the pH vvasqSQBngghtCérg)gu%dgm;neutraI ization with

sodi um carbonate. The organic d and concentrated to a
smal | vol une until the 15 product starts to crystallize. The m xture was
stirr f i frltereo 3 , 18 5 g product as a |light
yel | oW soPrdA-5ecotd 5 4L S UG eV ZBdent rati on of the,
mot her |i quor r t : ‘*
with MIBE (25 ?La’% 50#5%5%‘19??0&{“ ﬂ@’k%%%’% d%.g%g ngnrvrf’zh%%ﬁ p&gg’

consi st enline ywas laddddel . pgd g dsmmod Frthcqm@ szﬂlnsheqﬁ(cadmxﬂddgde ahd @ hOQﬁL

3-(3- | - h A t f
3 (5- qui ot SPYLRSBIERRR YaPlpitSF0ERaL: iR R SHhvig Wit SOQIELED 5ol e
to 0 C anéCtin ahlidepwatesbdathe, sodi um borohydride (1.03 g, 27 mml) was

charged in snall portrons keepi ng the tenperature below 10 C. After the
addi t1dn was cdeghsselutionavasshasged 408 /8«4 mmpl 74P equiv) of potassiue- ni n.

until theplRgtde iR site FHBHE ConfARud RiMidPhHE thilire 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))



TLC (isopropyl acetate, visualize under uv). To the m'xturﬁ %xg
anmoni um chl ori de solution (20 nL) was added and the m xt rne |rred
for one NY&PYOOFRE ni xture was then concentrated under va(?lm‘rww’m‘ﬁmc to
remove net hanol. The product was extracted in isopropyl acetate (150 ni),
and the sol vent was evaporat ed under 3Q-~vacuum to dryness. The product was
triturated with MIBE (40 m), filtered, ‘washed with ~ MIBE (10 nm.) and

d d - - | - ol 0 i gh
Tl ow Sort o The SRMD FouEbionHGR. SR Riv ek Frtohepp R o
struct ur egn\ifp aggl/tf}ggégtuf@baﬂjr V\Qs o eg 6%@)0411}1%&% E?ﬁ'ggxaﬁaehir cadd

Exanpl es 23-27 re e to net ods rrng ‘a’ car errvatrves of
t he geneacaialdebyde(H) ol).. THhmix3ure3vaguooied yd )IOZCmndp)sD}unlon-dflsodﬁm vatives
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in THE (50 m nd t he 'sol ution was cool ed C. Potassium
t - but oxi dearp@iage. gTheasrgamio layerwas 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 stfucture.

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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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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Preparation of 3-(3-Quinolyl)-2-Propyn-1-ol Morpholine Carbamate

15 - (Scheme 1. Compound (I))
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



quartets, 2H), 4.55 (appar doublet of triplets, 2H), 1.49 (s, 9H). 13C NWR
(CbA'3, 75 25 MHz): d 153.1, 131.9, 118.3, 819 67. 4, 27150&5(;( , Cl):
176 ( M+ NWd)dijoessfnal Calc'd for C&H1403: C, 60.73; H, 8. 92 e

60.95; H, 8.96. WD 01/00582 51 5 10 (i) alkyl, (ii) alkoxy, ﬂ?l Il f aryI
(iv) nitro, and (v) halo; R2is C-Co-alkyl; Xis -O or -NR3; 15 IS
hydr ogen, Cl-Cé6-al kyl or aryl; or R2 an@®R3 taken toget her form an
aromatic or non- aromatic ring, conprising the steps of: (a) preparing an
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I ntermedi ate obtained in step (a); and (c) optlonally coupling the

conpoupd obtained fromstep (b) with_ an acylating reagent. 30 WHAT IS
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Examples 28 illustrates a method for preparing an allyl carbonate compound of the

general formula (I).
Example 28

‘ Preparation of Allyl -Butyl Carbonate
10

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.



1. A process of preparing a conmpound of the formula R -W%O)-X—RZ
(1), whegel ..l S 1 ndependently sel ected from hydrogen an i
opti onal wgd(g\;ﬁz’l tuted wth one or nore of. 2. The procesBCHEWG#MHg t o
Caim1l, wherein R2 is isopropyl or t-butyl. 1 0 DEC 2003 WD 01/ 00582

PCT/ USO0/ 16404 52 3. The process accogding to Claiml., wherein the
internmediate of the formula R -C=CCH2OR4 i s obtained by a process
conprising the steps of reacting a haloquinoline with propargyl al cohol

or a substituted propargyl alcohol of the fornula HC=CCH20R4, wherein R4
i s hydrogen orwHAYASQGEADPMEBGES] ng group. 5 4. The process according to
Claiml, wherein the internediate of the formula R -CH=CHC(O ORS, is
obtained by reacting a vinyl ester of the fornula CH2=CHC(O) OR5, wherein

R5is C to al Kyk mpid rﬂ&“ﬁ i process according to
Claim1, V\/ne?gll'n th‘é Wﬁ%?%g%%ag%e 0 %%&%Sr&nfgrgf”@?aotmq OOCRS, is
. obtai dfed by reacting an esteR’eﬂH#ﬁHCme@(m-)GﬂéC(Ip) ORS, wherein R5 is C

to C6 al kyl, w.h a guinpline carbaxal dehyde. 6. The process according to
a1 S BR e bt SrIERES SO RS s A auinly FersionplbOPRORGS ( R

7), is obymhBRdotMofeSsFct i ng an acetal of the fornmula CH2=CHCH(OR6) (OR 7),
wherein R6 and R7 are independently C, to C6 alkyl, with hal oquinoline.
7. The process accofidi ngalkpl,Cl ai m 1, wherein the internediate of the
formula 20 '-CH= @) i S obtained by hydrolyzing a conpound of the
formula |,." -04:8:@30) X%, The process according to Claim1, wherein
the it er medi ate of(ifije &9r,nula R -CH=CHCHO i s obtai ned by reducing the
intermediate of fornula R 25 CH=CHCH( OR6) (OR7). 9. The process according
to Caim1, whereinfiYhe Piffoefifbdi ate of the fornmula R -CHECHCHO i s '
obt-ai ned vi a conden(zi,sxti op,of acetal dehyde with quinoline carboxal dehyde.
30 ’

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.
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1 0 DEC 2003 WO 01/00582 PCT/ UTS00/ 16404 53 10. The pr ocxfss accordi ng to .
Claiml, wherein the internediate represented by the fornu :

or R - C=CwgbrdesézO - X-R ' obtained fromstep (a) is reducgd @Soﬂﬁ&@%ds of

catal ytic sem -hydrogenation. 5 11. The process according to alm
wherein the internediate is treated wwth hydrogen gas and a netal

catal yst selected from pal I adium and pl &i num catal ysts. 12. The process
according to Caim 10, wherein the internediate is treated with an

al uni num hydri de r eagRHroaRd agor@hlo CRIRNYwheshl zﬁ&h@é}xﬁeaﬁfe &@% GinpfT, and
pl ati num 10 catal ysts. 13. The process according to Caim|l erein the

i nt er medi &l‘eGﬁC(EHg)Rﬁ”iéTyﬂ)tﬁmeEb aprdtesd o ERe théstéﬁsd&?%n% th an al umi num

hydri de reagent The process accordi ng wherein the

i nt er nedi b@I@qwoknn@thbrmgmgylmlco@pb@mwteﬁrprcmau:gym@@cmafdm foirmath from
step (a) is reduced psing a boron reducing agent or an al um num hydride
reagent . iﬁc-’@@}{zﬁﬁce‘a’hemmmlhﬁ@ﬂgwQ}laah}fﬁrQmeﬁcemr@grotxpe boron reduci ng
agent ¢s 20 selected fromthe group consisting of a borane conpl ex

reagent or a borohydride reagent. 16. The process according to Caim 15,

wher ei n the borane curRredess eaodihg toSClamel SWhESin tROMSPALHAR- cﬁ‘tH@i’cmﬂula
sul fide, bgrane- tetrahét drof uran conpl ex, bor ane- pyridine conple

bor ane- nDRpTgﬂT(ﬁgc(@lp ds pbtainsd By reasting:a ¥imurhesist of Bsrfameula- but y| am ne, 25
bor ane- N, ML@@ Bkse&rgngeﬁxr&ﬂg’cé?ﬁ&aglﬁyldmlank% %gingﬁned' (bor ane-

di met hyl am no) pyri |ne orane-
bor ane- 4- net hyl m)rphol | ne. 17. The process according to Caim15, wherein

t he bprohydride rea sel ect ed rom bor ane, bor ane- net sul fide, =
ﬁd net hyl sgl fid Pﬁ ?eéﬁﬁwﬂc 1R OrfAmn éﬁhqulPﬁhQ}meﬂﬁ%ﬂsmfy thgeforagda um-

bor ohydri gé.cp+ 4P ® DEC 2003
"o o1 o5 i LS HLAOR! A0 ¥GEIg by ?%g‘“gé?ocesé‘ég}:héﬁ*?ﬂé@i“ﬁm‘?% 12, 13 or
14 wher ei whetein Bf isConGhaliiyl, svith arquingline carboxeddebgdeed from t he group

consisting of lithiumalum nium hydride alone or with A Cl3i diisobutyl
al um num hydri de, and sodi um bi s(2- et hoxyet hoxy) al um num hydri de

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



in toluene. 19. The process according to Caim1l, whereid gHELt und of
t he formuvﬁl? Ros-sg:CCI—QOC(O)-X-RZ, I s obtained by coupling an 1 nternediate
of the formit8 -C=CCH2OR4 with an acyl ating reagent. 10Z0USW15#cess
of preparing a conpound of the fornula: O OXR2 Xis -0- or -NR3-; R is
I ndependent|ly sel ected from hydrogen and qui nolyl optionally substituted
with one or nore substituents selected from 15 .i) alkyl, (ii) alkoxy,

nroginr o b el i Rl ibuti v b o
e T

.the st epsrediicedey medots ofratlgieipRAgdeperdatienf ornula: t 0 DEC 2003 WO
01/ 00582 PCT/ US00/ 16404 CHO or 55 CHO -IN XI wherein X is a halide, with

an organonetal lic conmpound of the formula R8-Mor R3-M X , wherein R8 and

-X1 areg as defined abgy ﬁro@gkg a%o%%ygﬁ)t V\giaimﬂ@%&%@%{;j“g‘{}%f?}ﬁtp%gxteg%gg‘?i}ﬂ% it

t he conpound obt'ai ne n-step erein ut ed
al kynyl , hyiredenogad ahtie neandl cetalysrsdicogd domppaliadium and platinum catalysts.

12.  The process accofding to Claim 10, wherein the intermediate is treated with
an aluminum hydride reagent and a metal catalyst selected from palladium and platinum

10  catalysts.

13.  The process according to Claim 1, wherein the intermediate 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.



wherein R8 is al kenyl or substituted al kenyl. 21. The procgs§ BE@cm%ng to
A aim 20,y 8:@89 the metal is magnesiumor |ithium 10 22. The process
accordi ng to aim 20., conprising the steps of reacting aPCdE00A4of
the formula: N' 'X wherein X is a hal i de, with a nmagnesi um halide
conpound and an al kyl lithium 15 conposmd in an al coholic solvent. 23.
The process of preparing a conpound according to CI ai m 20, V\/nerei n the

qui nol i ne carbpgal dg . 1 r st

of: (a) reacting a 2%@%%&&?%6@1%?959%% nglg’l ehy erﬂnﬂ’ iuggf‘ f}mdgg
ECHOh I20 Nreagexit lsmbcmdrﬁé)o)ﬁ thegraumednscbang}o@rl:&num alum%mum hlydnde alone or with
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R10 are epaBlueplependently C, to C6 | ower alkyl, by reacting with an

al cohol of the fornula RO-OH, wherein RO is C to C6 | ower al kyl, or with

an orthoformate of the formula HO(OR )3, wherein Rl is C to C3 |ower

al kyl; (b) dehgf ogepating the 2.halo-gui nol Ii ne-3-carboxal dehyde acetal to
forma 5 quinoline: %3&859% B‘Bﬂ%&b ggd nlal‘”"r‘?é‘?)f‘ﬁ‘&%?’?%lof FEoorie0 N H

(c) hydro yz'g pobi ne rrboxal dehyde acetal. 24. The process
accor di ngk[ CO@ H;nscgg com? Pétﬁ d?’%é’"&‘? aryjntermgdyaig of thg fermga qui nol i ne
I(:(r;]lr ts)'tj)e(gl((j myéegghtz R* i Caer;[z{jésly,r a%g (lj_eeagengb) reduci ng the conpound obt ai ned

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

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:



(c) coupling the conpound obtained in step (b) with an acﬂl&tﬂ&ﬁg]g agent

15 25. A ﬂm E]ﬁd of selected from (a) R -CH=CHC(O) ORS, wherein

_independently &8 ected from hydrogen and quinolyl optional${/Usipyesos ut ed
with one or substituent selected from (i) alkyl, (ii) alkoxy, (iii) aryl,
(iv) nitro, and (v) halo; and R5 is C3sto C6 | over al kyl; 20 (b)

R - CH=CHCH(OR6) (OR), wherein R6 and R7 are independently C1 to 06 al kyl ;
(c) R-CH=CHC(O OH, (d) R' CH=CH and (e). R - CH O -X-R2

wherein R2 is C,-Cl0- a4 %9025 orZ NRF a ch( hydrogen

C -C6-al kyl or aryl; taken tlogetHer fqgrm an aromatic or
non-aromatic ring; anoxy R, - CH=CHCH2CH. s,for preparl ng a

.conpound of fornmula WO 01/ 00532 57 R1- CH=CHCH, C)Cf(’O) XXRo (1), 1 0 DEC
2003 PCT/viea6h ¥8 494 hafideswith aanrgarN%alhB'coﬂnﬁoﬁdmRﬁE‘ A RhYRER) GGt T om
hydr ogen a,nd qui noJ[yI ptlonal substituted wth one or nore

-subst i t ueht whersineRt and X argmas defihgd @howylandMlSl)leTal Rody, (iii) aryl, (iv)

C1- o8- arkyl ;  §P ro ooy Pkdee L e B bobnd Srrelbe YRR, heotin Rlitmac i
ring; Scorr'prl si ng t htkyayegssubbtituted alkynyl, to afford the corresponding compound

wherein R® is alkeny! or substituted alkenyl.

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:



(a) preparing a conpound of the formula R - CH=CHCH2OR4, \mgr@i[}ﬂ'ﬁqgggs
hydr ogen or a hydroxy protecting group; 15 (b) optionally deprotecting the

conpound YR 81/8NS8 i n step (a); “and (c)
R -CH=CHCH, 20H with an acyl ating agent.

conmpound of formula R -CH=CHCH2OC(O) - X- (1), Xis -0- or -NR3-; R is
I ndependently sel ected from hydrogen and-qui nolyl optionally substituted
nore substituent S, sel ect ed from (i) alkyl, 25 (ii) alkoxy,
(iii) aryl Wherein, X s @ halidesandl R{ and Ralaes eaRll indep@idefiilg Cakkg) lowa® alR3 1, ity

with one

o 9o koSl e A BB a0 R 081

non- aronma
PCT/ USOQ' 146rhdfagmaue p eei fogmaladPORMY, WherbRR P &r b, lower

or

kyl;

; 1 :
R -C=C CH2- OC(O),- X-R2; and (b) hydrogenating the conpound o%t alned in

step (a). 28. pr Selalegengting therghalerquingling-3Gatoxaldchydb ecwiliofoven a
oAl SRR Kol el BB 2% A comound havi g9
or -NR3-; R is independently sel ected fgem hyHppgen and qui nol yl
optionally substituted with F
l H
\N
()  hydrolyzing the quinoline-3-carboxaldehyde acetal.
24.  The process according to Claim 20, comprising the steps of:
10 (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.
15 25. 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;

20 (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-
25 or -NR?; and R? is hydrogen, C;-Cg-alky! or aryl; or R? and R taken
together form an aromatic or non-aromatic ring; and
(H  R-CH=CHCH,OH.
26. A process for preparing a compound of formula |

reacting a conpound rfrivdve/1umul a
20 27. A process for preparing a

g



one or nore substituents selected from (i) alkyl, (ii) ,1I5d< Z) S (1ii)
aryl, (iv&, Q)ix}oﬁﬁzﬂ and (v) halo; R2is C-Co-alkyl; R3 r (an or
Cl - C6- al kyP; or R2 and R3 takeh together form an aromatic FSrT/HEQ164
aromatic ring; and R8 is selected fromthe group consisting of: (i)
-CH=CH R', wherein R' is hydrogen or alkyl, and;, (ii) -CCR'

R'-CH=CHCH,OC(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:
5 (i) alkyl,
(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:
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(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
di-tert-butyl dicarbonate. |

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

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,
(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-
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!!

N,





