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WD 2004/ 020424 PCT/ | B2003/ 003691 -1 PROCESS FOR
PREPARI NG FUNCTI ONALI ZED y- BUTYROLACTI ONES FROM

WOLODI4bL ACI D FI ELD OF THE | NVENTI ON 5 The | PUPIB20@37003691

relates to a process for preparing functionalized y-
but yr ol act ones from nucohalic_acids that enploys a
met al - medi at ed Barbier-type Teaction. The product
y-butyrol actones is useful for preparing a variety of

| WERRCER S FoR AR PURE oA L A rones

chem cal s have the pgtent valcdrarseysearmto the
envi ronnent. | ndeed, the recognition that nany of the

chem cal processes that are essential to the

devel opment of many mder V.eRni - such as
pharmaceutical s, co d r]ér&%?g@uﬁvsﬁe@fd}]r ansportation
or commpk GRkh@h htdlay b GRS SP6r Pﬁwﬂ@g RAEF i & f-ect

on the environment, has lead to the rise of the
t ebbiyoilagdmealironi miudohatiowcidaithat @npleys Cheetdl shedjatéd Bhadier-type

mandat e G een emstry i.s t esi gn, . devel op, and
" ERENEh TR S PBases ST GoMEP TS iR blce
Or bR\ MG LB PR GES hazardous to human heal th and

the " environment. So critical is the achi evenent of
Green Chem stry's mandate that 20 the National Acadeny

of Sci ences est apl,i ' rds
programin 1995%%@@8@#%@%@%%@8@?em esent

a conpeMdst ¥@dcekéathht dnsploPihe e 8f aRaMtAchaRRIPGESiaR e
manuf acturi ng processes that prevent pollution yet .
ar eause bABRICEE eyviggnasing . Inders, fsabcaghit@ngbat noimeraf $he ghemical
is LN 1T 2|1, 1M h se of 25 solvents

¢ ntole bt &8 sep it TR FohRell3R it sl fgnees—
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t odeHeesseRpry havesy hasmbd effsetan the endomment has lead i the mige of the
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( 2CBemdistriylinroodedigoxdevEloppartdempilamneant chmiaalcprotes gis aadipmoducts
acj,d 1 (2,3-di hrono-4- oxo-2-butenoi.c aci.d),  as, . 30
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the National Academy of Sciences established a Green Chemistry Awards

program in 1995. The Green Chemistry Awards represent a competitive effort to
promote chemical products and manufacturing processes that prevent pollution yet
are economically viable.

One goal of Green Chemistry is to minimize or eliminate the use of
solvents that are incompatible with the environment. This has lead to the use of
water or other environmentally compatible solvents in some chemical processes,
and to the search for substrates, reagents and reactions that are compatible with
water. We identified mucohalic acid 1 (mucochloric acid (2,3-dichloro-4-0xo0-2-
butenoic acid) and mucobromic acid 1 (2,3-dibromo-4-oxo0-2-butenoic acid), as

promising candidates for Green Chemistry processing.
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XX 1laX=Cl; | bX=Br OH Mucochloric acid and nmucobrom c
acid are commercially avail able and i nexpensive

wG@@anewaes mat eri al s. Both nol ecul es are char ace€r/iB2eaB/003691

by the presence 5 of a carbon-carbon double bond with
Z configuration, two hal ogen atons, and two carbonyl
groups. This high degree of fdnctionality nakes
mucochl oric and mucobrom c acid particularly useful
bui | di ng bl ocks for the gynthesis of a variety of

bi ol ogi cal ly active Retefocycles, such as substituted
1, 5- di hydr opyrrol - 2- on@s, phalicdicibs, and
y-lactans, as well a eréaxi§'d&ﬁn5% its great
synthetic potential, howgyer, nucohalic acid has not
been comonly enployed in conventional organic
synthesis as a G4 building bl ock, let alone in

"Green” sis., Presumably, this i s because
of tre MIHRbE AR BAS R B bt T A bl paiiglgand
st alekpdrisivesniigig PagtialsC B fhbRbBSes ﬁ@‘éh&x‘ﬁ&emﬂ%ﬁ%ﬁﬁ& pf8ence
anong those of ordinary skill in the art of

di pFd %45]3@1} eybar dotileberdl with Ziconfiguratiere hwe halvgen atoms and two
F hOA B et ips Ol Mat A IRl ) ks BEESERTE e

f omumdtrbmdsacmd patiodads ascfiilltaildalg| bk 86r thd Syntisels@Faivaety
%ﬁ %ﬁ n of the functlonal groups present in
1plggically atye hefprogycleg ek anyibstiaiadyl, T 6ihydrappirel-2-ones,
% I spheric pressure, 20
angj it mﬁ{at%g%g}s%se@e&fﬂl AR R Ry O THE

| NVENTI Dbkaﬂee&grem dymhdtrporeils hawevdtEhudBhali® feid has not been
i nventi on di sed herein which is directed to a
T ERRaRD SRR o PRI BeS Bk (bt sck.

of 1ef AoRRIe dree of
20047 020424 P&t/ ] Ezoog’“(ﬁ){}bes%égf%%ug%lv‘éﬁa‘lg i Dekguse of the many

Br teactive sites in the molecule, its poor stability under basic conditions, and the
perception among those of ordinary skill in the art of the difficulties associated
with the selective manipulation of the halogen atoms in the presence of the other
functionality.

As a result, there is a need for methods or processes that allow for the
selective manipulation of the functional groups present in mucolialic acid, in an
environmentally compatible “Green solvent”, at mild pH, atmospheric pressure,

and at room temperature or lower.

SUMMARY OF THE INVENTION
These and other needs are met by the invention disclosed herein which is

directed to a process for preparing functionalized y-butyrolactones of formula I
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R1, R2, and R3 are each independently H, halo, aryl,
(d - Co6)al koxycarbonyl, (d -C6)al kanoyl, (Cl1-C6

wa@bdogloyo42dhal o(Cl - C6 al kyl), heteroaryl (Cl - C6) BARIB20@003691

aryl (C1-C6 alkyl), and 5 "- - - " is a bond or is
absent, provided that when " - - " is a bond, R1 and
R2 are absent; conprising: (3) contacti ng chohaI iC
acid 1 wherein Xis as defined above; 0 X 1o X OH

1 10 Wh&eﬂlakééjg nelg\dperein Yis d, Br, or I, Rl_, R2,

and R3 are as above, and " - " is as defined
above; R2 RzEﬁtd R; B¢ e2ch ihBepeadentlydil, i, agfl g@, £r om

ARG IR G Ll 8er & Ce dyth i RieCs sbBound
of hét%ﬂﬂ%@lcﬁ)gkg orér;'zl&é? .5 @ﬁyl)'\é% pal 10 O X X X R 1

e’i nvention process
del’mnst ¥ at-€9s & hendiseif abseat profidedithathvelienc -act ¢ @lsond, R; and
C bUI Edl ng bl ock, particularly in the context of
" &anl Cc synthesis.

comprising:

(a) contacting mucohalic acid 1 wherein X is as defined above;

X
| ©
X

OH 1

with halide 2 wherein Y is Cl, Br, or I,
Ri, Ry, and Rj are as defined above, and
“---"is as defined above;
g
Ry XY Y
R4 2

' -a metal selected from indium, tin or zinc; and

a catalytic amount of ammonium chloride in a solvent to form the

compound of formula I.
0O
X
X
JY\((O N R§:<> Metal
X \ A3 Ry NH,CI
1 2

The invention process demonstrates the usefulness of mucohalic acid as a

Y

C-4 building block, particularly in the context of “Green” organic synthesis.
Mucohalic acid is stable in aqueous media according to the reaction conditions of

the invention process. Moreover, the hydroxyl group of mucohalic acid can be



Mucohalic acid is stable in aqueous nedia according to

the reaction conditions of the invention process.
woveogoae4 t he hydroxyl group of nucohal i c aci PCTEBR0EB2003691

WO 2004/ 020424 PCT/ 1 B2003/ 003691 -4 selectively

mani pul ated in the presence of the other functionality

to give high vyields of produﬁt conpounds. The '

i nvention process is therefore readily adapted to the

¢ hOue el Btninte R & e eestn T o PR gl 36 e
anyRWsas pitfiucteigiRinds © Me OHH M ~ ~ - Me M OH O

O-Me Ckinonellin O Me Palauolol O Q@2H Me)7~- CQ~ O
X f' | The mreppion precesxisSdengfare read8y alapRatiodhd symthesisoff d

m&&@léaﬂ%ﬁg%ge é)rﬁogngg,i{%hr% t (%Osiegsegic%g_iln I§cl(1)e_|me Iil? pa'%ticularly |

5 B- and y amino acids.
Scheme 1
0 0]
&
e OH
Y\ N OH
o Me Me o) ~Me
Okinonellin 0 Palauolol

Securinines OH Roccellaric Acid
Mucochalic Acid 1

X=Cl or Br * R!
O O
A / | \ o

R__HKOH R—C OH

A o =
N
Me

OH

R NH,
HaN k/
B and y-Amino Acids
7
— = Y = \ Incrustosporines
RANSRE Me Me Me O Me  R'=H,OH
[\/OH 0O
Palinurines

R2=H,, O; R®= H,, O

10 ‘ As a result, the invention also provides a process for the preparation of a

compound of formula IT

HoN R3



10

15

20

Me OH Incrustosporines R3I NR2Z M M Me O Me Rl= H,
CHI L_,,0H0 Palinurines R 2= H2, 0; R3= H2, 0 10

w@\g00a/0e@34ul t, the invention also provides a prPCEER0IN03691

the preparation of a conpound of formula Il 0 OH R2
H2N R3 R1 11 WO 2004/ 020424 PCT/1B2003/003691 -5
wherein RlL, R2, and R3 are eath independently H, hal o,
aryl, (d' - ©6)al koxycarbonyl, (Cl-C6)al kanoyl, (C1-06
al kyI) hal o(Cl - C6 al kyl) het er oar 1- C6) al k or
aryl ( Ol WhsgeiaiRay Ry, ang Rg a@o%ﬁh Plsqeaaldenéygﬁ halg oy g 1‘ng

IR R, Lo RRAR, @, MRSABIE pcte, L anfh. ©
|shemerbmyI{C@#Cd)ﬂkﬁhﬁarmcclp@@lkyﬂ}:(ﬁnﬂhat when " - - - "

is a bond, Rl and R2 are absent; R2 R3~ YRL 2 10 a
met al  SSRESEE f r om i ndi um tin or zinc: and a

a@?' ytaoqna%ﬁﬁg RfucBfial RHERN MTh A W HGeinY & COBY.&RY, at
Su I Cl ent action tenper ature, pressure, t1ne, and

_ concentrat i oRy,{Re, prddR4 ate as dedingd aboney prd act one of

formia | 0.0 >1<s e>1<bond0 or 18 abséntMBrowdedCEhat when “---"is a bond,
R; and R, are absent;
'3\2
R{\ﬁ‘ﬂv
R4 2

a metal selected from indium, tin or zinc; and

a catalytic amount of ammonium chloride in a solvent at sufficient
' reaction temperature, pressure, time, and concentration to provide the y-

butyrolactone of formula I,
X
X Metal
ji(( o 4 Rg— etal X
X Rs Ry NH,Cl

(b) reacting compound I with an amine R,NHj, wherein R, is benzyl or

methylbenzyl, in the presence of base to form 3;

(c) hydrogenating compound 3 to initially form compound 4 and subsequently

compound 5;



0O XR3RLN#M4CL X02R 15 R2s (b) reacting
conpound I with an am ne RaNH2, wherein Ra is benzyl
w@eoo4toet4by/ | benzyl , in the presence of base to POF/ImB2803/003691

O XORaNH2 X O Ra~ X Rl Base IN Rl R Rs 3 R2~-R3

2 20 (c) hydrogenating conpound 3 to initially form

conpound 4 and subsequently -&onpound 5; WD

2004/ 020424 PCT/1B2003/003691 -6- 0 X OO 1
{ INOO HH2ZNR HNR 3'R2 R3 4

X
H2 R4, N 5
R2 ) reacting conpound g W th benzyl o)
chl oro te in yhe preserce pf base tg provide the
CE?;-\pr ed amin®,__f0l | owe Y aci d-_eaz.t_al_yzed )
dt Biin aqueous %1()4, wher ei

o form conpdund 6;
tOHHN R CBZ-N Ri
Ra 5 ks

hy g ,

(Cl-C6 al k) and catal yti’c aci
0 1) s:ICOéH Rp, C02Me g O base)
2) H+, R H5 R2 R36 RM8 Ry

(d)  reacting compound 5 with benzyl chloroformate in the presence of base to

provide the CBZ-protected amine, followed by acid-catalyzed hydrolysis

5 in aqueous alcohol R'OH, wherein R’ is (C;-Cs alkyl) and catalytic acid to
form compound 6;
O
1) CICO,CH,Ph, COMe
O base . OH
HaN R; cBz—N R
. . 2) H*, ROH H
R2 8 6 R2 R3

(e) reacting compound 6 with mesyl chloride in the presence of base, followed
10 by treatment with NaBr of Nal, and subsequent reduction with tri-n-butyl

tin hydride to form compound 7;

COzMe 1) MsCl
' CO-M
OH base 2\
CBZ——ll\l Ry > cBZ—N R
H 2) NaBr or Nal ) 4 !
6 R 3) n-BuzSnH
Ry 3 ) 3 7 " Rs

@ removing the CBZ group and hydrolyzing the ester in compound 7 under

15 acidic conditions to provide a compound of formula IL
CO.H
COzMe 1) Hy/Pd-C 2
cBz—N R; -~  HN Ry
H 2) H+, HyO H q
7 Ra Rs 3
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2 (e) reacting conmpound 6 with nmesyl chloride in the
presence of base, followed 10 by treatnent with NaBr

wo@Roonaro42and subsequent reduction with tri-n-bRCTIB2003/003691

hydride to form conmpound 7; CO02Me 1) MsCl, CO2Me COH
base CBZ-N R H 2) NaBr or Nal, CB- NR 6 R3 3)

n-Bu3SnH HR2 7 R2 R3 (f) re’r?f)vi ng the CBZ group and
hydrol yzing the ester in conpound 7 under 15 acidic

condi ti

cor 1 i BT YO B PidEC TBRIEG 1B} By ot ianc of

11 feeuRSIIIND 2004/ 020424 PCT/ | B2003/ 003691 -7 The

i nvention al so provides a ocess for the preparation

of a conpound of formula IlfI 0 OHR2 H2N R3 R4 R5R1

Il wherein R, R2, and oy eBgh i ndependently H,

hal o, aryl, (d - 5 C6)al

(Cl'- C8) al kanoyl, (C1-@&Nal kyl),

het eroaryl (Cl1- C6) al kyl oR; ﬁl kyl), and R4

and R5 are each independently H ary heteroaryl, or

(Cl- C6 albkielin Ry, Gomard By a1¢ each(lﬁdepéﬁdﬁrﬂQIH ﬂﬂldﬂd@@ f(ﬂjl LC

ac:lcgé‘ th halide 2 wherein 0 R1,
Contepxpgaraonyld1 @é?aﬂl??éﬂyla%lvgﬁ ki Palo - -alk.yl:) a

ggﬁ%?ﬁa%&g%gﬁ‘)%’k&la?ﬁir%ggﬁg altkg}f’},t ant¥€hnd R, ate éach 1h(§ep@ndently
H, aryl, heteroaryl, or (C;-Cg alkyl);

haﬁ%(Cl C6 al kyl),

comprising:
(a) contacting mucohalic acid with halide 2 wherein Y is Cl, Br, or I,
R1, Ry, and Rj3 are as defined above, and
“---"1s abond or is absent, provided that when *“---" is a bond,
' R; and R, are absent; .

Rz

Ry XY Y
Ry 2

a metal selected from indium, tin or zinc; and
a catalytic amount of ammonium chloride in a solvent at sufficient
reaction temperature, pressure, time, and concentration to provide V-

butyrolactone I;
X
X
ﬁo N RQ_ Metal
X Rs Ry NH,CI

(b) reacting compound I with an amine R,NH,, wherein R, is benzyl or

Y

methylbenzyl, in the presence of base to form 3;



R2 R3~ YRL 2 15 a netal selected fromindium tin or
zinc; and a catal ytic anount of ammonium chloride in a
waelnen2at sufficient reaction tenperature, PCEBER00303691
time, and concentration to provide y- butyrol actone I;
00 I O XI O+ R_ Metal x, XX OR3RL N4CL vy 2 I
~~ RR3 2 20 (b) reacting Conpound |I with an am ne

RaNH2, wherein Ra is benzyl or nethylbenzyl, in the

presence of gpase to form 3; WO 2004/020424 0
PCT/ 1 B2BQ3/ 03691 -8 %'(\? X1 ORaNH2 X ¢ X R Ra_N 1
Base H Ri|| R3 3 R2 k{%) hydr ogenati ng ¢ und 3
to initi fo|5m cdﬁp‘cund—ﬂ—‘arnd—s*u'bseqqgnh
conpound 5; \0 «X 0 0 Ba® q 0 H2 X H2 R4- R K\
H2N R1L HIN R1\ \

R3 3 R3

RJ Rz

(c) hydrogenating compound 3 to initially form compound 4 and subsequently

compound 5;

Ri
5 Ry 8
(d)  reacting compound 6 with benzyl chloroformate in the presence of base to
provide the CBZ-protected amine, followed by acid-catalyzed hydrolysis
in methanol to form compound 7;
O
1) CICO5,CH,Ph, CO,Me
o base OH
HoN R
2 1 CBz—fl\l R4
. 5 2) H*, MeOH H
: 3
10 R 5 6 R2 Rg

(e) oxidizing the alcohol moiety in compound 7 to provide compound 8;

COgMe MeO
OH [O] e0:C
cBz—N Ry > o
i CBZ~E Ry
6 R
Rg 8 8 Rs



SRB5R 4R R35 R R3 (d) reacting conpound 6
Wi th benzyl chloroformate in the presence of base to
w@e@niogia2s he CBZ- protected am ne, followed by PCT/1B2003/003691

aci d-catal yzed hydrolysis in nethanol to form conmpound

7; 0 1) CCORCH2Ph, CO2Me O base JIIOH H2N R1 CBZ N
RL 2) H+/, MeOHH 3 10 5 R2 8-R2 R3 (e) oxidizing the

al cohol nmoiety in conmpound 7 to provide conmpound 8;

C2Me J1,, OH[g MO®RC CBZ-NRL O HCBZ-NRL 6 R3 H
ReD8 RoRginating/be koone opiety in eopaupd Sasing3svand -9 (1)

ol efinating the ketone noiety in conpoundp8 i ng base
and Oph'$£25435(' R4 Et0) 2P11 PhP- -~ @E%z _ “n X i's
C, Br, &r ISROT {here™RGECT B 1250 are % dafeldien,

I

above to provide conpound 97 CO2Me R X 0 Ph3P-< MeQ2C
R4 _CaR%bReB® as-dhlfiRi] &oke topro@dRcoBgomd; 8 R R3
(EtO2-PARS 9 R 2 R2 3

R
+ 4 -
C%Me PhaP—<R5 X MeO,C Ra
—— > = R5
cez— i or O cBz—N Ry
) (E0)—p—< H
8 Rz R3 2 R5 9 R3
R3
Base
5
() hydrogenating compound 9 to provide the compound of formula IIL
4 1) Hy/Pd-C 2 Ra
Z R5 > R5
CBZ—_I’]\| R1 H2N R1
H 2) H*
S gy s mop/ R

The invention also provides a process for the preparation of a compound of

10 formula IV
O
OH Re
. " .
Ry NHz Ry v
wherein Ry, R2,A and Rs are each independently H, halo, aryl, (C; -
Ce)alkoxycarbonyl, (C;-Cs)alkanoyl, (C;-Cs alkyl), halo(Cy-Cs alkyl),
heteroaryl(C;—Cs)alkyl or aryl(Cl-Cs alkyl), and R4 and Ry are each independently
15 H, aryl, heteroaryl, or (C;-Cs alkyl);
comprising:
(a) contacting mucohalic acid with halide 2 wherein Y is Cl, Br, or I,
| R;, Ry, and Rj are as defined above, and

“__-"js abond or is absent, provided that when “---" is a bond,

20 R; and R; are absent;
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Base 5 (g) hydrogenating conpound 9 to provide the
conpound of formula I1l. MeOC 2 R4 1) H2/Pd-C HO2C

WQRA004BD4RE CBZ-N RL HZN RL H 2) H+ 9 R2 R3 | pCT/B2RB/003691

2 The invention also provides a process for the
preparation of a conmpound of 10 forrmula IV O OH R2
RA R3 R4 NH2 R1 IV whereinlRl, R2, and R3 are each
i ndependently H, halo, aryl, (O - C6)al koxycarbonyl,
(C1- C6) al kanoyl, (Cl-C6 aIkyI) hal o(C1- C6 al kyl),
het er oaryl (Cl- C6) al kyl or ?yI(CI C6 al kyl), and R4
and R4' are each indeperly% y15 H aryl,

het eroaryl, or (Cl-C6 al corrprl sing: (a)
contacting nmucohalic acid mn?% haki de 2 wherein Y is
A, Br, or I, Rl, R2, and R3 are as defined above,
and "- -" is a bond or is absent, provided that when
oo - |Saché@ﬂ%d];ecte&@roﬁimﬂﬁﬁhIﬁ&(ﬁrz&lcahmbnt V\D
2004/ 020424 PCT/1B2003/ 003691 - 10- af
metal sel ecta@étabfﬂér?m%‘at feﬁiﬁmrp?wu@rchiqrﬁi@ An éﬁﬂlvﬁnt ot sificient
cat al yt| C..anmun h t
Suffi eieacon pera ércgﬂ%%) 1 mﬁhﬁa L dH8edtfiibn %@bl‘é%ﬂfeya

reac erat ure, pressure,
and comgfpble@bhon to provide 'y- butyrol actone I,

o)
X o+ R;_(X Metal -
X Rs Ry NH,CI
0
2

(b) adding R4RyCM, wherein R4 and Ry are as defined above and wherein My
is MgBr, CuBr, or B(OH),, to 1, to provide 10;

RoRoCMo

(c)

(d)  hydrolyzing compound 11 in aqueous alcohol R°OH, wherein R’ is (C1-Cq
alkyl) and catalytic acid to form compound 12;



00 XX R Mtal | O 40 XR3 RL NH4Cl X 'qg OR 2 3

R2 (b) adding RAR4' CMo wherein R4 and R4, are as
waledosnzd2eabove and wherein MO 10 is MyBr, CuBpCT/B2003/003691

B(OH)2, to |, to provide 10; OO X O RRRVCMb X X R1

RA RL R4 R2R3 10 R2 R3 (c) hydrogenating conmpound

10 to formconpound 11; X 001-1 OH2/Pd-C O R4 RL R4

RR ORA"" R4 10 R2 R3 11 R2 R3 15 (d) hydrolyzing

conmpound 11 in aqueous al cohol R OH, wherein R is

(C1-C6 al kyl) catal yti c acid to form conpound 12;

WO 2004/ 020424 /1 B2008/10088®Beus - 11- O_LLOpR,

aqueous C%R' OQ’ CHOHR®&®M R1 R4 R 1 |[RA'oR4, 11 R2
12 R2 Ry R4

(e) oxidizing the alcohol moiety in compound 12 to provide compound 13;

CO,R' COR'
OH [©] 0
R4' R4|
12 g/ R | 13 Ry 1O
5
63 converting the ketone moiety in compound 13 to a primary amino moiety,
followed by hydrolysis, to provide the compound of formula IV.
‘ CO,Me . HO,C
| @) 1) Amination
Ry Ry >~ R NH
Ry 2) Hydrolysis 4 . Ri
Ry
13 R3
R
2 v Rz R3
10 What is also disclosed is a compound which is , Wherein

X, R1, Ry, and R; are as defined above.

i R4\N

What is also disclosed is a compound which is

wherein X, R;, Ry, and Rj are as defined above.

15
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(e) oxidizing the alcohol nobiety in conpound 12 to
provi de conpound 13; CO2R CRZR R X™H[0] R 4 RL R1

WORA004BZ04242 R2 R3 13 R2 R3 5 (f) converting tPer/Baim3691

noi ety in conpound 13 to a primary am no noiety,
foll owed by hydrolysis, to provide the conmpound of
formula 1V. CO2Me H2C N2 HR2 1) Anination 4 R4 R1L
2) Hydrolysis R4A RL R4 3 R RBIVRR3I 2 OXORL
R3 10 What is also disclosed is a conpound ichis
R2 , wherein X, Rl, R2, and R3 are as defi negl above. 0
XRA-NRL HS5 R3 Wat is also disclosed TS @3
compound which is R2 wherein X R1, R%b are as

| 8203

6

defi ned above. 15 WD 2004/ 020424 PCT/
-12 O :

What is also disclosed is a compound which is Rg , wherein

X, R1, Ry, and Rj are as defined above.

O
O
. . . s 1. 7 R Rs .
What is also disclosed is a compound which is 2 , wherein

Ry, Ry, and R are as defined above.

What is also disclosed is a compound which is

wherein X, Ry, Ra, Rz, R4, and Ry are as defined above.

DETAILED DESCRIPTION OF THE INVENTION

I Definitions

The following definitions are used, unless otherwise described: halo is
fluoro, chloro, bromo, or iodo. Alkyl and alkoxy, etc. denote both straight and
branched groups. However, reference to an individual radical such as “propyl”
embraces only the straight chain radical. A branched chain isomer such as
“isopropyl” is referred to specifically. Aryl denotes a phenyl radical or an ortho-
fused bicyclic carbocyclic radical having about nine to ten ring atoms in which at
least one ring is aromatic. Heteroaryl encompasses a radical attached via a ring
carbon of a monocyclic aromatic ring containing five or six ring atoms consisting
of carbon and one to four heteroatoms each selected from the group consisting of

non-peroxide oxygen, sulfur, and N(Y) wherein Y is absent or is H, O, (C;-
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X0 HIZNRL 6 R3 Wat is also disclosed is a conmpound
which is R2 , wherein X, Rl, R2, and R3 are as

waledoumozd2eabove. O 0 H2N R1 7 R3 Wiat i s al seCT/IB2003/003691

di scl osed is a conmpound which is R2 , wherein 5 Ri1,
R2, and R3 are as defined above. O X1 O RAR1 R~
1 R3 What is also disclosedlPs a conpound which is R2
V\Qerein X, Rl, R2, R3, R4, and R4, are as defined
above. 10 DETAI LED DESCRI PTI ON. OF THE | NVENT]ON |.
Defa)atkyls Bheayiroredenay) sV rlgatieradisat ?fo%PSOYH}OéfE a%‘ia‘acqu ess

gﬁﬁé?%éﬂaﬁfe Ac?r%?fiﬁ @Ha? Eaﬁl rﬂlg' atom{ H&R/eR thérd FBHPD ? pa glﬁlgH?r a

etc. denote both
arttnzd-datdied og Dnmqlrswe&lbwéwmg a p@bgleandemethykame, or
i ndi vid di cal such as "propyl" 15 enbraces only
Hétr%ffl?tgylﬁ’ﬂﬁ igaigal thetPcal . A branched chain i soner

SUCh asSpecf ic%ﬁ %Péﬂerred valt&NRtdaad1dwP R E’ﬁﬁd:afli GabdtiYuendY, Yhd
denot es radi cal or an ortho- fused bicyclic

c alabgﬁsymb |faxc 1lla$trat1ah Ohb'v ihey dab@chqlﬁd@th@ deEiped Yahgpes or other

ato é@gﬁ#gﬂ%&ﬁﬂ ‘Hh$§§‘@§ﬁggfﬁﬁgﬁmgﬁilg a ring

C ar bo N SecAicADNCGMHE? baﬁl W DERLiE ©r pdlREyctio At@haticihg having
or six ring atons consisting 20 of carbaon and one to

f oliem3eip d R catbomatasas And beiag Beuybstitaied oF substiiiest with one or

\(;\A?lgl?%esgg Qegsu%fstl e%r&%{s%léliggtgp ﬁé){‘gsfn%titﬁéﬂtg yﬁ‘flect@d‘f}oﬁ(a}ﬁyl,

alkoxy, thioalkoxy, hydroxy, thiol, nitro, halogen, amino, (C;—Ce)alkyl and (Ci—
Cy) dialkylamino, formyl, carboxyl, CN, ;NH-CO—R, -CO-NHR, -COgR, -COR,
wherein R is a (C; —Cg)alkyl. Examples of aryl groups include phenyl, 2,6-
dichlorophenyl, 3-methoxyphenyl, naphthyl, 4-thionaphthyl, tetralinyl,
anthracinyl, phenanthrenyl, benzonaphthenyl, fluorenyl, 2-acetamidofluoren-9-yl,
and 4’-bromobiphenyl, and the like. '

“Heteroaryl” can be thiophene, benzothiophene, naphthothiophene,
trianthrene, furan, benzofuran, isobenzofuran, pyran, chromene, xanthene,
phenoxathiin, pyrrole, imidazole, pyrazole, pyridine, pyrazine, triazole, tetrazole,
pyrazine, triazine, pyrirr'lidine, pyridazine, indolizine, isoindole, indole, indazole,
purine, quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine,
quinoxaline, quinazoline, cinnoline, pteridine, carbazole, carboline,
phenanthridine, acridine, phenanthroline, phenazine, isothiazole, phenothiazine,
oxazole, isoxazole, furazan, phenoxazine and the like. The heteroaryl may be
unsubstituted or substituted as provided above for aryl.

“(C; —Cg)alkoxycarbonyl” can be methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, or
hexyloxycarbonyl. The (C; —~Ce)alkoxycarbonyl may be unsubstituted or
substituted as provided above for aryl.

“(C4-Cg)alkanoyl” can be propanoyl, butanoyl, or the like. The (C;-

Ce)alkanoyl may be unsubstituted or substituted as provided above for aryl.
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WO 2004/ 020424 PCT/ 1 B2003/ 003691 -13 C4)al kyl, phenyl
or benzyl, as well as a radical of an ortho-fused

whieayobises heterocycle of about eight to ten rPCQIBDGNE3691

derived there from particularly a benzo-derivative
or one derived by fusing a propylene, trinethylene, or
tetranet hyl ene diradical thedéto. 5 Specific and
preferred values |listed bel ow for radicals,
substituents, -and ranges, are for illustration on]y;

they d&(GoE€selkyl rae betmhathylRihylnRioDYa ISQBEODE bathdso-butyl,

< oreP ek SRR PARE LG The AR Brftony be

Palnyehsahited @ sop@itied kithdneay infege gloupsselectal f1@nmcEr-bon
atonms, and .bei ng unsubstjtuted aor sugfgituted wi th_one

orCo)alkanei callegxys Heoalkps hydreny: typbap: Satoget 87149 §qi

. . b KOG
Pt R ) BNt G oY b O, PR R O NHR
anCR1 -COR) wile@irkR lisar{®o-Cohadkyty| , car boxyl, CN,
-NHCOR -CONHR -CX2R, -COR, wherein Ris a (d
- C6) al K{Halo(ExPpilsyl” 6hn be indomedivh Sromemeidizl. ghlergmethyl,
2,6- dichl I - h t )
2 i RSy IO By PR Dlorccty, 2.22

phenaslobhen Yk pelteMigsanitt henyl , 1 uorenyl,
2-acet am dof | uoren-9-y 4' - bronobj phenyl

Tha 11 Rty o B g helsst B s SRR 1 419 O helervary
be, hi pht ' o Lrd : ,
oRS P RIEd 3 B Rl eredy b oA e (e
phepsikgltde bndefpied hetetn. Exrntdesahelpdpberyh neethydyenizyli; he.,
pyrazine, triazole, tetrazole, 20 pyrazine, triazine,

pyriftd mi di ne, pyridazine, indolizine, isoindole,
I nddbe~/"~ndazol e, purine, quinolizine, isoquinoline,
qui noI, pht hal azi ne, napht hyri di ne, . qui noxal i4ne@

qui nazovT navherdimiioty riadicpesan fashment-painty &1 &;, and 4-

carbol jne hri di ne, acridine, phenanthroline,
phlgﬁtglgpﬁréfiyliaglgsﬂ‘%{}tzebl e, phenot hi azi ne, oxazol e,

| soxazofles confoanadprepired by i ineengiod prdvesd ikehavEtmme or more
het erocaryl nmay be 25 unsg stituted  or subs%%huted as

pr Suraliestitern audmey exist i and be gped egolptrd i3 eRiBER g-veaaf
be, PELGENEE ﬁtﬁ?'ﬂ)’ e uflcROSHCBERAD YlocessB SRAX Yedél @¥htion

i sopr opoxycar bonyl, but oxycarbonyl, pentoxycarbonyl,

Or canfgiwey/tigxy cay baeyic ofT Mic@]@&a@)egpm gt mitorey theresf. Bds to
o e Rt whoBitige aF Rkt of B iR a0 Blsae AR Y flfa s

or rae88icl bdetiomBAc,(dFdiastebdomhdtiRTOMhs, BRIhixired fiseidrs! Putifiedion
or substituted as provided above for aryl.

WO
20ay) G RLizEE pecasysdorswh products are known to those of ordinary
skill in the art, and include recrystallization techniques, as well as chiral

chromatographic separation procedures as well as other methods.

11. Invention Process

In one embodiment, the invention process is summarized in Scheme 2.
Thus, in an aqueous medium, mucohalic acid 1 is combined with an allylic or
propargylic halide 2 in the presence of a metal such as indium, tin, or zinc, and
ammonijum chloride, to provide the coupled product I. The skilled practitioner

will recognize the transformation depicted in Scheme 1 as a Barbier-type Grignard
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-14 "(Cl-C6)al kyl" can be nmethyl, ethyl, propyl,
i sopropyl, butyl, iso-butyl, sec-butyl, pentyl,

wQ@2afozosk4 hexyl or the Iike. The (Cl-C6)al kyl PQr/mBep03/003691

may be unsubstituted or substituted with one or nore
groups selected from (Cl- C6)al kanoyl . al koxy,

t hi oal koxy, hydroxy, thiol, nl¥ro, hal ogen, amno, (O

5 C6)al kyl' and (C1-C6) di al kyI am no, fornyl, carboxyl,

CN, -NH R, .- CO- NHR, vvhereln Ris a
(ci‘?aé%%% Gregpy| Gt @éy%ﬁﬁfiblef reasHom -6 dREermad in

br oaREEs Mehia) %9?1%@?51)'8)’&(1 in 9040 QMEYNAhay I-{ Tetrahedron
trichoromethyl, trifluoronmethyl, 2-choroet

2- ﬂ?%ﬁ.ﬁéﬂh@ﬁllﬂ& Po ﬁate,thuvxfelvelotlmest lmyvle beext no reports disclosing the

he I%r*as%fé’#o’i“% Qj&)“dil‘%sﬂﬁrﬁce?cé asﬁg‘% é?‘gﬁ}/ra@rafgh@@é?rsa} yariant of the
gr Buidberabdcaioh ecséténelb@y hdoda LR &k b¥lceFED H%h ﬁ&gﬁﬁy Qn@g(ygr,

heteroaryl, and (O - C6)al kyl are as defi ere
Ex&tapiliss i ncl ude benzyl, methylbenzyl: i.e.,

wherein indicates an attachnent poi nt, 2-, 3-, and 4-
nmet hyl pyridyl and thelike. 15 The conpounds pr epar ed
by the invention process ngyhdiay2 one or nore chiral
centers and may exist in and be used or isolated in
optlcalky agtive and r@@en1c forms. It is to
under st o gat the pro s of the prese%
can give to any & éﬁ%ﬁ?ﬁwbr opticalTy-ac
forms, &r mxtures thereoRi It is to be f¥Xrther R
under st ooqd kb products2 of the invention prqcess\can

be isolated as 20 racem c, enantioneric, or Rs
di astereoneric fornms, or m xtures thereof. Ro
Purification and characterization procedures for such
products are known to those of ordinary skill in the

art,, and. i ncReagentecrystal | i zati on techni ques, as wel |

as chiral c?ronakﬁggﬂﬁ ‘Xfaeparatlon procedures as

wel |l as ot he I nventi on Process I n one

enbodi nEitier nﬁﬁtﬁbtdﬂ\d@ Bf ABodM RO 418 sSHHPIR Jr %@éjm' tHe Green
Schene 2.  Thus, in an aqueous nedi um nucohalic acid

1 Yasiapbpfiihe Bariptrackion f [ |fresent inventigpar gyl i ¢ hal i de 2
in the presence of a netal such as indium tin, or
zinc, and. ammoni um chl oride, to provide the coupl ed
product |. The skAllylst Rropaigdyl alde 30 VVI II recogni ze
t he tra sf or.mat i on depicted in Schene

Bar bi er= f gonicted plver 6\7@902@@}.?/ a55tbh ESAFOF’@quBQ’@B@}ﬁ@%Ql

- 1&0{)&@9&& Hénlde-ﬁhﬁ th@h@@rﬁl né)%de@é?tWﬂEn the -BAeff in halide 2,

reacti on .e., as performed in
the skilled practltloner will recognize that compound 2 is an allylic halide wherein
all of Ry, Ry, and Rj are present. When “---" is a bond in halide 2, the skilled
practitioner will recognize that compound 2 is a propargylic halide, wherein R,
and one of R, or Rj is absent.

A wide variety of allyl or propargyl halides may be used in the invention

process. Referring to Scheme 1, Y in allyl or propargyl halide 2 may be Cl, Br, or
I Rj, Ry, and R; each independently may be H, halo, aryl, (C; —
Ce)alkoxycarbonyl, (C;-Cg)alkanoyl, or (C;-Cg alkyl) and “---""is a bond or is

absent, provided that when “---" is a bond, R; and R, are absent.
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aqueous nedia) was first reported in 1991. Li, CJ.;
Chan, T-H Tetrahedron 1999 55, 1149-1176. To date,

whowewz24 t here have been no reports di scl osi NRCT/IB2003/003691

densely functionalized nucohalic acid as the substrate
for the Geen variant of the 5 Barbier reaction,
ostensi bly because of its perléei ved high reactivity
and poor stability. Scheme 2 OR2 O Xi In X R3rY 1
OXRLXR 10H2R R 10 A Reagents 1. Mucohalic
Aci d Ei ther mucobrom c or nﬁ@ochlorlc acid are

suitable for use in the mmrlant of the Barbier
reacti on of the present |n en |on 15 2. Alyl or
Propargyl Halide As depicted above t he nmucohalic acid
1 is conbined with allylic or propargylic halide 2 in
the invention process. \Wen - - - " is absent in
halide 2, the skilled practitioner will recognize

t hat conpound 2 |s an I al | de wherein 20 all of
RlL, R2, and R3 ar® pre‘gié l¥ ﬁ%&%‘@ - " is a bond

in hal imema,entbbenﬁéﬁlt bf @ invehech ptdc@d?,ewhw d:dmpcemdgris ae
that conpound 2 is aagropa ylic halide, wherein

andllybig dalide @e., or - R3isiaBseabs alrleast A& pidd: ]S‘falap‘égylso‘fl aaqi fhg)

or I t Y,

orHESERNGN, A P TR RRNGR bl ) (YA ARBrycarbony.
pr @haulkarosd,iod €C2Cpalkybe C, Br, or 25 1. Rl R2,

and R3 each i ndependent Ly . e H, _hal o

06) al ko®yAaghs bFR?B ‘ﬂff’éﬁ% g)‘gﬁi@i’%ﬂe of {1@33 ayvﬁs% the other
ang'R; and R.Sis RalBOA, ggl J—@%alﬁ@;%%ﬁfbon Q- Q@ﬂlkbﬁtﬁﬂ aMiencs

- - - is a bond, an are absent.

204KyID20424 PCT/ 1 B2003/ 003691 -16- -2

In another embodiment, R; is aryl, (C; —Cg)alkoxycarbonyl, (Ci-
Cg)alkanoyl, or (C;-Cg alkyl), and at least one of R, and R3 is H.

b. Propargylic Halide
In another embodiment of the invention process, when compound 2 is a
propargylic halide (i.e., “---" is a bond), Ry and R; are absent, and R3 is H.
In another embodiment, Rj is aryl, (C; —Cs)alkoxycarbonyl, (C;-
Ce)alkanoyl, or (C;-Cg alkyl).

3. Metal
A metal is used to mediate the invention process. Preferred metals are

indium, tin, or zinc.

2. Procedure and Stochiometry

In one variant of the invention process, mucohalic acid 1 is contacted with
halide 2, a metal such as indium, tin, or zinc, and ammonium chloride in a solvent.
“Contacted” means that the reaction components are typically mixed in a liquid to
form a homogeneous or heterogeneous mixture. The liquid employed in the

present invention is selected from a polar protic or polar aprotic solvent, in the
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R3~Y Rl 2 a Alylic Halide 5 In one enbodi ment of
the invention process, when conpound 2 is an allylic

whadoudzo484 .e., " - - - " is absent), at |east PCEIBDIIRI03691

R2, and 'R3 is Hand the others of RIL R2, and R3 are
each i ndependently hal o, aryl (Cl -Co6)al koxycar bonyl
(d -C6)al kanoyl, or (Cl-C6 al k'y I n anot her
enbodinent, R is H and one of R2 and R3is H while
the other 10 of .R2
( CreseBSPIabsSICa Oh Wﬁgﬂr ‘Eklﬁolasara}l% a%?n“s iy alphpl gych as
al ﬁﬁ hanol bf‘et‘BHﬁHl h(?rrth@HPé) di@fUlar aBILoticsso%Mﬂ is s€ldted from
al koxycar bony kanoyl , (Cl-Co
aI tktyd@ydrczfmnaDMPéésr thﬂ'léieofl’ yR@a‘él}’Lde W@eIHS uges! 45 .a cosolvent

| iobe Ty B, kRS bl 5 TR e bobf s o

had kSR solvet to achreve the desikeil I@a@ibﬁd:bncdﬁtraﬁ@d R% eatiiple, when
absent and R3 is H In another enbodinent, R3 is

arwater is @ped 156) eosRlyRytcwftb GHY) the velumeaghia pkyasy o, THF is
C6.al k 20 3. Metal Ametal Is used to nediate

thaé)pfoﬁ(vmntte}g'o% process. Preferred netals are indium

tin, orAkérgtivelp aZrodni eagdtutereandc Staidh '(Rﬂ?ﬁl) rnyaylbt usa(é as

varlant of the invention prgces mycqh
cdhe sRlven fou thp InVERHPIRRrOgesS. S 1§Tﬂ§deﬂu‘§% lﬁdﬁ ot n
or bﬁ']tlﬁlli[tpl:‘gln neﬂ?ﬂtzlﬁat ! Rl heeis Mbd ﬁ@JnYe@Whrmdazohum and Tf

he reaction” conporients are
t yipiQFab Oy, Sdex@atdom G NI, fﬁneazh @lcemzftoy, 2002,Ho hd4réP®ous or

het er ogeneous .m. xture. The

pr esent NG &HPCHIGE Of e ér?:‘feghq? P’i?ﬁ?sé %Shq(farpelqgiva en% of each
PObfahe RRER & n\éﬁt@t(l’ . AuddhalidRi@ A1 dPgrdpargylic halide,

PCT/ I 82003/ 003 -17 presence or absence of water.

Thiediol, and mrmnomumhké ) ssd am thel ipwgion PrRerssase:

met hanol or otic
solvent is s O@@?S%Im?’r 8%0?? #b@dfmu@%ﬁ/ﬁ%ﬁh or
the |ike. Tygoual Yo avkien. S\Iﬂlilﬁfalelnss ofdatlda®; a cosol vent

for the invention process, is used in e I vqu
with the pol ﬁqoub}@?cp abaytt 15 equlvalents of indium,; gnc? e

about 0.1 to about 0.5 equivalents of ammonium chloride.

In another embodiment of the invention process, the molar
equivalents of each of the reaction components used in the invention
process are:

about 1 equivalent of the compound of mucohalic acid 1;
about 1.1 to about 1.3 equivalents of halide 2;

about 1.1 to about 1.3 equivalents of indium; and

about 0.1 to about 0.3 equivalents of ammonium chloride.

In another embodiment of the invention process, the molar equivalents of

each of the reaction components used in the invention process are:
about 1 equivalent of the compound of mucohalic acid 1;
about 1.2 equivalents of halide 2;
about 1.2 equivalents of indium; and

about 0.1 to about 0.2 equivalents of ammonium chloride.



5 iprotic solvent to achieve the desired reaction
concentration. For exanple, when water is used as a
weomelraet with THF, the volume ratio of materpmnnmmﬁmmm91
is approximately 1:1. Aternatively, a "room
tenperature ionic liquid" (RTIL) my be used as the
solvent for the invention préess. Such RTILs include
[bm M [BF4], 10 [bm m[PF6], [bm m[Tf2N], where bmim

|slbutl3msthll azoliumand Tf.' is
Gor don,T %mlmo al@%?é‘hn‘gﬁ]é?@%ﬁrPWgén'Whﬁie’fﬁﬁﬁ%ngWOBW@
ergﬂﬁ)‘ijfdg‘%m 1 o ﬁ‘ﬁle sBKz%Htt f&%sﬁi&@eﬁsmaéﬁéﬁc P hREhanical stlrrmg,

equi va each the reacti‘on conponents (i.
mac o hpecatari af abaiitl Oytioi aboutrSOp Copdpryyireferabiy, m@Gemperature is

Ieygt;nlé) tg ragout%g)ugb M@refr%a{?gﬁ)aflgﬁgggérg@%% &h e2'(‘5ttlo 3Bout 30 |
W@O haleh $n € b tkably A6 WimpkrfuleQs a2 o BbseanT vca.l ents

of halide 2; about 1. 0 to about 1.5 equival ents of
i ndi umTherioveation Pragess is & pidsll rUDARIBAIINGHE BIEHIROr
In anot her enbodi nent of the

|%Dﬁtt]iu%?ﬁwﬁplb65%g§pref He nol ar 20 equi val ents of each of

t he reapte micoboiPai@RIglicisestopargylichilineemeiaband pr ocess
are: about 1 eqw val ent of the conpound of rr,ucohgl iC
acipgional amypenivmrhiorids aggysized in hesglyentat i desigpatrd i de

5 é:ogg ot tlén?,:llt rglgeratg@éj tan%p%sﬁl%' 1423 Rk %uﬂlclénf‘@ Hilim@Rd

out equi val ents of anmmoni um
¢ hdoawérdien of muaolodlfeencidenipostiveeh twinle mingnizingerisidon

| | h.of t
Rk P B ion 0L B REd PPNV ER PSS riDatiEnay

a EORr GRROLHRE afin MEGARR dfabaed d
&%8 eﬂ}?lyﬂg‘%gfu\)/rgﬁrgntsrof hal i de 21“ 30 about 1.2

eqid tweﬁ0dmu§ d¥loierigipicat]y raneticaliisugs a0¢ therasige of alpup 12

S 0ot TR .S 08 30 o,

propar gy iémbiattiaahe pRbat invehorapiobEss e reablicr d)fdﬁuc&fchlorlc
m xed in the solvent, for instance, by nmagnetic or,

measkchandcmpcabromici asil withally brempisis rnafhmesem%tfdmm@ ipg
I
T oPHEites s BV QB (Y8R . ThBFecc BRI EE Ubfuichoq £ RS

abetiiperafurt ovahheitoudst CE 16 hohwse Anitialg, Ipctedectdwhyisolnted in 90%

e A2 P, AR 87 hQyBRPYLs 7% T THF/water) and 86% (in

MeOH/water).



The invention process is typically run at atnospheric
pressure, or about 1 atnosphere of pressure. The
wore@aloal4e£ acid, allylic or propargylic hali depCTEs2a03/003691

and optional amonium chloride are m xed in the

sol vent at the designated 10 concentrati on,

tenperature, and pressure, fdP-a tine sufficient to

maxi m ze conversion of mucohalic acid to product I,

while mnimzin actions and .t or.mat i on

of undesi rigple g‘%ﬁ%%b?@ﬁ?fﬁ“&%@ﬂ?pﬁ@ﬁ“@(ﬂﬁr Wrideruct s.

Typical reaction_tinmes for the process areagn the

range of aboyt A0 to 60 hours. More typicdl ly

reaction timesyaxe Ln\\be\rangeNUﬂNabout 15 to

about 50 hour nd nore F& "gﬁTYT‘*h t¥ie Y ange of

about 14 to ib howrs. To dermondirate the pr esgnt

invention progesss the reaction of nucoghlx@gic acid

and  mucobr om owX@Erd W th aI Iyl br oni de |14rb)t=hae pr esence

of i,ndi um-n N v '

The reacti G wh {

the coursé qf Ig,hours. Tniiprrhy/wh@et one lgb was

isolated. in 90% 20 yield when X= C; when X= Br, the

yield was 7% (il THE/ wat er )1: BRHFS8%eL i n l\/b'(Q-V wat er).

WO 2004/ 020424 /1 B2003/ 003 Tabl e J.

Reacti on of: I\/UcEﬁTI ic Acid %fﬁ/}ﬂwateér om de 00

X X O+ ~Br In; NH4Cl x Solvent X OH |aX=C 14aX=Cl

| DXEdRetion ARAKESHs for etlids ¥, 2MHE DN alii€of At dhalDQtil,a Rtequiv. ef dlyi(H¥gmide,
5 1 d.Beqiiv bf NBHE], Watl @ TS reacRonl tine vadnol bifimidéd. @oduéB weid idolated anll

Me@tfidddy eifical6l caroRgeardphypmdoomgiatlizaing Pfodwctsaretestingged o, be 295%

armiredy 'H NMRpind clerfiental podysia| Albcogppugds gpvepatisfaeipry eleggntahjnalyis data.

bromde, 5 0.1 equiv of NH4C1l, for 16h. The reaction

time VvarEhenimveIUMIipnd)(zsmhasFBﬁddﬂlrﬁsr ewseraleil o bethetectran rich or

0 Oy afifictdopere oS (B ELnBRRAGR00 Ahp cingamy
PUsBmie (Eﬂt@"ﬁuﬁﬂ&w@ﬁﬁﬁ%%ﬁ|w1ﬁf‘1ﬁ{16/cﬁ:hﬁ)rlc'%|cid t6 @W‘zﬂﬁfnxmre

gave satisfactory elenental analysis data
of allyated products in 46% yield. Electron-deficient methyl (2-bromomethyl)

acrylate (Entries 2 and 6) underwent reaction with mucochloric or mucobromic
acid to provide the allylated products 76 and 74% yields, respectively. Propargyl
15 bromide (Entry 8) underwent reaction with mucobromic acid to provide a mixture-

of products in 36% yield.



The invention process has been further extended to

both electron rich or
wGeyBemE2{ Tabl e 2).
brom de (Entry 3) underwent
acid to provide a m xture
yield. Electron-deficient netbyl
acrylate (Entries 2 and 6) underwent

mucochl ori c

10 poor allylic or
Thus,

propargylic

el ectron rich ci nnangCT/1B2003/003691
reaction with nucochloric

of allyated products in 46%

(2- brononet hyl )

reaction with

acid to provide the

or nucobrom c

al Tyblet2e ReactoetuciMughakip dcituwitly Differsnt Albd sad Prapargyl

Pr opar gyl

15 broni de (Edfalide8) underwent reaction with
mucobrom ¢ aci

to provide a m xture of products in

36% yi el d. X 004/%éﬂ?%ﬁﬁgﬁgé@;2003f@@@Bglﬁmﬁﬁo Tabl e
2. REaction I th QT; ren yI and
Pr opar gyl [ 0 X In, NH4C o ‘allyl or
propar gyl 2 " product . X Solvent Hla X=d4a 1Ib
X= Br Entry,@LQQhallc "AIIyI or propargyl halide"
Product Yield Acid O C 1 la Alyl Bromde CI O 90

0O lacl 2 Methyl (2-bronmonethyl) I o 76 Acrylate CI
Eaazlve A";‘ £ x x"A3lylGr progengyl haBdedi de x O x Modk@ Ph Ph O Yield (%,
o
Cl
. | ©
1 la Allyl Bromide o 90
\
5 Methyl (2-bromomethyl) 76
Acrylate cl COMe
0
1a X X ] 5
3 Cinnamyl Bromide 46
\ - \
4 la 3-Bromo-2-methyl %\ 32
propene
\
1b
5 Allyl Bromide 86
\
' X
6 1b Methyl (2-bromomethyl) | o 74
Acrylate X COMe
1b Br
7 Methyl (2-bromomethyl) | o 61
Acrylate Br Me
0 0
X X
8 1b Propargyl Bromide X:ﬂ:éél A 36
' y .=<H =N

* 1 equiv of mucohalic acid, 1.2 equiv. of allyl bromide, 0.1 equiv of NH,CI, for 16h. The
reaction time was not optimized. Products were isolated and purified by silica gel chromatography
and/or crystallization. Products are estimated to be >95% pure by 'H NMR and elemental analysis.
All compounds gave satisfactory elemental analysis data.
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4 la 3-Brono-2-nethyl I O82 propene CI M O I|b Br
Br 5 Allyl Bromide 86 0 |b x 6 Methyl

w@ 20bozaaet hyl) 0 74 Acrylate x CO2Me | b Br BCTIB2003/003691

Met hyl (2-brononethyl) I O 61 Acrylate Br M 0 0 x X
8 I'b Propargyl Bromide x Hx 136 H.==( H-H1
equi v of mucohalic acid, 1.22dquiv. of allyl bromde,
0.1 equiv of NH4ClI, for 16h. The 5 reaction tinme was
not optinized Products were isolated and purified by
silica:§ chr omat ogr aphy = and/ or crystallization. ,

Pr oductiadamewassucaess ey replpeedygnmpeh lesygXPeRF KGR Rilfd no

ST RS g R ROR, 309 it o 2.

PCZHJuBEZ0 034.QRA62M02, 42168Bndi um was successful |y
replaced wth nuch | ess expensive tin with no

reduction i roduct. vyi el ri i n Table 3.
See al so vahgbles: %1%48‘11&?% Alligsigg of i %3381 2002,
4, 1683 5 Table 3. Tin Mediated AIIyIatlon of
NUcohaI|c Acidsa O ?gg;o + aIIyI|@1bron1de THE / H20

product XX NH4Cl (c y.@Hmmwa—ﬂ%ﬁi¢p$th—Br entry
s.m allylic bronide product yiéld“tgb

1a X=Cl; 1b X=8r

entry s.m. allylic bromide product yield (%Y
o, o
: 0
1 1a /\/Br f% 84
c, go
' 2 la A o0 77°
—
8
c, o
3 la /k,m /lEC;;o 50
—_—
8
¢ Br, Br
4 1 A o0 75
—
12
Br. Br
5 1 o 41
)\/Br ﬁ;&
12
Br, Br

“ Reaction conditions: 1 equiv of 1a or 1b, 1.2 equiv of tin metal, 1.2 equiv of desired allyl
bromide, NH4C1 (cat.), 1:1 v/v H;O/THF, 24-48 h at room temperature. The reaction time was not
optmuzed Products were isolated and purified by silica gel chromatography and/or
crystallization. Products are estimated to be >95% pure by 'H NMR and elemental analysis. All

compounds gave satisfactory elemental analysis data.
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11la/~Br 084 J~oa cl ci 2laBr 077 /| 8
Cl Cd 31la

LBr o 0 50 Br Br 4ib 075 12 Br Br 51b

w@deooa/o424 12 Br Br 6 b Br 0 o NR 12 a ReaptT/mB2003/003691

conditions: 1 equiv of la or Ib, 1.2 equiv of tin
metal, 1.2 equiv of desired allyl brom de,
NH4ACl(cat.), 1:1 v/v H20/ THF2224-48 h at room
tenperature. The reaction tine was not 10 optim zed.

b Products wer e i sqgl at ed, and purlfled by, silica ge
c Hibnatsanenstration of dnvention:Enocess in Sypthe %?oducts ar e

esti mﬂt’ﬁfé iﬁnﬂ@n Eﬁ)’ée@smﬁc?osgﬁ hdrdid YRS w6k &Jn@@i’ﬁ@ﬁt%lynthenc

anal ysi s. nmpounds gave satisfactory el enent al
aratass tsa garhber dﬂﬂcﬂ@dﬂb@@ﬁiﬂccﬁﬁﬁwm@ 003k 0e3®9 Hescribgs

De trat I P Synt h
TiRSRVOIEIG o BB SLCUTRE PGS QEPIHED 6 RSTve. T or -

conveni ent synthetic access to a nunber of
bi ol ogically active conmpounds. This section describes
synt hetAc rdiAesnoAcidsver al of conpounds depicted in

e b e e s R AT B
Channgh ]afi'cp Hefhf Usbih gié’lé@f&légtnieﬂt g A5 ARBER. SR US.

array of disorders
Utility Application Ser. No. 10/401060, filed March 27, 2003.

1. Synthesis of Compounds of Formula II

An approach to B-amino acids of formula IT is depicted in Scheme 3.
Thus, compound 14 is prepared using mucobromic acid and allyl bromide in the
presence of indium or tin using the invention process disclosed herein. Michael
addition of benzyl amine or its equivalent to compound 14 occurs readily at room
temperature to provide the 1,4 éonjugate addition product 15. Compound 15 was
hydrogenated under conventional conditions known to the skilled artisan (Hx/Pd-
C) to initially provide compound 16. Submission of compound 16 to
hydrogenation conditions for longer periods of time or higher temperatures or
pressures can give rise to compound 17. Protection of the amine moiety in
compound 17 provides compound 18. Acid catalyzed hydrolysis of lactone 18 in
aqueous alcohol such as methanol can give rise to 3-hydroxy ester 19. The
alcohol moiety in compound 19 is converted to the mesylate upon treatment with
mesyl chloride in the presence of an amine base such as triethyl amine, which is
subsequently converted to the bromide or iodide 20 upon treatment with NaBr or
Nal in acetone. Barton-type reduction of 21 using nBu3;SnH, followed by

deprotection and hydrolysis provides the target compound of formula ITA.
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Utility Application Ser. No. 10/401060, filed March
27, 2003. 10 1. Synthesis of Conpounds of Formula Il

wa\eooapproach to (3-am no acids of formula Il iBCT/IB2003/003691

depicted in Schene 3. Thus, conpound -14 is prepared
usi ng mucobrom c acid and allyl bromde in the
presence of indiumor tin usi?%g the invention process
di scl osed herein. Mchael 15 addition of benzyl am ne
or its equivalent to conp %:@d 13 occurs -readily at
room tenperature to provi 1,4 conju ate

addi tion pr oduSynthgﬂs chBpuning AddseiFormyula dl enat ed
under Oconventi o condi ti ons, knpwn to th 'l ed
art( n (S%E/‘POP‘ to’St(?Pr?ltl al)f 5 ovig8° go o d Sres
Sub ion of ¢ md 16 te, ogenatl AR ditions -
fo?( | gnger perlqg of tinme or er terrperai es or
20 bressures can g||ve rise to co ound 17. Proflection
of the ami ne nmoiety in conpound 17 provides conpound
18. /Acod catal yzed®hydrol ysis of |ggfrone 18 in COoR
aqu al gepifol h _a¥eAfet hanol an i V¥PFise to .
Xy est er °The al c ol 8ty in coﬁ@eu Bro
|§*2 onyerted tBlth 1hesyl ate updn treatnent withH
mesyi7 ¢ Ior| de P& t presence of'%anuani ne base su®h Me
as tri et am ne, fichis 25 subsequently converted
to the brom de or |ng14 de 20 upon trealyyent with NaBr
Bar t sgpd ype red ct| onstéf1021 usCoy
y deprotectiqan-and hydrotysis
provi des the target-conpound of fatnu [1TA N
2004/ 020424 PCT/ 182008/ 003691 -23 Shgge 3 Synt heS|
of qDGAmoggmf&%s of Formula Il 000 0 X Step 1'Ax Me
Step 2 X Step 3 X Step 4 X X Bn' HNHN 1 O 14 15 16
O Step 5 O Step 6 CO2R Step 7 C2R Br or I OOPGN

H PG I\étleg li'o'f:gchen:lles’j’ 1l_s| accomph %e& gs gr%%deﬁ/?n eMieMection

describing the invention process to provide compound 14.

Step 2 of Scheme 3 is accomplished by treating compound 14 with an
amine such as benzyl amine in a solvent such as 1-methyl-2-pyrrolidinone (NMP).
Typically, a solution of 14 in NMP is treated with an excess of benzyl amine at
room temperature until the reaction is complete, as determined by monitoring
techniques available to the skilled artisan such as thin layer chromatography. The
reaction mixture is then worked up and purified according to conventional
procedures to provide compound 18.

Step 3 of Scheme 3 is accomplished by submitting compound 15 to
conventional hydrogenation conditions to provide compound 16. Thus, a solution
of compound 15 in a solvent such as THF is transferred to a high pressure reactor.
A catalytic amount of Pd/C is then added, and the mixture is hydrogenated with
stirring under a positive pressure of hydtogen (typically, about 40 pounds per
square inch (psi) of hydrogen). The mixture is hydrogenated until hydrogen
uptake ceases. The Pd/C catalyst is filtered out and the solvent is removed in
vacuo to provide the crude product 16, which may be purified using techniques

available to the artisan, such as silica gel chromatography.
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CO2R CO2H Step 8 Step 9 Step 10 C&2H PG N PGNHH
H2ZN 21 Me 22 Me IlA M PG Protecting Goup 51 Step

wa e@h/o8abkenme 3 is acconplished as provi ded i n PEEIB2003/003691

earlier section describing the invention process to
provi de conmpound 14. Step 2 of Schene 3 is

acconpl i shed by treating corpbund 14 with an amne
such as benzyl amne in a solvent such as

1-net hyl - 2-pyrrolidinone (NW). Typically, a_ solution
of 14 Ste $ahemedaqaa pevicedmplished By stbmyssipiplSAmponnd 46

a 0, room.t enper . agt i i
2o BRI ETDGETBT dlbe bl S2S A RORbES a4
tT E@n Eéﬂiidhlie?z_dd & biive @ike ﬁd@ilnlaﬁmﬂ i1 o ﬁmaélmt (icthy @reettamgfoaphtjon

e reaction mxture is t d ified
G0 g oG eniet Enbaing 16) by sEenbe! Bacmg it hdiogen
C%g&&#?,dor]cﬁoic B?Pat%y f Scheme 3 is acconplished by
subm t 11 ng np

conpoun 5 to 15 conventi onal
hydr og&in8tepdofcSuheintidotie aminpmoidtylm comoondd? isprotEhigd, A

a solution . of conpound 15 in. a.sol t h [
t teRieA Brqterding grop 'OfgﬁPBF@E%%IP@¢H%§‘8¥’§$Z.YI%U%E‘Q?%@EE%I >
a ey j - ' eTl
RV, e D e iok b Tt Tt
ofanfiyeinogeof uch praedting, groupsare decpiondria Shpeqora ¥y (areane,

PR n 0 At mn i WL i AP IR, PR (one

f ishbs%gﬁéiu editiond)d TiypRaB ) avemiiné Suchesby@fourd 1Mgcumbined with
provi de the crude (groduct 16, whi chalmaé be purifi
%

fied
udiengyl chlorfpnsie ancgmpqueBTEbase syahes ¥ Oario PENgE ‘§§ CBZ

per FasBEmElEdY WY prollp 2P RERElAA] bo cleayed
aqganpehaadirinfs chmssibyrhydfogenativaumcbtii€ metbods as disclosed

hydr ogenati on as previously described in Step 3.
O {(Hef™y, both steps 3 and 4 can be achieved to give

rise tq,QeEPOYNScHEfe 3 1RNBCBRE rifid is®pendd i@ compound 18 to

transformation wthout the isolation of conpound 16)
byprevitie tisiester #9. Twpicallye thetsuhsieate épjetflatjene 15 dipselyed ingan

or .chojce of catalyst., In St of....Sch . .
arflFago : chéy Weﬁ‘a%lﬁ%roeﬁ]??&w]laf’dﬁ eagerdo‘?’lgﬁ? 8%%3’ a?l)%glﬁcoglmd at
Pr8bRGhPea@i oo upolrgetPhdablE ¥ RoéR&yl S t he benzyl
carbanmate (CBZ) protecting group, although _other

pr ot ectlngen)¥ ofipeheme,d. e aleehp] mpiesy Ht gonanaved 19 is converted to

a leaving group such as a tosylate, mesylate, triflate, or the like, which is then
converted to the bromide or iodide 20 upon treatment with NaBr or Nal in
acetone. Typically, to convert an alcohol such as compound 19 to a mesylate, the
alcohol is dissolved in a solvent such as methylene chloride. The resulting
mixture is typically cooled using an ice bath or cooling device. Mesyl chloride
and an amine base such as triethyl amine is then added to the mixture. The
mixture is typically allowed to warm to room temperature and is then worked up
aécording to procedures well known to the skilled artisan.

To convert the mesylate to bromide or iodide 20, the mesylate is treated
with NaBr or Nal in acetone with gentle heating.

In Step 8 of Scheme 3, bromide or iodide 20 is reduced using tri-butyltin
hydride and azobisisobutyronitrile (AIBN) to provide ester 21. The tributyltin
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and renoval of such protecting groups are described in
Theodora W Geene, 10 Protective Goups in Organic

w@yowhzees W ey-1ntersci ence: New York, 1981 B@ntB2003/003691

subsequent editions). Typically, an am ne such as
conpound 17 is conbined with benzyl chloroformate and
an aqueous base such as Na2Cg8- to provide the CBZ
protected conpound 18. The CBZ group can subsequently

be cl eaved hydrogenation, transfer .catalytic by
hy@dngewdtwtm reationtiiwell kpown tisthe skidied @ttkseledmrtmlaﬂry for the

SETEMINC LR 3 RN A THE

Ty@hﬁz@&zk Y987 lag5- s sindat Rr@stLditel Agdragine i s di ssol ved in
an” al cohol such as nethanol or ethanol and treated

VVI th aIn&ten 9of Schemsuhester 2hisibydmlyzed snfciéApedae asid or
g#%%@hy o %iastolgré%to{'s 1%%1:%@ s%\?‘ ?lrnlyné)ggl%zlngg)ﬁ%gﬁon anczlf typically

C Creqlﬁfefs itk dise of @ ch@B)ic rmglcghmfpac&mid @&q&edtﬁ&}do&bﬁsolvent
nmesylate, triflate, or the like, which is then

c e diherrxiRothe ArideaBlyst ¥l rauiske eHiRSHS hoaes indha

an
21 SR e et Bou B 3B BRER, oy 1 RN
al wahakioh of dlesmtmgmatemahtosmbdmht such as net hyl ene

hl t |
el g ah StonibafSihsinechgie Bz dispas cepsthn Sty 6
. gﬂoﬁﬁe aebR 19?1‘15& @Hﬁﬁla . L AL Blalsleaant SRpiss tHeEwz afldpds

he m xture. mxturemtg{glcally al lowed to
waeaditycleayedby émh@gatatupe, teangfer satalydie hydnogenstigp. or other

acco n ures well known to the skilled
arIP?g%‘?'F a%ﬁgsc&cgﬁg 'A% nesylate to bronide or iodide
20, the mssylatelstreated 30 with NaBr or Nal in

acetone with gentle heatin In Step 8 of Schene 3,
broni de or i%di deSymshesis of E@Pﬂﬁ:ﬁl Forpulply | tin’

Py | Ao R BRI SORHHIER L 10 Sihor o Y HEme 4

ester 200470204

P%dlﬁﬁ&%k@@@&abompaﬁan(df Behep@ By Tas, aRahbll 19nis bsidized
wel | known to the skilled artisan, parti cul arly for

t He kefoaa 23 apingadnethediayaslabls de Hemkillse apisan. o@é‘iflnﬁa?n gf the

{ I
e e et
ScWettig réagegisirer Wi’thg ir&gby‘tchrqul\mkadsuch aaalpﬁoﬁihonafh earhenidn to

5 catal yzed hyd o is of ters i | so
t rRIRY%E FormpPyl ) ¢ on}pgwf 2o Bfﬁ’gogfgatl%kle%m"
a(fl@ivﬁ%é Gf BEeHHR pl%fecﬁﬁg grRApdnd Ebd%gﬂi’ﬁpéﬁh@ hee@bond to afford
sol ven system” The ni Xture of the acid catal yst and
r eccpmulmuné Zés Aeid-imsdiated tRedirolysis htestear@dquogides thehempound of
vent ﬁ}&stemfor sufficient tinme to allow for
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conversion of the starting material to product. 10 In
Step 10 of Schene 3, the CBZ group is cleaved in

w@oopozmed 22 to provide a conmpound of fornul aPCT/EB200%003691

indicated for Step 5, the CBZ group is readily

cl eaved by hydrogenation, transfer catalytic
hydrogenation, or other netB6ds as disclosed in
Greene. 15 2. Synthesis of Conpounds of Forrmula Il An
approach to (3-amno acids of formula'lll is

summari zed in Schene 4 andheBiertbnces from conpound 19
(cf. Scheme 3)Syithess oficiohislo AGds ef Borinaladl o

ket one 23 crsgnng t hod  ah) toF‘P skl | ed
artisan. naﬁ)_ﬁ of the okeEoE,e> & SOUF

_ ; OFpetRd
23 1 &Ha |Iy achi eveoavyon reaction vv|t base "and a
20 Wttilg.r gent,or a reagent equiasal ent such
as a phosphdffat e carbani on t 8¢ provide corrpound 24.
Subm ssi on of conpound 24 to hydrogenation |eads to
cl eavage of the CBZ protecting group and reduction of
e hond to af fige cegpound 25. Aci d-nedi at ed
Hydr ol ysj.s esfér4 25 t he conpound of
for mubFa1 1T AT5 25 WO 2od£'>‘02 424 PCT/ 1 B2003/ 003691 - 26

ynt hesi s of (Slﬂgn 0 Acids of Formula II1
C2R Step 1M€02RStep C 4Step3 OH PG N O PG N
/| RS PGNH HHI19 23|\/I924|\/b ROZCR4H02CR4
Step 4 H2ZN R5 H2N R4- 25 IIIAI\/leSInSte 1 of
Schene 1a Stemd of Selspen 4.1b¢ @leethl S HHbERTEPOLY .1§ is oxidized to a
0%
Ak iR B pr RO TRy, 1S LKL o PRSP Sthation of
f r oketenesfeamndacgndatycaitidiol iss: @nunontp ninplcgmb kaytoh in organic

reaction |n anic synthesis t O
vl SRUEROE onriabagsice ft Eyboghiois Ghpomium

"
pg?g%éﬂgaggg&d%gggf%\ﬁ Iﬁ%gaﬁﬁe'ﬁm%ﬁa@ﬁhﬁk@%ess -Martin

periodinane, o-iodoxybenzoic acid (IBX), and activated DMSO as in the Swern

5

oxidation are routinely used. A number of newer oxidation methods are also
available. For references for any of these methods, see Takashi Ooi, Hidehito
Otsuka, Tomoya Miura, Hayato Ichikawa, and Keiji Maruoka, Org. Lett. 4 (16),
2669 -2672, 2002.

In Step 2 of Scheme 4, the ketone moiety in compound 23 undergoes

R

+ 4

PhgP—< .

olefination in the presence of base using Rs wherein X 1s Cl, Br, or I,
O
i Ra

(E10);—P—< o _
or Rs, to provide compound 24. The Wittig olefination reaction is

well known and commonly employed by the skilled artisan. See Francis A. Carey
& Richard J. Sundberg, Advanced Organic Chemistry, Part B New York: Plenum
4™ Edition, 2001, and references cited therein.

In Step 3 of Scheme 4, submission of compound 24 to hydrogenation as
provided in Scheme 3, step 10, affords compound 25.

In Step 4 of Scheme 4, submission of compound 25 to hydrolysis as
provided in Scheme 3, step 9, affords the compound of formula ITIA.
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10 peri odi nane, o-iodoxybenzoic acid (IBX), and
activated DVMSO as in the Swern oxidation are

used. A nunber of newer oxidation nRCTTRES03/003691
ate also available. For references for any of these
net hods, see Takashi Ooi, Hi dehito O suka, Tonobya
Mura, Hayato Ichikawa, and Réiji Maruoka, Og. Lett.
4 (16), 2669-2672,2002. 15 In Step 2 of Schene 4, the
ket one noiety in conmpound 23 undergoes Ph3P--~R4 x_
olefination in the presence of base using R5 wherein X
is d r or RS, to provide conpound
24. TheﬁWt Alm11 gnatl on reaction is well known and
conmonl (yarmmpiamlﬂcd adigs $ueh as preghlerdingSt3-AannoiSetbylFF-arediysd-

A Carey & Richard J. Sund .. Adyanced. Organi .
CHHY geid O NN RGO OB oS (iogirsed in WO
20@1‘233%9% %Pﬁse@&?&l Sthi€PabRNG 198061910208 WS 076958, the
Schene 4, m ssi on of conpound 24 fo hydrogenati on
aslattq:rrtwwozﬂ exdnamarSamgmdm thetseme bepigneefay t@gn@mm@gmtlon-

4 of h 4, b 25
Co hydrSHgies Bevidhs e rrmstechio Beaieoids o BRRgH Ty
aféfﬁ % mlc% r&ﬁ'Eth&BBﬁincPﬂ f’Pﬁdw&ﬁlj%égle%dd%n@%ﬁ/ogg&ﬁafprate

1003691 -27- B. ci ds Gamma-am no
aciegigens Bty Gl tpridgiablaivied by Balﬁzle,tahrmoatmnh provilesgherppbstituted

hexanoi c,ac exhi bi t ar efuI al

or b 28 HixbeogFeinRh of S RO 2 Spd TR 2, ARja o
Unigk el gt RloGshel ?Qﬂftﬂ es PisSRPy- ﬁﬂd}ogﬁgstmsg @x4680R of the
the latter two of which are assigned to the sane
asstgotmoasy irh@ampmmd 28 papypddsdatane 9. Kstdner? ogn be converted
provi de n. a roac m no

CoiEHEs A8 Vier Bl eCanpsURaRaEe i doh Grfop s ot 1175
of o:afhe Ok Glﬁﬁl@cfdﬂlb%@ by Vs@@@%tred%‘&%n CM¥inty, kébmpbahd 30wRd

by hal i de el i mi nati on, provi des the substituted 10

f UecaeNitesl @@Oﬁlﬁwiﬁ@b‘éﬁap%ﬁﬂﬁh%mﬁnd 26 affords
compound 27. Acid catalyzed ring-opening of 27 gives
rise to y-hydroxy ester 28. xidation of the alcohol

noi ety in conpound 28 provSekem&@t one 29. Ketone 29
can be convert SynthesisafiBramB® Acids of Borraukanky e,

reduct iove ani nati on, upon converspon to the omageﬂ
el e¥tiZve re t| oX**P i nal |
rted to Ad TVA u up‘h
CO.R CO.R
Step 4 COZR Step 5 2 Step 6 2
[ Ra — Ry NH 5 ——
Ry

Me

In Step 1 of Scheme 5, conjugate addition of R4R4CM to compound 14,
followed by halide elimination, provides compound 26. In a typical procedure
employing organocopper chemistry, the organocuprate is generated in situ in the
presence of N-methypyrrolidinone (NMP) from a commercially available
Grignard reagent (e.g., an alkyl- aryl-, or alkylmagnesium bromide) and copper

iodide. If the requisite Grignard reagent is not commercially available, it can be
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Schenme 5 Synthesis of n-Amno Acids of Formula IV 0 O

O X Step 1 A Step 2 Step 3 C02R ORRI ORA OH X 4
wazooh/odnM2¥ R4, 28 Me Me Step 4 CO2R Step 5 OZPRIED@003691

6 CRRRA ORI NH2 RA NH2 R4, 29 R4 R4, IVA M 30 Me

Me 20 In Step 1 of Schene 5, conjugate addition of

RAR4, CM t o conpound 14, fol t7<§\7ved by hal i de

el i m nation, provi des conmpound 26. In a typical

chem str t he

procedu oyi n p
orﬁaﬁgwgp%rﬁ 0§¥ %@F%%@B‘ﬁpﬁ Og%apaha}lﬂeﬁﬂ’ém Wdsigne g the
avgklaf@a»f@woag Mhﬂféﬂ@ N bedf I 2 TRE m’fﬁﬁ&ie% Inén added to the

e 25 Gignard reagent (e.g., an alkyl- aryl -,
or ozhkydupepEs gantroberdniod®)miantts abplseto 0° Codndjthe resfulttIige

‘g‘ﬂﬁtgrﬁflgalgwgig@ﬁg%@eﬁ%?‘gtﬁée %ﬂ‘fﬂﬁﬁ&’w 3/ 003691

- 28 r eag $pép Qr&@@h&ﬂeﬁréﬁﬁin‘iﬁﬁn(&rcbﬁ%ﬁm@ﬁ) hydrogenation as
or ganohal i de cog;aound usi ng one of many “nmet hods

avpiovisied én Seh stepl I0eafferds ceyapountt?d. f ur anone is then
added tf)zﬁtep fd)(%rsgﬁ eCE RL& c?% o‘,r]ng agg é)e\ﬁg& il co ]%ojngd 27 to

m nut es Img mxX

al hiovRI 1L dreNyaste® 2800m t enper ature, then worked up. 5
In Step 2 of Schene 3, subm ssion of conpound 26 to

hydr ogehia®tepd QfsSCth@%; the alcphol Sadietydn gompeung 2B0is oxidized to a
a%%é%eimgll% a?suiﬂ %ennle ste tFQ%gro f Sccfglptlsgné% 29t he

g1S 0 ounc? provi de

y- hydr okyStep t5esf SRBemé B, tﬁé Rftofle Bloiebe hedenpdbund B8 ivdoneaedd to
noi ety in conpound 28 is oxidized to a_ 10 ketone

nof mlylaasamwo Seqighyan gompeusd 3P vig:di)gedistive apERHew{E) 29.
| NeoavERion 1Bfth %nﬁfé%ﬁowéd%}éﬁﬁ%ﬁ @t%nb&sﬁﬁwwqﬁl ne,
ety

29 1s converte ry am ho I n conmpoun

30fol]10arcd(oy)reduedunt ive am nation; (ii) conver sion t o

E get :]))e(l gﬁiaff;]lgtl; o(% cond1t1an an urgatlgglegtrg are avaglaf)le to the \éﬁfea artlsan for
the reductive amination of ketones to amines and are reviewed in Abdel-Magid,
et. al., J. Org. Chem., 1996, 61, 3849 —3862. Sodium triacetoxyborohydride is
generally used as the reducing agent. The amine is typically a primary amine such
as benzyl amine. Typically, an excess of sodium triacetoxyborohydride is added
slowly to a mixture of the ketone and benzyl amine (1.1 equivalent) in a solvent
such as chloroform, generally at room temperature, until the reaction is complete
to provide the benzyl-protected amine. The benzyl group is readily removed upon
hydrogenation to afford compound 30.

Alternative reductive amination procedures are also available. For
example, Kitamura and coworkers disclose a catalytic Leuckart Wallach-type
reductive amination employing a Cp*Rh(III) and ammonium formate. Kitamura,
M., et. al. J. Org. Chem., 2002, 67, 8685-8687. The advantage of this approach is
tﬁat it provides primary amine 30 directly.

Ketone 29 may also be converted to an oxime, which, upon reduction,
provides amine 30. Procedures for oxime formation and stereoselective and non-
stereoselective reduction are available at, for instance, Campos, K., et. al., J. Org.

Chem., 2002, 67, 8685-8687, and references cited therein. Alternatively, ketone
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foll owed by reduction . 15 A variety of conditions and
reagents are available to the skilled artisan for the

WO eabuo20422 ami nati on of ketones to am nes and BCBIB2003/003691

reviewed in Abdel-Magid, et. al., J. Og. Chem,
1996, 61, 3849 -3862. Sodi um tri acet oxybor ohydr i de is
generally used as the reducw?@ agent. The amne is
typl cally a primary am ne such as benzyl am ne.
caII , . an excess of_s triacet oxybor
245 sevStsddp tha lym@eoané l?rﬁB?{‘ edced s S@@éq%ﬂectﬁﬁ or fon
beﬂér)ébse‘?é&ﬁ@l (tél- ﬁwhé’ flgBiditd atnthed FROLUERE foﬁH&ﬁa&?ormatlon
chl oroform roomtenperature, until
r e&reiavmtablesatcbnpisemee, KobapasbisiSteChene Reerif99 - 95 @069:11@3}1 and
? The, ‘%ﬁ[ﬂ? |l group is readily renmoved upon
%ﬁ‘gﬁﬁﬂt "PEEME ford compound 30. Alternative

r ed uct i peStepigNAISERI®S, %ﬁﬁﬂh&b@%‘ﬁ o%@m@b&fa smlﬂyawlyesls dsor
25 exanple,” Kitanura and coworkers discl ose

c aptayiged in Beheotead stepdl affrts therempoveidef ﬁwxeularﬁsfﬁ»at i on

enploying a Cp*Rh(111) and anmoni um formate. Kitanura,

M, et. al. J. Og. Chem, 2002, 67, 8685-8687. The

advant age of OthérSBislgicany Actise Ttahgét Gdmpoandsdes

primary _am ne 30 direct]y. Ketone 29 may al so be

conver t 8¢ anyisigned giueahaligiicidas aggdegkperdyicdgionvegent starting

pr

D SRR Menrhr Y SRGAKAET iR pRACTEL LA oAl as

avdﬂphcahi m $dhembdr abavet dhese,indladparifugal metabokides jsolhted from
Chem , 200 67, 8685-8687, d references cited

t h P &Rghine ApengePachaslisss shaelapione O Besa Gsomane natural

PCJI/OHEL%Q&QM&%%%%& gal’iﬁ%n@% hid BORY 8618 @{&)@b)&@&sieﬁb@)‘éﬂes from
and is then reduc el ther stereosel ectively or n

st e epergedunr caraigys.to aptifvnga eompeundschasesi erethe fiingel metabolite
Procedures.for the transfgrmati are avai l e at, .
Fofcrnceam wpese HBAR: ol Suifitie By MiisuBY Gy Huconali

10&9d #HfMe aduritifd, OkRIDAEIEN B, (-£-asphslig i(rocbellaic 2@
of Scheme 5, subnission of corrpound 30 to hydrolysis

as(11BsIev)walonracsdprigacid). step 9, affords the conpound

of for Hgé}?eﬂiv&ﬂro%degﬁ' prgé ‘ﬂﬁ8 gio%@él a¥18A81td' (yeee r%rr ggt'iers

Conpou Vi SI one mico
I N200de 0315483 8) riasnbmétied mtbusytraratuong 34. 1Whumh&mola7dhcfaofd 1is

S S oy ST o) SR
rmr ! ;’;ggvld@ @%no%gﬁllactgﬁé 8DODIH £F ré(ﬁl@h@ﬁ 88mhEL ?éﬁec) hbRty in 32

sponge pachastrissa spa, [actone.x,
bi wdbgllvv eisertr aldu@lydaﬁﬁl r Biotgption of the ayhtdhydmml 13, follwwed by

Fr it Biepefgoa b Fragbibe iR i SR Bl tnds

ba&gglro%tddaegm ungal netabolite
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15 incrustosporinne, anong others. O her synthetic
targets accessible via nmucohalic acid include

w@eayoraene, okinonellin B, (+)-aspicilin, PCT/IB2003/003691

(-)roccellaric acid and (11 R, 12S )-oxi doar achi doni c
acid). Schene 6 provides an approach to Roccellaric
acid (see Org. Letters, 200130-1315-1318) via
substituted y-butyrolactone 34. Thus, mucohalic acid 1
is 20 converted to allyl compound 14 :as descri bed
herein. 1,4 addition of cy@faeebo 31 can provide
cyarynihests of deaydmtergrdiate §4n theSyrthesinobRoedeBaxig Al from
moiety in 32 will give Museéhdlie Adidehyde 33.

Protection of the al dehyde in 33, followed by

sel ecbi ve hydrogenati on of the ring dogble bond 0
pr d\v-tes stibeenide ut e but ykal act o . ZBAWD XI .
20Q4+Q20424 %14 T B2083/00369%3wr - 30 6 T8y nt hegij

c

of Keyodl nternedi ate 6 the Synthesis Roccel | ari
Acid from Micohalic AiWd. 0 000 0 X Atlyl bronide %2 \
KCN X DIBAL X X | In, THEFH20 X 0 DMV NC THE OHC | O

OH 1 14 31 32, 0 X HO OH O Pd/ H4 O O

Rogeel boar i ¢ aCihdy, H+ O QucBordd 34 anot her

derphstrat i t he Tt f NIVEMH-6R Pr QeSS acid
in preparin ically activ nds,” a dual

approach to thegs antifungal agent i rd t osporine 39
is provided in Scheme 7. Thus, nucohalic acid can be
readily 10 converted to 14, as provided herein. Aryl

coupl i ta.,14 .can be.achieved.vi rocedures known to
he.ski Prfuaf o 8dn Fadioh Gy BRbied &F §r&Rish Reerkpoting
aspr@parffigtitlogically 42igt 0bHPoRIME, B8uARPprdfeh R AlEMAal S8knt
of  the ring double bond in 35
incrustosporine 39 is provided in Scheme 7. Thus, mucohalic acid can be readily
converted to 14, as provided herein. Aryl coupling to 14 can be achieved via
procedures known to the skilled artisan to provide the arylated compound as a
mixture of regioisomers 35 and 36. Hydrogenation of the ring double bond in 35
will give rise to the target compound 39. Alternatiilely, arylation may occur
before allylation. Thus, coupling of an aryl group to mucohalic acid can be
achieved via procedures known to the skilled artisan to provide the arylated
compound as a mixture of regioisomers 37 and 38. Allylation can then be
effected according to the procedure disclosed herein to provide allylated

compounds 35 and 36, which can be converted to the target compound 39 as

provided above.
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will give rise to the target conpound 39.
Alternatively, arylation may occur before allylation.

wabag/o2@oupl i ng of an aryl group to nucohal i c BCT/IB20&1003691

be 15 achi eved via procedures known to the skilled
artisan to provide the arylated .conmpound as a m xture
of regioisoners 37 and 38. ABllyl ation can then be

ef fected according to the procedure disclosed herein
to provide allylated conpounds 35 and 36, which can
be converted to the tar nd 39 as provided
above. mmmmmﬁnmmsmw fyomeucohdic ARidene

7 Syntdetic Approach to éncrustosporines fpom Q
NUc |c AdemmﬂaO (0) X Allmbohkow1 A gOH)f
ase l/~Ar " Sol
1 35 é“l’l*%\ X=CK x_ BEo P37 HOOOKH4 ArB(C]—|A¥2

Ar Pd, %Hase O Sol vent &Q Pd/ HCOONH4 O Oﬁl\ X O Ar3x \
H

O+ 1 "OA Iyl bromide O+ Ar O 14 X Ar E/ 20 X

OH X136 37 38 5 W further epr0|ted cohalic
aci dibaX=8r bui | di ng bl ock for other conplex|pjiRbewyl €s,
as depicted in Schenme 8. Saturated butyrol act ones,
such %rBAbH)z A Q

Pd, base : | ©

Solvent

‘ 39
. Pd/HCOON H4

ﬂ AIIyI bromide
T THEM0

1

We further exploited mucohalic acid as a building block for other complex
molecules, as depicted in Scheme 8. Saturated butyrolactones, such as 4-
decanolide A, gamma-dodecanolactone B (a fruit flavor principle, known as or -
Laurolactone) and whisky lactone C, are widely found in flavors and fragrances.
Preparation of saturated y-butyrolactones was investigated via hydrogenation of
40 or 42, prepared as indicated from mucohalic acid. When 20% Pd/C and EtzN
in THF was used, products 41 and 43 were isolated in excellent yield. Thus, both

the Cl and Br atoms are easily removed by hydrogenation of 36 or 37.
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decanol i de A, ganma- dodecanol actone B (a fruit flavor
princi ple, known as or y- Laurol actone) and whi sky

wo amioeE2L, are widely found in flavors and fregr/mBroesn03691

Preparation of saturated' y-butyrolactones was

i nvestigated via hydrogenation of 10 40 or 42,
prepared as indicated from mdéohalic acid. Wwen 20%
Pd/C and Et 3N in THE was used, products 41 and 43
were isolated in excellent yield. Thus, both the C
and Br atons are easily renmpved by hydrogenati on of 36
or 37. WD 2004/ 020424 PCT/Y4#B8H 003691 -32 Schene 8
Synt hesi s of SatSymghesis o Safyrated-Butysalagioneo 0 0 O Me
\J O AMBC_M XO0O0 0 Pd/C FO H, Et Me
40 41 O X O ORd/C, THE X O Et 3N COOE

Me 42 43 T o | eQar € intendedmt 0
i |l ust/rat aripus e Bhe i nveM?Lop/ an§
are M8t intended to resirict the scope thereof.
EXAMPLE 1 10 Ceneral Procedure A

X i 0
) | © Pd/C, THF o
l H,, EtsN
Me
40 "
o)
X 0
| © Pd/C, THF
X ., 0
COOEt Hp, EtoN
COOEt
42

Me
43

The following examples are intended to illustrate various embodiments of

the invention and are not intended to restrict the scope thereof.

EXAMPLE 1

General Procedure A.

Reaction of Mucochloric Acid with Allyl Bromide.

A mixture of mucochloric acid (1.7g, 10 mmol, 1.0 eq.), allyl bromide (1.5
g, 12 mmol, 1.2 eq.), Indium (1.4 g 12 mmol, 1.2 eq.), and ammonium chloride
(53 mg, 1 mmol, 0.1 eq.) in 30 mL (THF/water = 1:1) stirred at room temperature
for 16 hours. The reaction mixture was then quenched with 1N HCI and extracted
with ethyl acetate (3 x 100 mL). The organic layer was isolated and concentrated
at reduced pressure to yield the product 10a as a crude oil. Purification using

silica gel chromatography eluting with ethyl acetate/ heptane 1:9 provided the
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Reaction of Micochloric Acid with Allyl Brom de. A
m xture of nucochloric acid (1.7g, 10 mmol, 1.0 eq.),

wa@bkdoglo2daeoni de (1.5 g, 12 mmol, 1.2 eq.), | ndPCIIK20034003691

g 12 mol, 1.2 eq.), and amonium chloride (53 ng, 1
mmol, 0.1 eq.) in 30 nL (THF/ water = 1:1) stirred at
roomtenperature 15 for 16 hé&rs. The reaction m xture
was then quenched vvith IN HC1 and extracted wth

ethyl acetate (3 x The argani c | ayer .
b liprenhs: sotahil i OO At el Hegan e BT Ay sis results
yla%hq erﬁl\RﬁOdUCt 10a as a crude oil. Purification
sing silica gel chronatography eluting wth ethyl
acet ate/ heptane 1:9 provi ded the WD 2004/ 020424
PCT/ 1 B2003/ 003691 -33 al Ripig Product as an oil
(1.7g, 90% with satisfac ory e emental anal ysi s
r esul t SReatidn o0 Muzobrdviic AoidvRIHEA HyRBemsniden Safne as in General

Mucob Aci d h Allyl d
S Hoperan 40 Rrovieshov et RECI eodd | IS BrnD gt h
Oi dy 1£f%ctgg@lerh{htﬁ%{%lgbl§ Lkt ExliH cciftlct §fsactory el enent al

ana ysisresults and correct Ms. EXAMPLE 3 Reacti on of
Mucobrom c Acid with Allvyl Brom de. Sanme as in Ceneral
Procedure A except 1:1 1@ pvat er was used as the
solvent to provide the 10 a Iat ed product as an oil

(2.4g) ReacEiopoof Maicxdbw‘»mtc AatiwsﬂaAllglr Brahidee fiaate as in General

analysjs results an rect MS. | 4 Rea
o Bt A GRS A RE R s e e gavens e
gﬁeﬁéd }[?1{)919& duee oﬂ\(i syt @BWﬁefdﬂ%ﬂ@édﬁ)ﬁfa@t‘o@g lﬁfr@ﬁ‘tldpénalyms
ure . in 46% 15 yield (See Table

vmmkuISamdsblathS/ eI enental analysis results and
correct M5. EXAMPLE 5 Reaction of Micochloric Acid
with Methyl-(2-brononethyl) Acrylate. Sane as in
General Procedure A to prEXAdLihé¢ al |yl ated product

il (1.9 [ 76% yi.el d th tiSt
o1 emont BFacibareg Mahenofié AU o Glhaf i ASHE o
6 GeaeilirebccaireM &Q‘%{)Qf@e Gh@lylatvd bfdduct as a mixture (1.25g) in 46%

Met hyl - (2- br onone Acrylate. Sane as in Ceneral
Pr ml@d@cfewal@ () mtb\sat@éaqm equayraéﬁwyw wsalés andcoggetdyIp-
(2.5 9) in 74%yield with satisfactory el emental

anal ysis results and correct NMS. EXAMPLE 7
EXAMPLE 5

Reaction of Mucochloric Acid with Methyl-(2-bromomethyl) Acrylate.
Same as in General Procedure A to provide the allylated product as an oil (1.9g) in

76% yield with satisfactory elemental analysis results and correct MS.

EXAMPLE 6 |
" Reaction of Mucobromic Acid with Methyl-(2-bromomethyl) Acrylate.
Same as in General Procedure A to provide the allylated product as an oil (2.5 g)

in 74% yield with satisfactory elemental analysis results and correct MS.

1

EXAMPLE 7
Reaction of Mucobromic Acid with Proparyl Bromide. Same as in

General Procedure A to provide the product as a mixture of allenyl and



10

15

20

25

30

25 Reaction of Miucobromc Acid with Proparyl Brom de.
Sane as in GCeneral Procedure A to provide the product

w@gooa/omi4x4 ure of allenyl and WO 2004/ 020424  PCT/1B2003/003691

PCT/ 1 B2003/ 003691 -34 propargyl ated products (al npbst

1:1) in 36%yield (See Table 2) with satisfactory

el enental analysis results adér correct MS. 5 EXAVPLE 8
General Pr ocedure Tin Medi at ed Reactl on of I\/Ucohal iC

Acid with All Brom de,  Wth Mico rlcf g
rmiDReRAEylged ﬁw@aetﬁ@m%t L&) ig 367 yielg ( i%) with sgiisfactory

ezljé}?é'ﬂtél%kalgg@[@sgﬁ egnjdc%n%c Msl ni, 12 mmol, 1.2 eq.)

012mm 12eq) anmoni um
chlorlde (53 ng, 1.0 mol , 0.1 eq.) in 30 nL 1:1 (Vv/v
THE/ water) was stirred at O degrees C. The m xture was
allowed to warn up to roomtenperature over the
course of 24 hours. The regiipdE §@s quenched with 1
N aqueous ammoni um chl oride, then extracted with et ly
ad@ermral Birocodwieg flie Mc{dlatedﬂheaotlglanf MusghaligcAcidaxsith Allyl
olgﬁﬁlr&}brat ed at reduced pressure to yield the crude 15
pr €whi ch was purified by col utm chronat ography to

provi dewhfheviakdcarieA cidor R ehigture SAfddochlotc abit (fl 7 g, 10
Mucobrom ¢ Acid. The sane procedure was enpl oy

abowel,ilreq) witk alaherostidsedi ogrel ¥ Lt 82 predli bé egﬁ@nd tin (14 g,
al{ Gzy L& §d1 i’&ﬁf‘ ‘dﬁ{monﬁn%%%hﬁle 853 A9, FSAYRNF0S eq.) in 30 mL 1:1

atio
3 @rOxr HF}vﬂith) waf &irpienyl degtdey C) MNWWES aiveved to warn up

> t;r I‘gl(ﬁg:'t]flbl’g}g_e?‘@g]@&]{l)if) thh%%{J@g IoI éle Efge {aegc_:éc;rg;&}eets éi.}][?&g'he% with
t ri t%ﬁ%ﬁ?aﬂ%& o?}OrlaQ & }actea WitFGhy1 AE6R D degrees C.

tetra ydrofuran. The m xture was
hyﬂhmggamd: extraxt wa9compennated atr@ddced pidsire ty gicldThe crude

A AR B9 BN el BT b

roavisedgiheigaude product as an oil. The materi al
as purifiéd by columm chromat ography to provide the
product as a colorless oil. 83 %yield. M5 (AP+)

50[5( é (w’gh ]M%% ?ll)-y Ogmg )%o? t Zﬁgsaﬁﬁe d?rocqfdlljlre waszen)l/]i)lﬁ)yed as above in

pPh@B ¥ AmeEbibibine@y EQ/]!)ﬂoeldaCtlhdJlalE}ﬂahyd pedhar 79\ 20#1/ 020424
PCT/ | B2003/ 003691

EXAMPLE 9

Hydrogenation of 3,4-Dichloro-5-(1-phenyl-allyl)-5H-furan-2-one.

3,4-Dichloro-5-(1-phenyl-allyl)-5H-furan-2-one (1.1 g, 4.1 mmol, 1.0 eq.),
20 %c Pd(OH), /C (0.2 g), and triethylamine (1.1 g, 10.3 mmol, 2.5 eq.) were
combined in 20 mL of tetrahydrofuran. The mixture was hydrogenated at 40
pounds/in2 for 16 hours. The palladium catalyst was removed by filtration and the
remaining mixture was concentrated in vacuo to provided the crude product as an
oil. The material w2as purified by column chromatography to provide the product

as a colorless oil. 83 % yield. MS (AP+) 205.1 (M+).

Hydrogenation of 2-[(3,4-Dichloro-5-0x0-2,5-dihydro-furan-2-yl)-
phenyl-methyl]-acrylic acid ethyl ester
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-35 The sane procedure as above may be used to provide
t he hydrogenated carboethoxy product Y. EXAMPLE 10 5

w@eovogeee Additi on of Benzyl amine to PCT/IB2003/003691

5-Al Iyl -3, 4-di brono- SHfuran- 2-one (10b) A solution
of 5-Allyl-3,4-dibrono-5Hfuran-2-one (10b) (1.40 g, 5
mmol, 1 rqg.) and benzylam n85{0.5 g, 1.1 nL, 15 nmol)
in NMP (10 nL) was stirred at roomtenperature for 3
hours. The reaction m xture was quenched w th aqueous
10 sat Uihedemepmvedire ehplgvedeasist weil énpienifedhe hydrpgemated

The ethyl acetate |ayer was
vvé?ﬂ’é’&tth\ﬂhﬁr Pftﬁ%, dried, and concentrated to provide

the crude conjugate addition adduct |ib.
Purification. by recrystallizati on using 4
hept ane: et hyl acetate toEgANIPHE 18. 8 ¢ (52 percent

Sor i d, Gibifie RUBHAEbARATAN bl o RT3 4 iR SH-furan.
aﬁﬂoﬂ@@ﬂb) docunents are |ncorporated by reference

ot or orfe BUHEST ROUREP drf bitas st G0 hgre. S mmol,

e%@%ﬁ%eﬁ&lﬁéﬁ@h?“%% ﬁf‘ PeGhi] & ARMBHAK NMPr(P@mL[) was s stirred at

i ments I ques. However, it shou
u ndemstempdamlt'ﬁafor Adnoyrsy ihieacdcting nExdreogaspnehedarittormieous

LA St Dl tofgnd b fstol B B! ddetsl e eunyi
P%éﬂa%&%/w%@ 368ed widb bhdldMed, MabnéentraleditdBebvide thd crude

A process for preparing functionalized but yr ol act ones,
c m@pmggteragdltlos agduct dhb aPeiifieption by Hedryalisatipnusingek bi n

orﬁe%tagle yl %Sfta% ¥ ré?‘él ar eéQ%SSQl—PP%u it %:')leld b q‘%lcgﬂ%gﬁ% Iagbltlon
afadduct(l@b as a solid. MS (AP+) 308.0.

All publications, patents, and patent documents are incorporated by
reference herein, as though individually incorporated by reference. Tﬁe invention
has been described with reference to various specific and preferred embodiments
and techniques. However, it should be understood that many variations and

modifications may be made while remaining within the spirit and scope of the

invention.



10 Co6) al koxycar bonyl, (Cl-C6)al kanoyl, (Cl1-C6 al kyl),
hal o( C1-C6 al kyl), heteroaryl (Cl-C6)al kyl or

w@erooh L4246 al kyl), and " - - - " is a bond orP@BHIB2003/003691
‘absent, provided that when " - - - " is a bond, Rl and
R2 are absent; conprising: 15 (a) contacting
nmucohalic acid 1 wherein X i$6as defined above; 0 X O
XOH with halide 2 wherein Yis d, Br, or I," Ril,
R2, and R3 are as defined above, and 20 " - - - " is
as defined above; R2 R3 YCLRIMS a netal selected from
indium tin or zinc; and WO 2004/ 020424
PCT/ 1 B2003/ 003691 -37 a catal ytic anmount of anmoni um
chwasd iglelaimiedissol vent to formthe conpound of formula
. 00 XX +RX Mtal | O OXRs R NHM4C X Ri '

, 102 ~~R R25 2. The process of claim1, wherein
the nmucg Bk f@ﬁpl‘épélﬂﬂgsfuﬂbﬁ‘(ﬁﬁhkﬁ Buyrakicnes) comprising:
mucobromi c acid and t metal is indiumor tin. 3. The

5  process.of cloaiagiing Hmh@raélpﬁmd I'whegeiaps srfel arPrhal i de 2,
and at |least one of Rl R23 and R3 is H and the others
of RL R2, and R3 are each /10 i ndependently H, hal o,
aryl, (Cl-0C6)al koxycarb nyto (C1- Co6) al kanoyl, or

wherein X is Cl or Br,

Ri, Ry, and Rj are each independently H, halo, aryl, (C; —

10 Ce)alkoxycarbonyl, (C;-Cg)alkanoyl, (C1-Cs alkyl), halo(Cq-Cs alkyl),
heteroaryl(C1—Cg)alkyl or aryl(C;-Cs alkyl), and
“---”1s a bond or is absent, provided that when “---""is a bond, R; and

R, are absent;

comprising:
15 (@) contacting mucohalic acid 1 wherein X is as defined above;
0
X
| ©
X
OH 1

with halide 2 wherein Y is Cl1, Br, or I,’

Ri, Ry, and Ry are as defined above, and

20 “.--"is as defined above;
Ra
Ry Xy
R, 2

a metal selected from indium, tin or zinc; and
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(C1-C6 alkyl). 4. The process of claim1l, wherein in
halide 2, RLis H and one of R and R3 is H while

wo b@4oetaes of R2 and R3 is halo, aryl, PCT/IB2003/003691

(C1- C6) al koxycarbonyl, 15 (Cl-C6)al kanoyl, or (Cl-C6
alkyl). 5. The process of claim1l, wherein in halide
2, RlLis aryl, (Cl1-C6) al ko{é?carbonyl

(C1- Co) al kanoyl, or (Cl-C6 alkyl), and at | east one of

R2 and R3 is H 20 6. The process q . I.aimi, vvhefrei
[ Step (a) 4 ALY HRGURGOF BRBORGR R @A aenT  Torb e
(a) is @ Bgmdzgffogméﬁ qut 30 C, the reaction pressure

step s about 0.9 to about 1.1 atnospheres,
the reactiOn tinme of step (a) is about 14 to out 20

hour s, X the ng ar equival ent etélf rrucohal
25 aIIyIicQ)r -proé&{llc and|

chiorix e: equi val er}\t1 ¢f the conpound 0R1
nucohalic @cid 1; ° about 1.2 equﬁ‘val ents of hali
about 1.3 equival ent? of indium and WD 20047 020
PCT/ | B2003/ 003691 -38 about 0.1 to about 0.2 RS
equi val ents of anmoni um chl oride. 7. The process of
claim1, wherein the solvent is selected froma pol ar
Proti ¢ THY procdd®bhdlaidPl Ok heteis the/@0tohalib atidd ip nesediderioscid
absence of wat er sel ected 5 from net hanol ,

t et r ahyImeHa@PERIC pRPEDd dhe metabis RIBRE St ur e i oni ¢
liquid (RTIL) which is [bmn] [BF4], [bmn] [PF6],
[bmm [TF2N], where bmmis

1-hut yl TI&rpreéd%y bf ﬂnﬁilai,ak/harannahel ’Tfs abserﬂlﬁﬁﬁ;'ﬂme 2B andlitdeast

f cl 1, wh f
P ohaan@ of o Meiisl B> FY ging Sheb i ptsb Ry 45 €850 ¢ ne
sol vent; ?&gpeﬁgéﬂﬂty@ Bidahard, Qcﬁﬁh&)‘attycegb XVQ@ICs)a?kanAyl or

process reparation of a conpoun f formul a

I 0 (OTFCRZallHﬂN R3 Rl Il 15 wherein R, R2, and R3
are each independently H, halo, aryl, (CI -

C6) al koxycar bonyl, (C1-C6)al kanoyl, (Cl-C6 al kyl),

ha.o( CITI@pr@bé’sh’bf ¢laim 1, wherein in halide 2, R; is H, and one of R; and R3

is H, while the other of R, and R is halo, aryl, (C; —Cs)alkoxycarbonyl,
(C1-Cg)alkanoyl, or (C;-Cg alkyl).

5. The prbcess of claim 1, wherein in halide 2, R; is aryl, (C; —Ce)
alkoxycarbonyl, (Ci-Cg)alkanoyl, or (C;-Cs alkyl), and at least one of R,
and Rz is H.

6. The process of claim 1, wherein in step (a), wherein the reaction
temperature in step (a) is about 20 to about 30 °C, the reaction pressure of
step (a) is about 0.9 to about 1.1 atmospheres, the reaction time of step (a)
is about 14 to about 20 hours, and the molar equivalents of mucohalic acid,
allylic or propargylic halide, indium, and ammonium chloride are:
about 1 equivalent of the compound of mucohalic acid 1;
about 1.2 equivalents of halide 2;

about 1.2 equivalents of indium; and
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15

20

25

het eroaryl (Cl - C6)al kyl or aryl (C-C6 alkyl), and
conprising: (a) contacting nucohalic acid with halide

W(izmhmtﬂim Yis d, Br, or I, 20 Rl, R2, and R3I/m2003%3691
defined above, and " - - - " is a bond or is absent,
provided that when " - - - " is a bond, Rl and R2 are

absent R2 R3~ YRL 2 25 a-#tal sel ected from
indium tin or zinc; and WO 2004/ 020424

PCT/ 1 B2003/ 003691 9 tic nDunt of ni um
chl ori de i n38OE& \/@rﬂiogt?ogﬁﬁlfw F‘étﬁ a‘?%’&&l%ﬁ‘ﬁoﬂ c.
tenperature, pressure, tine, and concentration to

provi de the y- butyrolactone of formulal; 0 0 X X
RZ. Met dlhe Yrd@edOofiRgaimll, Nt Glin bhemlvymzs selected frem aqulﬁ)protlc
reactin

ooyl 0a PO AR, aotsbre o lfe PlketSe SE RN Encl S Refrel®

f orm 3,fran Qeth%nél' te@ra@dﬂbﬁlrﬁﬁ DMRU R a‘roNIMempB@ﬁﬁe fdnR1
R\ R3 2 10 EBFai:dr ogenatin ound 3

to ini thqaid (ﬂﬂflb} whishrip Burien] dbmimEBEd] pmip](THN], where

conpou rl])gmgl is 1-butyl-3-methylimidazolium and Tf is CF3SOz-

8. The process of claim 1, wherein the concentration of mucohalic
acid 1 in the solvent in step (a) in the solvent is about 0.3 Molar to

about 0.5 Molar.

0. A process for the preparation of a compound of formula IT
0

oH Re

HoN Rs
Ry II

wherein Ry, R, and Rj are each independently H, halo, aryl, (C; -
Ce)alkoxycarbonyl, (C;-Cg)alkanoyl, (C;-Cs alkyl), halo(C;-Ce alkyl),
heteroaryl(C;—Cs)alkyl or aryl(C;-Cs alkyl), and
comprising:
(a) contacting mucohalic acid with halide 2 wherein Y is Cl, Br, or I,
Rj, Ry, and Rj are as defined above, and
“.--”js abond or is absent, provided that when *“---"is a bond,

R; and R, are absent;
Ra
Ry XYY
R1 2

a metal selected from indium, tin or zinc; and
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15

XOO " HR X1 OHR _ O RA-N' R HO HiZNRL 2N R1
3R R34R R35R R3 (d) reacting conpound 5 with

whewzphosehl orof ormate in the presence of base PCI/IER003/003691

provi de the CBZ-protected am ne, followed by
aci d-catal yzed hydrolysis in aqueous al cohol R OH,
wherein R is (Cl-C6 alkyl) @fd catalytic acid to

"form conmpound 6; WD 2004/ 020424 PCT/1B2003/ 003691

-40- 0 1) C CO2CH2Ph, 1 2Me Oﬂgs OH |1-|2N RL ...
CBZ-N RL 2) afataliqymems o MopgiTEC ﬂ%sm(aeao Yeahtyspffigient
conpou . [ [ . .
base, ot rshubpEnyg pfnge: i, il RORCRERRRND Brelicy the v
subsequsimjrolaetbue of foamwialh tri-n-butyl 5 tin hydride to
form conmpound 7; rCo2Me 1) MsCl, OH base COT CBZ N
RlHZ);< rorNatCBZ--NR16R2R33)n-)J3u3 H R3
R2: (f vi ng RheEBX group awstalhydrol yzi'n

ester iplcdApotind FeQder acidic conditidns t
a comp$undiof formgiar)l. CORNMmERH 1) PR/ Pd-CR

CBZ-N Rl HR R1 HH,2) H+, HRO7 R R3 11 RZ2 3 \
1

(b)  reacting compound I with an amine R,NH», wherein R, is benzyl or

methylbenzyl, in the presence of base to form 3;

(c) hydrogenating compound 3 to initially form compound 4 and subsequently

compound 5;

X Ho
| © _— o)
HoN R HoN Ry
4 X R 5 R
Rs 8 Rs 8

(d) reacting compound 5 with benzyl chloroformate in the presence of base to
provide the CBZ-protected amine, followed by acid-catalyzed hydrolysis
in aqueous alcohol R’OH, wherein R’ is (C;-Cs alkyl) and catalytic acid to

' ‘form compound 6;
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10 R 10. A process for the preparation of a conpound
of formula Il 0O OHR2Z H2ZN R3 R4 R5R1 in wherein RI,

wo2004m2d2R3 are each independently H, hal o, arR¢TIR2013/003691

15 C6) al koxycar bonyl, (Cl-C6)al kanoyl, (Cl1-C6 al kyl),
hal o( C1-C6 al kyl), heteroaryl (Cl1-C6)al kyl or

aryl (C1-C6 al kyl), and R4 and0R5 are each

i ndependently H, aryl, heteroaryl, or (Cl-C6 al kyl);

conpri si ng: a) contacting nucohalic:acid with halide
2 wherein Yig O, Br, ar 004/ 020424
PCT/ | B2003/ p0%691 - 41 al?kaé&%zﬁd R3 are asCOMEned
above, and o_ _ i s_abdsend o is absent tovi ded
t hat whéhN™ A" is a bond, Rl apt—FRNar Bent ;

R2 R3Y Rl 2 a met al, gel ed fromindgiu
zinc, andsa c?{g si ¢ anpurt of ammoni um ghl oriderin a
solvent at sufFicient reaction tenperature, B?—essure,
time, and concentration to provide y- butyrol actone I;
00 XX 40 + R? Metal OX ORI R NHCL RL 2 R3

1X0) R2 rdacti} compoind@with mpesyinchidridsi it thespresent el taadiHidllowed
wherein Ra 1s benzyl or _nethyl benzyl, inp the esence

of bas®VitEeairaeni,vith Maks of Nal, ard subseq%erit redliction with tri-n- utyl
tin hydride to form compound 7;

CO;Me 1) MsCl,

CO,Me
OH base
cBz—N Ry -
I ——N
H 2) NaBr or Nal CBZ 4 Ry
6 R 3) n-BugSnH

@ removing theCBZ group and hydrolyzing the ester in compound 7under

acidic conditions to provide a compound of formula IL

COH
COMe 1) Hy/Pd-C 2
cBz—N R4 > H:}_‘l Ry
H 2) H+, H0 .
7 R 3
Re 0 T

10. A process for the preparation of a compound of formula III
0]

oH R
HoN Rs
Ry~ ~Rg 1 I

wherein Ry, R, and R; are each independently H, halo, aryl, (C; —
Cﬁ)alkoxycarbonyl, (C1-Cg)alkanoyl, (C4-Cg alkyl), halo(C;-Cs alkyl),
heteroaryl(C;—Cg)alkyl or aryl(C;-Cs alkyl), and R4 and Rs are each independently
H, aryl, heteroaryl, or (C;-Cs alkyl);

comprising:

(a) contacting mucohalic acid with halide 2 wherein Y is Cl, Br, or I,



X'g~RRaNH2 X1 O RamX 1 Base HR RR3 3 RZ R3 2

15 (c¢) hydrogenating conmpound 3 to initially form
w@ormoemds 4 and subsequently conmpound 5; 0 Xedx/(B2003/003691

R&-NOH2 XH2 'qg\R OO HHZNRL 2N RL 3 R2 R3 4

R2~ R3 5 R2 R3 WD 2004/ 020424 PCT/ |1 B2003/ 003691 -42

(d) reacting conpound 6 with4benzyl chloroformate in

the presence of base to provide the CBZ-protected

am ne, followed by acid-catal yzed hydrolysis in

met hanol to RoeRm addbduhes defingd ahove} mpCcH2Ph, coeMe O

base OH H2N. R1,,CB . , R3 6,.R

2 5 (e) oxidizi ﬁsgg?(%&g%éll%% ngt, H%F]gég%ag“c%éﬁpoundls?%tagd’

provi der CoAIRLLGE asent; CO2Me OH [0] McO2C CBZ-N RL O H

CBZ-N R1L H 6R2R38RR3R
2
]\

| Rs/\\I/\Y

R 2

a metal selected from indium, tin or zinc; and
a catalytic amount of ammonium chloride in a solvent at sufficient
reaction temperature, pressure, time, and concentration to provide ¥-

butyrolactone I;

O .
X o R;__(X Metal
X Rs Ry NH,CI
o) 4
| 1 2

\

10

(b) reacting compound I with an amine R,NH,, wherein R, is benzyl or

methylbenzyl, in the presence of base to form 3;

15

() hydrogenating compound 3 to initially form compound 4 and subsequently

O
Hp
—_— O
H2N R1
5 Rs Ra

compound 5;




2 (f) olefinating the ketone noiety in conpound 8

using base and RO R Ph3P--~ 4 X (EtO2-P~ 4 10 R5
wabene2w2d is C, Br, or |, or R5 wherein R4 PENIB2REB/003691

are as defined above to provide conpound 9; 1 CO2Me O

[ MORCR4 CBZ-HR1L1 CBZ-NR5 1 H8 RR R3 9 RR3

2 (g) hydrogenating corrpound“@‘to provi de the conpound

of formula I1l. MOC, , 14 2 1) H2/Pd-C H2C R4 R5

R Z-N R1, H2N R1 2) H+ 9 R 11l R 15 2 1.

oc erggctmgrcomemﬁf ¢ ﬁ@.‘n&)@%ﬂ Rﬁlprﬁ%% L8 PSR e o

I vV WO

s e s

i ndependemtthanoHo floeh epmaeyid 7;( C1- C6) al koxycar bonyl ,

(Cl- C6) al kanoyl , (Cl-C6 al kyl), hal o(Cl-C6 al kyl),

heteroaryl (C CG) al kyl oy cii kP, C6 al kyl), and R4

and R4, arereach i ndepend%ntl y 5 H, aryl, @Msar yI |
or (Cl- OH
2N Ry cBz—N R
. 5 2) H*, MeOH H
Rg 8 6 Rg I:‘3
5
(e) oxidizing the alcohol moiety in compound 7 to provide compound 8;
CO,Me
Il-l CBZ—'—
6 gy R
63 olefinating the ketone moiety in compound 8 using base and
+ R
PhaP— X (EtO)p— P%
10 Rs wherein X is Cl, Br, or I, or Rs , wherein R4
and Rs are as defined above to provide compound 9;
CO,Me
cBz—N Ry
II-I CBZ—‘
8 s R
(g2)  hydrogenating compound 9 to provide the compound of formula III.
MGOQC R
* 1) Hy/Pd-C HOC Fla
~—Rs > Rs
CBZ‘——II\I R1 H2N R‘l
H 2) H*
9 Rs I R
15 RQ Rg 3

11. A process for the preparation of a compound of formula IV
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15

20

conprising: (a) contacting nucohalic acid with halide

2 wherein Yis d, Br, or I, R1, R2, and R3 are as
waledosned2above, and is a bond or is absent, prpoT/tR003/003691
that when " - - - " is a bond, 10 Rl and R2 are

absent; R2 R3~ Y RL 2 a netal selected fromindi um
tin or zinc; and a catal yti c4mount of anmmoni um
chloride in a solvent at sufficient 15 reaction
tenperature, pressure, tifre, and concentration to
provi de y- butyrol actone 00 XX R Mtal OXR3
RlL NHACL Rl O2 RR3 adgi ng RAR4' CVb wherein
R4 and R4, are as defingd ove_and wherein MO 20 is
MyBr, CuBr, or B(OH to fprovide 10; WO

2004/ 020424 PCT/ | B2008,'00¥8OR:1 -44 O O1yX R2ZR2' CMa X
OOXRLRMRL R R31I0RR (0) hyé\r/ogenating
conpounghetfintRy, Ry ramil &g apeoeaohl irdependeitl PH, kalbdrPd (G ©

RA RLRARLR4A \ " 841 1
C6)lalkoxycarbony1, (C1-C6)a118<anoy , (g—&lky}), ﬁglogC]-Q alkyl),

heteroaryl(C;—Cs)alkyl or aryl(C;-Cs alkyl), and Ry and Ry are each independently
H, aryl, heteroaryl, or (C;-Cs alkyl);

comprising:
(a) contacting mucohalic acid with halide 2 wherein Y is Cl, Br,orl,
Ri, Ry, and Rj3 are as defined above, and
“___”is a bond or is absent, provided that when “---" is a bond, 4

R; and R, are absent;
Ra

~

. Ry XY Y
R1 2

a metal selected from indium, tin or zinc; and
a catalytic amount of ammonium chloride in a solvent at sufficient
reaction temperature, pressure, time, and concentration to provide -

butyroléctone I

O
X o R;_(‘X Metal
X Rs Ry NH,CI
ol 4
1 2

Y

(b) adding R4R4+CM, wherein R4 and Ry are as defined above and wherein My
| is MgBr, CuBr, or B(OH),, to I, to provide 10;
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5 (d) hydrolyzing compound 11 in aqueous al cohol R OH,
wherein R is (O-C6 alkyl) and catalytic acid to

wo oooaoz@epound 12; O 1) H+, aqueous CO2R 0 R EET/BI003R93691
ARLRARI1 R4, RA 11 R2R3 12 R2 R3 10 (e) oxidizing
t he al cohol nnlety in conpound 12 to provide conmpound
13; 'C02R CO02R OH 10] ORMR1I R4 RI R4~ R4, 12 R2
R3 13 R2 R3 (f) converting the ketone noiety in

compound 130to a primary amno noiety,” foll 0\/\8d by
hydr ol ygi S,/jto provide the conmpound of for)@u V. WO
2004/ 02 gCT/ | B2003RaBB3891 -45- CO2 'e 01
Am nati o Rl R NH2—R4—2)Hydrol ysiss 3
R R3 I¥ R Pgox~oR4NR1 H5% R;
Rs Rs

(c)

(d)  hydrolyzing compound 11 in aqueous alcohol R'OH, wherein R’ is (C;-Cs

alkyl) and catalytic acid to form compound 12;

) H*, agueous CO2R'
R'OH
R4. R4

oxidizing the alcohol moiety in compound 12 to provide compound 13;

COQR‘ 02R'
12

13 Rg

® converting the ketone moiety in compound 13 to a primary amino moiety,

followed by hydrolysis, to provide the compound of formula IV.



and R4 are as defined in claim9. 5 HZN R1 6

12. A compound which is R2 , wherein X, Rl, R2, R3,
0 x
WR001820424 conmpound which is R2 , wherein X, RIPCREB2063403691

and R4 are as defined inclaim9. O 0 H2N R1 7 R3
14. A conmpound which is R2 , wherein Rl, R2, R3, and
R4 are as 10 defined incladm9. O X O RARL \ R4

11 R3 15.° A conpound which is R2 , wherein Rl, R2, R3,
R4 and R4’ arCeb ?/IS defined in claim12.
HlVIie
0 1) Amination HO.C
R4 R'I — R NH2
Ry 2) Hydrolysis 4

13 Rs

Re~N

12. A compound which is 3, wherein X, Ry, Ry, Rz, and Ry

are as defined in claim 9.

5

1

13. A compound which is 3, wherein X, Ry, Ro, R3, and Ry

are as defined in claim 9.
O
O
7 3 )

14. A compound which is R3 , wherein Ry, Ry, Rs, and Ry are as

10 defined in claim 9.

15. A compound which is ® wherein Ry, Ry, Rs, Ryand Ry

are as defined in claim 12.



