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invention relates to a process for the production of
3-(3-fluoro-4- 5

hydr oxyphenyl ) - 7- hydr oxynapht honitrile, a selective
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conpounds can have m xed activity, acting as
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nportant goal in the pharmaceutical industry.
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2-Tetr felieh otz RARI the @Bvity of thi
of 1. Tar e aest KoftnfoliEhousiectiogBh RO iARgRaR Ko BBy of tis

324BOEIUGN ke trériwicae@ﬁéblop\keﬁhw BNk SRTBPUAS. t%ometqomp@ynds can
;R?g Hﬁ)?e%téﬁortWalEF %s/veé EE%BX rsﬁhgm 't@sﬁé"sncﬁ’bﬁ%ﬁ%n%f elBewhere;

cat al yst dition of POCI
pyfasgi are: caﬁw selective estrogen receptor modulators, and are potentlally useful
therapeutic agents. The discovery of such therapeutically useful compounds and
efficient methods for making them is an important goal in the pharmaceutical
industry.
According to David C. Pryde, et al., Synthesis of 2-Tetralones Via A Novel
1,2-Carbonyl Transposition of 1-Tetralones, Tetrahedron Lett. (1996), 37(19),

3243-3246, o-tetralones A may be converted to nitriles B by reaction with trimethyl-

SiCN in the presence of a Znl, catalyst followed by the addition of POCI; and
pyridine:
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Hayashi, et at., Preparation And Binding Affinity of

New Por phyrin Host Ml ecul e for Ubi gui none Anal ogs,

Chem Lett. (1994), (9), 1749-52: 5 CN 1) TMSCN BF3

Pd-C 2)Ti Cl4 cc CN The coupling reaction of diverse

aryl hdhe cﬂ@b\M'mg muiirstery Ehroemivreofatmgthexgidrtetralone to 7-methoxy-1-

Pg%eéﬁﬁ@; iﬁgi gl%ggﬂg tduegg%e*aa@{ bre%y%ﬁﬂ%f 80 BRlBfiion And Binding
] Motagglerfenldbigninong Analpas, Chemeledt. (1994),

m1s,g§fbm ently povvdery The order of rect|V| ty
con‘pl €mentary to the normal Suzuki reaction. 10 S.

F. Ni el sen, et aI , The Suzukl Reacti on Under

Sol vernt - Fr ee Con ’ Synt heti c

Cormu § %53( o 0 Og\509P “SUMVER

THE heyp1 sent @@ CONPri Ses QU
proc rrakl ng a conpound 15 formula | “Wher®in

Rl1 is CN, For d; R2isHorBr; 20 and R3 and R4 are
each i mdemenplet deycihd)robf Eﬁyersaiaﬂylmand%wntbq:mnylbbmldehmd under

f %llvgviﬂ e% cong%gngﬂass’éeéjn repo e02u31ng BC?I&’]FQQ ¥4 catalyst under ball-milling
conditions. [nert NaCl was added to the reaction mixtures to make them sufficiently
powdery. The order of reactivity was complementary to the normal Suzuki reaction.
S. F. Nielsen, et al., The Suzuki Reaction Under Solvent-Free Conditions, Den.
Synthetic Communications (2000), 30(19), 3501-3509.

SUMMARY OF THE INVENTION

The present invention comprises a process for making a compound of

formula |
Ry
OH
Ues
HO
R, !
wherein
R4 is CN, F or CI;
R is H or Br;

and R; and R4 are each independently H or F,
said process comprising the following reaction steps:
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invention further conprises a nethod for making the

compound of fornmula Il in which R is CN and R2 is H,
conprising heating the conpound of formula 5 Il CN
Br 11l with stannous chloride in a m xture of acetic
acid and

oncent r at ed hgdrochl oric acid. Preferably,

ks -Perfornediat a temperature of
appr Ioxi Oklggc Ogﬁgi on alpE/Rs®Vi des t he
novel pedmpound o ormul a and a €s o
maki ng saney by di Br oni ngyi ng OH * PA(PPRg)Clo/NazC O
7-met hoxy- 1-naphthonitrile using approximtely g- 6
equi val ents oR,bromne in acetic acid at a terrp]r ature
of approxi mat gy 40-30C, preferably at about &5 OH

sodi um bi sul f1t@ nyy be Z e% @O
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7- met hoxy?2L- naphERbIiONG | e I
provioedy “whi ch conprises: a) mxing a sol
7-nethon 1 -tetra | one and zinc iodide Wth

trimethylsilyl cyanide to forma reaction m xture,

pref er aRlr¥rably, ROIUSTERSi8H! Rts F 3hdRPRYIs 190G,

The invention further comprises a method for making the compound of

formula Il in which R, is CN and R; is H, comprising heating the compound of formula
1]

CN Br

o\

Br

with stannous chloride in a mixture of acetic acid and concentrated
hydrochloric acid.

Preferably, this process is performed at a temperature of approximately
100°C.

The invention also provides the novel compound of formula lll and a process
for making same by dibrominating 7-methoxy-1-naphthonitrile using approximately 2-
6 equivalents of bromine in acetic acid at a temperature of approximately 40-70°C,
preferably at about 65°C; sodium bisulfite may be added at the end of the reaction to
reduce excess bromine. A novel process for making 7-methoxy-1-naphthonitrile is
also provided, which comprisés:

a) mixing a solution of 7-methoxy-1-tetralone and zinc iodide with
trimethylsilyl cyanide to form a reaction mixture, preferably in toluene solvent
at about 60°C;

b) adding phosphorus oxychloride and pyridine to the reaction

mixture, preferably refluxing for about 6-9 hours, to form an unsaturated nitrile; and,

-3-
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2005/ 026105 PCT/ US2004/ 028645 c) reacting the

unsaturated nitrile wth 2,3-dichloro-5, 6-di cyano-

1, 4- benzoqui none, preferably in toluene at about 60C,

to produce the 7-nethoxy-1- naphthonitrile. Various

obj ect s andchdvareasties thef uh$atuiatade nitrilewithi 2J3-diehloro-5,6-dicyano-
a rent to 5 ose, ski, | n.th fromth
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Behene 1. VRARE Paegs che alEligh,cLine HERlgut be apparent to
pthose skillédin théd artlfr@ngihe sleatriptipn bdivataminthetpBeridad cldims.

fl uor o- 4- hydr oxyphenyl ) - 7- hydr oxy- 1- napht honi tril e

(1). Conmercial material 3,4 dihydro-7-nmethoxy-1

(2H) - napht hal enone (7-nmethoxy-1 -tetral one) may be

t DENAMIEDBESGRIBTION OFsEHE PREFERRED EMBQRIMENTS hown

col utfon. UBbA T BERTE: pebeel it RLARER, AR Scheme 1,

qtrene Isqatoviged aanewtand iswramedqmoceFhdon tbadargescalie prenustion of 3-(3-

eﬁﬁﬁér?%@% %gﬂeﬁ)%féﬁgkﬁ ﬁj r thtﬁ@ﬁ’n lé‘%} he %n{e%léie%tenal 3,4-

adbm@m%&@trmxvéczkﬂ)ynaphthamrwne ol u@nmetf@@yﬂttewom may  be
réﬁ%b@% into %n 8nsc?turated nxt{ne (%)e%sz(s)raol)/\l/nngrr\] eSd(’?fogf a'{he66eaction is
Cpelﬁcorme.’d in folt”re spmtlpd iLipon dinpoesaplbjort ofl the zediction.did qubieched by

fbédsrtl@ts% tign ‘M’ﬁ]@erga ow]n xt Tjéoo% l‘}i?ol éHeUtAﬁ’& ing the
y b Inigle 1

I ne and respective e SO ven IS renov
bsoluemesmlutlloat nhe r@rtaiedmsemraa@ nitiie 3)de draneetized dirpettydn etins toluene
t AT : . i)

| SRl Shiring 7B 28 ertortrd SARIAPT A alitng D) ot 0 °C
aforIZaastT hemollda%remyvqubff diltrating andotheefiliratedaswashetdheith sodium
S i.5ql w t 1AL ;
: ﬁ?ﬁﬁ' ?8& \é%[‘lftlo nd ﬁhbgeéhdgf/egf) lgle@ Mrg%)’cvdl)fﬂtﬂeesgﬁ)iem ésnrce);noved by
adi@tlliatlehd angr daﬁptaaeu i agided- et hmgmtatenatbm hendiuck i Fenethoxy-1-

{ Baprthdrlhc Rt QIR A2 TEHe! SoBEE yieh Buer s RIREIAS i foast 70-

sensitive r The CO oun
2B5%apBy herionming bvd ecagtiouuiodbe samediojveat, isadatian of the low melting

PIBERRHS8aM ek SRIPAPo h FER Spoli
t enper Bramisatien of 7 -methoxy-1- naphthonltrlle (4) with bromine in acetic acid is a
very temperature sensitive reaction. The compound 8-bromo-7-methoxy-1-
naphthonitrile is produced rapidly at room temperature with two equivalent of
bromine. It produces many poly-brominated impurities when the temperature is
above 70 °C. In this process of the present invention, 7-methoxy-1-naphthonitrile (4)
is di-brominated at 40-70 °C with 2-6 equivalents of bromine in acetic acid. Upon the
completion of the reaction, the reaction mixture is quenched with excess sodium
bisulfite to reduce excess bromine and the product precipitates and is isolated with
an expected yield on the order of 90-95% with high purity. This dibromide, without

further purification, is heated with stannous chloride in a mixture of acetic acid and



above 70 C. In this process of the present invention,
7- met hoxy-| -naphthonitrile (4) is di-bromnated at
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acid. Upon the conpletion of the reaction, the

reaction mxture i s quenched with excess sodi um 30
bisulfite to reduce excess brom ne and the product
precipitates and is isolated with an expected yield
onomdwtrate(dielFICbét B G5 %6re tohorhing Hin Bupasition i lsekectively reduced. The

Wi t ou rth r.ifLcatdi.on
R St Efthord R lncRite (b CR o, S gy mivure
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" he pr oduct,
3- br omin 7a nmghlyxpmierrmipmmst ofi Iteis ( Biventonf | .’B-Bemred-?-methoxy-1-

SRERAIOETE LR M o AR RS RAL BBrits p, vnn

wicotmr@beialy ﬁvb@tﬂmr ubger e rwell-kroginl VBuguldf eomddiibn using sodium
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Bafr‘rllu’mlr@oﬂ wmer’mmdypﬁeinyétboxy@thanea‘o Igd/e 3nt8-thioro-4- meth_oxyphenyl) -7-
con At 0%5 *ééh%\éo%gc 6' b(lli} tyﬁlgglgfb e IS ofh) %ﬁt}'{ﬂ{z gg% with about
aRbttt HPLGEI pinitpr o- andm rlnplthmylhlghlgas praferegd parbtessi Ba3-fluoro-4-
éH/chég&ng\?ﬂ %En%'itf? gél %%%ﬁ{oﬁen | )](8)3 %0”8%8?&3{/5@13”83%8 boron
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g{%Rfe ? )gfon?lh %ﬁﬁfd/fh%’ﬁ? g?lﬁ&dro%z :dﬁ’mgnl%ié'hy typically in about

378% field ovitr-99%+ HPLC purity.

nmet hoxyphenyl ) - 7- met hoxy- 1- napht honitrile (8) is

demet hyl at ed usi ng boron tribrom de at about 83 C and
recrystallized froma m xture of water and ethanol to
gi ve
3-(3-fluoro-4-hydroxyphenyl)-7-hydroxy-1-naphthonitril
e (1), typically in about 15 73%yield with 99% HPLC
purity. 5 WD 2005/026105 Schene 1 2 1) TMSCN Zn12
toluene, 60 C, 2 h



2) pyridine/POC13 reflux 6-9 h 1) Br2/AcOH 65 C, 3h

2) Na bisulfite CN Br 5 PCT/US2004/ 028645 CN CN 3
wEalia220 AcOH HC1 100 C, 7 h 4 CN 6 CN O-dd/US2004/028645

DVE/ H20 6 + 0 B Pd(PPh3)2C12/Na2CG3 80 C, 2-3 h COH 7

CN 1) BBr3/ClCH2CH2C1 80C,2h 2) EtOVH20/C 1 CH

Scheme 1
CN CN
0 1) TMSCN/Znl, o oD o
'8 toluene, 60 °C,2h ~ _g__, OO ~
T > toluene
2) pyridine/POCl3 60 °C, 2h
reflux 6-9 h 3 4
2
1) Br,/AcOH CN Br CN
2) Na bisulfite OO AcOH/HCI OO
) Br 100°C, 7h Br )
5
CN
o}
F ol 1) DME/H,0 OO ~
/ Pd(PPhs),Cl,/Na,CO F
6+ 0 ‘@'B\ ( 3)2 s O
0°C,2-3h
oH 80 °C, (I)
7 8

CN
OH
1) BBr3/CICH,CH,Cl OO
80°C,2h F O
2) EtOH/H,0/C HO
1

In a broader aspect of the present invention, there is provided a process for
preparing a compound of formula |

5 wherein
Rqis CN, F or Cl;
R, is H or Br;
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6 WD 2005/ 026105 and R3 and R4 are each independently
H or F, which process conprises the follow ng reaction
steps: Il OH B/ DWVE/ H20O PCT/ US2004/ 028645 OH

Pd( PPh3) 2Cl 2/ Na2CO3 1) BBr 3/ Cl CH2CH2Cl 2) Et OH H20/ C
HO | Thed EsmpdifhdretadhoindepemdentysHanForal |y acti ve,

sel ect I oL-beta. It may
of fer Wﬁlﬁih p{rgéé}% C?)Pq i ésrﬂfg%lfowﬁﬁ{%%%sﬁ anmat ory

di seases, V\/nl | e being devoid of classic estrogenic
effects. R

t her apeugre it ation fo he corpound. In a
preferreq of 4heyp H0k [ nvent | DWE/HEDle
conpoérrd ormiba 1171 s ta\

conpound of if orrmula 111 RGN Br Aod&ﬁ&ﬁ?gkg%ﬁggﬁ%

chloride in a mxture of aceti c aC| d and concenkrat ed
hydrochl oric &uid, nmost preferably at a tenperat bre of

about 100C un ga.eaction reaches conpl et et
compound of Ny SpRRVEL C,_p@pl rhe
t hr oBgk . 1) BBI/ICH, ’ R

Ro 2) EIOH/H0/C 1

The compound of formula | is an orally active, selective ligand of estrogen
receptor-beta. It may offer utility in treatment of chronic inflammatory diseases,
while being devoid of classic estrogenic effects. Rheumatoid arthritis is a primary
therapeutic indication for the compound.

In a preferred aspect of the present invention, the compound of formula Il is
obtained by heating the compound of formula I

CN Br

o\

Br

with stannous chloride in a mixture of acetic acid and concentrated
hydrochloric acid, most preferably at a temperature of about 100°C until the reaction
reaches completion. The compound of formula Ill is novel, and the route through this
compound in the process of the present invention provides a very efficient method for
producing compounds of formulae 1 and Il in which Ri=CN and R,=H in relatively
high purity, compared to known synthetic methods.

According to a preferred process of the present invention, the compound of
formula Il is formed by dibrominating 7-methoxy-1-naphthonitrile, preferably using
bromine in acetic acid at a temperature not exceeding about 70°C, preferably at a

temperature in the approximate range of 40-70°C, most preferably at about 65°C.
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inrelatively high purity, conpared to known

synthetic nethods. According to a preferred process of

the present invention, the conpound of forrmula Ill is
formed by di brom nating 7-nethoxy-1-naphthonitrile,
pUebe tieeb Eympletiony of Breorsantion, theasatiian anditareais quenched with sodium

DBl iy Pe BRI, Rttt R BEBRRR hyivities with a
mewrpriginglf/ dﬂgibylyzlda(ctymdzadiutabﬁﬁtcao 95%Daﬂd)@6l/nt326ﬁm¢'ﬁlly about 93-95%).
P (/a%§ a?f%lgg{zgl,% éﬁj %un Suo%%”l?u' etcb&ﬁo&gd ttgeber 'ﬁ@&c} 'tc9 "ake the

ere quenche
bcsmbcbwrtdeoftfmnmaiUmetheo(tdelsﬁsaerkwomaﬂen stElps. for mJI a lll

g? %?ggﬁ?@lggﬁé\% tagé&g g%htegbr%sen? H&?H]Oﬁ: i$ g+éé g{éh&%ﬁé&ﬁt%anner in

9%@5%@ corApwantt ageetiisdyy-nadhitieonfiiilghs pravidey séartingviomhi-gethoxy-
h d

CPTBRU 3 BEEF R BE e SO Bl Db e

am@“c‘[ed(ate uhs;atmembmtrlla rveespieoially govehasipéalof this process is the use
ef e n , o
25 BEE AR hBard Al fibebl B P B asmete epeg of 40207,

71'rmBé bf@ﬁe‘rablll dt @bbaﬂ BPAR0°C, and most preferably at about 60°C, to convert the

(el RS 240 B SRoEL MR Watvel righ

?«]@Qﬁl ally novel aspect of this process is the use 10
refera ne at tenperatures in

o pr oxPHETECRiRY ebos el Saliceen SRl Pa e i i o eccs.for

5@exani, aaetut progibni@riatie rcityd, jartatic, abewinic, Bm@rICtrDalelenvdWG mandelic,

t Bfic, uBﬁﬁéhUr &hty@l‘acm&)rtcr 'Hy@robr‘%’ﬁ‘f ”ﬁ%br}ﬂoﬂct ‘ﬁltr‘ichesulfurlc methanesulfonlc

7- met hoxy- 1- nap oni t tivel
R . RECORRUBTG TeR ol FEPaPHER or Sseiary knowr
oag&plableam}i wheoragwmpourabofdiss infrention mﬁwt@rxsaﬂpbseq maiebt Balis may also

p%Q %rrﬂ@d ﬁ'om o?gcél:]llc%nd Fg%llug basregcfﬁ.\ éé:alka%%&élryaﬁs (hor example sodium,

hWJWB’CWFCPP aéS‘Uﬁ§/@W8'B\eo?ﬁrtb m?}ﬁlogaaﬁoﬁmg%mhr%t §qlt§ alkylammonlum salts
S dbrtaifihg /1 1Bedaitoneserhd ordialkylammaiitrt I%altsem&uﬂnfg)nsccarbon atoms in each

b%r@j\edj‘&fpu' &9 Wa&yla&%oﬂ%&e%ﬂg fcgﬂgﬁm(\;lﬁ 36794}8&? ylonng qﬁ %a?haé]gll group,

acce a compound o
t Mhen & h"\’i@?ﬁuﬂ@ﬁf tb'éﬁt\’a”tﬁé centaiRtsAnaciHisy r@@n;ty Salts may al so

be for msaé#nfawnwwgsmmaw@smom@@dy thobas@med PYClRa@Bn with C4-Ce
aI| salts (for exanple, sodium 20 |ithium

B'chasc&[ um alkaline earth nmetal salts, anmoni um
sal t s, TakKglloavimpexamplssadrepresented to illustrate certain embodiments of the

present invention, but should not be construed as limiting the scope of this invention.

EXAMPLE 1
7-METHOXY-1-NAPHTHONITRILE
To solution of 3,4-dihydro-7-methoxy-1(2H)-naphthalenone (200g, 1.14 mol)
and zinc iodide (9.09 g, 0.0285 mol) in toluene (600 mL) at 45 °C is added
trimethylsilyl cyanide (120 g, 1.21 mol) during a period of 20 min. The mixture is
heated to 60 °C and stirred for 2 h. The mixture is cooled to 35 °C and pyridine (79.1
g, 1.71 mol) and phosphorus oxychloride (262 g, 1.71 mol) were added respectively.

-8-
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each al kyl group, when a conpound of this invention
contains an acidic noiety. Pharmaceutically acceptable
esters include those fornmed by reaction with C1-C6 25

al kanoi ¢ acids. The foll owi ng exanpl es are presented

t dhelnhixtste @theater Haio0 *Cndnoditimedtfer ®h. Theereapties emtture is cooled to

isggggtéo dqc{%?ttf) f’]a\lj er%{c%g%(atsgaﬁmjﬁ@{)xﬂ@ golaﬁon té [193 5(Syz“durlng a

7 PRETGHOK Y5 1mAPHDHENETRLZ_E) 30 adided @hdtthermixfure is cooled to room

e 2irhe SRR e o PR A SRl BTl P spuf dverouce

( 60I0tiori_ 1 &, 261Q.)i svabatd@dL), hydr?emthesiabiﬂ[r(ScMaﬁkda)( waer (1 L),
eis

haabifty Syt PR sfdoiba phE AL

cool ed The GHalicalyepys iftiatesl (@ H51 °Cgand.. Z3-dinbloro-&fddicyano-1,4-

P BERRRRI R WOV 20 55002 gl P8 b Bb BB e Fperod of 20

mimin.uThee imixtheeaiselteated 1060 CCaardl stirrad &l F brargl thenTdoeled to room

RSN YhA0 &8RRI Ao P AP i win sod
dhydnogida sopdiph ¢ xo. 815 anil roring ¢0.8dn eegpachively. iMpshatide solvent is

a?éjm{)\;é% tg’hd(lgfﬁraﬂoh 2nf %%g%qg(? L %ograq?tderﬁ%r ﬁdll‘drlg flltgljag at 0 °C and

ase i S ed wt
hyide«btq giee Ehestdleu:tommu@d (White2solid, 130, g, water 'H IMR (CDCIs) $ 8.00 (d,

At ir e KT Bt T i TR 14T (5 Y 5,02, 5747

(1d,) Hy esPeL HEZY, €1.38 (d'Ehe HYUgaNbH4, 8yeHz), 9. dee@ted H, 9 #4424 Hz, 8.9
05%5}9'150@ giilghl or o-5, 6-di cyano- 1, 4- benzoqui none (DDQ

mol) is added in portions during a
perlod of 20 mn. The mxture is heated to 60 C and
stirred for 2 h and then cBXANM®PLER room 10

t enper at ure. e Py ' ' and

the filtrate %gﬁ%ﬁgﬁjé@o\/awﬁ?g@ﬁd%ﬁyﬁ@#%éﬁﬁﬁg%l ution

(2 x 0.T8 slyrryesfd-imethoy-(l thaBhihpnitrés (F00td, 2ty molylrs acetit acid (5 L) is
ven hEND dj i,on and hept

08 bl (Sra Gon B #i1gl oy il R helBE ST B M. Then.

t dhegim‘oeur'ehe Heiatddetoc@BrpOwnd sfiwhd tfer 3 dl. | The bAKus is cooled to room

7§£@1per5{ulr\clal\./RA(s%lo§%f soSdiSSm %l%uﬁ‘igé (1.3 kg) in water (3.0 L) is added during a
period of 60 min while maintaining the reaction temperature below 40 °C. The solid
is filtered and washed with water (4 x 2.5 L). A small amount of the sample is dried
and analyzed. The rest of wet product is used directly for the reaction of Example 3,
below. The dried compound is a white solid. '"H NMR (CDCls): & 8.15 (d, 1 H, J = 2.1
Hz), 8.10(d,1H,J=21Hz),7.81(d, 1 H,J=9.1Hz), 7.38 (d, 1 H, J= 9.1 Hz), 4.06
(s, 3H).

EXAMPLE 3
3-BROMO-7-METHOXY-1-NAPHTHONITRILE
To slurry of 3,8-dibromo-7-methoxy-1-naphthonitrile (1.62 kg) and Tin (Il)
chloride dihydrate (1.24 kg, 5.50 mol) in acetic acid (5 L) is added conc. HCI (37%wt,

-9-



1H J=82H), 7.94 (dd, 1 H J =1.1 Hz, 7.3 Hz),
781(d 1H J=289Hz), 67.47 15 (d, 1 H J = 2.4
woi2005/0%188 (dd, 1 H J = 7.9 Hz, 8.0 Hz), 7.26PCTUS2004/028645

10

15

20

25

30

H J =24 H, 89 H), 4.00 (s, 3H). EXAWPLE 2

3, 8- DI BROMO 7- MVETHOXY- 1- NAP HTHONI TRI LE To slurry of
7-methoxy 1-naphthonitrile (500 g, 2.73 mol) in acetic

acid is 20 added brom ne (2.55 kg, 16.0 nol) at
48-50d- Sarmaadr@gplag pennebat 690 1G duting aTheiod oftzhie The mixture is
Mhkkdd & 109 °tﬁ%f§% t'lehe‘?iSth@ rﬁ‘anareSE'c,roB%q t&? o tclr]n?ér@ﬁ]re The solid

m xture i's coo
s bdiligrach vaghed M@th(1f/owt kl@) (@ % Wa o \A(aserdﬂgp li)saratidtiad! to give the
d [ d -
Pl RiourBHe PAnf <O Bk oo ! HAIRIEBC o 0. 1 . v= 18
f Hel, €r9d (@ﬁdﬂm’sﬁasz\) THi2uat eH, ¢ 2 X0 Bzh7.18) (d A Hmﬁ]iI:IZA Hz), 7.28
a 0 [ 25 and anal yzed. The

g%t‘ﬁ]g_* i %H %%@It_{%l g%ggg’oﬁgi rectly for the reaction

of Exanple 3, below. The dried conpound is a white

solid. 1H NWR (CDCI3): S SEXAMPHE4 H J = 2.1 Hz)

3 %g gg"(31':"-1’0‘;‘“4g‘%r@g‘YPﬁEﬁgLﬁ?‘MégtkO*p Eﬁkbﬁ‘rﬁ’“&TR'LE

3- BRGVB}WMWHDXWWOWBWBMH TRphtEOMile (140 g, @882 mol), sodium

icﬁrbg hAEQ Wfﬁg}é E!h&ﬁlgﬁys?ﬂﬂgéﬁywh%séﬁgg)zpéﬁ%ﬂluﬂpﬂl (0.27 g,
a@é’@é‘é rrazi) @-f re-fi- mgthaw@amdw@mc lacid (73 73/t 0.420\pl), water (600
29{2%98@123&%@&2%%9%/(%?%@ ) #-meStdd) totégj Q;‘di Rtirred for 2h, then

dro prn unnel urirng a peri
K%qu 8L) ég pddesy Abe podure is @ooledHo rgprartempheature. The solid is

”Tlli@ré’d 8nd \?&/agl‘i’éd \‘f&ﬁ‘h V%térQQWﬂOﬁ&Mﬂr%deHr%d ’%rbﬁ RRE the tlflescompound

tered, washed
(as ewhl_’t9 salith(1d Bige 88¥0. i NMRt(b?@CIat)uaas éOcédzmpiduhel 1a&Ha) 8 06 (d, 1

VF\P e 1S§H@dg(saz% L 7&0% 4 H]ZT 7%*-%9 HQ')S?O%%%( 4= 84 Ha),

1481 ( $13H)9386I€E)3H7) 41 (d, 1 H J = 2.4 Hz), 7.28 (dd,

1H J=24Hz, 9.0 H), 3.99 (s, 3H. EXAWLE 4
EXAMPLE 5

3-(3-FLUORO-4-HYDROXYPHENYL)-7-HYDROXY-1-NAPHTHONITRILE

To slurry of 3-(3-fluoro-4-methoxyphenyl)-7-meythoxy-1-naphthonitrile (200g,
0.651 mol) in 1,2-dichloroethane (2000 mL) is added BBr; (511 g, 2.04 mol) during a
period of 20 min, while keep the reaction temperature below 40 °C. Then the mixture
is heated to 83 °C and stirred for 4 h. The reaction mixture is cooled to 3 °C and
added to a cold water (2000 mL) during a period of 20 min. The solid is filtered and
washed with 0.5 N HCI (4 x 1000 mL), water (1000 mL) and cold ethanol (400 mL)
and dried to give a crude product which can be recrystallized from ethanol and water
to provide the title compound as a pale yellow solid (174 g, 96%). 'H NMR (DMSO.
de): 8 10.48 (s, 1H), 10.10 (s, 1H), 8.44 (s, 1H), 8.37 (d, 1 H, J = 1.8 Hz), 8.01 (d, 1 H,
J=9.0Hz),7.71 (dd, 1 H, J = 2.1 Hz, 10.8 Hz), 7.52 (dd, 1 H, J = 2.1 Hz, 8.4 Hz),
7.36(d,1H,J=21Hz),7.26 (dd, 1 H, J=2.1 Hz, 8.7 Hz), 7.07 (t, 1 H, J = 9.0 Hz).
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3- ( 3- FLUORO 4- METHOXYPHENYL) - 7- MEYTHOXY- 1

- NAPHTHONI TRI LE A m xture of
W@2500005 - met hoxy- 1- napht honitrile (100 g, 0.BSRUNWN)/ 028645

sodi um 10 carbonate (121 g, 1.15 nol),

di chl orobi s(tri phenyl phosphi ne) palladium (I1) (0.27

g, 0.0004 nol), 3-fluoro-4-nethoxyphenyl boronic acid

(71.3 0.420 nol), water (600 m-) and

1, 2-di ﬁA@PMoW'ét'%@f theoresent-invangon exgt dtistratedchegeiandll occur to

StHoFséQﬁFhllfe@ﬁn 3Re drhrefhe Wak&nt (rRBALEH 19 nb lﬁi‘?&e% Oﬁ@”@mbodlments

ture is cooled to roomtenperature. e soli
f”Pftéar’f%% a5 Fepadhasheiring bubergonrasse el the ukieet raatiaswithin the
tgcﬁy }Pﬂg%dgabbﬁngonpound 15 as a white solid (118
89 . NVR (CDCI3): S8.10 (d, 1 H J = 1.6 Hz),

5 8 06 (d, 1 H J =1.9 Hz), 7.84 (d, 1 H J = 9.0 Hz),
7.27 - 7.47 (m 4 H, 7.08 (t, 1 H J =28.4 H), 4.01
(s, 3H), 3.96 (s, 3H. EXAMPLE 5
3- ( 3- FLUORO 4- HYDROXYPHENYL) - 7- HYDROXY- 1
- NAPHTHONI TRI LE 20 To slurry of
3- (3-fluoro-4-net hoxyphenyl ) -7-neyt hoxy- 1- napht honi tri
le (200g, 0.651 nmol) in 1,2-dichloroethane (2000 nL)
Is added BBr3 (511 g, 2.04 nol) during a period of 20
mn, while keep the reaction tenperature bel ow 40 C
Then the m xture is heated to 83 C and stirred for 4
h. The reaction m xture is cooled to 3 C and added to
a cold water (2000 nL) during a period of 20 mn. The
solidis filtered and 25 washed with 0.5 N HCl (4 x
1000 nL), water (1000 nL) and cold ethanol (400 nlL)
and dried to give a crude product which can be
recrystallized fromethanol and water to provide the
title conpound as a pale yellow solid (174 g, 96%. 1H
NVR (DMSO_ d6): 8 10.48 (s, 1 H), 10.10 (s, 1 H),
8.44 (s, 1 H, 837 (d, 1 H J=1.8 Hz), 8.01 (d,

H J=9.0Hz), 7.71 (dd, 1 H J = 2.1 Hz, 10.8 Hz),
7.52 (dd, 1 H J =2.1 Hz, 8.4 Hz), 30 7.36 (d, 1 H J
= 2.1 H), 7.26 (dd, 1 H J =2.1 Hz, 8.7 Hz), 7.07
(t, I H J =9.0 H). -10 WO 2005/ 026105

PCT/ US2004/ 028645 Many vari ati ons of the present
invention not illustrated herein will occur to those
skilled in the art. The present invention is not
limted to the enbodinents illustrated and descri bed
herei n, but enconpasses all the subject matter within
t he

-11-



scope of the appended clains. 5 WD 2005/026105 WHAT I S
CLAIMED I S 1. A process for naking a conpound of

wo orosnd@aod/ 5 wherein R, is CN, F or d; R2 i sPEI/US20B#028645
and R3 and R4 are each independently Hor F, said
process conprising reacting a conpound of formula (I1)
10 R3 PCT/ US2004/ 028645 11 wherein R, and R2 are as
defined above with a conpound of fornula (1V) OH B OH
| WHARLS CLAIMEDIS] R4 are as defined above in the
presence of Pd(PPh3)2Cl 2. 152. The process of claim1l
wherein the reaction is conducted in DVE/water in the
presenge of AN&gd I or 2
wherein R |swﬁcﬁlg%58§mmgg grcg@gjgzmg ffghﬁu@rye of clains
1to 3 wherein R is H -12 WO 2005/ 026105
PCT/ US2004/ 028645 R4 wherein R, R2, R3 and R4 are as
defined in Claim1. 6. The prg [
t he conversi on of theR(3:o poun

H;CO

5 wherein
Ryis CN, F or CI;
R, is H or Br;
and Rz and R, are each independently H or F,
said process comprising reacting a compound of formula (11)
Ry

jeo &
Br R2

10 |
wherein R and R; are as defined above with a compound of formula (IV)
R
3 JoH
0 B
/ Q \
v
wherein R; and R, are as defined above in the presence of Pd(PPhs).Cl,.
15 2. The process of claim 1 wherein the reaction is conducted in
DME/water in the presence of Na,COs.
3. The process of claim 1 or 2 wherein R, is CN.
20 4, The process of any one of claims 1 to 3 wherein R, is H.
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5 fornmula (V) to give a conmpound of forrmula (I) is
acconpli shed by reaction with BBr3. 7. The process of

w@b@soedodr 6 wherein the conversion of the copr@DUSIN04/028645

10

15

20

of formula (V) to give a conpound of formula (1) is
acconplished by reaction with BBr3 in C CH2CH2Cl ,
followed by treatnent with EtOH/ H20/C. 10 8. The
process of any one of clainms 5 to 7 further conprising
converting the conpound of forfrula I to a
pharmaceutically acceptabl e sals Orer form
thereof. 15 9. The prqcess of of clains 1 to 8
further conprising makeng~t N d of formula |
by heating the conmpound Qf Jormula Il CNBr I1l with
stannous chloride in HOmi Xture of acetic acid and
concentrated hydrochlori ®acid. 20 10. The process of
c e e conpound of '
PUPRMERI ! Rebn IR 81 B IR Bk

7- nethoxy 1- naphthonltrlle usi ng approximately 2-6

g?ug‘r’)gr%gglt S T?\el yBg%sﬁélél%@ %ﬁgﬁ rgg%e? 5Bhvelsibf B e bbihBound of

POMMUB2M0 4 Gig8a4onpolitd offloenyla §i¢ éssaccomptistednylreaction with BBrs.

further conprising making the 7-nethoxy-1-

naphthonitrile by the steps of: a) mxing a solution

of 7- mét hoxyl'he -retasalod cina®dorAl wbereodihdecomversion of the compound

n I . : , ,

i‘ ﬂ}#nméhéé é ogiu\(; sgoé(o gg Iog é&gﬁj OJ g?% é@ I%B%}(:Lgy rggctlon with

r B&c&nn@hCHf@Hngxfellmvmdwmeameuhmﬁt Enoﬂ/eaaom trile; and,

c) reacting the unsaturated nitrile with

2, 3-di chl oro-5, 6-di cyano- 1, 4-benzoqui none. 10 12. The

proces$. of dhaipmdesatofay nndRBf ¢lgints. 5 to 7 further comprising converting

the compound of formula | to a pharmaceutically acceptable salt or ester form

thereof.

9. The process of any one of claims 1 to 8 further comprising making the
compound of formula Il by heating the compound of formula llI
CN Br

o\

Br

with stannous chloride in a mixture of acetic acid and concentrated
hydrochloric acid.

10. The process of claim 9 further comprising making the compound of

formula 1l by dibrominating 7-methoxy-1-naphthonitrile using approximately 2-6

equivalents of bromine in acetic acid at a temperature of approximately 40-70°C.
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13. The process of claim12 wherein R4 is H 14. The
process of claim12 wherein R, is CNand R2 is H 15

wazosmeqodcess for maki ng 7- net hoxy- 1- napht honP@¥/UEm®04/028645

10

15

20

25

conprising: a) mxing a solution of

7-met hoxy-1-tetral one and zinc iodide with

trinmethylsil yI cyanide to forma reaction m xture; b)

addi ng phos orus oxychloride and pyridine to the

reacti dm 8 haipreesse of elafirorid farthememmprisittgehaking rthé &methoxy-1-

aﬂgphtﬁanlﬁlm @ggsté(ﬁgeofunsat urated nitrile with

| oro- I cyano- 1, 4-benzoqui none. 16. The . .
pr ocess of &) ai mmizngeokition of émeshotys!-tetraldnedansiaing indide with

t ol LengiRbin i BRRIRLTEHPL Yedfitn mbdureThe process of

claim 15 further conprisin romnatingthe 7-
met hoxy- 1- n&pht h@ﬁdlﬂ! i m@smaprﬂ%mv@hlmdepanmwyudmedpnﬂaeareactlon

1 ONeBBitu 200 5, PCT/ US2004/ 028645 18
A comiid o e R e e Po0 3 5 19, A

process for Chaki W%ﬂ@dh@@ﬂﬁ@uwed ortrrlielvath 25otiphlpror-hg-dicyano-
the feoliluM-Bguih6qecti on sequence: 1) TMSCN Znl2
t ol uene 1%/HBngL/“AC%é:-| 2) Na bisulfite CNBr CN Br |11

12. The process of claim 1 wherein Rs is F.
13. The process of claim 12 wherein R, is H.
14. The process of claim 12 wherein R, is CN and R, is H.

15. A process for making 7-methoxy-1-naphthonitrile comprising:

a) mixing a solution of 7-methoxy-1-tetralone and zinc iodide with
trimethylsilyl cyanide to form a reaction mixture; '

b) adding phosphorus oxychloride and pyridine to the reaction
mixture to form an unsaturated nitrile; and,

c) reacting the unsaturated nitrile with 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone.

16. The process of claim 15 wherein step c) is carried out in toluene at
approximately 60°C.

17. The process of claim 15 further comprising dibrominating the 7-
methoxy-1-naphthonitrile to form a compound of formula Il
CN Br

o\

Br

-14 -



CN O~- DDQ toluene Snd 2 2H2O AcOH HO CN CN Il CN

Il + 0 CN CH 1) BBr3/ClCHCH2CI 2) EtOH/ H2O C |
woL@seRa0DVE refers to 1, 2-di met hoxyet hane, TMBUOMUS2004/028645

refers to trinmethylsilyl cyanide, and DDQ refers to

2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none. 10 -15

18. A compound of formula Il

CN Br

jeon
Br
i _
5 19. A process for making a compound of formula | comprising the
following reaction sequence:
CN CN

O 1) TMSCN/Znl,

o_ _ foluene ‘O °< bpo OO EN
> toluene
2) pyridine/POCI3 -
CN Br CN
1) Bro/AcOH R /“/O\ SnCl, 2H,0 O\
2) Na bisulfite 5 OO ACOH/HCI g,
|
CN
F o
OH
o—@-s/ DME/H,0 F O
n +
/ \OH Pd(PPh3)20!2/N82CO3 0
|
CN
OH
2) EtOH/H,0/C O
HO
|

wherein DME refers to 1,2-dimethoxyethane, TMSCN refers to trimethylsilyl
cyanide, and DDQ refers to 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.

10
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