
WO 2005/026105 PCT/US2004/028645 PROCESS FOR THE
SYNTHESIS OF 3-(3-FLUORO-4-HYDROXYPHENYL)-
7-HYDROXYNAPHTHONITRILE FIELD OF THE INVENTION This
invention relates to a process for the production of
3-(3-fluoro-4- 5
hydroxyphenyl)-7-hydroxynaphthonitrile, a selective
ligand of estrogen receptor-beta,  and related
analogue and intermediate compounds. BACKGROUND OF THE
INVENTION Estrogens affect many organ systems, and
consequently can play a role in a  number of
conditions or disease states. Estrogen receptors are
ligand-activated  10 transcription factors and belong
to the nuclear hormone receptor superfamily which
includes progesterone, androgen, glucocorticoid and
mineralocorticoid receptors.  Upon binding ligand,
these receptors dimerize and can activate gene
transcription  either by directly binding to specific
DNA sequences or interacting with other  transcription
factors. A class of proteins can also interact with
the receptors and  15 modulate their transcription
activity. The most potent endogenous estrogen is
17(3-estradiol, and the activity of this  estrogen can
be mimicked or blocked by many compounds. Some
compounds can  have mixed activity, acting as an
agonist in one tissue and an antagonist elsewhere;
these are called selective estrogen receptor
modulators, and are potentially useful 20 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),  25
3243-3246, a-tetralones A may be converted to nitriles
B by reaction with trimethyl SiCN in the presence of a
Zn12 catalyst followed by the addition of POCI3 and
pyridine: CN 



A - B 1 WO 2005/026105 PCT/US2004/028645 The following
multi-step conversion of 7-methoxy-1-tetralone to
7-methoxy-1- naphthonitrile has been described by T.
Hayashi, et at., Preparation And Binding  Affinity of
New Porphyrin Host Molecule for Ubiguinone Analogs,
Chem. Lett. (1994),  (9), 1749-52: 5 CN  1) TMSCN/BF3
Pd-C 2)TiC14 cc CN The coupling reaction of diverse
aryl halides with phenylboronic acid under
solvent-free conditions has been reported using
Pd(PPh3)4 catalyst under ball-milling  conditions.
Inert NaCl was added to the reaction mixtures to make
them sufficiently  powdery. The order of reactivity
was complementary to the normal Suzuki reaction. 10 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  15 formula I wherein
R1 is CN, F or Cl;  R2 isHorBr; 20 and R3 and R4 are
each independently H or F, said process comprising the
following reaction steps: WO 2005/026105 



II PCT/US2004/028645 2) EtOH/H20/C HO OH DME/H20  B  4
OH Pd(PPh3)2CI2/Na2CO3 1) BBr3/CICH2CH2CI Preferably,
R, is ON, R2 is H, R3 is F and/or R4 is H. The
invention further comprises a method for making the
compound of  formula II in which R, is CN and R2 is H,
comprising heating the compound of formula  5 III CN
Br III with stannous chloride in a mixture of acetic
acid and concentrated  hydrochloric acid. Preferably,
this process is performed at a temperature of
approximately 10 100C. The invention also provides the
novel compound of formula III 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 40-70C,  preferably at about 65C;
sodium bisulfite may be added at the end of the
reaction to 15 reduce excess bromine. A novel process
for making 7-methoxy-1-naphthonitrile is  also
provided, which comprises: a) mixing a solution of
7-methoxy- 1 -tetra I one and zinc iodide with
trimethylsilyl cyanide to form a reaction mixture,
preferably in toluene solvent  at about 60C; 



20 b) adding phosphorus oxychloride and pyridine to
the reaction  mixture, preferably refluxing for about
6-9 hours, to form an unsaturated nitrile; and, 3 WO
2005/026105 PCT/US2004/028645 c) reacting the
unsaturated nitrile with 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone, preferably in toluene at about 60C,
to produce the 7-methoxy-1- naphthonitrile. Various
objects and advantages of the invention will be
apparent to  5 those skilled in the art from the
description below and the appended claims. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS In a highly
preferred aspect of this invention illustrated in
Scheme 1,  there is provided a new and improved
process for the large-scale production of 3-(3- 10
fluoro-4-hydroxyphenyl)-7-hydroxy-1-naphthonitrile
(1). Commercial material 3,4 dihydro-7-methoxy-1
(2H)-naphthalenone (7-methoxy-1 -tetralone) may be
transformed into an unsaturated nitrile (3) as shown
on Scheme 1. The reaction is  performed in toluene
solution. Upon the completion of the reaction, it is
quenched by  caustic solution. The reaction mixture is
extracted with toluene. After washing the 15 toluene
solution, the crude unsaturated nitrile (3) is
aromatized directly in this toluene  solution by
stirring with
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) at 60
C  for 2 h. The solid is removed by filtration and the
filtrate is washed with sodium  hydroxide solution and
brine and respectively. Most of the solvent is removed
by  distillation and heptane is added to precipitate
the product. 7-methoxy-1 20 naphthonitrile (4) is
isolated. The expected yield over these two steps is
at least 70- 75%. By performing two reactions in the
same solvent, isolation of the low melting  point
intermediate (3) can be avoided, improving efficiency
and yield. Bromination of 7-methoxy-1-naphthonitrile
(4) with bromine in acetic acid is a  very temperature
sensitive reaction. The compound 8-bromo-7-methoxy-1-
25 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-l-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 30
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
4 WO 2005/026105 PCT/US2004/028645 concentrated HCI at
100 C. The bromine in 8 position is selectively
reduced. The  product,
3-bromo-7-methoxy-1-naphthonitrile (6) is filtered
from the reaction mixture  after the reaction is
complete. Typically, the yield is 70-80% over 2 steps
with 95%+  HPLC purity. 5 In a highly preferred
process of this invention, 3-Bromo-7-methoxy-1-
naphthonitrile (6) is coupled with
3-fluoro-4-methoxyphenylboronic acid, which is
commercially available, under the well-known Suzuki
condition using sodium  bicarbonate and catalytic
amount of dichloro-bis(triphenylphosphine) palladium
(II) in  a mixture of water and 1,2-dimethoxyethane to
give 3-(3-fluoro-4-methoxyphenyl)-7 10
meythoxy-1-naphthonitrile (8); typically the yield is
approximately 98% with about  95%+ HPLC purity.
Finally, in this highly preferred process
3-(3-fluoro-4-
methoxyphenyl)-7-methoxy-1-naphthonitrile (8) is
demethylated using boron  tribromide at about 83 C and
recrystallized from a mixture of water and ethanol to
give
3-(3-fluoro-4-hydroxyphenyl)-7-hydroxy-1-naphthonitril
e (1), typically in about  15 73% yield with 99%+ HPLC
purity. 5 WO 2005/026105 Scheme 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
SnC12 2H20 AcOH/ HC1  100 C, 7 h 4 CN 6 CN OH 1)
DME/H20 6 + 0 B Pd(PPh3)2C12/Na2CO3 80 C, 2-3 h  OH 7
CN 1) BBr3/C1CH2CH2C1  80C,2h 2) EtOH/H20/C 1 OH 



In a broader aspect of the present invention, there is
provided a process for  preparing a compound of
formula I 5 wherein  R1 is CN, For Cl;  R2 is H or Br;
6 WO 2005/026105 and R3 and R4 are each independently
H or F, which process comprises the following reaction
steps: II OH  B/ DME/H2O PCT/US2004/028645 OH
Pd(PPh3)2CI2/Na2CO3 1) BBr3/CICH2CH2CI 2) EtOH/H20/C
HO I The compound of formula I is an orally active,
selective ligand of estrogen  5 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 II is  obtained by heating the
compound of formula III CN Br 10 III with stannous
chloride in a mixture of acetic acid and concentrated
hydrochloric acid, most preferably at a temperature of
about 100C until the reaction  reaches completion. The
compound of formula III is novel, and the route
through this  



compound in the process of the present invention
provides a very efficient method for 15 producing
compounds of formulae I and II in which R1=CN and R2=H
in relatively  high purity, compared to known
synthetic methods. According to a preferred process of
the present invention, the compound of  formula III is
formed by dibrominating 7-methoxy-1-naphthonitrile,
preferably using  bromine in acetic acid at a
temperature not exceeding about 70C, preferably at a
20 temperature in the approximate range of 40-70C,
most preferably at about 65C. 7 WO 2005/026105
PCT/US2004/028645 Upon the completion of the reaction,
the reaction mixture is quenched with sodium
bisulfite to reduce excess bromine. The formula III
compound precipitates with a  surprisingly high yield
(typically about 90-95%) and purity (typically about
93-95%).  Advantageously, this high purity allows this
compound to be used to make the  5 compound of formula
II without further purification steps. Another novel
aspect of the present invention is the highly
efficient manner in  which the compound
7-methoxy-1-naphthonitrile is provided starting from
7-methoxy- 1-tetralone
(3,4-dihydro-7-methoxy-1(2H)-naphthalenone) without
isolating the  intermediate unsaturated nitrite. An
especially novel aspect of this process is the use 10
of DDQ, preferably in toluene at temperatures in the
approximate range of 40-80C,  more preferably at about
50-70C, and most preferably at about 60C, to convert
the  unsaturated nitrile intermediate to the
7-methoxy-1-naphthonitrile in relatively high  yield.
Pharmaceutical acceptable salts can be formed from
organic and inorganic acids, for  15 example, acetic,
propionic, lactic, citric, tartaric, succinic,
fumaric, maleic, malonic, mandelic, malic, phthalic,
hydrochloric, hydrobromic, phosphoric, nitric,
sulfuric,methanesulfonic,  naphthalenesulfonic,
benzenesulfonic, toluenesulfonic, camphorsulfonic, and
similarly known  acceptable aids when a compound of
this invention contains a basic moiety. Salts may also
be formed from organic and inorganic bases, such as
alkali metal salts (for example, sodium, 20 lithium,
or potassium) alkaline earth metal salts, ammonium
salts, alkylammonium salts  



containing 1-6 carbon atoms ordialkylammonium salts
containing 1-6 carbon atoms in each  alkyl group, and
trialkylammonium salts containing 1-6 carbon atoms in
each alkyl group,  when a compound of this invention
contains an acidic moiety. Pharmaceutically acceptable
esters include those formed by reaction with C1-C6  25
alkanoic acids. The following examples are presented
to illustrate certain embodiments of the  present
invention, but should not be construed as limiting the
scope of this invention. EXAMPLE I
7-METHOXY-1-NAPHTHONITRILE 30 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 WO 2005/026105 PCT/US2004/028645 The
mixture is heated to 100 C and stirred for 6 h. The
reaction mixture is cooled to  50 C and added to a
pre-cooled sodium hydroxide solution (3N, 2 L, 3 C)
during a  period of 15 min. Toluene (1.2 L) is added
and the mixture is cooled to room  temperature. The
organic phase is separated and wished with sodium
hydroxide 5 solution (1 N, 2x 1 L), water (1 L),
hydrochloride acid (3 N, 3x1 L), water (1 L),
saturated sodium bicarbonate solution (1 L) and brine
(1 L) respectively. The organic layer is heated to 45
C and 2,3-dichloro-5,6-dicyano-1,4- benzoquinone (DDQ)
(207 g, 0.912 mol) is added in portions during a
period of 20  min. The mixture is heated to 60 C and
stirred for 2 h and then cooled to room 10
temperature. The solid is removed by filtration and
the filtrate is washed with sodium  hydroxide solution
(2 x 0.8 L) and brine (0.8 L) respectively. Most of
the solvent is  removed by distillation and heptane (1
L) is added. The solid is filtered at 0 C and  dried
to give the title compound (white solid, 130 g,
73%).'H NMR (CDCI3): S 8.00 (d,  



1 H, J = 8.2 Hz), 7.94 (dd, 1 H, J = 1.1 Hz, 7.3 Hz),
7.81 (d, 1 H, J = 8.9 Hz), 67.47 15 (d, 1 H, J = 2.4
Hz), 7.38 (dd, 1 H, J = 7.9 Hz, 8.0 Hz), 7.26 (dd, 1
H, J = 2.4 Hz, 8.9  Hz), 4.00 (s, 3H). EXAMPLE 2
3,8-DIBROMO-7-METHOXY-1-NAP HTHONITRILE To slurry of
7-methoxy-1-naphthonitrile (500 g, 2.73 mol) in acetic
acid (5 L) is  20 added bromine (2.55 kg, 16.0 mol) at
40 to 55 C during a period of 15 min. Then,  the
mixture is heated to 65 C and stirred for 3 h. The
mixture is cooled to room  temperature. A solution of
sodium bisulfite (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 25 and analyzed. The
rest of wet product is used directly for the reaction
of Example 3,  below. The dried compound is a white
solid. 1H NMR (CDCI3): S 8.15 (d, 1 H, J = 2.1  Hz),
8.10 (d, 1 H, J = 2.1 Hz), 7.81 (d, 1 H, J = 9.1 Hz),
7.38 (d, 1 H, J = 9.1 Hz), 4.06  (s, 3H). 30 EXAMPLE 3
3-BROMO-7-METHOXY-I -NAPHTHONITRILE To slurry of
3,8-dibromo-7-methoxy-1-naphthonitrile (1.62 kg) and
Tin (II)  chloride dihydrate (1.24 kg, 5.50 mol) in
acetic acid (5 L) is added conc. HCI (37%wt, 9 WO
2005/026105 PCT/US2004/028645 2.50 L) through a
dropping funnel at 100 C during a period of 2 h. The
mixture is  stirred at 100 C for 4 h. Then, the
mixture is cooled to room temperature. The solid  is
filtered, washed with 1%wt HCI (2 x 1.00 L), water
(1.00 L) and dried to give the  title compound as a
white solid (524 g, 73%). 1H NMR (CDCI3): 58.13 (d, 1
H, J = 1.8 5 Hz), 7.93 (d, 1 H, J = 1.9 Hz), 7.72 (d,
1 H, J = 9.0 Hz),7.41 (d, 1 H, J = 2.4 Hz), 7.28  (dd,
1 H, J = 2.4 Hz, 9.0 Hz), 3.99 (s, 3H). EXAMPLE 4  



3-(3-FLUORO-4-METHOXYPHENYL)-7-MEYTHOXY-1
-NAPHTHONITRILE  A mixture of
3-bromo-7-methoxy-1-naphthonitrile (100 g, 0.382 mol),
sodium 10 carbonate (121 g, 1.15 mol),
dichlorobis(triphenylphosphine) palladium (II) (0.27
g,  0.0004 mol), 3-fluoro-4-methoxyphenylboronic acid
(71.3 g, 0.420 mol), water (600  ml-) and
1,2-dimethoxyethane (1000 ml-) is heated to 80 C and
stirred for 2h, then  water (600 ml-) is added. The
mixture is cooled to room temperature. The solid is
filtered and washed with water (2 x 200 mL) and dried
to produce the title compound 15 as a white solid (118
g, 98%). 1H NMR (CDCI3): S 8.10 (d, 1 H, J = 1.6 Hz),
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 = 8.4 Hz),  4.01
(s, 3H), 3.96 (s, 3H). EXAMPLE 5
3-(3-FLUORO-4-HYDROXYPHENYL)-7-HYDROXY-1
-NAPHTHONITRILE 20 To slurry of
3-(3-fluoro-4-methoxyphenyl)-7-meythoxy-1-naphthonitri
le (200g,  0.651 mol) in 1,2-dichloroethane (2000 mL)
is added BBr3 (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 25 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%). 1H
NMR (DMSO_  d6): 8 10.48 (s, 1 H), 10.10 (s, 1 H),
8.44 (s, 1 H), 8.37 (d, 1 H, J = 1.8 Hz), 8.01 (d, I
H,  J = 9.0 Hz), 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 Hz), 7.26 (dd, 1 H, J = 2.1 Hz, 8.7 Hz), 7.07
(t, I H, J = 9.0 Hz). -10 WO 2005/026105
PCT/US2004/028645 Many variations of the present
invention not illustrated herein will occur to  those
skilled in the art. The present invention is not
limited to the embodiments  illustrated and described
herein, but encompasses all the subject matter within
the  



scope of the appended claims. 5 WO 2005/026105 WHAT IS
CLAIMED IS 1. A process for making a compound of
formula V 5 wherein R, is CN, F or Cl;  R2 is H or Br;
and R3 and R4 are each independently H or F, said
process comprising reacting a compound of formula (II)
10 R3 PCT/US2004/028645 11  wherein R, and R2 are as
defined above with a compound of formula (IV) OH  B OH
IV  wherein R3 and R4 are as defined above in the
presence of Pd(PPh3)2CI2. 152. The process of claim 1
wherein the reaction is conducted in DME/water in the
presence of Na2CO3. 3.The process of claim I or 2
wherein R, is CN. 204.The process of any one of claims
1 to 3 wherein R2 is H. -12 WO 2005/026105
PCT/US2004/028645 R4  wherein R1, R2, R3 and R4 are as
defined in Claim 1. 6. The process of claim 5 wherein
the conversion of the compound of  



5 formula (V) to give a compound of formula (I) is
accomplished by reaction with BBr3. 7. The process of
claim 5 or 6 wherein the conversion of the compound
of formula (V) to give a compound of formula (I) is
accomplished by reaction with  BBr3 in CICH2CH2CI,
followed by treatment with EtOH/H20/C. 10 8. The
process of any one of claims 5 to 7 further comprising
converting  the compound of formula I to a
pharmaceutically acceptable salt or ester form
thereof. 15 9. The process of any one of claims 1 to 8
further comprising making the  compound of formula II
by heating the compound of formula III CN Br III with
stannous chloride in a mixture of acetic acid and
concentrated  hydrochloric acid. 20 10. The process of
claim 9 further comprising making the compound of
formula III by dibrominating
7-methoxy-1-naphthonitrile using approximately 2-6
equivalents of bromine in acetic acid at a temperature
of approximately 40-70C. WO 2005/026105
PCT/US2004/028645 5 11. The process of claim 10
further comprising making the 7-methoxy-1-
naphthonitrile by the steps of: 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. 10 12. The
process of claim 1 wherein R3 is F.  



13. The process of claim 12 wherein R4 is H. 14. The
process of claim 12 wherein R, is CN and R2 is H.  15
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  20 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  25 approximately 60C. 17. The process of
claim 15 further comprising dibrominating the 7-
methoxy-1-naphthonitrile to form a compound of formula
III CN Br III -14 WO 2005/026105 PCT/US2004/028645 18.
A compound of formula III 2) pyridine/POCI3 5 19. A
process for making a compound of formula I comprising
the  following reaction sequence: 1) TMSCN/Zn12
toluene 1) Br2/AcOH  2) Na bisulfite CN Br CN Br III 



CN 0~- DDQ  toluene SnCl2 2H2O  AcOH/ HCl CN CN II CN
II + 0 CN OH 1) BBr3/CICH2CH2CI  2) EtOH/H2O/C I
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 -15 


