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deriving from these precursors are useful in methods of imaging amyloid deposits in the

brain in vivo to allow antemortem diagnosis of Alzheimer's disecase with imaging

techniques such as positron emission tomography (PET). The compounds can also be used

for measuring clinical efficacy of Alzheimer’s disease therapeutic agents. Furthermore, the

15 present invention also discloses the precursor compounds in crystalline form.

Amyloidosis is a progressive, incurable metabolic disease of unknown cause characterized
by abnormal deposits of protein in one or more organs or body systems. Amyloid proteins
are manufactured, for example, by malfunctioning bone marrow. Amyloidosis, which

20 occurs when accumulated amyloid deposits impair normal body function, can cause organ
failure or death. It is a rare disease, occurring in about eight of every 1,000,000 people. It
affects males and females equally and usually develops after the age of 40. At least 15
types of amyloidosis have been identified. Each one is associated with deposits of a
different kind of protein.

25
The major forms of amyloidosis are primary systemic, secondary, and familial or
hereditary amyloidosis.
There is also another form of amyloidosis, which is associated with Alzheimer’s disease.
Primary systemic amyloidosis usually develops between the ages of 50 and 60. With about

30 2,000 new cases diagnosed annually, primary systemic amyloidosis is the most common
form of this disease in the United States. Also known as light-chain-related amyloidosis, it

may also occur in association with multiple myeloma (bone marrow cancer). Secondary
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15 and skin.

Alzheimer's disease (AD) is the most common form of dementia, a neurologic discase
characterized by loss of mental ability severe enough to interfere with normal activities of
daily living, lasting at least six months, and not present from birth. AD usually occurs in

20 old age, and is marked by a decline in cognitive functions such as remembering, reasoning,

and planning.

Between two and four million Americans have AD; that number is expected to grow to as
many as 14 million by the middle of the 21st century as the population as a whole ages.

25 While a small number of people in their 40s and 50s develop the disease, AD
predominantly affects the elderly. AD affects about 3% of all people between ages 65 and
74, about 20% of those between 75 and 84, and about 50% of those over 85.

The accumulation of amyloid AB-peptide in the brain is a pathological hallmark of all

30 forms of AD. It is generally accepted that deposition of cerebral amyloid AB-peptide is the
primary influence driving AD pathogenesis. (Hardy J and Selkoe D.J., Science. 297: 353-
356, 2002).
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unspecific binding to normal tissue and rapid clearance from the same. These properties
are commonly dependant on the lipophilicity of the compound (Coimbra et al. Curr. Top.

15 Med. Chem. 2006, 6, 629). Among the proposed small molecules for imaging amyloid
plaques, some uncharged analogs of thioflavin T have been synthesized (Mathis et al. J.
Med. Chem. 2003, 46, 2740). Different isosteric heterocycles are reported as potential
amyloid binding ligands (Cai et al. J. Med. Chem. 2004, 47, 2208; Kung et al. J. Med.
Chem. 2003, 46, 237). Benzofuran derivatives have previously been described for use as

20  amyloid imaging agents (Ono et al. J. Med. Chem. 2006, 49, 2725; Lockhart et al. J. Biol.
Chem. 2005, 280(9), 7677, Kung et al. Nuclear Med. Biol. 2002, 29(6), 633,
WO02003051859 and for use in preventing Abeta aggregation (Twyman et al. Tetrahedron
Lett. 1999, 40(52), 9383; Howlett et al. Biochemical Journal 1999, 340(1), 283; Choi et al.
Archives of Pharmacal Research 2004, 27(1), 19; Twyman et al. Bioorg. Med. Chem. Lett.

25 2001, 71(2), 255; W0O9517095 ).

In one embodiment of the present invention, there is provided [6-(5-Ethoxymethoxy-
benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester or salts
thereof. In another embodiment the salt is a pharmaceutically acceptable salt.

30 In a further embodiment of the present invention, there is provided the compound [5-(5-
Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl

ester or salt thereof. In another embodiment the salt is a pharmaceutically acceptable salt.
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comparison with the same compound in an amorphous state, as described in Haleblian and
McCrone J. Pharm. Sci 1969, 58, p911-929, especially p913. This observation is common
for small molecules (i.c. non-proteins) but not always true for macromolecules like
proteins, as described in Pikal and Rigsbee, Pharm. Res. 1997, 14, p 1379-1387, especially

15 pl379. A crystalline state is thus beneficial for small molecules such as [6-(5-
Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl
ester and (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl ester

respectively.

20 X-rays will be scattered by electrons in atoms in a compound. Crystalline material will
diffract X-rays giving peaks in directions of constructive interference. The directions are
determined by the crystal structure, including the size and shape of the unit cell. All
diffraction peak °2theta values disclosed and / or claimed herein refer to Cu Ka-radiation.
An amorphous (non-crystalline) material will not give such diffraction peaks. See e.g.

25 Klug, H. P. & Alexander, L. E., X-Ray Diffraction Procedures For Polycrystalline and
Amorphous Materials, 1974, John Wiley & Sons.
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15
In another embodiment of the present invention, there is provided [6-(5-Ethoxymethoxy-
benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester or salt thereof;
and [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid
tert-butyl ester or salt thereof, in crystalline form.

20
In another embodiment of the present invention, there is provided [6-(5-Ethoxymethoxy-
benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester or salt thereof;
and [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid
tert-butyl ester or salt thereof, in crystalline form, comprising distinct X-Ray diffraction

25 peaks and having at least one endothermic event with onset between 70°C and 300°C.

In another embodiment of the present invention, there is provided the compound [6-(5-
Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl
ester or salt thereof, in crystalline form, having an X-ray powder diffraction pattern with at

30 least one specific diffraction peak at about 2-theta = 13.51°,
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Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl

15 ester or salt thereof, in crystalline form, comprising the following diffraction peaks: 6.18,
9.14, 11.67, 14.98 and 16.44°2theta.
In a further embodiment said crystalline form comprises the following diffraction peaks:

6.18,9.14, 11.67, 12.32, 14.65, 14.98, 16.44, 17.52 and 20.66°2theta.

20 In another embodiment of the present invention, there is provided the use of [6-(5-
Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl
ester or salt thereof and [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-
methyl-carbamic acid tert-butyl ester or salt thereof, as a synthetic precursor, in making a
final compound useful for imaging amyloid deposits in mammals such as living patients. In

25 one embodiment, [6-(5-Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-
carbamic acid tert-butyl ester or salt thereof or [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-
nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl ester or salt thereof is in crystalline

form. In a further embodiment said compounds have a diffraction pattern described above.

30 In another embodiment of the present invention, there is provided the use of [6-(5-
Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl
ester or salt thereof or [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-
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HO

- H
A\ Wal
O N

In one embodiment, [6-(5-Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-
carbamic acid tert-butyl ester or salt thereof or [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-
20 nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl ester or salt thereof is in crystalline

form. In a further embodiment said compounds have a diffraction pattern described above.

In another embodiment of the present invention, there is provided the use of [6-(5-
Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl

25 ester or salt thereof or [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-
methyl-carbamic acid tert-butyl ester or salt thereof, in the preparation of compounds 2-(6-
['*F]-fluoro-5-methylamino-pyridin-2-yl)-benzofuran-5-ol and 2-(2-['*F]-fluoro-6-

methylamino-pyridin-3-yl)-benzofuran-5-ol.



descri bed above. The conpounds

[ 6- (5- Et hoxynet hoxy- benzof uran-2-yl)-2-nitro-pyridin-3-yl]-nethyl carbamc
acid tertwbuowozesber or salt thereof and PCT/SE2009/050972

[ 5- (5- Et hoxynet hoxy- benzof uran-2-yl)-6- nitro-pyridin-2-yl]-nmethyl-carbamc
acid tert-butyl ester or salt thereof are useful in the preparation of
(radi o) | abel ed conpounds of the follow ng formulas:

2- ( 6- Fl uor o- 5- net hyl am no- pyri di n-2-yl) - benzofuran 5- ol

2-(2-Flu 1R - on qgﬁgglnent

[ 6-(5- Etﬁ%gggggﬁggx@ﬁph§§§gﬁg%9§£ﬂ$§y%£%l?ro pyr 1?215&@5;{@n9ﬂ§g hyl car bam ¢
aci d ter tealbuiryd aced teer-buanyl Sadrlor bdiethedbf or [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-

[ 5- (5- Et hoxynet hoxy- benzof ur an- 2- nitro-pyridin-2-yl]-nmethyl-carbamc

aci d t er tUtERIPydig w-msith %&P{bafrﬁ%afé%feri -utylesgr g palf thereaf sdp WSMHH%; further
enbodi ment$3h 9 GANRAHRLEAY §aid c%ﬁ&ﬁtﬁﬁ%’a@@a ARth&lon FRSG de @r%ealagef&e. I'n

anot her enbodi nent of the present venti on here i prOV|de the use of
[ 6- (55 Et hoxynet hoxy- benzofuran 2- yI) 2-nitro-pyridin-3-yl]-nmethyl-carbamc
acid ter

- but yl t
15 (5 Et Ho R RPILBH SR A A YT R me o a2 2 HER T8 bani ¢
acid terty F}iq%rlé'thy@a%hﬁran@é add@tdrt- Elh?lre%féfr and [‘5 INEtHR% SRBhaky @&z%?urﬁﬂ’-@%ﬁl}l@ﬂs
2-(6- [18 fluoro met hyl am no-pyri di n-2-yl) - benzof ur an- 5- and 2-(2-]

18F] - f | uawteo-gyridietZayll-ansithsd-cpibaimdé am@leﬂ butmbm@fammamuncaﬂymeréﬂﬁ@dl ment ,

[ 6-(5- Ethqg nethoxy benzof uran-2-yl)-2-nitro-pyridin-3-yl]-nmethyl carbamc
acid tert utyl ester or salt thereof or

[ 5- (5 Et hoxymnet hoxy- benzof uran-2-yl)-6- nitro-pyridin-2-yl]-methyl-carbamc
acid tert-butyl ester or salt thereof is in crystalline form In a further
enbodi medR oBaPPbedimsalfd dptgsiéonais gricd it bion tgshrigue pelerdetipmedanibove. | n

anot her

[0 (5- Et Roge e easo e toHousanly (PET), magnetic resopance SHE R ban
aci d ter tredoutinde spsdtescapyd [ 5- ( 5- Et hoxynet hoxy- benzofuran 2-yl)-6-
nitro-pyridin-2-yl]-nethyl-carbamc acid tert-butyl ester are

phar maceutical |y acceptabl e

15 Brief description of the drawings

Figure 1 depicts the X-ray powder diffraction pattern of [6-(5-Ethoxymethoxy-
benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester. Vertical axis
represents intensity (counts) and horizontal axis represents position (°2theta for Cu Ka-

20  radiation).

Figure 2 depicts the X-ray powder diffraction pattern of [6-(5-Ethoxymethoxy-
benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester in a different
scale at horizontal axis compared to Figure 1. Vertical axis represents intensity (counts)

25 and horizontal axis represents position (°2theta for Cu Ka-radiation).

Figure 3 depicts the X-ray powder diffraction pattern of [5-(5-Ethoxymethoxy-
benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl ester. Vertical axis
represents intensity (counts) and horizontal axis represents position (°2theta for Cu Ka-

30 radiation).



salts. In one enbodi ment, said detection is carried out by a technique

sel ected from ganma i magi ng, positron em ssion tonography (PET), nmagnetic

r esonancewOrmagyazgréand nagneti ¢ resonance spectroscopy. BCTrsE2@essmipti on of
the drawi ngs Figure 1 depicts the X-ray powder diffraction pattern of

[ 6- (5- Et hoxymet hoxybenzof uran- 2-yl)-2gnitro-pyridin-3-yl]-nmethyl-carbamc
acid tert-butyl ester. Vertical axis represents intensity (counts) and

hori zontal axis represents position (2t heta for Cu Karadiation). Figure 2

([jgpi( gt SEt %ﬁ% rre{(‘ﬁ%éxdg enzo %}rlgofr\lxgd%ghlfﬁ?c@% OQJS (%I]Ert\hoéiyn}efhongt hyl - car bam ¢

acid ter tbebwmﬂaneZSyI%-mmo@yddﬁmmnhetsﬁadaeaaaﬁlc hoiditzrobtigl caiis amﬁﬁaealited to
Figure 1. Vertl cal aX| s represents intensity (counts) and horizont axi s
r epr esents? ?)Btsliocr}z%ta aé’flﬁ%‘?répafr todijewes-Ir Aertied BHY rCPEISERE ént%nséfé fungs t he

X-ray povyHe 'hoﬁ‘kc](nftafl%ﬁfs rgﬁyﬁmst sﬂlo‘ﬂf(oit %Q R Ry ABLAGYY benzof U ran-

2-yl)-6-nitro-pyrid [ -‘carbam c acid tert-butyl ester. Vertical
axi s represents |nten5|ty (counts) and horizontal axis represents position

2t heta f aradla depicts t - owder diffraction
E)at tern JO glrrg'g( %&Q gflﬂ}ogfpagtems 0? F6-é-]%ﬁ11yx$met OXy-

2-yl)-6- %ﬁi&uﬂaﬁle D=rderydp rlaﬁtﬁyi]-rﬁ&ﬁmr&&nﬁ@ h&d &t but?/l-'ééfér @siprsin a
different scale at or| zon al axis conpared to Figure Vertical axis

repr esentehommmweowumsz) -yRrenitroriyzidit 2yl laxe by egpbassiencis! tp@:blut}ﬂ on

E)g} ng, ﬁs fes % sgdl g)ﬁg}l&%{tﬁgx )}llsigé"]ogol*nllj Pﬁeﬁde I§) R/hertlcal ax1¥re%resents 1 IerlisfltryaCt I on

2-y| ) n2- Medun®s) BN hekizomed Yikis rétddyts-posibamBhas id qekbriibgdn)est er (A);
[ 5- (5- Ethoxynethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbanc

acid tert-butyl ester (B); Sodium sul phate (C); and Sodi um chloride (D).

Verti cal I Uit I axi s 4 epresents
00Si £ i o %t%eqog%%ﬁ?%é lédji{hggg]!n quu(@ Etho AN 506 AkarX H-J-FRl
pyndln 3-yl]-methyl-carbamic acid tert-butyl ester as described in figure 1.
Another embodiment relates to the compound [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-

15 nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl ester as described in figure 3.

As used herein, "pharmaceutically acceptable” is employed to refer to those compounds
and/or materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of mammals without

20 excessive toxicity, irritation, allergic response, or other problem or complication and

commensurate with a reasonable benefit/risk ratio.

As used herein, “a free base or a pharmaceutically acceptable salt” refer to ansolvates,
including anhydrates and desolvated solvates, and solvates, including hydrates.

25 Asused herein, "pharmaceutically acceptable salts" refer to derivatives of the disclosed
compounds wherein the parent compound is modified by making acid or base salts or
cocrystals thereof. Examples of pharmaceutically acceptable salts include, but are not
limited to, mineral or organic acid salts of basic residues such as amines; alkali or organic
salts of acidic residues such as carboxylic acids; and the like. The pharmaceutically

30 acceptable salts include the conventional non-toxic salts or the quaternary ammonium salts
of the parent compound formed, for example, from non-toxic inorganic or organic acids.

For example, such conventional non-toxic salts include those derived from inorganic acids



One enbodi nent relates to the conpound

[ 6- (5- Et hoxynet hoxy- benzof uran-2-yl)-2-nitropyridin- 3-yl]-nethyl-carbamc
aci d tertwbubyloesber as described in figure 1. Anot her PEFisgdion®fNY7I el at es
to the conpound [5-(5-Et hoxynet hoxy-benzof uran-2-yl)-6-
nitro-pyridin-2-yl]-methyl-carbamc acigl tert-butyl ester as described in
figure 3. As used herein, "pharmaceutically acceptable" is enployed to
refer to those conmpounds and/or materials, conpositions, and/or dosage
forms whi u Lo e for
use in coﬁ%h Iﬁfdr%i%éplﬁ&ggﬁgégag ﬁlfr?alﬁ{% Mﬂ@g ﬂ%?re%&(’%ggg@veg oi%cg(?g
irritatieoch @& lhe&iqghaldi€efoosenzat, atthetcsplf@bit,emd dlic dlenpl i cati on and
commrensurate with a reasonable benefit/risk ratio. As used herein, "a free
base or a pharnmaceutically acceptable salt” refer to ansolvates, including
anhydr at %, g ARSAULAY BEecHAIALES of HRLoRBbYAGF thd @%Ae’ﬂﬂin@emmﬁ%atb%s As
used herein, "pharmaceutically acceptable salts” er to derivatives of

t he d|sscIspu;thdmmdrfpcuuﬂctspm%mlcempomﬂdethptmoamunscmbqsmdmdm mocttyf bed by maki ng

acid or base sal ts or.c al r eof es of ar maceut

e et abl BTG R BT ERES ra T T PSR B PHPHERLD DR IBRGMITES dci o
salts of a@ﬁ%r%aéeeﬁ)hﬁygﬁthéw&n%uﬁ&@ WEAB a sRidBdrhetPit aflolRNdGhS AprSpiPdic aci di ¢
resi dues such as carboxylic acids; and the |ike. The pharmaceutically
accept ablbeseserlacsl lnnrw:alt@rdzé ip h@om@nm@ntweoh at mmmmtmuocf theativios goneralhye quat er nary
anmmoni um Sal t2o Q! & 14 ar%er eltl ethan Fopandt® rrg)c te’mtn[e mnolyr toxic

i nor gani & orqugPlésanl acli IEO XA n%l 8uc%?p AUt S M T 8X% salts
i ncl ude those derived from i norganic aci dssuch as hydrochl oric, phosphoric,

and the like; and the salt §‘ pre ared”f“rom grgani ¢ acids _such as lactic,
mal ei c, it ripetopiseiiziobeled e niabelednd detsetapick er “datestable amyloid

h g t t
pra o Bl %g%e%d%gl B, RATRRHDAR) RhotBeBF FREToh0 ent o0
noi ety byara:mplaem ovudbtitafed rhfymalatcm?hhmdg an @enec alabyor maks musbkt diffesmt be

repared by reacting the free
prep o¥n the atormc%nass or mass number typically found in nature (i.e., naturally occurring).

15 One non-limiting exception is '°F, which allows detection of a molecule which contains
this element without enrichment to a higher degree than what is naturally occurring.
Compounds carrying the substituent "’F may thus also be referred to as “labeled” or the
like. Suitable radionuclides (i.e. “detectable isotopes™) that may be incorporated in
compounds of the present invention include but are not limited to *H (also written as D for

20 deuterium), *H (also written as T for tritium), ''C, °C, "*C, N, PN, 0, 0, *0, '*F, *°S,
C1, Br, "Br, °Br, "'Br, ‘I, '*1, "I and "'I. It is to be understood that an isotopically
labeled compound needs only to be enriched with a detectable isotope to, or above, the
degree which allows detection with a technique suitable for the particular application, e.g.
in a detectable compound labeled with ''C, the carbon-atom of the labeled group of the

25 labeled compound may be constituted by “C or other carbon-isotopes in a fraction of the
molecules. The radionuclide that is incorporated in the radiolabeled compounds will
depend on the specific application of that radiolabeled compound. For example, for in vitro
plaque or receptor labelling and in competition assays, compounds that incorporate *H,

¢, or "1 will generally be most useful. For in vivo imaging applications ''C, °C, '°F,

0 PF, L 2L PN, PBr, or °Br will generally be most useful.

2



acid or base forns of these conpounds with a stoichionmetric anmount of the
appropriate base or acid in water or in an organic solvent, or in a mxture
of the twsQ208ves®mbl y, nonaqueous nedia |ike ether, ethpCTaEetans972t hanol ,
i sopropanol, or acetonitrile are used. An "isotopically-Iabeled",
“radio-1 abel ed", "labeled", "detectable] or "detectable anyloid binding"
conpound or agent, or a "radioligand" is a conpound where one or nore atons
are replaced or substituted by an atom having an atom c nmass or nass hunber

di fferentg.f t atomi: oF t v pi - I N nature
(i.e., ng?ﬁr%F%f?g%c%%%hgaggﬁﬁﬁehﬁ%ﬁ®%ﬁ%ﬁ?ﬁﬁ%“é%%@%?#%lné§P%g¥Pﬂhhich

al | ows delepedit(Qrin ofvo at biohedlabiityvevell fegrhashangutidil 9r @heyimniscnaddiout
enrichment to a_higher degree than what is naturally occurring. Conpounds
carrying PFW@“%?PHs‘i@B?QFéﬁtonl@ﬁ Rty pyeciated aVltSIetllbrég%Wél&nt o as "l abel ed" or

the Iike Thggbfxﬁgﬁr?dsroﬁ%egéw&ln't fesntidn Bay bARLAGE ?%cﬁrsb?ﬁﬁ%ggﬁé u%a{nla%tr 2Ry be

i ncor porate conpounds of the present I nvention iInclude are not
limted tradi@lipand] walewrmiteghe pes@ick gdocadmntaadion apoudtefoak somaerd 4rhgloidas T f or
tritium,, 11C 13C 14C, 13N, 15N, 150, .170,. 180 18F,, 35S, 36C, 82Br,
75Br, 76IFPOSHHRM a1 gigan 0&%%@, aragfelgdi i prin oldn FETSTRRIERASF YDA ¢ hat
an i sot opicpgdik & hARR! RALEAMRAMADINESISIQTbYA RO ik &
detectableﬁi;g?épe to, or above,nihe d%%?ee &ﬁ?@ﬁ?alléﬁs deteggioﬁ wth a
t echni quédenspirglatsiiecnico of amalophdenositionto by filiopatli tha invengve ¢amppudds. @st abl e

conmpound | abeled with 1 1C the carbon-atom.of the | ahel ed group,of, the
abel e CSaun ity sledihorr dat EARG R bnst HEp AP s HeBARE | 0%
f ractioon depodititsh with 6Wne&. of Ehgichiaghpisiad dsdeciitb@iviths difwass, dosdeedri n t he
radiolabeled.cogﬁgunds wi || depend on the specific application of that

r adi ol abépeditienridsundntive corpeids amayrudimptsinhaysed i depteandrto disgapicdr

| abel |'i ng: i |t -] t 41 14C, or
1251 vi | IR, MpOFRElanl 3R ATBG o L RAN DGl on AL ROLS, Bl 115 ¢
13C, 18F,ADIPowd'2¥ndrdid@lamylddbsis aixBiomextygdteBforwhd podipoproadin ¥4 hltcloDSt
useful . Exanpl es of an "effective anmpbunt” include anounts that enable

i magi ng of anyloid

15 The compounds of the invention, as precursor for a radioligand or as a radioligand, can
thus be used in an in vivo method for measuring amyloid deposits in a mammal,
comprising the steps of: (a) administering a detectable quantity of a pharmaceutical
composition as set out in the paragraph above, and (b): detecting the binding of the
compound to amyloid deposit in the subject.

20  The method determines the presence and location of amyloid deposits in an organ or body
area, preferably brain of a patient. The present method comprises administration of a
detectable quantity of a pharmaceutical composition containing an amyloid-binding
compound of the present invention called a "detectable compound,” or a pharmaceutically
acceptable water-soluble salt thereof, to a patient.

25 A "detectable quantity" means that the amount of the detectable compound that is
administered is sufficient to enable detection of binding of the compound to amyloid. An
"imaging effective quantity" means that the amount of the detectable compound that is
administered is sufficient to enable imaging of binding of the compound to amyloid.

The invention employs amyloid probes which, in conjunction with non-invasive

30 neuroimaging techniques such as magnetic resonance spectroscopy (MRS) or imaging

(MINI), or gamma imaging such as positron emission tomography (PET) or single-photon

emission computed tomography (SPECT), are used to quantify amyloid deposition in vivo.



deposit(s) in vivo at bioavailability levels for pharmaceutical or inmaging
use, and/or prevent cell degeneration and toxicity associated with fibri

f or mat i orwOTBhw/eespounds of the present invention nay beCusedoassErecur sor
for a radioligand or as a radioligand, to determ ne the presence, |ocation
and/ or anount of one or nore anyloid deposit(s) in an organ or body area,

i ncluding the brain, of an animal or human. Anyl oid deposit(s) include,

wi thout limtation, deposit(s) of Ab (anyloid beta). In allow ng the

tempor al gequencs A, i&qgi%ngi,%r dﬁr‘i’%%iéé”i geri}er B B, Lohbe h éeli]r%itg fientive

conpounds, "as precursor rara fgand or “as a radi gand, may further
be used tdetectiorn ef akabeldsietsrcargdiequbstitiicdbetditrah lve bersetiogene Uerninatiats &y npt ons
associated with a di sease, disorder or condition. The inventive conpounds

may ul ti MEREIDGd Berciis Ear gBNA FRREInGgRC g iado SRR fiomitherean obishPYBE or
condi ti on,ghakg ‘§1%Eés|%1?é31 dﬁn,eaﬁ%k%h%itﬁapa@%ttal Bifging ¢ hs 28t WA btd!  AD,

Down' s syndrone, anyl ol dosis an onozygot es t he apol | poprotein E4

al | el e. Pheligpmpmendsucas notmenlizad enfforoexampse, drvedadrtso thef total hindagj iolangtherd or
as a radioligand, can thus,be used in.an in vivo nethod fo asurin
amylof d depiEee %aﬁl%%ﬁmr}ngéﬁwﬁ%ww PR EIERSCRIATS. 1831 BR8P BRI ng a

det ect abligdauantat the RtirdsiPlAUBRERY i £BLsu BYRASA VO MnASnS RlchMhic Withblte
par agr aph above, and (b): detecting the binding of the conpound to anyl oid

deposi t ithe nded feidsiresetion The sepond oucdwned g ndonticH gupntes ohbbeled¢ompeend on of
anyl oid deposit,s_ {.n an organ b area.. preferably brain of a patient.
The. or esntealita edihsPi-aR boblhe Rty BURRGRE SRR Mot B fiaflelR) of a
phar receutitiedt" BAMASMhaI, Prefe@blyal Hinig, aml A} pptfrablyndhigarc Qpetiaroof the
present invention called a "detectable conpound,” or a pharmaceutically
accept ablhéviggudemesigd.ubl e salt thereof, to a patient. A "detectable

quantit y"FopBgl%ﬁsés%@in Lhe 1Iﬁ£gmé1,tthé){ypg B 4 deLRALARN GG TPAHBR i Q?ﬁaj dr¥actor

in selecting a given label. For instance, radioactive isotopes and '°F are particularly
suitable for in vivo imaging. The type of instrument used will guide the selection of the

15 radionuclide or stable isotope. For instance, the radionuclide chosen must have a type of
decay detectable by a given type of instrument.

Another consideration relates to the half-life of the radionuclide. The half-life should be
long enough so that it is still detectable at the time of maximum uptake by the target, but
short enough so that the host does not sustain deleterious radiation. The radiolabeled

20 compounds of the invention can be detected using gamma imaging wherein emitted
gamma irradiation of the appropriate wavelength is detected. Methods of gamma imaging
include, but are not limited to, SPECT and PET. Preferably, for SPECT detection, the
chosen radiolabel will lack a particulate emission, but will produce a large number of
photons in a 140-200 keV range.

25 For PET detection, the radiolabel will be a positron-emitting radionuclide, such as '°F or
"¢, which will annihilate to form two gamma rays, which will be detected by the PET
camera.

In the present invention, precursors for amyloid binding compounds/probes are made and
these compounds/probes are useful for in vivo imaging and quantification of amyloid

30 deposition. These compounds are to be used in conjunction with non-invasive
neuroimaging techniques such as magnetic resonance spectroscopy (MRS) or imaging

(MRI), positron emission tomography (PET), and single-photon emission computed



adm nistered is sufficient to enable detection of binding of the conpound
to anyloid. An "inmaging effective quantity" neans that the anmpbunt of the
det ect ablwocompaursd t hat is adm nistered is sufficient POTSEaWPOM9MAQGI ng of
bi ndi ng of the conpound to anyloid. The invention enploys anyl oid probes
whi ch, in conjunction with non-invasivesneuroi magi ng techni ques such as
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suitable for in vivo inmagi ng. The type of instrunent used will guide the
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addition, the compounds may be labeled with °H, '*C and '*’I, by methods well known to

15 the one skilled in the art, for detection of amyloid plaque in vitro and post mortem samples.

Furthermore, fluorescent compounds may be used for the detection of plaques present in

vitro and post mortem samples by employment of well-known techniques based on the

detection of fluorescence.

Elements particularly useful in magnetic resonance spectroscopy include '°F and "*C.

20 Suitable radioisotopes for purposes of this invention include beta-emitters, gamma-

120y 1234 131
1,21 B

emitters, positron-emitters and x-ray emitters. These radioisotopes include

1251 18 !¢, PBr, and °Br. Suitable stable isotopes for use in Magnetic Resonance

2 2

Imaging (MRI) or Spectroscopy (MRS), according to this invention, include "°F and "*C.
Suitable radioisotopes for in vitro quantification of amyloid in homogenates of biopsy or
25 post-mortem tissue include 1251 ¢, and *H. The preferred radiolabels are ¢ and °F for
use in PET in vivo imaging, '*’I for use in SPECT imaging, '°F for MRS/MRI, and *H and
¢ for in vitro studies. However, any conventional method for visualizing diagnostic
probes can be utilized in accordance with this invention.
The radiolabeled, final compounds deriving from the compounds of the present invention
30 may be administered by any means known to one of ordinary skill in the art. For example,
administration to the animal may be local or systemic and accomplished orally,

parenterally, by inhalation spray, topically, rectally, inhaled, nasally, buccally, vaginally,



| ong enough so that it is still detectable at the tinme of maxi num upt ake by
the target, but short enough so that the host does not sustain del eterious
radi at i orwOEhw/nawPol abel ed conmpounds of the invention eam/Seecodesme: ed

usi ng gama i magi ng wherein emtted gamma irradi ati on of the appropriate
wavel ength is detected. Methods of garm? i magi ng i nclude, but are not
limted to, SPECT and PET. Preferably, ftor SPECT detection, the chosen
radi ol abel will lack a partlculate em ssion, but will produce a |arge

nunber of (o} AN fr T i ol abe
w il be armc]?ls hq‘}]gjldnger%arte%égm? di onuclf%] egj(?erals %EH gishegﬁﬁ%%?ﬁ(%gauﬁc&% Wil l
anni hi | atu&retV@niBLQ;[ mtrramergaa,mammlar Whirgderitarichl, h&raﬂ&b&l@hﬁdvﬁmlhha PET
canmera. I.n the present invention, precursors for anylaid binding
conpounddPAs 18%“%’%]@a%ﬂltrtaH%‘éuSdBl’?ﬁ%%%}@/lﬁ%b)é‘ée%%%ef ul for in vivo
i magi ng and quantification of amyl oid deposition. These conpounds are to be
used in conjunction with non-invasive neuroi magi ng techni ques such as
magneti ¢ Dass davabyaen speetfrons elapy 0 O0RER/kerdayragbag 10)08) me/kgdast. dlonneni ssi on

hocor dancitbiment fSdoRaR Foftoat Gl SrERRD i oot L IRl A uran
deri vat i \@holR¥erPahd abR!ISe atbeutl@ﬁl Pg/k%%@yft&ébd\'ff@/d\éﬂkg/aé’y 9@9&ra%th@f gani ¢

chem stry technlques known in the ar ounds  may ‘al so
r adi ol abembadimant, thé d@seém:ﬁrpﬁl aboutl F merkgy/ dry tDEaBout K)@Bng/k%daizol for PET by

h d b Wl f
WO e i AR in bR o8 Lo 3G B8 S ERE LBl Sypriduc fBRE 001 T

Pressy 1918(@1)1d1n%— i a(g@nmyﬂﬁlﬁ%lﬁﬁyen@fafﬁﬁem sadindl aqreifad putibh; 4231 and 1311 for

SPECT by any 0 several tec ues known to the art. See, e.g., Kulkarni,
Int. J . degEminafpn o wePlrﬂ@tadnvm&tr%tloe)prchdu@awoclidg@%lf)outlrr%@ w6 ehds may al so

be radlol wn netal radiol abels, such as Techneti um 99m
(99nTc) . #ﬂgéﬁgky hitnkae

The regimen may include pre-treatment and/or co-administration with additional
compounds such as for example therapeutic agent(s).
15

Process for preparing the compounds of the invention.

Scheme 1. Synthesis of 5-ethoxymethoxy-benzofuran-2-boronic acid (4)

_ BBy DOM__ HO \ NaH, CHyCH,0CH,Cl  \_.O._.O \
m 0°C-rt, 4h 0 DMF, 0 °C-1t, 1h \©\/c>

2 3

n-BuLi
Triisopropylborate  ~_-O~_-0 OH
THF, -78 °C, 1h O OH

4

20 One embodiment of the invention relates to a process for making 5-ethoxymethoxy-
benzofuran-2-boronic acid, wherein the process comprises:
converting compound 1 into compound 2 with a deprotection reagent in a solvent;
converting compound 2 into compound 3 with a base and a protection reagent in a solvent;
and

25 converting compound 3 into 5-ethoxymethoxy-benzofuran-2-boronic acid by a process
comprising deprotonating compound 3 with a base and mixing the deprotonated product

with a trialkylborate in a solvent, wherein;



radi ol abel ed conmpound can be used to detect anyloid deposits. Preparing
radi ol abel ed derivatives of Tc-99mis well known in the art. See, for
exanpl e, ¥buarwg2e¢te9al Nucl ear Medi ci ne & Bi ol ogy 26(2): PCTRE2009/08909) ; Oya
et al Nucl ear Medicine &Biology 25(2) :135-40, (1998), and Horn et al

Nucl ear Medi ci ne &Biol ogy 24(6):485-98;5(1997). In addition, the conpounds
may be | abeled with 3H, 14C and 1251, %y nmet hods well known to the one
skilled in the art, for detection of anyloid plaque in vitro and post
nnrten1s%g9¢8§(1f&&kg LoRrg. fluorescent conpounds nay be used for the

det ecti on ?a ues resent invitro and post nortem sanples by enpl oynent
of wel | - known technlques based on the d on of fluorescence. Elenents
particularly useful in nagnetlclﬁgson. st roscopy include 19F and 13C.
Sui t abl e radi oi sotopes for purposes of 6 vention include

beta-em tters, ganmmemitters, positron-émitters and x-ray emtters. These
rad|0|sokggﬁgmhp§b&q% deflio: 1231, 1311, 1251, 18F, 11C, 75Br, and 76Br.

Sui tabl e stabl e |sotopes for use in Nhgnetlc Resonance Inaglng (MRI) or
Spectroscopy (MRS), according tdihis qntion, include 19F and 13C.
Sui t abl e radi oi sotopes for in vitro i®i cation of anyloid in
honogenat es of biopsy or post-nortem e . 5 | ude 1251, 14C, and 3H The
preferred radiol abels are 11C and 18F for use in PET in Vi vo i mgi ng, 123l
for use icompBI(d3 coraghogds tdOF for MRS/ MRI, and 3H and 14C for in vitro
studi es. However, any conventignal nethod for vi sual i zi ng di agnostic probes
can be utilized in accordanc ] NaEN ~ The radi ol abel ed, final
conpounds deriving fromthe conpounds of Sent invention may be
adm ni stered by any neans known to one of ~agflimgry skill in the art. For
exanple, admnistration to the animal may be | ocal or system c and
acconplished orally, parenterally by |nhalat|on spray, toplcally

rasorvor e A pEe el Ry eifespl iRl yebhEPe Rt B e R

needed.

10
Suitable solvents for step a) are for example, but not limited to, chlorinated solvents such
as dichloromethane, aromatic solvent, such as toluene, amides such as dimethylformamide

and N-methylpyrrolidone and alkanes such as hexane and heptane, or mixtures thereof.

15 Suitable solvents for step b) are for example, but not limited to, chlorinated solvents such
as dichloromethane, aromatic solvents such as toluene, amides such as dimethylformamide
and N-methylpyrrolidone, ethers such as tetrahydrofuran, 2-methyltetrahydrofuran, tert-
butylmethylether, cyclopentyl methyl ether and diethyl ether, and alkanes such as hexane
and heptane, or mixtures thereof.

20
Suitable solvents for step ¢) are for example, but not limited to, aromatic solvents such as
toluene and xylene, ethers such as tetrahydrofuran, 2-methyltetrahydrofuran, tert-
butylmethylether, cyclopentyl methyl ether and diethyl ether, and alkanes such as hexane
and heptane, or mixtures thereof.

25
In one embodiment the solvent used in step a) is dichloromethane, toluene or N-

methylpyrrolidone.



intravenous, intraarterial, intramuscular, intraperitoneal, intrathecal,
intraventricular, intrasternal, intracranial, and intraosseous injection
and i nf usworrotogehrebques. Dose | evel s can range from aborCTGEQ®Y0sy/kg/ day
to about 10,000 ng/ kg/day. In one enbodi nent, the dose |level is about 0.001
ng/ kg/ day to about 10 g/ kg/day. In ano;@er enbodi ment, the dose level is
about 0.01 ny/kg/day to about 1.0 g/kg/day. In yet another enbodi nent, the
dose level is about 0.1 ng/kg/day to about 100 ng/ kg/ day. The exact

admi ni st i ﬁl%&ﬁetperngrioﬁﬁﬁént %ed%oqi&da%?uéeﬁvﬁ tst%pW% SC \éfoﬁaﬁlétgF@%&% Qe tipon var I ous

factors inc e age sex and diet of the
patient; ‘wﬂmhyﬁmﬁﬁﬁﬂbﬂa&ma%ykﬁnaM@ﬁmﬁhaﬁ adnlnlstration procedures woul d be

routine to any one of ordinary skill .int e reg i nc] ude
pre-treatl i AW PP dicnnh i st el hoten tgnl 3%?@@1 @Hshyd&ﬂ%@ﬁdﬁm@é}%
for examplgnt BQr@RguUt i ¢ agent(s). Process for preparing the conpounds of

the inventio Schene 1. Synthesis of 5-ethoxynethoxy-benzof uran-2-boronic
acid (4) 1 2 3 n- BuLi Triisopropylborate OH THF, -78 C, 1h KJ- oV OH 4 One

mbodi f the i t lates t f
5" et hoxy ML HRRVEERIB P LT P EE TONEE e RGO A Op FOREeuiAR | ses:
conver t i g QBRRAESE: vdi gt O f SRFRRURStedal Whdrhcatie Y Bt B&kb OP6BIYRNAt 1N a

sol vent;
volume per weight of starting material.

10 Suitable reagents for step a) are for example, but not limited to, Lewis acids such as BBr3
and BCls, alkylthiolates such as sodium thiomethylate and sodium thiooctylate and

pyridine hydrochloride.’

Suitable reagents for step b) are for example, but not limited to, ethoxy methoxyhalides
15 such as ethoxy methoxy bromide or ethoxy methoxy chloride and metal hydrides such as

sodium hydride or litium hydride.

Suitable reagents for step c) are for example, but not limited to, alkyllitium reagents such
as methyllitium, butyllitium and hexyllitium and trialkylborates such as trimethylborate,

20  tripropylborate, triisopropylborate and tributylborate.

In one embodiment the reagents used in step a) are BBr3 or pyridine hydrochloride
In another embodiment the reagents used in step b) is ethoxy methoxy chloride with
sodium hydride or litium hydride.

25 In a further embodiment the reagents used in step c) are bultyllitium and triisopropylborate.

In one embodiment the reagent in step a) is boron tribromide.

In another embodiment the reagent in step a) is pyridine hydrochloride.

In another embodiment the reagents in step b) are sodium hydride in mixture with
30 chloromethyl ethyl ether.

In another embodiment the reagents in step b) are Lithium hydride in mixture with

chloromethyl ethyl ether.



converting conpound 2 into conmpound 3 with a base and a protection reagent
in a solvent; and converting conpound 3 into

5- et hoxymeORomyo2lsmnzof ur an- 2- boroni c acid by a process ®ORSER®DOFI72
deprotonating conpound 3 with a base and m xi ng the deprotonated product
with a trialkylborate in a solvent, whefein;conpound 1 corresponds to:
conpound 2 corresponds to: conpound 3 corresponds to: The end product of
the different reaction steps may be further purified or recrystallised if
needed limted to,
chlori na? %éaﬁ&ﬁ%re dYrgél}%tEh%%E%& Ef‘ﬁo?ggrﬁt ﬁaél%tyg?gl%]ﬁcmlgo ven such as

t ol uene, taRvglepylboale. as di met hyl f or mam de and N-nethylpyrrolldone and

al kanes such as hexane and heptane, or m xtures thereof. Suitable solvents
for step b) are for exanple, but not limted to, chlorinated sol vents such
as _di chl o(Rs RAMG; 9?@&&5&0%% 2eLs %me@a%&e'lﬁeaemeﬁw%ﬂgh as

di nmet hyl f ormam de and N- net one ers such as tetrahydrofuran,
2- met hyl tpeeaesshgaoinptsas:an, tertbutylnethylether cycl opentyl nethyl ether and

di ethyl ether, and alk such as hexan nd ane, or mxtures thereof.
Sui t abl e SQBYSER %Ofmungqéa cc)ong’loé}n‘flglllSIé‘)% P& gﬁﬁﬁpr%et thitehi ted to, aromatic

sol vent s cghedh JripHRAe ARt ane 3 uShbB N3 schHasHIGEHAMYAT of ur an,
2- et hyl tCet raﬁz%ﬁﬁjran 1t ertog%qoyl netuhlyftget her, cycl opentyl nethyl ether and

di et hyl dlitethy n@ﬂ%amés such as hexane and heptane or mixtures thereof.
I n one enbOdl g compo nﬁ% 1n Fr%- t'ljlsgdmlt ﬁ@% zo%urlgan-2 ICOrI]‘lllog,C? tganoec’ f ol uene
or NmethfP ogfdno%u r?oﬁ?yn% A ent e solven 4P g?ep b) is
cycl ope ntcyshlpﬁahgnbp@tdaefmg &(ﬁmﬁcﬁiﬂmrmngrIaeu@rntﬁiuﬁeadmhixhegthahypibtbfnutrean

product with triisopropylborate in tetrahydrofuran.

The temperature for steps a-c may be in the range of from about -78-250°C, particularly in
the range of about from -25-200°C.

15
Scheme 2. Synthesis of [6-(5-cthoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-
methyl-carbamic acid tert-butyl ester (8)

H
f\/l[NHZ NaHMDS, (Boc),0 p N\H,OY NaH, CH,|
N THF, rt, 3 h A8 /(I \“/ Y

Br™ 'N° 'NO, Y Br” N7 “NO,
5 6
\/Ovoms,OH
0 OH
4 0O
Et,N, PdCI,(PPh,), ~_O0_0 — >0
. N = )L
EtOH, 100 °C, 30 min O N \

One embodiment of the invention relates to a process for making [6-(5-ethoxymethoxy-
20 benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester, wherein the

process comprises:

converting compound 5 into compound 6 by a process comprising protecting the amino

group in compound 5 using a protecting group in the presence of a base;



In a further enbodi nent the solvent used in step c) is hexane,
tetrahydrofuran or 2-nethyl tetrahydrofuran. The total anpbunt of solvents
used i n swopsit@2¢7epay vary in the range of from about 2PCOGELMANF09YDI une
per weight of starting material, particularly in the range of 6-20 (v/w)
vol ume per weight of starting material ;g Suitable reagents for step a) are
for exanple, but not limted to, Lewis acids such as BBr and BO ,

al kyl t hi ol ates such as sodi umthionet hyl ate and sodi umthi ooctyl ate and

pyri di ne i it t . . l.e, but
A L s ey R R L T

et hoxy neisinguy atdyllaingdgemria theiradenby oif 4 bigs; sudch as sodi um hydride or litium
hydride. Suitable reagents for step c) are for_exanple, but not limted to,
al kyl | i t i'eAftipe seRewndsi e comneppeh i theiniesenes RfA Pl %ﬁ%ljyﬁé%j/ PRt @m and
trial kyl RgraheshsiMe as trimethyl borate, tripropyl borate,
triisopropylborate and tributyl borate. In one enbodi nent the reagents used
in step apmappendBBr@rapomdsrtodi ne hydrochl ori de | n anot her enbodi nent the
reagents used in step b) is ethgoxy t hoxy chloride with sodi um hydride or
litiumhydride. In a further o8 \(eagéhts used in step c) are
bultyllitiumand triisopropyl borate. di nent the reagent in step
a) is boron tribromde. In another enbod neWt t k¥ reagent in step a) is
pyri di ne h¥%ro%r%oride.(gn anot her enbodi nent the reagents in step b) are
sodi um hy8fPaeq ACOHFSPERE Qi t h chl oromethyl ethyl ether. In anot her

enbodi nent the reagents in step b)’ii%f%i%hgunlhydride in mxture with
L

D

B~ "N TNO,.

compound 6 corresponds to:

10

B~ "N TNO,

The end product of the different reaction steps may be further purified or recrystallised if

15 needed.

Suitable solvents are for example, but not limited to, in step d) THF or diethylether; in step
¢) DMF or THF; in step f) ethanol or DMF, or mixtures thereof.
In one embodiment the solvent in step d) is THF.

20 In another embodiment the solvent in step ¢) is DMF.

In a further embodiment the solvent in step f) is ethanol.

Suitable bases are for example, but not limited to, in step d) NaHMDS, KHMDS, or NaH,
in step ¢) NaH, NaHMDS; in step f) Ets-N or K,CO:s.

25



chl oronet hyl ethyl ether.In another enbodi ment the reagents in step c) are
n-butyllithiumin mxture with triisopropy |borate . Another enbodi nent
rel at es twothw/puweess descri bed above in schene 1 wher @Ch/SER@IPFOCESS
conprises: converting conmpound 1 into conpound 2 using BBr in

di chl or onet hane; converting conpound 2;4nto conpound 3 using NaH and
CH3CH2OCH2C!l i n di nmet hyl formam de; and converting conpound 3 into

5- et hoxynet hoxy- benzof uran- 2-boronic acid by a process conpri sing

deprot onat i oTny eTo) L.Ng: N I hEERI and m xi ng the deprotonated
pr oduct \?\nﬁtaﬁ(%% I so%%%@lt%%?ém?tgﬁ]?&swaﬁ%?g} uran. The tenperature for

st eps a- dn oAY elBodimehic basege seb cf isacvalbout - 78-2500C, particularly in the
range of about from -25-2000C. Schene. 2. Synthesis of

[ 6- ( 5- et HBRY IS SPodiErb gL @-Sﬁp)r%?s-%"t -0-pyridin-3-yl]- methyl-carbanic
acid tert-butyl ester (8 B 5 6 7 8 One enbodi nent of the invention relates
to a process for naking [6-(5-ethoxynet hoxybenzof uran-

2-yl) $2- ifuitelole pymlydisfoSstgy 1)-anefongkample bama lawied to.fd(PBi)yTl, esst er, wherein
t he proc§§% cggﬁrises: converting conpound 5 into conpound 6 by a process
conpri si &‘HW tting the amino group in conpound 5 using a protecting
group in the presence of a base;converting conpound 6 into conpound 7 by a

process conprising al kyl ati ng conpound 6 using an al kyl ati ng agent in the
pr esence Avfother gebedinzmgrelates to the process described above in scheme 2 wherein the

process comprises:

10 converting compound 5 into compound 6 by a process comprising protecting the amino
group in compound 5 using t-butyl dicarbonate in the presence of sodium
hexamethyldisilazide;
converting compound 6 into compound 7 by a process comprising alkylating compound 6
using CH;sl in the presence of NaH; and

15 reacting compound 7 and compound 4 in the presence of

dichlorobis(triphenylphosphine)palladium(1I) and (CH3CH;);N in ethanol.
The reaction temperatures for steps d-f are between —80 to room temperature.

20 Scheme 3. Synthesis of (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl

ester (12)
/Eifj\ NBS Br B SE&%DS' Bra A\
_—
ON"NZ NH, MeCN. 1t OIN o NS\ Py ON |N/ NHBoc
9 10 "

NaH, Mel Br N 9
DMF, 0°C, 0.5h o N7 N7 NJ\O/k\
12
One embodiment of the invention relates to a process for making (5-Bromo-6-nitro-
pyridin-2-yl)-methyl-carbamic acid tert-butyl ester, wherein the process comprises:
25 converting compound 9 into compound 10 by a process comprising bromination of

compound 9 in a solvent using a bromination reagent;



reacting conpound 7 and conmpound 4 in the presence of a palladium catal yst
and base in a solvent; wherein; conpound 4 corresponds to: conpound 5
correspormi® 2bm/02476gonpound 6 corresponds to: conpound 7PCOSER®pONIZ2to: The
end product of the different reaction steps may be further purified or
recrystallised if needed. Suitable solygnts are for exanple, but not
limted to, in step d) THF or diethylether; in step e) DM or THF, in step
f) ethanol or DMF, or mxtures thereof. In one enbodi nent the solvent in

¢ d) i : ; | in. st - I
further coboer b @gb I8 STRRRGIRTL) by pReelimo it SR ng Sty 1 °
for exanploendkuipowid 11 ifi d @ivehoin the pasare d) a BasdvSowHMDESIditon dBtHutyin st ep

e) NaH, ﬂgﬁNDS; (n(ftep f) Et3-N or K2C33.1n anot her enbodi nent the base in
step d) i4caRROURES52 n one” enbodi ment the base in step e) is NaH In a

furt her %Mi@%%ﬁdqqqﬁoi(@-b§§rﬁ9-_6f-ﬂitr-b?gﬁh%éi?‘-&%ﬁ%%th%%a‘?b&ﬁ% akyste. for

step f) are for exanple but not imted or Pd(dppt)d 2
Anot her duhddstoebit a pecetsesmpasingelkylangsenmpesad 1 bach sibone using schene 2

wherein the process conprises: converting conpound 5 into conpound 6 by a
b ocess ORI ROPBRRGT ¢ AOeamTHE

compound 9 corresponds to:

| >
/
O,N” "N TNH,.

compound 10 corresponds to:

Br

10 ;

DO
| =

O,N N NHBoc

compound 11 corresponds to:

The end product of the different reaction steps may be further purified or recrystallised if

15 needed.

Suitable solvents for step g-i are for example, but not limited to, nitriles such as acetonitrile
and propionitrile, chlorinated solvents such as dichloromethane, aromatic solvents such as
toluene and xylene, ethers such as tetrahydrofuran, 2-methyltetrahydrofuran, tert-

20 butylmethylether, cyclopentyl methyl ether and diethyl ether, amides such as
dimethylformamide and N-methylpyrrolidone and alkanes such as hexane and heptane, or

mixtures thereof,

In one embodiment the solvent used in step g) is water, acetonitrile (MeCN), toluene,
25 tetrahydrofuran, or mixtures thereof.
In another embodiment the solvent used in step h) is tetrahydrofuran, heptane, 2-methyl

tetrahydrofuran, or mixtures thereof.



group in conmpound 5 using t-butyl dicarbonate in the presence of sodium
hexanet hyl di si | azi de; converting conpound 6 into conpound 7 by a process
conpri si nyoabiwd2atebng conmpound 6 using CH3l in the preseqtsSERFIMSIN2 and
reacting conpound 7 and conpound 4 in the presence of

di chl orobi s(tri phenyl phosphine)pal | adi 4p(11) and (CH CH2) N in ethanol. The
reaction tenperatures for steps d-f are between -80 to room tenperature.
Schenme 3. Synthesis of (5-Bronp-6-nitro-pyridin-2-yl)-nmethyl-carbamc acid

tert-but - ' ' e ates to a
process %ﬂéra ?%I%rr r?é&)?él- glégn%ivég A %bﬁg‘égl%} qu%snr{?aﬂér g%aﬁl?r‘gatch@{ﬁ@%? lglrﬁli@haci d

t ert - but Ybrnesgiiee,, tetdhgtigifirahfl - ey b srakbipiur&e sor mamves theregf.conpound 9 into
conmpound 10 by )rocess conpr.i sing brom natjon of conpound 9 in a sol vent
using a BRORs %ﬁ@fﬁﬂlemefis S CRIAR ViSP &) RgMESHIBERY Wi WHe'o cormpound 11 by a

Pr 0cess _qRURGha Athoaitl t I ARG 1181 BQERAMNEpkhel N @ SOl vent i

the presence of a base foll owed by ition of t-butyl dicarbonate; and
convert i Ay acathgoumsbdirhernt nhasol Enb mostep: )i iliHFompyed ivdihnkeamd. ) - net hyl - car bami ¢

acid tertbutyl ester b rocess. conmpri Si al kyl ati ng conpound 11 in a
sol vent %Pﬁ%“%ﬁe %Q@P§P5H858 gﬂvnéﬁ@1%P§§Q%&B“8¥“%£Hﬁ§@} wherei n; conpound
9 corr espRBAShEBMETATRGH L by GO REPOMIPHE Phixed with heptane.

In a further embodiment the solvent in step 1) is MeCN mixed with water.

10 The total amount of solvents used in steps g) to i may vary in the range of from about 2-
100 (v/w) volume per weight of starting material, particularly in the range of 6-20 (v/w)
volume per weight of starting material.

Suitable reagents for step g) are for example, but not limited to bromination reagents such
as N-bromosuccinimide.

15
Suitable reagents for step h) are for example, but not limited to, di-ters-butyl dicarbonate
and base such as sodium bis(trimethylsilyl)amide, sodium hydride or litium hydride.

In one embodiment the reagents used in step h) are di-tert-butyl dicarbonate with sodium
hydride, littum hydride or sodium bis(trimethylsilyl)amide.

20
Suitable reagents for step 1) are for example, but not limited to, alkylation reagents such as
methyl iodide and dimethylsulphate, and base such as sodium hydride, littum hydride,
sodium bis(trimethylsilyl)amide and 1,8-Diazabicyclo[5.4.0Jundec-7-ene.

25 In another embodiment the reagent in step g) is N-bromosuccinimide.
In one embodiment the base in step h) is NaHMDS and Boc,O.
In a further embodiment the base in step 1) is DBU.

In a further embodiment the base in step 1) is NaH.

30 Another embodiment relates to the process described above in scheme 3 wherein the

Proccss COl’IlpI'iSGS:



conpound 11 corresponds to: The end product of the different reaction steps
may be further purified or recrystallised if is needed. Suitable solvents
for step Woi20ave4Teor exanple, but not limted to, nitriPEI/SER@®B/OSHT72
acetonitrile and propionitrile, chlorinated solvents such as

di chl oronet hane, aromatic sol vents sucl%has tol uene and xyl ene, ethers such
as tetrahydrofuran, 2-nethyltetrahydrofuran, tert- 20 butyl nethyl ether,
cycl opentyl nethyl ether and diethyl ether, am des such as

di met hyl f gr nani ' ] A xane and
hept ane, chﬁ m gor ) gﬁg%?%%h{é%gbgg@%&?%%n@“ﬁﬁ%%@%% aﬁéggg in step g)
i's wat er competah?d tr CHeC Meial)n-broglosesetnimade; t et r ahydr of uran, or m xtures
thereof. I n another enbodi.nent the solvent used in step h) .is

t et r ahy dCBRYRTURE coBRRuRAd O latprs:@mw}mf bt PR PERCSFUGORIIISHIE Gonbinipg soppitor . | n

a furtherpeghogh BOIVER vae fdnt greé&i’c@ I odiSmWRkShethPRXARS de followed
di | f t trahygr o? t hyl

| d .
acetonitrile, t hy or mam de, urane, 2-

t et r ahy dgfaddaioe of 6butyl ficambesattemdeof . I n one enbodi nent the solvent in

step g) is MeCN mi xed with r. In apother,. e di t the solvent in step
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the in the range of from about 0° to 50°C.

The product in step 1), (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl
ester (12) may be purified by precipitation from a DMF/ water mixture or from a MeCN/

15 water mixture.

In one embodiment the (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl

ester (12) is purified from a MeCN/water mixture.

20 Scheme 4. Alternative routes to (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-

butyl ester (12):

15
The (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl ester (12) could be
prepared by two alternative routes. For example compound 12 can be prepared from 6-

25 nitro-pyridin-2-ylamine (9), either via the N-methyl-6-nitropyridin-2-amine (14) or tert-



Sui tabl e reagents for step g) are for exanple, but not limted to

brom nation reagents such as N bronobsuccinim de. Suitable reagents for step
h) are fowoersmpi®m9 but not limted to, di-tert-buty\ dipcarSkervansrand base
such as sodi um bis(trinmethylsilyl)am de, sodium hydride or litium hydride.

I n one enbodi ment the reagents used inygtep h) are di-tert-buty{

di carbonate with sodium hydride, litium hydride or sodium

bi s(trinmethylsilyl)am de. Suitable reagents for step i) are for exanple,
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bi s(t ri med bythsedydnp@n de and |, 8- Di azabi cycl o[ 5. 4. 0] undec- 7-ene. | n anot her

enbodi ment the reagent in step g) is N-bronosuccinimde. In one enbodi nent
the base in step h) is NaHVWDS and BoC O In a further enbodi ment the base

in step iQpi : f_r_rﬁg‘gm'_ L 115 NaH.
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wher eisn tehylrdessc eadpari-bety] esvervédx i ng conpound 9 into conpound 10 by a
process conpri sing brorri\n/q,tvioon of ¢gnpound 9 in CH3CN using

n- br onosucci ni m de; convertin ound 10 into conpound 11 by a process
conpri si ng comnbi ni ng conpound 10° aifdl conmpound 11 in a solvent in the
presence of sodi umog’gxanet hyl dikil azi de fol | oned by additi onoof>¢\—- but yl

di car bonat e# r\cho erti ngLeeaporng 11 i ieO O — >0
(5- br omp- G-ALNr 0opyT i di anar bam c al“\ ester by a
process conpfd si ng al kyl atf9g ' O8mpbtind 11 in di net yl(?(% i de usi ng CH3I

in the presencde of NaH. The tenperature for steps g-i may be in the range
of from abouti2 - 78- 1500C, particularly in 13

One embodiment of the invention relates to a process for the preparation of compound 13
by mixing compound 12 and compound 4 in a suitable solvent using a suitable base in the
presence of a suitable catalyst followed by extraction.

10

The end product may be further purified or recrystallised if needed.

Suitable solvents are for example, but not limited to, alcohols such as methanol, ethanol,
propanol, isopropanol and butanol, ethers such as dioxane, tetrahydrofuran and 2-
15 methyltetrahydrofuran and aromatic solvents such as benzene, toluene and xylene, or

mixtures thereof.
In one embodiment the solvent in step j) is ethanol.

20 The total amount of solvents used in step j) may vary in the range of from about 2-100
(v/w) volume per weight of starting material, particularly in the range of 6-20 (v/w)

volume per weight of starting material.

Suitable reagents are for example, but not limited to, amines, such as triecthylamine,
25 carbonates such as cesium carbonate, potassium carbonate and sodium carbonate,

phosphates such as potassium phosphate and sodium phosphate or potassium fluoride



the in the range of fromabout 0 to 500C. The product in step i),
(5-Bronmo-6-nitro-pyridin-2-yl)-nethyl-carbamc acid tert-butyl ester (12)
may be puwoOfnsd2ie9preci pitation froma DMF/ water m xt @cCe/Seeoobrosnyra MeCN
water m xture. In one enbodi nent the
(5-Brono-6-nitro-pyridin-2-yl)-nmethyl-garbamc acid tert-butyl ester (12)
is purified froma MeCN water m xture. Schene 4. Alternative routes to
(5-Bromp-6-nitro-pyridin-2-yl)-nethyl-carbamc acid tertbutyl ester (12):

15 The ( 1) utyl ester
(12) coul B oy O e B e s TR A B el B na 12
can be pnmp&lzeldz Flidmebigandd oy py tordiderst yl am ne (9), either via the

N- net hyl - 6-ni tropyri di n-2-am ne (14) or tertbutyl nethyl
(6-nitropyridin-2-yl)carbamate (16), where the brom nation is introduced
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12 13

The [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid

tert-butyl ester (13) could be manufactured via a direct arylation of 5-ethoxymethoxy-

benzofuran (3) with (5-bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl ester
15 (12) in the presence of a suitable catalyst.

Suitable solvents are for example, but not limited to, amides such as dimethylacetamide,

aromatic solvents such as toluene, and xylene

The total amount of solvents used in steps g to i may vary in the range of from about 2-100

(v/w) volume per weight of starting material, particularly in the range of 6-20 (v/w)

20 volume per weight of starting material.

Suitable reagents are for example, but not limited to, palladium catalyst systems such as
Pd(PPh3)4 with potassium acetate or palladium acetate with tricyclohexylphosphine,
pivaloylalcohol and potassium carbonate.

25
Compound examples
Below follows a number of non-limiting examples of precursor compounds of the

invention.



m xtures thereof. In one enbodi nent the solvent in step j ) is ethanol. The
total amount of solvents used in step j ) may vary in the range of from
about 2- WO 20woezk7690l umre per wei ght of starting materi alPCTSEeG00O8922 1y in

t he range of 6-20 (v/w) volunme per weight of starting material. Suitable
reagents are for exanple, but not limsed to, am nes, such as
triethylam ne, carbonates such as cesium carbonate, potassium carbonate and
sodi um car bonat e, phosphates such as potassi um phosphate and sodi um
phosphat e or potassium fluoridetogether with palladiumcatal ysts. A so, a
pl et hora of suitable phosphine |igands and i m dazol -2-ylidene |igands may
be consi deanedd Maah@iot her enbodi nent the reagents in step j ) are

triethylam ne and PdCl (PPhS) . The tenperature for step. j,) may be in the
range of A} il eoie wegoeorgeresdiy@vaiihl mcﬁwsrmuyef Withed fv%hqrrp@rlﬁaﬁ@él- of
from abo I i i

52 (5 Bt Hos ey Sy A s Ay DR AY S i MRS SeBnhers o7 car bari o
aci d tertmtbageyl ester (13) via direct arylation. 12 3 The

[ 5- (5- Et hoxynet hoxy- benzof uran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbam c
acid tert-butyl ester (13) could be manufactured via a direct arylation of
5- et hoxy gt @b RNR Epca we3d rddbiddd at 400 MHz for proton and 100 MHz for carbon-
(5-brono-6-nitro-pyridin-2-yl)-nethyl-carbamc acid tert-butyl ester (12)
in the prlésarc¥argin Meryiyt Blob 40@ MM peectrousiteraighwpsd bt Sarsanet 0k TR xanpl e,

but not ljmited t am. d such as_di hyl acet a de anatic sol vents
such as #%?L@RE?f@%gaﬁ§ﬁﬁﬁg0#ﬁﬁﬁfg?gwgghg%ﬁ?Y§H%§%ﬂb%R?%‘8§ed in steps g to
I mayeVakytrdniethyl§ldn8NgRicR ivab Lo BhRdtefaded@Bidnal Wbt MGl 0I0BIR®btWE] aifit  Of
startlnglg%terlal, particularly in the range of 6-20 (v/w)

Mass spectra were recorded on a Waters MS consisting of an Alliance 2795 (LC) and
Waters Micromass ZQ detector at 120 °C. The mass spectrometer was equipped with an
15 electrospray ion source (ES) operated in a positive or negative ion mode. The mass

spectrometer was scanned between m/z 100-1000 with a scan time of 0.3s.

HPLC analyses were performed on a Water 600 Controller system with a Waters 717 Plus
Autosampler and a Waters 2996 Photodiiode Array Detector. The column used was an

20 ACE Cig, 5 um, 4 60X150 mm. In a 20 min run, a linear gradient was applied starting from
95% A (A: 0.1% H3POj, in water) and ending at 90% C (C: MeCN) over 6 min, holding at
90% C for 4 min and then ending back at 95% A. The column was at ambient temperature
with the flow rate of 1.0 mL/min. The Diode Array Detector was scanned from 200-400
nm.

25
Microwave heating was performed either on a CEM Discover LabMate or on a Biotage

Initiator System at the indicated temperature in the recommended microwave tubes.

Thin layer chromatography (TLC) was performed on Alugram® (Silica gel 60 F,s4) from
30 Mancherey-Nagel and UV was typically used to visualize the spots. Additional
visualization methods were also employed in some cases. In these cases the TLC plate was

developed with iodine (generated by adding approximately 1 g of I, to 10 g silica gel and



vol une per weight of starting material. Suitable reagents are for exanple,
but not limted to, palladiumcatal yst systens such as Pd(PPh3)4 with

pot assi urwacetoare’edor pal | adi um acetate with tri cycl ohexyCpises@biosm;2

pi val oyl al cohol and pot assi um carbonate. Conpound exanpl es Bel ow foll ows a
nunber of non- limting exanples of prggursor conpounds of the

I nvention. General Methods All solvents used were conmmercially avail abl e and
were used without further purification. Reactions were typically run using
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Aut osanpl ef and a Waters 2996 Photodiiode Array Detector. The col um used

was an ACHromiagrBphymr thindaykt Shrommtodraphy woeminturasrof a | i near gradi ent was
appl i ed S

(C. MeCN) ticgl\rlloter:()n tllf%lrl%me (5%1?4)8[? ﬁtglfl%%c%ta%g{?nléﬁlgno aina h‘é’%n%g/)eth%rgce art]éj.i ng at 90%C
10
Preparative chromatography was performed on either a Waters Prep LC 4000 System using
a Waters 2487 Diode Array or on a Waters LC Module 1 plus. The column used was either
a Waters XTerra Prep Cig, 5 um, 30 X 100 mm (flow rate 40 mL/min) or a Phenomenex
Luna Cig, 5 um, 21.6 X 250 mm (flow rate 20 mL/min). Narrow gradients with
15 acetonitrile/ water, with the water containing either 0.1% trifluoroacetic acid or 10 mM
ammonium acetate, were used to elute the compound in a total run time between 20 — 30

min.

X-Ray Powder Diffraction (XRPD) patterns were collected on a PANalytical X Pert PRO

20  MPD theta-theta system using long-fine-focus Cu Ka-radiation (40 kV, 50 mA) and an
X’Celerator-detector. A programmable divergence slit and a programmable anti-scatter slit
giving an irradiated length of 20 mm were used. 0.02 rad Soller slits were used on the
incident and on the diffracted beam path. A 20 mm fixed mask was used on the incident
beam path and a Nickel-filter was placed in front of the detector. Thin flat samples were

25 prepared on flat silicon zero background plates using a spatula. The plates were mounted in
sample holders and rotated in a horizontal position during measurement. Diffraction
patterns were collected between 2°2theta and 80°2theta in a continuous scan mode. Total
time for a scan was 25 minutes 30 seconds. The skilled person of X-ray powder diffraction
will realise that the relative intensity of peaks can be affected by, for example, grains

30 above approximately 30 micrometer in size and non-unitary aspect ratios, which may
affect analysis of samples. Furthermore, it should be understood that intensities might

fluctuate depending on experimental conditions and sample preparation such as preferred



90% C for 4 mn and then endi ng back at 95% A. The colum was at anbi ent
tenperature with the flowrate of 1.0 nL/mn. The D ode Array Detector was
scanned fworen@QR4490 nm M crowave heating was perfor ne@CeiSER@o/0s0972 CEM
Di scover LabMate or on a Biotage Initiator Systemat the indicated
tenperature in the recomended nm croway# tubes. Thin layer chronmatography
(TLC) was perforned on Alugram(r) (Silica gel 60 F254) from Mancher ey- Nagel
and UV was typically used to visualize the spots. Additional visualization
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g vanillin in_100 ﬂnL 10% H SO ), .ninhydrin (available conmercially from

Al dri ch) Sugl effacd whesy caniparige HFaer MY©Mor oughl y mi xing 25 g (NH4 Mb7Q24
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vi sual i ze the conmpound. Fl ash chromat ography was preforned using 40 - 63 mm
(230 s 40erskslay psisbn eall geb réaliserthsi thie ppsitien boidfileviiang cambt effeaisd bedieni ques
to those disclos in Still, C..; .Kahn,. - and Mtra, M urnal of
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di chl or onet hane/ net hanol , et hyl acetate/ nmethanol and hexanes/ethyl acetate.

Pr epar at ioffectc Khorreacourlapfiy thepospinfdareticaion sin Maty shghidt estwedr symplds, 4000
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col um uséd ers erramlgrep (flow

rate 40 pkddrhm) oPfmaRudPHBRIBNE pedkiddcrtlSation niaw aldlsifhiy AEOctine fdpbavd r at e 20
m./mn). Narrow gradients with acetonitrile/ water, with the water

cont ai ni igsiEPe RER raflegtion. di is ohpioa s theskiligdpesrontbatdvifapenin msaeesit e, were
used to %le%ﬁn&nrag EPIPRERG ﬂegk PeshRbiBh. Fidie ttﬁéﬁf@aech%ﬁ%gtt&{? déta%?esented are

not to be taken as absolute values.

15 Generally, a measurement error of a diffraction angle in an X-ray powder diffractogram is
about 5% or less, in particular within the range plus 0.5 ° 2-theta to minus 0.5° 2-theta
when using Cu Ka-radiation, and such degree of a measurement error should be taken into
account when considering the X-ray powder diffraction patterns in Figures 1 to 5 and when
reading Tables 1 and 2.

20
The skilled person will also realise that traces of any crystalline impurities from the
preparation of the sample material, e.g. salt residues such as sodium sulphate or sodium
chloride from drying, salting-out and / or pH-adjusting steps, might cause diffraction and
that peaks having diffraction angles near expected peaks from such crystalline impurities

25 might wholly or partially emanate from such crystalline impurities.

Diffraction patterns from many compounds can be simulated, ¢.g. from databases such as
the Powder Diffraction File (PDF) databases from the International Centre for Diffraction
Data (ICDD). The skilled person can compare such simulated diffraction patterns with
experimental patterns.

30
Differential scanning calorimetry (DSC) from 30°C to 300°C was performed under

nitrogen in aluminium sample cups with perforated lids using a Perkin Elmer Diamond



mn. X-Ray Powder Diffraction (XRPD) patterns were collected on a

PANal ytical X Pert PRO MPD theta-theta system using |ong-fnme-focus Cu
Ka- r adi atworeo(04Q416¥, 50 nmA) and an X Cel er at or - det ect or PCA/'SEe@gsnynabl e

di vergence slit and a programmbl e anti-scatter slit giving an irradi ated

l ength of 20 nmwere used. 0.02 rad Soh¢er slits were used on the incident
and on the diffracted beampath. A 20 nmfi xed mask was used on the

i nci dent beam path and a Nickel-filter was placed in front of the det ector.

Thin flat,
using a S5 U s T RaARAL S 905 ki JRC.ARR SPASHIIEKRD 26C3 11
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affected by, for exanple ns above approxi mately m croneter 1 n size
and non- mnnﬂanwsabwéucvﬂaﬁlos whi ch may affect anaIyS|s of sanpl es.
Furthernore, it should be understood that intensities mght fluctuate
dependi ng on experinental conditions and sanpl e preparation such as
preferrGQQﬁ&ﬁﬁiﬁéﬂ&ﬁmQﬁe&@&nﬂ@th?ﬁﬁﬁﬁnkﬂmI PRamaidR! Br a DIfcdf®al QEarditfomat i ¢
or fixed divergence slits wl so influence the relative intensity

cal cul at mk@gmemrpe itlepg datg ko mipardblerio thredaga presantechizaneban arshlcetd eetosdinken

conpari ng i f patLerns The ;s o) al i se that
t he p05| %afrg 1I Ogié’tl ore‘nxamcpa%t%)ée g?sfnlg?dag FE?/ h@ pr emeig%ls(ﬁ%lgﬁht at which
t he slanpl[ﬁffsfehﬁaugbaﬁllﬁﬁgd]afd‘rfna& e,r B&fperature and the zero calibration

of the diffractonmeter. The sur ace anarlty of the sanple nay al so have a
smal | effect. The exact val ue for the position of a reflection can vary

ot ori o) "R R R TR g S R R et ve,
peak det emdemdatrdogon imaylainsm simpihtdpyusedd @Eérktrhlélnree Poris edGA
Thermogravimetric analyzer. The scan rate was 10°C per minute. The sample size was less
15 than 1 mg. It is well known that the TGA trace may vary due to, for example, the sample
size and due to instrumental parameters, especially the temperature scan rate. Hence the

TGA data presented are not to be taken as absolute values.

The following abbreviations have been used:

20

Ac acetyl;

aq. aqueous;

Boc,0 di-tert-butyl dicarbonate;
DCM dichloromethane;

25 DIPEA N,N-Diisopropylethylamine;
DMEF N,N-dimethylformamide;
DMSO dimethylsulfoxide;

DSC Differential Scanning Calorimetry
EtOH cthanol;
30  MeOH methanol;

HMDS bis(trimethylsilyl)amide;

NBS N-bromosuccinimide;



position of a reflection. It is obvious for the skilled person that
differences in instrunent performance can influence peak resol ution. Hence
t he di ff reiot2omvn2pmbt ern data presented are not to be talkem/Sagooaloswmiut e

val ues. Generally, a neasurenent error of a diffraction angle in an X-ray
powder diffractogramis about 5% or lesg, in particular within the range
plus 0.5 2-theta to mnus 0.5 2-theta when using Cu Ka-radiation, and such
degree of a neasurenent error should be taken into account when consi dering
the X-ray.powder di i atterns in Figures 1 to 5 and when readi ng
Tabl es 1¥§nd 2. Théééﬁgﬁﬁéﬁgﬁg?son will also realise that traces of any
crystal | ITHF | nmpur i tétesdylifofurah;ne preparation of the sanple nmaterial, e.g.
salt resi dues such aﬁ sodi um sul phate or sodi um chl ori de from dryi ng,

sal ting- ddt* and / SPTIpIO%EE168¢Mhg st eps, night cause diffraction and that
peaks havidg di ffragklps8Neg5 ARAYsigxpect ed peaks from such crystalline
inpurities mght wholly or partiallg emanate from such crystalline

i mpur ist i eRPIDI f f r ac-Rep Ppatdeeifadtromm nmany conpounds can be sinmul ated, e.g.
from dat es suc .the Powder Diffraction File (PDF) databases fromthe
| nt er nat i @@I Centgégﬁ a ¥q&§6{gwﬂd%ﬁ'ﬁp?ICII». The skilled person can
conpare syon si mul atRehyidhheaction patterns with experimental patterns.
Differential scanning calorimetry (DSC) from 300C to 3000C was perfornmed
under nitrogen in alum niumsanple cups with perforated lids using a Perkin

El mer Di dDSC. i nstrument. .The scan rate was 100C per mnute., The sanple
Si 76 vias THLLC PRGN b pan PR potBR et Sl ety pea
t enpenat Ucesdiag wWhldratae éﬁdﬁ&ﬁ%és vad H@BeXPRYIméataY dlkién dRordafie RiRIYIse, the
purity of the sanple and sanple size and due to instrunental paraneters,
especialF@xﬁﬁé-tenperature scan rate. Hence the DSC data presented are not

to be taken as absol ute val ues.

Intermediate example 1: 5-ethoxymethoxy-benzofuran-2-boronic acid (4)

0 BBr,, DCM HO NaH, CH,CH,OCH,Cl  ~_.0._0
o] 0°C-rt, 4h o DMF, 0 °C- rt, 1h o
1

2 3

n-BuLi
Triisopropylborate \/OvOmB,OH
THF, -78 °C, 1h O  OH

4

15 a) Benzofuran-5-ol (2)
To a stirred solution of 5-methoxybenzofuran (1) (0.50 g, 3.38 mmol) in dichloromethane
(15 mL), boron tribromide (16.87 mL, 16.87 mmol, 1M solution in dichloromethane) was
added slowly at 0°C. The reaction mixture was warmed to room temperature and stirred for
4 hours. The reaction mixture was then cooled to 0°C, quenched with aqueous saturated

20  NaHCOs; solution and extracted with dichloromethane (3 x 50 mL). The combined organic
extracts were washed with brine (25 mL), dried over Na,SOs, and concentrated under
reduced pressure to give compound (2) as an off white solid (300 mg) which was used in
the next step without further purification.
'H NMR (400 MHz, CHLOROFORM-d) &: 7.59 (d, J/=1.95 Hz, 1 H), 7.35 (d, /=8.59 Hz,

25 1H), 7.00 (d, /=2.73 Hz, 1H), 6.80 (dd, 8.59, 2.74 Hz, 1H), 6.67 (m, 1H), 4.66 (s, 1H)

b) 5-Ethoxymethoxy-benzofuran (3)



A person skilled in the art can set up instrunmental paranmeters for a
Differential scanning calorineter so that data conparable to the data

pr esent edwbepnw/@am9be col | ected accordi ng to standard meChsEs0908097EXaNpPl e
t hose described in Hhne, GW H et al (1996), D fferential Scanning
Calorimetry, Springer, Berlin. Thernogggvinetric anlaysis (TGA) from

anbi ent tenperature to 2500C was perfornmed under nitrogen in a platinum
sanple cup using a Perkin Elmer Pyris 1TGA Thernogravinetric anal yzer. The

scan rat . ' '
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Hence the TGA data presented are not to be taken eg&, gﬁute vaI ues The

fol I owi ngvaamee &ﬁogm SHocTiye apdatiTedskeuraghlgeammshy uedddtl-8
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over Na;SQy, and concentrated in vacuo. Purification of the crude product by flash column
chromatography using 10 % ethyl acetate in hexane afforded compound (3) (273 mg) as a
colourless oil.
10 'HNMR (400 MHz, CHLOROFORM-d) 3: 7.59 (d, J=1.95 Hz, 1 H), 7.39 (d, /=8.16 Hz,1
H), 7.27 (d, /=2.73 Hz, 1H), 6.99 (dd, J=8.98, 2.34 Hz, 1H), 6.70 (m, 1H), 5.24 (s, 2H),

3.77 (q, J=7.03 Hz, 2H), 1.25 (t, J=7.03 Hz, 3H).

¢) S-Ethoxymethoxy-benzofuran-2-boronic acid (4)

15 To a stirred solution of 5-ethoxymethoxy-benzofuran (3) (265 mg, 1.38 mmol) in THF (5
mL) at -78°C, n-butyllithium (2.5M solution in hexane, 0.56 mL, 1.44 mmol) was added
drop wise. After the reaction mixture was stirred for 1 hour, triisopropylborate (0.635 mL,
2.76 mmol) was added slowly and the stirring was continued for additional 20 minutes at -
78°C. The reaction mixture was quenched with saturated ammonium chloride solution (10

20  mL) and was allowed to warm to room temperature. Water (10 mL) was added and the
resulting mixture was extracted in diethyl ether (2 x 50 mL). The combined extracts were
washed with brine, dried over MgSO,, and concentrated under reduced pressure.
Purification of the crude product by recrystallization from ethyl acetate and hexane
afforded the desired compound (4) (170 mg) as a white solid.

25 'HNMR (DMSO-ds ,400MHz) 3: 8.54 (s, 2 H), 7.48 (d, /=8.6 Hz, 1 H), 7.39 (s, 1 H), 7.30
(d,/=2.7 Hz, 1 H), 7.02 (dd, J=8.8, 2.5 Hz, 1 H), 5.23 (s, 2 H), 3.68 (q, /=7.0 Hz, 2 H),
1.14 (t,J/=7.0 Hz, 3 H)

Final precursor example 1: Synthesis of [6-(5-Ethoxymethoxy-benzofuran-2-yl)-2-

30 nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester (8)



THF tetrahydrofuran; TFA trifluoroacetic acid; TGA Thernogravinetric
Anal ysis XRPD X- Ray Powder Diffraction DBU
| , 8- Di azawoywljpB94. 0] undec-7-ene Et N Tri et hyl am ne SPaTISEa@onsver i al s
used were either available from comrercial sources or prepared according to
literature procedures and had experi rreﬁf al data in accordance with those
reported. Internedi ate exanple 1. 5-ethoxynet hoxy-benzofuran-2-boronic acid
(4) BBr3, DCM NaH, CH3CH20CH2CI OC - rt, 4 h DMV, OOC rt, 1h a)
Benzofuran 5-ol F(2) To a stirred SO||_U'[I n of 5-net hoxybenzof uran (1) (0.50
g, 3. 38 Zdi“‘t“fMDér(%?ﬁﬂ hanez bor o\H.©cHjl br omi d : , 16.87
nmol , i nHditahl orone dﬂWy Wh reaction
mxture vvas vvarm§d to room t effperat i Pe and stirred for ur\@Q The
reaction m xture was then cooled té& O0C, quenched w th aqueous saturated
NaHCO sol ution and extracted with dichl oronethane (3 x 50 nL). The conbi ned
organi c extracts ver e gvashed wth brine (25 nL), dried over Na SO, and
concentrated under ¥eduy prressure to give conpound (2) as an off white
solid (300 ng) which was u§e@IOW n the next step WlthOUt urt her

purification. 1H NWMR (AQIOPdM;dsz)Q-lLGQia?Nb ég5l. 95 Hz, 1 H),
7.35 (d, J=8.59 Hz, .73 Hzm_@f 8.59, 2.74 Hz,
IH, 6.67 (m I|H), 4. 6@H(1§0°CIC1°1)“'”

8
6-Bromo-2-nitro-pyridin-3-ylamine (5)
NH,

|

Br” "N "NO,

=

s To a stirred suspension of 2-nitro-pyridin-3-ylamine (5.06 g, 36.40 mmol) and sodium
acetate (2.99 g, 36.46 mmol) in acetic acid (40 mL), a solution of bromine (2.5 mL, 48.79
mmol) in acetic acid (8 ml) was added drop-wise and the reaction mixture was stirred
overnight. The acetic acid was removed under reduced pressure. The residue was cooled to
0°C, neutralized with saturated sodium bicarbonate solution to adjust the pH to ~7, and

10 extracted with ethyl acetate (4 x 50 mL). The combined organic extracts were washed with
brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The residue
was triturated with ethyl acetate to afford compound (5) (5.1 g) as a yellow solid.

'H NMR (DMSO-ds, 400MHz) 3: 7.66 (d, J=8.6 Hz, 1 H), 7.58 (s, 2 H), 7.49 (d, J=8.6 Hz,
1 H)
15 ESMS: m/z 216.33 [M-1]

d) (6-Bromo-2-nitro-pyridin-3-yl)-carbamic acid tert-butyl ester (6)

H
N

Y

Br” "N NO,

To a stirred solution of 6-bromo-2-nitro-pyridin-3-ylamine (5) (854 mg, 3.92 mmol) in
20 THF (50 mL), NaHMDS (5.09 mL. 5.09 mmol, 1M in THF) was added at 0°C. After
stirring for 15 minutes, a solution of di-tert-butyl dicarbonate (853 mg, 3.91 mmol) in THF



b) 5- Et hoxynet hoxy-benzofuran (3)To a stirred solution of benzof uran-5-ol
(2) (257 mg, 1.92 mmol) in DMF (3 rnL), NaH (81 ng, 1.92 mmol, 57%

di sper si owmoi2n100i2)e9was added at OOC. The reacti on m xt uPETIES0NAFIYED t O
roomtenperature and stirred 1 hour. Chloronethyl ethyl ether (214 ni, 2.30
nol ) was then added drop wise to QOC gnd the m xture was stirred at room
tenperature for additional 1 hour. Water (10 nlL) was added and the reaction
m xture was extracted with ethyl acetate (2 x 50 nmL). The organic extracts

wer e Wasg q}li Cae{g a‘ﬁ@&? VGrQ leA§d fiﬁ(bﬁl é/seﬁ"Bé\l?E}a?t ﬁreqr%{gcs ALy g eds i n

vacuo. i on o cru e uct umm roma ogr aphy
using 10 h%lﬁtalﬂyﬂonamimhﬁuﬂemnhﬁmm@t@été@ﬁ(ﬂﬁduﬁﬁmﬁ@@adva@ AYddR TBe rgrti@s a
colourless oil. 1H NMR (400

d (d,
H, 7.39 neléturg wgs grqqgeq w1i;l;) etWag?tateOG xji%m%‘]ﬁt&: cop@r?e%@xggctg a/lgre ng@l—% 8,
2.34 Hz, J}il) wat@r %ﬁné aneH'EDver Na %A&d c%m?ntl%tea7unﬁgr reduc%d%es's’gm ”?1'1‘@ cru&e 25 (t,

J=7.03 Hz, 3H). ’c) 5-Ethoxynethoxy-benzofuran-2-boronic acid

stirred smbdnlct WAs mirlf‘sﬁdéiyhﬂasyrwetuhuxgl}rMMglfaphjanm(lg)lO%Zﬁlﬂ'ylmge;tatt 1@Bexamal ) in
THF (5 3 - 780C, &ézgg hi um (2. 5M sol ution in hexane, 0.56 nm., 1.44
mol ) wad & ﬂréiocomp(?k}n Angdes At WRUESOMh mi xture was stirred for 1
hour, tri'H3QRROEVD BAHALEHIOROFDRM.d)3: 4G 17HPkL) 1WRAS9 @d@@df—%'@l%)ﬂ @9 ihe

stirring was continued for additional 20 mi nutes at - 0C. The reaction
m xt ure was/~qéeehleld). i ¥pppatuPdled amoni um chi ori de soI ution (10 nL) and

was allo tenperature. Water (10 nL) was added and the
resul ti n\gz%%déttﬁrﬂg \Ngg?l(\a{(ﬁ?g]ct ed in diethyl ether (2 x 50 nL). The conbi ned

extragts were washed with brine, dried over MgSO , and concentrat ed under
reduced pressure. Purification of the crude product by recrystallization

from et hy¥) (zBeemp2-nitp-pesidine-ADmedrkcanhanye ariddartdyHpbestr (1) (170 ng) as
a white solid.

ey

To a stirred solution of (6-bromo-2-nitro-pyridin-3-yl)-carbamic acid tert-butyl ester (6)
(290 mg, 0.91 mmol) in DMF (10 mL), NaH (57 mg, 1.36 mmol, 57% dispersion in oil)

15 was added at 0°C. After stirring for 15 minutes, methyl iodide (79 pL, 1.27 mmol) was
added and the reaction mixture was stirred for 1 hour. The reaction mixture was then
quenched with saturated ammonium chloride solution (15 mL) and extracted with ethyl
acetate (2 x 40 mL). The combined organic extracts were washed with water, brine, dried
over MgSQj, and concentrated in vacuo. The residue was purified by flash column

20  chromatography using 20% ethyl acetate in hexane to give compound (7) (268 mg) as a
pale yellow solid.
'H NMR (400 MHz, CHLOROFORM-d) &: 7.78 (d, /=8.2 Hz, 1 H), 7.66 (d, J/=8.2 Hz, 1
H), 3.29 (s, 3 H), 1.39 (br. s., 9 H)
ESMS: m/z 276.36 [M-56]

25
f) [6-(5-Ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid
tert-butyl ester (8)



1H NV\R (DVMBO-d 6 ,400MHz) d: 8.54 (s, 2 H), 7.48 (d, J=8.6 Hz, 1 H), 7.39
(s, 1 H, 7.30 (d, J=2.7 Hz, 1 H, 7.02 (dd, J=8.8, 2.5 Hz, 1 H), 5.23 (s,
2 H)y, 3.68002q10/2¢7690 Hz, 2 H), 1.14 (t, J=7.0 Hz, 3 H FCHSE290809750r
exanple 1. Synthesis of [6-(5-Ethoxynethoxy-benzofuran-2-yl)-2-
nitro-pyridin-3-yl]-nethyl-carbam c acig tert-butyl ester (8)O OH

6- Brono-2-nitro-pyridin-3-ylamne (5) To a stirred suspension of
2-nitro-pyridin-3-ylamne (5.06 g, 36.40 mvl) and sodi um acetate (2.99 g,
36. 46 nnDI) in acetic acid (40 ng), a solution of bromne (2.5 nlL, 48.79
mol) in blC(@Cln (8 m) was qﬁdgd drop-wi se and the reaction m xture
was stirred overni ‘ was renoved under reduced pressure.
The residue was coOs nevtrallzed wi th saturated sodi um

bi car bonat e solutlon to adjusthhe pH to ~7, and extracted with ethyl
acetate (4 x 50 nL). The conbi ned organic extracts were washed wth brine,

dried over, @'&Bg/éﬂﬁ&ltb%hh%%%@@eﬂ%}@ ace?fﬂeh%fﬁﬁn%ﬁﬁc 5&@(‘4«)6(@4@{1%56@% The

residue was triturated with ethyl ate to af ngfun 1 g) as
a yel | ownsoph) dn cthinalid mbMESO-tdemoAo@imeDyridin-F-ybem¢ttyl- mgictdeid tertfntyl 7. 58

o omor | bt {3 bl B ol R REL (Pl pDsopd wld BN s

stirred 90909th®6])afcréaddcdMPhreattidnOmixyirt ial sBrryd anioeC (&)30(BedhtcdEn a 3. 92
mmol) in THF (50 an NaHVDS (5.09 nL. 5.09 nmol, IMin THF) was added at

Q0C.  Af t SRICEONAVE FG5§ OFoYolﬂaleﬁnWﬁtﬁt tggoved wedlantedygedpregiurg. dihe residup Wasi car bonat e
(853 g, 3 A% P el le %ﬂf Qse&t8¥t%5 wAthP ‘%11;991%9@&1% $Q 5‘6‘@}3* The
reaction mxture Wwas tirr OUI’S a room re an

sat ur at ed’haguebingd Nagdnio mmd@l@dwaaﬁw widawhien I’ﬂ)rllffb)drld:ﬁe)v\ﬂﬁN a£S I act ed w| th

ethyl acetate (3 x 50 The conpi ned, extracts wer
y concentrgted under re 3ced pressure. The crude product was punge(Y\@y ‘H (?1 column

10 chromatography using 20% ethyl acetate in hexane. Evaporation of solvent gave title
compound 8 (170 mg) as a pale yellow solid.
'H NMR (400 MHz, CHLOROFORM-d) & : 8.10 (d, /=8.20 Hz, 1 H), 7.84 (d, J=8.20 Hz,
1 H),7.50 (s, 1 H), 7.45 (d, /=8.98 Hz, 1 H), 7.32 (d, /<1.95 Hz, 1 H), 7.02 - 7.16 (m, 1
H), 5.27 (s, 2 H), 3.78 (¢, J/=6.63 Hz, 2 H), 3.32 (s, 3 H), 1.36 (br. s., 9 H), 1.26 (t, J=7.22
15 Hz,3H)
ESMS: m/z 444.51 [M+1]"
DSC: endotherm event with onset at 109.5°C and peak at 110.8°C. AH 89.6 Jg™

TGA: no marked events between room temperature and 160°C

20 Table1l
Representative X-Ray Powder Diffraction peaks for [6-(5-Ethoxymethoxy-benzofuran-2-
yl)-2-nitro-pyridin-3-yl]-methyl-carbamic acid tert-butyl ester
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with water, brine, dried over Na SO, and concentrated under reduced
pressure. The crude product was purified by flash col um chronmat ography
usi ng 10%ethilo2amet ate i n hexane to afford conmpound (6PCTRB3000HF0925 an of f
white solid. 1U NVR (400 MHz, CHLO?O:O?Md) d: 9.41 (br. s., 1 H, 9.00 (d,
J=8.6 Hz, 1 H, 7.73 (d, J=9.0 Hz, 1.55 ppm (s, 9 H ESMS: nfz 318. 36
[MH] + e) ( -Bromo-I-nitro- pyrldln S—y?J met hyl -carbam c acid tert-butyl
ester (7) To a stirred solution of (6-brono-2-nitro-pyridin-3-yl)-carbanmc
acid tert-butyl eSLFjSI(G) (ZQQISng, 0.9t —mol) in DWW (10 nL), NaH (57 ng,
1.36 mmol, 57%di spersion injoil) was added at OQOC. After stirring for 15
m nutes, nethyl iodige3 (79 mls 1.27 nmol ) was added and the reaction
m xture was stirred for 1 hoyr. The reacfion m xture was then quenched with
sat urat ed armoni um Eh¥bri de s6l ution (15|nm) and extracted with ethyl
acetate (2 x 40 nL 7 J{e conmfiimed—organt¢ extracts were washed with water,
brine, dried over I\)gs(g and |concentrated in vacuo. The residue was
purified by flash cpj‘w;rm chr orgat ogr aphy uUsing 20% et hyl acetate in hexane
to give conpound (7)) (268 ng) as a pale yellow solid. 1H NVR (400 MHz,
CJ-lLO?O:OWF"‘)eHdStmiﬂgYB (d, J=8.2 Hz, 1 H), 7.66 (d, J=8.2 Hz, 1 H), 3.29 (s,
1.39 (Br , 9 H ESMS: mz 276.36 [ M56] f)
[6 (5 Ethoxyme%hoxy benzof uran-2-yl)-2-nitro-pyridin-3-yl]-nmethyl-carbanm c
acid tertwbutyt ester (8).To a degassed sol ution of
5- et hoxynet hoxy- benzof uran boronic acid (4) (140 ng, 0.593 mmol) in ethanol
(10 m.), (6-bromo-2-nitro-pyridin-3-yl)-nethyl-carbamc acid tert-butyl

ester ( 7)Inge:l‘ﬁljedfme eQan‘h?l% 2@@-@‘0m%%ﬁﬁrﬁbggd&-ﬁ-%-mhyﬂc%mti)d Qﬂd Et 3N

(127 i,
butyl ester (12)
NaHMDS,
WO B SN O
—_—
NH MeCN rt, O/NO N/ NH2 THF 02N N/ NHBoc
9 10 "

NaH, Mel Br N o
_—
DMF, 0°C,0.5h o N“ N7 NJ\O/k\
I
12

¢) 5-Bromo-6-nitro-pyridin-2-ylamine (10)
To a stirred solution of 6-nitro-pyridin-2-ylamine (1.0 g, 7.18 mmol) in CH3CN (100 mL),
10 protected from light and under nitrogen atmosphere, N-bromosuccinamide (636 mg, 3.59
mmol) was added at 0°C. After 1 hour, another portion of N-bromosuccinamide (636 mg,
3.59 mmol) was added. The reaction mixture was allowed to warm to room temperature
and stirring was continued overnight. The reaction mixture was then quenched by the
addition of saturated aqueous Na,S,0; and extracted with ethyl acetate (3 x 30mL). The
15 combined organic extracts were washed with water, brine, dried over MgSO, (anhydrous)
and concentrated in vacuo. The crude product was purified by Biotage using 10% ethyl
acetate in hexane to afford 1.2 g of 5-bromo-6-nitro-pyridin-2-ylamine (10).
'H NMR (400 MHz, DMSO-d) 5 ppm: 7.84 (d, /=8.98 Hz, 1 H), 7.03 (s, 2 H), 6.66 (d,
J=8.98 Hz, 1 H)
20

h) (5-Bromo-6-nitro-pyridin-2-yl)-carbamic acid fert-butyl ester (11)



0.909 mml ) were added. The reaction mxture was stirred at 1000C for 30
mnutes in a mcrowave reactor. Volatiles were renoved under reduced
pressur e. wohelwesicdue was diluted with water (15 nlL) an®CTIS€200005097E wWas
extracted with ethyl acetate (3 x 50 nmL). The conbi ned organi c extracts
were washed with water, brine, dried oygr Na2SO, and concentrated under
reduced pressure. The crude product was purified by flash col um

chromat ography using 20% et hyl acetate in hexane. Evaporation of sol vent

titl 0 . I i ,
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ethyl acetate in hexane to give 786 mg of (5-bromo-6-nitro-pyridin-2-yl)-carbamic acid
tert-butyl ester (11).
10 'HNMR (400 MHz, CHLOROFORM-d) & ppm: 8.14 (d, /=8.98 Hz, 1 H), 8.03 (d, /=8.59
Hz, 1 H), 7.52 (s, 1 H), 1.53 (s, 9 H)
i) (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl ester (12)
To a solution of (5-bromo-6-nitro-pyridin-2-yl)-carbamic acid tert-butyl ester (11) (800
mg, 2.52 mmol) in dry DMF (15 mL), NaH (60% dispersion in mineral oil, 191 mg, 4.53
15 mmol) was added at 0°C. The resulting mixture was stirred for 30 minutes at 0°C and
methyl iodide (0.23 mL, 3.68 mmol) was then added. After stirring the reaction mixture for
30 minutes at 10°C, saturated aqueous NH4Cl (15 mL) was added. The reaction mixture
was extracted with ethyl acetate (3 x 30 mL). The combined extracts were washed with
water, brine, dried over MgSQ4 (anhydrous) and concentrated under reduced pressure. The
20 crude product was purified by Biotage using 10% ethyl acetate in hexane to afford (5-
bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl ester 12 (789 mg).
'H NMR (400 MHz, CHLOROFORM-d) & ppm: 8.12 (d, J/=8.60 Hz, 1 H), 7.95 (d, /=8.99
Hz, 1 H), 3.40 (s, 3 H), 1.55 (s, 9 H)

25 or alternative procedure for (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-

butyl ester (12):



g) 5-Bronp-6-nitro-pyridin-2-ylamne (10) To a stirred sol ution of
6-nitro-pyridin-2-ylamne (1.0 g, 7.18 mmol) in CH3CN (100 nmL), protected
from | i ghwoant/aswer nitrogen atnosphere, N-bronpsucci naoirde2q88sony, 3. 59
mmol ) was added at O0OC. After 1 hour, another portion of N bronmosucci nam de
(636 ng, 3.59 mmol) was added. The reag{ion mxture was allowed to warmto
roomtenperature and stirring was continued overnight. The reaction m xture
was t hen quenched by the addition of saturated aqueous Na S O and extracted
with ethyl acet ate (3 x 301L). The c@phbdned organic extracts were washed

w th water, e, diped oV SO (Enhydr ou§9 concentrated in vacuo.
The crudeo WaN, RN £ E Bl page usi n % et hyl acetate in hexane
to afford®l.2 g of 5-bromo-%6-nitrozpyridin-22Y1 &hi NEBL10). 1H NVR (400 Mz,

DMSO-J 6) d ppm 7.84 (d, J=8.98 Hz, 1 H, 7.03 6, 2 H, 6.66 (d, J=8.98
Hz, 1 H h) (5-Bronpo-6-nitro-pyridin-2-yl)-carbamc acid tert-buty\ ester
(11) To a solution of 5-brono-6-nitro-pyridin-2-ylamne (900 ng, 4.12 mol)
indry THFE (40 ), NeddM$ (I B JHF, 5.8 nL) was added at COC. After

stirring for 15 mnu{—es—a—solutllo ﬁ\ 0(901 mg, 4.12 mmol) in THF (5

m) was added sl owl PVEQOCOBEN gt O'Nfi®ides. The resulting mxture was
warnmed to roomtenperature, stirrgd for 3 hours, quenched with saturated

aqueous NaHCO and extracted vvith1et hyl acetate (3 x 30 nlL). The conbi ned

extracts LBy o6 Bt roLpyiridiRL2ey1amite QD) ne, dried over Na SO and
concentrated under reduced pressure. The residue was purified by Biotage

usi ng 5- I® Z%tételd)ﬁpluéleeDﬁﬁéllﬁfmph@@(laf?eyl@@lﬂgﬂ e (5786, hyt @fmol) in MeCN (125
o, o oA S SRS M ) G5 3T
Hz, 1sH),0°C. Afted Shout, zhl)othei: pdiohf Nebitdmosuccinimide (3.57 g, 20.1 rnrnol) was added.
The reaction mixture was allowed to warm to room temperature and stirring was continued
overnight. The product was precipitated by addition of water (125 mL). The slurry was
cooled to 0°C and precipitated product was isolated by filtration, washed with premixed
MeCN:water (1:1) and dried under vacuum at 40°C to afford 3.8g of 5-bromo-6-nitro-
10 pyridin-2-ylamine (2).
'H NMR (400 MHz, DMSO-d) 5 ppm: 7.84 (d, /=8.98 Hz, 1 H), 7.03 (s, 2 H), 6.66 (d,
J=8.98 Hz, 1 H)

h) (5-Bromo-6-nitro-pyridin-2-yl)-carbamic acid zert-butyl ester (11)

15 To a solution of 5-bromo-6-nitro-pyridin-2-ylamine (10) (3.8 g, 18.4 mmol) in dry THF
(40 mL), NaHMDS (1M in THF, 45 mL, 45 mmol) was added at 0°C. After stirring for 15
minutes, a solution of Boc,0 (28.3%wt in THF, 14.2g, 18.4 mmol) was added slowly at
0°C over 1 hour. The resulting mixture was quenched with aqueous NaHSO,4 (1 M, 110
mL, 110 mmol) and warmed to room temperature. The aqueous phase was discarded and

20  the product containing organic phase was concentrated under reduced pressure. The
residue was dissolved in THF (40 mL) and impurities were precipitated upon addition of
heptane (160 mL) and removed by filtration. The clear-filtered product containing solution
was evaporated to dryness yielding 4.2g (5-bromo-6-nitro-pyridin-2-yl)-carbamic acid tert-
butyl ester (11) as a dark, red-brown residue, which was used without further purification

25 in the next step.



i) (S-Bronp- -nitro-pyridin®-ylJ-methyl-carbamc acid tert-butyl ester (12)
To a solution of (5-bronp-6-nitro-pyridin-2-yl)-carbamc acid tert-butyl
ester (1MWOQB80M201$9 2.52 nmol) in dry DMF (15 nL), NaH @E60EERM09/081931 on i n
mneral oil, 191 ng, 4.53 mmol) was added at OQOC. The resulting m xture was
stirred for 30 mnutes at QOC and nmethyy iodide (0.23 ni, 3.68 nmol) was
then added. After stirring the reaction mxture for 30 mnutes at 100C,
saturated agqueous NH4C (15 nml) was added. The reaction m xture was

extract edy The washed
wi t h wat er%w @bbﬂd[{?gi&%@gr %?g‘ﬁ\&fg?;gﬂ%“ cigr 9g§r)1d§]§%h§e ’t&aﬁ gdd\'oﬁ% 9
reduced Hz3$H) 252Thd ), uds (proHuct was puri f| ed by Bi ot age using 10% et hyl

acetate in hexane to afford (5- brono-6-nitro-pyridin-2-yl)-nmethyl-carbamc
acid tert-butyl ester 12 (789 ng). 1H NWR (400 WMHz, CHLOROFORM ") d ppm

8.12 (d, gﬂ]{_Sal?ﬁgn&-‘%ani@rogﬁcy&ijtiin-gz%lg-?netﬂ}:fﬁca%gaffgc ackd lfar't-b%ltﬁcés{e?’(lﬁ H, 1.55 (s,

9 H or ernative pr ure
( 5- Br ormo-T8- midlutmnmfi(p-drame-6yidre petitiiph2-yBrdoehainic agil tert- bmnybwtqﬂ(l Beterg,(12) : 10

11 12 Bro n 10) .Jo a req S tion of
6o ) R e I Gl B0 {56845 f ko e aesd 156 s
ni trogen 1@41&@ £.26 NP PSULRLD s IGWAe a3 C4A @r sthPing fEFMRbrsw@d°@fed at
Q0C. After 1 hour, another portion of N brompsucci ni mdedés 57 g, 20.1

mol ) wageastide hixMrewequsntlond amdthpr@dwayvaalplrmt&tetdmmra itign o6 egreous

t enper at was nt| nu verni The duct

or 6 i ¢ B T e ieiPSET Bt PSP hRafiEh ey St Eioviooc
and ppecifint ah@gdupy sRMeCNwag Wa%@télhﬂﬂrdb(% ﬁrbﬂnbr@ﬁﬂt@rpyrmaﬁngﬂ)-mﬂlm prem xed
MeCN: wat er (1:1) and dried under vacuum at 400C to afford 3.8g of

5- br onp- GaRRMiG# fegi-putyl ester 12 (1.55 g).
'"H NMR (400 MHz, CHLOROFORM-d) & ppm: 8.12 (d, J=8.60 Hz, 1 H), 7.95 (d, J=8.99

Hz, 1 H), 3.40 (s, 3 H), 1.55 (s, 9 H)

15 Final precursor example 2: Synthesis of [S-(5-Ethoxymethoxy-benzofuran-2-yl)-6-

nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl ester (13)

OO0 OH
T
(@] OH

| ) 3 >T
2 NTOY E,N, PdCI,(PPh,), ~_0-_O W Mo
~-N © > \ /N
Br EtOH, 100 °C, 30 min 0 N
NO, O,N
12 13

i) [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid

tert-butyl ester (13)
3-JN
N
\

00 — O

N \

O N
N

20 O,

By following the same procedure as described in Example 1 (step d), was prepared using
(5-bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl ester (12) (100 mg, 0.30
mmol) and 5-ethoxymethoxy-benzofuran-2-boronic acid (4) (92.5 mg, 0.39 mmol). Work-
up as described in example 1d, followed by purification of the crude product by flash



2-ylamne (2). 1H NWR (400 MHz, DVMSO-J 6) d ppm 7.84 (d, J=8.98 Hz, 1 H),
7.03 (s, 2 H, 6.66 (d, J=8.98 Hz, 1 H) h) (S-Brono-

- ni tro- pywoanr/d2436bJ- carbam c acid tert-butyl ester (11PCTSE2008050972 on of
5-bronp-6-nitro-pyridin-2-ylamne (10) (3.8 g, 18.4 mml) in dry THF (40

m.), NaHMDS (IMin THF, 45 n, 45 mmol }gwas added at O0C. After stirring

for 15 mnutes, a solution OBoC O (28.3%w in THF, 14.2g, 18.4 mmol) was
added slowy at O0OC over 1 hour. The resulting m xture was quenched with

aqueous gﬁhﬁ%ﬁ éhr&ngféogﬂaéﬂ%lﬂlgn%n d%@”&h% Qﬂ M % ot Bvd %?e[ﬂoh%@‘@&"v%g r €. The

agueous ase was  he co a|n|n organi c p
concent raﬂéﬁhedrlderrng’@ﬂheddsmdesﬁipbmd ([[B?asrﬁﬂloduﬂl spdig. di ssol ved in THF (40

d i [ d d f h d
eroved bR I eav%r@rel & ta-t%eﬁ EGEEQ%?%P%&&% LIRS Heof 401 oh nas

evapor at e/‘.j48t@r YRS, lyH? My HesM )07, Qgﬁdcfj,]ﬂigg W g HE” bam ¢

acid tertbut ester dar pHZrown residue was used
wi t hout flud} BeR (puX HJ, |3c"bﬁt(qoifFi®12Hla,eZ H¢>&4$¢Sebfﬂ)H SB/R, 04D0 1 WPitt, 1=7.02
CHLO?O:ORﬁiA%Hd ppm 8.14 (d, J=8.98 Hz, 1 H), 8.03 (d, J=8.59 Hz, 1 H),
7.52 (s )1.53(5 9 H i) (S Brono-

-nitro- IO}ESI\@S%/Z%MZMZ g Q@gbgl[rm-s@wqtert butyl ester (12) To a
sol ution of (5-brono ro-pyridi n-2 )-carbami c acid tert-butyl ester

(11) (4. 2)%3 @Qothemmme)ntwmthmnyet@w&l ()"zCialrnipeak[aB&S G5CoPHF6.43%'0 ol ) ! was
added at added slowy at 00C.
After stir %l}k%%ﬁB?an ea‘fvg%ré"[‘ﬂtgm#’s lfr? A?ﬁqg%ﬁre was quenched and the

pr odugt vvas preC| pitated upon addition of aqueous NaHSO (IM. The crude

product was isolated by filtration and purified by recrystal]isation froma
m xt ure & appdiRmaiye gt 2(S-Eshepymegthoxy-benzofuran- 2-y% 6-nitro-pyridin-2-yl]-

(15- br omd- Qe R E LGN Sl @ w1 &ty $Har bam ¢
i) [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid
tert-butyl ester (13)

15 To a degassed solution of 5-ethoxymethoxy-benzofuran boronic acid (4) (0.69 g, 2.63
mmol) in ethanol (17.5 mL), (5-bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-
butyl ester 12 (0.50 g, 1.51 mmol), Pd(PPh;),Cl, (0.14 g, 0.20mmol) and Et;N (0.48 mL,
3.46 mmol) were added. The reaction mixture was stirred at 90°C for 30 minutes. The
reaction mixture was cooled to 0°C and clear filtered. Volatiles were removed under

20 reduced pressure. The residue was diluted with water and the mixture was extracted with
cthyl acetate. The organic extract was washed with brine and concentrated under reduced
pressure. The crude product was purified by flash column chromatography. Evaporation of
solvent gave title compound 13 (58% yield).

'H NMR (400 MHz, acetone) 3 ppm: 8.48 (d, J=8.59 Hz, 1 H), 8.36 (d, J=8.98 Hz, 1 H),

s 7.48(d, J=8.98 Hz, 1 H), 7.37 (d, J=2.73 Hz, 1 H), 7.23 (s, 1 H), 7.09 (dd, J=8.98, 2.34 Hz,
1 H), 5.28 (s, 2 H), 3.74 (q, J=7.02 Hz, 2 H), 3.43 (s, 3 H), 1.58 (s, 9 H), 1.19 (t, J=7.02
Hz, 3 H)

ESMS: m/z 444 .44 [M+1]"; 388.45 [(M-56) +1]"

30  Table 2
Representative X-Ray Powder Diffraction peaks for [5-(5-Ethoxymethoxy-benzofuran-2-
yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl ester.
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Radiolabelling example 1

Procedure for the preparation of ["*F] (2-(2-18F-ﬂu0r0-6-(methylamino)pyridin-3-

yl)benzofuran-5-ol from [5-(5-Ethoxymethoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]-

10

methyl-carbamic acid tert-butyl ester.

'F_Fluoride was isolated on-line from the cyclotron target solution on a QMA SepPak

Light cartridge (Waters) that had been pre-conditioned with aqueous potassium carbonate

(0.5 M, 10 mL) and water (18 M€Q, 15 mL). After 3 min, the QMA SepPak light was

15

flushed with a 2 mL portion of a solution of kryptofix ( 4,7,13,16,21,24-hexaoxa-1,10-

diazobicyclo[8.8.8]hexacosane) (99 mg, 0.26 mmol) and potassium carbonate (16 mg, 0.12

mmol) in water (0.85 mL) and dry acetonitrile (20 mL). The eluate was heated at 160 °C

under nitrogen flow (110 mL/min) until dry, cooled to RT and a solution of tert-butyl 5-(5-

(ethoxymethoxy)benzofuran-2-yl)-6-nitropyridin-2-yl(methyl)carbamate(3 mg, 6.8 umol)

20

in DMSO (1 mL) was added. The mixture was heated at 85 °C for 15 min, then cooled to



]) [5-(5-Ethoxymet hoxy-benzofuran-2-yl)-6-nitro-pyridin-2-yl]

-nmethyl -carbamc acid tert-butyl ester (13) To a degassed sol ution of

5- et hoxymeohloxyo2lsmnzof uran boronic acid (4) (0.69 g, 2. ®@8TsERIP/O5097Et hanol
(17.5 L), (5-brono-6-nitro-pyridin-2-yl)-methyl-carbamc acid tertbutyl
ester 12 (0.50 g, 1.51 mol), Pd(PPh 3)@C 2 (0.14 g, 0.20mml) and Et3N
(0.48 nmL, 3.46 mmol) were added. The reaction mxture was stirred at 900C
for 30 minutes. The reaction m xture was cooled to 00C and clear filtered.

Vol atile r V. r . ' | - d with
wator and’t RETG RRny SRR aCR M ES ST P A TS ARBSI AR MMt Pt
was dwas he:@hs\aﬁilhfe.d?ii'thdmgtaﬂﬁ Eﬁﬂg and tc@tiaﬁ?]mn d@témli-@ﬁhpﬁﬁiﬂvg 355 swctﬂn_;mff b&fCEr uFIe t
roduct was purifie ash col um chronat ogra vaporation of solven

Save tit|Ce1%E%%na*%@ym@sﬁ/&m)ewhycgnwewmgmp@ﬁ@%%ﬁp%ﬁ M) 30m0 8. 48
(d, J=8. ?9/V?Zat 6]m]U)min.8TI%6fré(c‘Eiion%E§ing%t 52 i whl colgegf%% é\%por]cl’c—'e%' b 58, hd)
7.37 (d, J=2.73 Hz, 1 H, 7.23 (s, 1 H), 7.09 (dd, J=8.98, 2.34 Hz, 1 H,
5.28 (s, r&ide, wd. redisgadyedlinz. m0iRturz pof phddphat8buffered salBiekpt] 714)58d eghandl H), 1. 19

t, J=7. Hz, 3 ESNE: z 444. 44 | Mr +; ,388. 45 5 +| + Tabl 2
I(?epr esenf@? %@ BE—OQQ?K‘F%(%B{EP&S 'é)i(Y/ Yiand ﬁ‘&?{e%ﬁ%ghfaoﬁiﬂﬁe LG pum, ! e
[ 5- (5- Et hapysmé hexymbemzRfisthemicat yild: 365 Rabloeh&Mich i Rt (MPLC): >99%.

-met hyl -carbamic acid tert-butyl ester.vs = very strong s= strong w= weak
VW= very MNBMS mtrgmajf@qu)dqucm}diqg vathispectrum from authentic unlabelled 2-(2-

fluoro-6-methylamino-pyridin-3-yl)-benzofuran-5-ol.

10
Unlabeled 2-(2-fluoro-6-methylamino-pyridin-3-yl)-benzofuran-5-ol display an 1Csy of
13nM in the competition binding assay described in W0O2007/086800.

Procedure for the preparation of ['*F]2-(6-fluoro-5-methylamino-2-
15 pyridyl)benzofuran-5-ol from tert-butyl N-[6-[5-(ethoxymethoxy)benzofuran-2-yl]-2-
nitro-3-pyridyl]-N-methyl-carbamate

'E_Fluoride was isolated on-line from the cyclotron target solution on a QMA SepPak
Light cartridge (Waters) that had been pre-conditioned with aqueous potassium carbonate

20 (0.5M, 10 mL) and water (18 MQ, 15 mL). After 3 min, the QMA SepPak light was
flushed with a 2 mL portion of a solution of kryptofix ( 4,7,13,16,21,24-hexaoxa-1,10-
diazobicyclo[8.8.8]hexacosane) (99 mg, 0.26 mmol) and potassium carbonate (16 mg, 0.12
mmol) in water (0.85 mL) and dry acetonitrile (20 mL). The eluate was heated at 160 °C
under nitrogen flow (110 mL/min) until dry, cooled to RT and a solution of tert-butyl 6-(5-

25 (ethoxymethoxy)benzofuran-2-yl)-2-nitropyridin-3-yl(methyl)carbamate (2.7 mg, 0.26
mmol) in acetonitrile (1 mL) was added. The mixture was heated at 85 °C for 15 min, then
cooled to 70 °C and hydrochloric acid (2M, 1 mL) was added. After 30 min, the reaction
mixture was diluted with water (0.5 mL) and loaded onto a semi-preparative HPLC column
(Waters uBondapak C-18 column, 7.8*300 mm, 10 um), which was eluted with

30  MeOH/HCO;NH;4 (0.1M) (30:70 (v/v)) at 6 mL/min. The fraction eluting at 24 min was
collected, evaporated to dryness, and the residue was redissolved in phosphate buffered

saline (pH 7.4) and filtered through a sterile filter (0.22 um, Millipore). Radiochemical



Procedure for the preparation of

[ 18F] (2- (2- 18F-f |l uoro-6- (net hyl am no) pyri di n-3- yl)benzofuran-5-ol from

[ 5- (5- Et weprsid2e369- benzof uran- 2-yl ) -6-nitro-pyridi n- 2- PCT/SEe@vlsd97zar bam c
acid tert-butyl ester. 18F-Fluoride was isolated on-line fromthe cyclotron
target solution on a QVA SepPak Light gartridge (Waters) that had been
pre-conditioned with aqueous potassium carbonate (0.5 M 10 nL) and water
(18 MW 15 nmL). After 3 mn, the QVA SepPak |ight was flushed with a 2 nL

portion Q 0 e
diazobicgﬁ?gfg/%q%Pﬁegg%gégﬁﬂygéggL§%4#§/§§”éﬁd$%p£ﬁaﬂﬁgﬁgégpu%1c%“ﬁonate
(16 ng, Oviflspevm@hn fiom dvahaitic(udlabdlled )-(Gfldotr y-natetlaninbsi-pwidyBemdofuradhe

el uate was heated at 160 OC under nitrogen flow ( 110 ni/mn) until dry,
cool ed t 0BT and a sol ution of tert-butyl 5-(5-

(et hoxynet hoxy) benzof uran-2-yl )-6-nitropyridin-2-yl (nmethyl)carbamte(3 nyg,
6.8 mol) in DMSO ( 1 nL) was added. The m xture was heated at 85 OC for 15
mn, the rUIddwll@idZ-(ﬁaﬁ@m@GS-andlylfm[inodkpwtdyt)batzioﬂlr@lﬁﬁ’iol @n 26somif P4 wdé iratided.
After 30 min, .the reaction nlx e I with water (0.5 L) and
oaded ospumiiidhngigse i AR 6 St umn,  5+25 mm 5
nm, which was eluted with NbCH/HCO 2NH4 (0.1M (50:50 (v/v)) at 6 niL/mn.
The fraction eluting at 34 mn was coll ected, evaporated to dryness, the
resi due was redissolved in a mxture of phosphate buffered saline (pH 7.4)
and ethanol (70% in propylene glycol, 5:3 (v/v) and filtered through a
sterile filter (0.22 mm M Ilipore). Estinmated radi ochem cal yield: 3%
Radi ochem cal Purity (HPLC): >99% WMS/ M5 spectrum of product conplies with
spectrum from aut henti c unl abel l ed 2-(2-

fl uor o- 6- et hyl am no- pyri di n-3-yl ) - benzof uran-5-ol. Unl abel ed

2- (2-fluoro-6-nethyl am no- pyridi n-3-yl)-benzofuran-5-ol display an | C50 of
13nMin the conpetition binding assay described in WX2007/086800. Procedure
for the preparation of [18F]2-(6-fl uoro-5-nethyl am no-2-



pyridyl ) benzofuran-5-ol fromtert-butyl

7V-[ 6-[ 5- (et hoxynet hoxy) benzof uran- 2-yl ] - 2-

ni t ro- 3- pyoi2dlgz4™9 et hyl - car banat e 18F- Fl uori de was i seCaiseeooonsdorne from
the cyclotron target solution on a QVA SepPak Light cartridge (Waters) that
had been pre-conditioned with aqueous petassi um carbonate (0.5 M 10 nl)
and water (18 MV 15 nL). After 3 mn, the QVA SepPak |ight was fl ushed
with a 2 nL portion of a solution of kryptofix (
4,7,13,16, 21, 24- hexaoxa-1, 10- di azobi cycl o[ 8. 8. 8] hexacosane) (99 ny, 0.26
mol ) and potassi um carbonate (16 ng, 0.12 mmol) in water (0.85 nlL) and dry
acetoni t iGlaimg 20 nL). The eluate was heated at 160 OC under nitrogen flow (
110 mL/mn) until dry, cooled to RT and a solution of tert-butyl 6-(5-

(et hoxynet hoxy) benzof uran-2-yl )-2-nitropyridin-3-yl (nmethyl)carbamate (2.7
ng, O0.26 ' hi L) ) (5. ] _was heated at
85 0C forl%géo}nﬁlﬂﬁpn?ﬁg%\a@@g%{eg%ﬁhgr%%éoﬁﬁguﬁggﬁgéﬁ%lﬁhfagé%?( oM 1 nl) was
addeds Afteezof@@n+i-yl)-2ttheopgadin:byllmothylr@rveasc deid u¢retutyd edterwat er (0.5 nl)
and | oaded onto a sem -preparative HPLC col um (Waters nmBondapak C-18
colum, 7.8*300 mm 10 mm, which was eluted with MeOH HCO 2NH4 (0. I M

(30: 70 (9 Yhe c@hpSundler BhiNthelddo® abdordihl RNcIBINVT iNery&hll#é foin was col | ected,
evaporated to dryness, and the residue was redi Ssolved i n phosphate

buffered saline (pH 7.4) and filtered through a sterile filter (0.22 mm

VS M Spat PP DR prgont tebnbereddhe FEOLRLET TRl A AIRRTRE bivioel | e

2- (16- ] uggRt Snd@idbiheaficROcA-wAH bribid DdewBsof0sCamd 390at.. Unl abel ed
2- (6-fluoro-5-nethyl am no- 2- pyri dyl ) benzof uran-5-ol an 1C50 of 44 nMin the

conpetition binding assay described in W2007/086800.C ains 1. A conpound
SRR RO R R AR A Sl St
powder diffraction pattern comprising at least one specific diffraction peak at about 2-theta
=13.51°.
15
5. The compound or salt thereof according to claim 1 in a crystalline form comprising the

following diffraction peaks: 11.27, 12.00, 13.51, 15.53, 16.82, 17.91, and 23.72°2theta.

6. Use of a compound or salt thereof according to claim 1 or 2 as a synthetic precursor for

20  making a labeled compound.
7. The use according to claim 6, wherein the label is an '°F atom.

8. The use according to claim 6 or 7, wherein the labeled compound is 2-(6-['*F]-fluoro-5-

25 methylamino-pyridin-2-yl)-benzofuran-5-ol or a salt thereof.

9. A process for making 5-ethoxymethoxy-benzofuran-2-boronic acid, wherein the process
comprises:
converting compound 1 into compound 2 with a deprotection reagent in a
30 solvent;
converting compound 2 into compound 3 with a base and a protection

reagent in a solvent; and



2. The conpound or salt thereof according to claiml in crystalline form

3. The conmpound or salt thereof according to claim2, wherein the
crystal | iwe 2bovamtsas at | east one endot herm c event wi t RCOSERG0908MFen 700C
and 3000C. 4. The conpound or salt thereof according to claiml in a
crystalline formhaving an X-ray powdejydiffraction pattern conprising at

| east one specific diffraction peak at about 2-theta = 13.51. 5. The
conpound or salt thereof according to claiml1l in a crystalline form

conprising the foll qw ' [ ] ¥ 5153,
16.82, 17.91, and sSIBE IRl 3%@@%3?%?1%%&11&?”%&%?%2% £ boRdic &3
accordi ng to cl ai mb¥ agfrosasorapissing Jm@irbtonqar@oammnnd Brwithekbazg aad hakiep ed

conpound. 7. The use according to claim®6, wherein the |label is an 18F
atom 8. The use addoidmeignat 91105}1%\’@%% trialk ylpspisiima spl¥CiaWhete®: conpound i s
2-(6-[ 1%gh@B&Mp[gn§$ &§hq¥lan1no pyridin-2-yl)-benzofuran-5-ol or a salt

t her eof . A process maki ng 5- ethoxynethoxy benzof uran- 2- boroni ¢ acid,
wherein the process conprises: ﬁfe R cogpound 1 into conmpound 2 with a
deprotection reagent in a solve i n@hconpound 2 into conpound 3
with a base and a protection reagent iw_g#solfvent; andconverting conpound 3
into é-ethoxynethoxy benzof uran- 2-boronic acid’by a process conpri sing

depr ot onabiy gmﬁpmp@y@;oﬁaywth a base and m xi ng the deprotonated product
with atria kylborate in a solvent, wherein; conpound 1 corresponds to:
conpound 2 corresponds to: HO \

O ;and

D
A\
O .

10. The process according to claim 9, wherein the process comprises:

compound 3 corresponds to:

10

converting compound 1 into compound 2 using BBr3 in dichloromethane;
converting compound 2 into compound 3 using NaH and CH3CH,OCH,Cl in
dimethylformamide; and

15 converting compound 3 into 5-ethoxymethoxy-benzofuran-2-boronic acid by a process
comprising deprotonating compound 3 using n-butyllithium and mixing the deprotonated

product with triisopropylborate in tetrahydrofuran.

11. A process for making [6-(5-ethoxymethoxy-benzofuran-2-yl)-2-nitro-pyridin-3-yl]-
20 methyl-carbamic acid tert-butyl ester, wherein the process comprises:
converting compound 5 into compound 6 by a process comprising
protecting the amino group in compound 5 using a protecting group in the
presence of a base;
converting compound 6 into compound 7 by a process comprising
25 alkylating compound 6 using an alkylating agent in the presence of a base;

and



conpound 3 corresponds to: 10. The process according to claim9, wherein
the process conprises: converting conpound 1 into conmpound 2 using BBr in
di chl or ormOlareR4™ONverti ng conpound 2 into conpound 3 REITsE20dab5E@M
CH3CH2OCH2CI i n di net hyl f or mam de; and converting conpound 3 into

5- et hoxynet hoxy- benzof uran- 2-boroni c agid by a process conprising
deprotonating conpound 3 using n-butyllithiumand m xing the deprotonated
product with triisopropyl borate in tetrahydrofuran. 11. A process for
maki ng [ 6- ( 5-et hox - - - 2- 212= it r0- il yl] -

met hyl - car bam ¢ ac¥%ﬁ%gg?¥E§§§ﬁpégﬁggPﬁﬁ%%%éﬁ%ﬂkﬁg&%?%%ggg&%%ﬁ%¥%ses:
converting conpoundatalyshiml ERepoassdvéntbyhaeipr ocess conpri sing protecting
the ami no group in conpound 5 using a protecting group in the presence of a
base: co9BPPIHY? EFHHO '8 into compound 7 by a process conprising

al kyl ating conmpound 6 using an @ kybating agent §ip the presence of a base;
andreacting conpound 7 and conpourd 4 &\ presence of a pal |l adi um

B

catal yst and base in a solvent; wherei soiypou 4 corresponds to:

conpound 5 corresponds to: conpound 6 corresponds to: conmpound 7

cor r esponds,bthd 4 orretPEndytgcess according to claim 11, wherein the process
conpri ses: gonvertlng conpound 5 into conpound 6 by a process conprising

protecting the am no V2
J

B~ N~ "NO,.

2

H
N. O
AN
| T?L
Y O
B~ °N° “NO,

compound 6 corresponds to:

; and
compound 7 corresponds to:

Y-

0 B~ "N~ “NO,

12. The process according to claim 11, wherein the process comprises:
converting compound 5 into compound 6 by a process comprising protecting the amino
group in compound 5 using t-butyl dicarbonate in the presence of sodium

15 hexamethyldisilazide;
converting compound 6 into compound 7 by a process comprising alkylating compound 6
using CHsl in the presence of NaH; and
reacting compound 7 and compound 4 in the presence of
dichlorobis(triphenylphosphine)palladium(1I) and (CH3CH;);N in ethanol.

20
13. A process for making (5-Bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-butyl
ester, wherein the process comprises:

converting compound 9 into compound 10 by a process comprising

bromination of compound 9 in a solvent using a bromination reagent;



group in conmpound 5 using t-butyl dicarbonate in the presence of sodium
hexanet hyl di si | azi de; converting conpound 6 into conpound 7 by a process
conpri si nyoabiwd2atebng conmpound 6 using CH3l in the preseqtsSERFIMSIN2 and
reacting conpound 7 and conpound 4 in the presence of

di chl orobi s(tri phenyl phosphi ne) pal | adi gg(11) and (CH3CH2) 3N in ethanol. 13.
A process for nmaking (5-Brono-6-nitro-pyridin-2-yl)-nethyl-carbamc acid
tert-butyl ester, wherein the process conprises: converting conmpound 9 into

conpound 10 by a prc8ﬁx¢e§ﬁ1£?&§%&u%h%.i9{o%%ﬁgﬁﬁc9[‘1 %a@%{kgg’sg%% gisi a_sol vent

using a brom nation reag nverting compound und 11 by a
process conpri si ng combsiiimg egngeinddOragdd tOmaowhdcbinpaiyotlchilin the pres@lcefit i n
t he presence of a base_ foll d by addition of t-butyl dicarbonate; and

converting conpoungm¥ﬁ&ﬂﬂWﬁg£§3$$éﬁ%9 Chtyk Gebenals:d09- yvi ) - met hyl car bani ¢

acid tert-butyl EStc‘SﬁYé?Mn%ccHﬁ&ﬁBﬁ%1qmsiﬁérﬁ&6%iﬁ¥g)§¥bihﬁgz-9&hrﬁ%&ﬁ d1lin a

sol vent using an al kyl atihg agent the presence of ase; erein; conpound
9 corresponds to: cerpoundidGreoutylespobgs ftrocess caupnoumakiliticoeoregpodds t o:
14. The process ac qrdin to claim13, wherein the process co ri ses:
converting compound 160 fAPECRIGBRATRYHYE Seohr e B E ABA Larnd ik nat i on
of conpoupfpSuid9 E6B&EPorEit9g N- bronpsucci ni m de; converting conpound 10
into conpound 11 by a process conprising conbini ng conpound

P
0,N” "N TNH,.

compound 10 corresponds to:

Br

10
compound 11 corresponds to:

DO
| =

O,N N NHBoc

14. The process according to claim 13, wherein the process comprises:

15 converting compound 9 into compound 10 by a process comprising bromination of
compound 9 in CH3;CN using n-bromosuccinimide;
converting compound 10 into compound 11 by a process comprising combining compound
10 and compound 11 in a solvent in the presence of sodium hexamethyldisilazide followed
by addition of t-butyl dicarbonate; and

20 converting compound 11 into (5-bromo-6-nitro-pyridin-2-yl)-methyl-carbamic acid tert-
butyl ester by a process comprising alkylating compound 11 in dimethylformamide using

CH3l in the presence of NaH.

15. A compound or salt thereof, wherein the compound is [5-(5-ethoxymethoxy-

25 benzofuran-2-yl)-6-nitro-pyridin-2-yl]-methyl-carbamic acid tert-butyl ester.

16. The compound or salt thereof according to claim 15 in crystalline form.



10 and conpound 11 in a solvent in the presence of sodium
hexanmet hyl di sil azi de foll owed by addition of t-butyl dicarbonate; and
converti nyocormpaured 11 i nto (5-brono-6-nitro-pyridin-2-PCrseEedbpsoocar bam c
acid tertbutyl ester by a process conprising al kylating conpound 11 in

di met hyl formam de using CH I in the prgsence of NaH 15. A conpound or salt
t hereof, wherein the conpound is [5-(5-ethoxynet hoxybenzof uran-
2-yl)-6-nitro-pyridin-2-yl]-nmethyl-carbam c acid tert-butyl ester. 16. The
conmpound or salt thereof according to claim15 in crystalline form17. The
conmpound or salt thereof according to claim 16, wherein the crystalline

f or m has 1at Theashpoune oegdothbebfiihaoslignto siihl Qrdetcihdicwewal it Grartths 3000C.
18. The coppound or salt thereof according to claim16 in a crystalline

f or m havidh(FaaPnKcRYORIRHE £Vt Wf@&@ﬁ?tg?ﬁtvaﬂer(ﬁ WO Csing at | east one
specific diffraction peak at about 2- theta = 6.18. 19. The conpound or
salt thereof according to claim16 in a crystalline formconprising the

f ol | owi nd8dThd capaund opedkidheredf d@ordind t, cldiin BYin deyg8llinafatnlifavin2arh¥t a. 20.
Use of the conpound or salt thereof according ta.clai.m 15 or 16 as

Synt het | CopPOLART daTar b TGP e e L HRBEHAC A petioperel 8Ee683E 3 i ng
to cl ai mygQa =wheein the | abel is an 18F atom 22. The use according to
claim20 or 21, wherein the |abeled conpound is 2-(2-[ 18F]-

fl uor o- 6- et hyl am no- pyridi n-3-yl)-benzofuran-5-ol or a salt thereof.

19. The compound or salt thereof according to claim 16 in a crystalline form comprising

10 the following diffraction peaks: 6.18, 9.14, 11.67, 14.98, and 16.44°2theta.

20. Use of the compound or salt thereof according to claim 15 or 16 as a synthetic

precursor for making a labeled compound.
15 21. The use according to claim 20, wherein the label is an '*F atom.

22. The use according to claim 20 or 21, wherein the labeled compound is 2-(2-[*°F]-

fluoro-6-methylamino-pyridin-3-yl)-benzofuran-5-ol or a salt thereof.



