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Radlophamaceuticals for Diagnosing Alzheimer's Disease
Fleld of the invention

The present invention relates 1o novel radiopharmacsuticals useful for the diagnosis of
Alzheimer's disease.

Brief description of the background art

Alzhelmer's disease is a severe neurodegenerative disorder, and currently about 4
million Americans suffer from this disease. As the aging population continues to grow, this
number could raach 14 million by the middie of next century unless a cure or prevention Is
found. At present, there is no sensitive and specific premortem test for early diagnosis of this
disease. Alzhelmer's disease Is currently diagnosed basad on the clinical observation of
cognitive decline, coupled with the systematic elimination of other possible causas of those
symptoms. The confirmation of the clinical diagnosis of "probable Alzheimer's disease" can
only be made by examination of the postmortem brain. The Alzheimer's disease braln Is
characterized by the appearance of two distinct abnormal proteinaceous deposits In regions
of the brain responsible for leaming and memory (e.g., cerebral cortex and hippocampus).
These deposliis are axiraceliular amyloid plaques, which are characteristic of Alzheimer's
disease, and intracellular neurofibillary tangles (NFTs), which can be found in other
neurodegenerative disorders as well. Amylold peptides are typically either 40 or 42 amino
acids in length ("AB™*™ or "A8"***, respectively) and are formed from abnormal processing of
a larger membrane-assoclated protein of unknown function, the amyloid precurser protein
("APP"). Oligomeric aggregates of these peptides are thought 1o be neurotoxic, eventually
resulting In synaptic degeneration and neuronal loss. The amount of amyloid deposition
roughly omrelates with the severity of symptoms at the time of death.

In the past, there have been several attempis for the design of radiopharmaceuticals
that could be used as diagnostic agents for a premortem diagnosis of Alzheimer's disease.

Bomebroek 6t al. showed that the amyloid-associated protein serum amyloid P

Vs
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component (SAP), labeled with '), accumulates at low levels in the cerebral cortex, possibly
in vessel walls, of patients with cerabral amyloidosls (Bomebroek, M., ef al., Nuci. Med.
Commun. (1996), Vol. 17, pp. 828-833),

Salto et al. proposed a vector-mediated delivery of 25i4abeled AB' through the
blood-braln barrier. It Is reported that the iodinated AR binds AB amyloid plaque in tissue
sections (Salio, Y., et al., Proc. Natl. Acad. Sci. USA 1895, Vol. 82, pp.10227-10231).

U.S. Patent No. 5,231,000 discloses antibodies with specificity to A4 amyloid
polypepiide found in the brain of Aizheimer's disease patients. However, a method to deliver
these antibodles across the blood-brain barer has not been described.

Zhen et al. described modifications of the amyloid-binding dye known as *Congo
Red™", and complexes of these modified molecules with technetium and rhenium. The
complexas with radioactive ions are purported to be potential imaging agents for Alzheimer's
disease (Zhen et al., J. Med. Chem.(1999), Vol. 42, pp. 2805-2815). However, the potential
of the complaxas to cross the blood-brain barier Is limited.

A group at the Univarsity of Pennsyivania in the U.S.A. (Skovronsky, M., et al, Proc.
Natl. Acad. Sci. 2000, Vol. 97, pp.7609-7614) has developed a fluorescently labeled
derivative of Congo Red that is brain permeable and that non-specifically binds to amyloid
materials (that is, peptides in B-pleated sheet conformation). This compound would need o
be radiolabeled and then run through pre-clinical screens for pharmacokinetics and toxicity
before clinical testing.

Klunk et &l. reported experiments with a derivative of Congo Red™, Chrysamine G
(CG). Itis reported that CG binds synthetic 8-amyloid well in vitro, and crosses the biood-
brain banrier in normal mice (Klunk ef al., Neurobiol. Aging (1994), Vol. 15, No. 6, pp. 691-
698).

Bergstrdm et al. presentsd a compound labeled with lodine-123 as a potential
radioligand for visualization of M, and Me muscarinic acstyicholine receptors in Alzhelmer's
disease (Bergstrdm et &l., Eur. J. Nuci. Med. (1989), Val. 26, pp. 1482-1485 ).

Racently, It has been discovered that certain specific chemokine receptors are
upregulated in the brains of patients with Alzheimer's disease (Horuk, R. &t al, J. Immunol.
(1997), Vol. 158, pp. 2882-2890); Xia et al., J. NeuroVirol. (1998), Vol. 5, pp. 32-41). In
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addition, it has been shown recently that the chemokine receptor CCR1 Is upregulated in the
brains of patients with advanced Alzheimer's disease and absent in normal-aged brains
(Halks-Miller ot &/, CCR1 Immunoreactivity in Alzheimer's Disease Brains, Soclety for
Neuroscience Meeting Abstract, #787.6, Volume 24, 1988). Antagonists to the CCR1
5 receptor and thelr use as ant-inflammatory agents are described Iin the PCT Published
Patent Application, WO 88/56771.

None of the above described proposals have resuitad in a clinicat development of an
Imaging agent for the early diagnosis of Alzheimer's disease. Accordingly, there is still a
clinical need for a diagnostic agent that could be used for a reliable and early diagnosis of
Alzheimer's diseasse,

) ‘/

SUMMARY OF THE INVENTION

The prasent invention is directed to radiopharmaceuticals that bind o the CCR1
16 receptor and are able to pass through the blood-brain barrier, and are therefore useful in
diagnosing Alzheimer's disease, preferably at an early stage of the disease.
Accordingly, in one aspect, the invention Is directed to compounds of formula (l):

~7
H1?/—N3 /
XN g2 0]
o N—/ R
O
whereln: '

20 X'and X* are each Independently halo;

R' and R® are each independently hydrogen or alkyl; and

R® is hydrogen, amino, monoalkylamino, dialkylamino, monoaralkyiamino,
alkylcarbonytamino, alkenylcarbonylamino, haloalkylcarbonylamino,
aryicarbonylamino, alkoxyalkylcarbonylamino, alkoxycarbonylalkyicarbonylamino,
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glycinamido, monoalkyiglycinamido, arylcarbonyiglycinamido,
aminocarbonyiglycinamido, (aminocarbonyl)(alkyl)glycinamido,
(alkoxyalkyicarbonyl)glycinamido, ureldo, moncalkylureido, monoarylureldo,
monoaralkyluraido, or alaninamido;

5 and wherein elther one of X' or X2 is selected from the group of =, 129, 128, B¥1) TSgr, Tgy,
®8r and *°F; or wherein one of the carbon atoms in the compound is ''C;

or a phamacaeutically acceptable salt thereof.
In another aspect, the invention is directed t compounds of formula (ll):

1

— )
XO_O\ é"jnz 0
10 I!I(FI‘)FIS 5

wherein !
X' and X2 are each independently halo;
R' and R? are each independently hydrogen or alkyl; and
R*Is hydrogen; and
15 R° comprises a chelator capable of binding a radicactive metal atom chosen from the group
of ®™Tc, '®Re and '%Re;
or as & compiax with ™ T¢, **Re and '®Re;
or a pharmacsutically acceptable sat thereof.
In ancther aspect, this invention Is directed to a method of diagnosing Alzheimer's
20 disease In a human which comprises administering to a human in need of such diagnosis
a compound of formula (1) or formula (li), as describad above and herein, and measuring
the radioactivity arising from the administration of the compound to the human elther by
using a gamma camen or by positron emission tomography (PET).
In another aspect, the invention is directad 1o a method of using a compound of the
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invention for the manufacture of a radiopharmacsutical for the diagnosis of Alzhelmer's
disease in a human.

In another aspact, the invention Is directed to & method of preparing compounds of the
invention.

Brief Description of the Figuree

Figure 1 shows the expression of CCR1 in Alzheimer's disease brain tissue .

Figure 2 shows CCR1 antibody specificity In Alzheimer's disease brain tissue.

Figure 3 shows CCR1-Ap'* double-labeled tissue sections

Figure 4 shows neuritic plaques double-labeled for CCR1 and AB'.

Figure 5 shows diffuse A staining in Alzheimer's disease brain.

Figure 6 Is a graph showing the relationship between CCR1 and AB*° by CDR score.
Figure 7 Is a graph showing the relationship between CCR1 and A2 by CDR score.
Figure 8 Is a graph demonstrating the decrease In total brain radioactivity over time.
Figure 9 Is a graph showing the percent of injected dose In brain and plasma.

Figure 10 are graphs showing CCR1 expression in cther neurodegenerative diseases.

Detailed Description of the Invention
Definitions

As used in the specification and appended claims, unless specified to the contrary, the
following terms have the meaning indicated:

"Alkyl" refers to a straight or branched chaln monovalent or divalent radical consisting
solely of carbon and hydrogen, contalning no unsaturation and having from one to elight
carbon atorns, 8.g., methyl, ethyl, n-propyl, 1-methylethy! (/so-propyl), n-butyl, n-pentyl,
1,1-dimethylethyl (£butyl), n-heptyl, and the like.

*Alkylcarbonylamino® refers to a radical of the formula -N{H)-C(O)-R. where R, is an
alkyl radical as defined above, 6.g., acetylamino, ethylcarbonylamino, n-propyicarbonylamino,
and the like. -

*Alkenyt" refers to a straight or branched chaln monovalent or divalent radical
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consisting solely of carbon and hydrogen, containing &t least one double bond and having
from two to eight carbon atoms, a.g., ethenyl, prop-1-enyl, but-1-enyl, pent-1-enyl,
penta-1,4-dlenyl, and the fike.

"Alkenyicarbonylamino” refers to & radical of the formula -N(H)-C(O)-R. where R Is an
alkenyl radical as defined above, e.g., ethenyicarbonylamino, prop-2-enyicarbornylamino,
but-2-enylcarbonylamino, and the lks.

"Alkoxy" refers to a radical of the formula -OR, where R, is an alkyl radical as defined
above, 6.g., methoxy, ethoxy, -propaxy, 1-methylethoxy (iso-propoxy), n-butoxy, n-pentoxy,
1, 1-dimethylethoxy (+butoxy), and the like. .

"Alkoxycarbonylakyicarbonylamino® refers to a radical of the formula
-N(H)-C(0)-R-C(O)OR, where each R, is Independantly an alkyl radical as defined above,
e.g., ethoxycarbonyimethyicarbonylamino, methoxycarbonylmethylcarbonylamino,
(2-ethoxycarbonylethyl)carbonytamino, (2-methoxycarbonylethyl)carbonylamino, and the like.

"(Alkoxyalkyicarbonyl)glycinamido® refers to a radical of the formula -N(H)-C(O)-CHg-
N(H)-C{O)-R-0-R, where each R, is independently an alkyl radical as defined above, e.g.,
(methoxyacetyl)glycinamido, (sthoxyacetyl)giycinamido, and the like.

*Amino"® refers o the radical -NHa.

*Aminocarbonylglycinamido® refers to a radical of the formula -N(H)-C(O)-CHa-N(H)-
C(O)-NHz.

*(Aminocarbonyl)(alkyl}glycinamido” refers o a radical of the formula
-N(H)-C{O)-CH-N(R,)-C(O)-NH; where R, is an alkyl radical as defined above.

*"Aryl® refers to a phenyl or naphthyl radical. Uniess stated otherwise specifically In the
specification, the term "aryl* or the prefix “ar-" (such as In "aralkyl*) is meant to inciude aryl
radicals optionally substituted by one or more substituents selected from the group consisting
of halo, alkyl, alkoxy, haloalkyl, haloalkoxy, nitro, amino, monoalkylamino, and dialkylamino,
as defined herain.

*Aryicarbonylamino® refers to a radical of the formula -N(H)-C(O)-R, whaere R, Is an
aryl radical as defined above, &.g., (-methoxyphenyl)carbonylamino,
(4-flucrophenyl)carbonylamino, (4-chlorophenyl)carbonylamino, and the like.

"Aryicarbonyiglycinamido® refers to a radical of the formula
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-NH)-C(0)-CH2-N(H)-C(O)-R, where Ry, is an aryl radical as defined above, &.g.,
phenylcarbonyiglycinamido, (4-fluoro-3-trifluoromethyiphenyl)carbonyigiycinamido,
(4-flucrophenyt)carbonyiglycinamido, and the like.

"Aralkyl" refers to a radical of the formula -RaRy, where R, is an alkyl radical as defined
above and Ry is an aryl radical as defined above, 6.g., benzyl, and the like.

*Alkoxyalkylcarbonylamino® refers to a radical of the formula -N{H)}-C(O)-Re-O-Re
where sach R, is an alkyl radical as defined above, 6.g., methoxymethyicarbonylamino,
ethoxyethylcarbonylamino, methoxyethylcarbonylamino, and the like.

"Alaninamido” refers to a radical of the formula -N(H)~C(O)-C{CHs)H-NH,.

"Benzyl" refers t0 a radical of the formula -CHz-R,» where R;, is a phenyl radical
optionally substituted by one or more substituents selected from the group consisting of halo,
alkyl, haloalkyl, alkoxy, nitro, amino, monoalkylamino, and dialkylamino.

"Dialkylamino" refers to a radical of the formula -N{R,)R, where asach R, is
independently an alkyl radical as defined above, 6.g., dmethylamino, methylethylamino,
diethylamino, dipropylamino, ethyipropylamino, and the like.

"Glycinamido” refers to a radical of the formula -N(H)-C(O)-CHz-NH..

"Halo" rafers to bromo, chloro, iodo or fluoro.

"Haloalkyl" refers o an alkyl radical, as defined above, that Is substituted by one or
more halo radicals, as defined above, e.g., tifluoromethyl, difluoromethyl, trichloromethyl,
2-gifluoroethyl, 1-flucromethyl-2-fluoroethyl, 3-bromo-2-fluoropropyl,
1-bromomethyl-2-bromoethyl, and the liks.

“Haloalkyicarbonylamino® refers to a radical of the formula -N(H)-C(O)-R; where R; is
an haloalkyl radical as defined above, 6.g., trifluoromethylcarbonylamino,
tiflucromethylcarbonylamino, 2-bromosthylcarbonylamino, and the like.

"Monoalkylamino" refers to a radical of the formula -N{H)R, where R, is an alkyl
radical as defined above, e.g., methylamino, ethylamino, propylamino, and the like.

"Monoaralkylamino" refers to a radical of the formula -N{(H)R4 where R4 is an aralkyl
radical as defined above, 6.g., benzylamino, (3,4,5-trimethoxybenzyl)amino,
(4-chlorobenzyl)amino,and the like.

"Monoalkyiglycinamido" refers to a radical of the formula -N{H)-C(O)-CH=N(H)R,

e
9
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where R, is an alkyl radical as defined above.

*Monoalkylureido® refers to a radical of the formula -N(H)-C(O)-N(H)R; or a radical of
the formula -N(Re)}-C(O)-NH2 where R, is an alkyl radical as defined above.

"Monoarylureido" refers to a radical of the formula -N(H)-C(O)-N({H)R, or a radical of
the formula -N(R.)-C(O)-NH; where R; is an aryl radical as defined above

"Monoaralkylureido® refers to a radical of the formula -N(H)-C{QO)-N(H)Rq or a redical
of the formuia -N(Rq)-C(O)-NH. where R4 Is an aralkyt radical as defined above.

*Optional” or "optionally” means that the subsaquently described event of
circumstances may or may not occur, and that the description includes Instances where sald
event or circumstance occurs and instances in which it does not. For exampie, “"optionally
substituted aryl" means that the aryl radical may or may not be substituted and that the
description includes both substituted aryl radicals and aryl radicais having no substitution.

"Pharmaceutically acceptabile salt” includes both acid and base addition salts.

"Pharmaceutically acceptable acid addition salt" refers to those salts which retain the
biological effectiveness and properties of the free bases, which are not biologically or
otherwise undesirable, and which are formed with inorganic acids such as hydrochioric acid,
hydrobromic acid, sulfuric acld, nitric acid, phosphoric acid and the like, and organic acids
such as acetic acld, propionic acid, pyruvic acid, maleic acid, malonic acid, succinic acid,
fumaric acid, tartaric acid, cltric acld, benzolc acid, mandelic acid, methanesulfonic acid,
ethanasulfonic acid, p-toluenesulfonic acid, sallcylic acid, and the fike. Particularly preferred
salts of compounds of the Invention are the monochloride salts and the dichioride salts.

"Pharmaceutically acceptable base addition salt" refers to those salts which retain the
biclogical effectiveness and properties of the free acids, which are not blologically or
otherwise undesirable. These salis are prepared from addition of an inorganic base or an
organic base to the free acid. Salts derived from inorganic bases include, but are not limited
to, the sodium, potassium, fithium, ammonium, caiclum, magnesium, zinc, aluminum salts
and the fike. Preferred inorganic salts are the ammonium, sodium, potassium, calcium, and
magnesium salts. Salts derived from organic bases Include, but are not limited to, salts of
primary, secondary, and tertiary amines, substiuied amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as Isopropylamine,
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trimethytamine, diethylamine, tristhylamine, tripropylamine, ethanolamine,
2-dimethylaminoethanol, 2-diethylaminoethanol, trimethamine, dicyciohexylamine, lysine,
arginine, histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine,
glucosamine, mathylglucamine, theobrormnine, purines, piperazine, piperidine,
N-ethyipiperidine, polyamine resins and the llke. Particularly preferred organic bases are
isopropylamine, disthylamine, ethanolamine, trimethylamine, dicyclohexylamine, choline and
caffeine. '

"Ureido® refers to a radical of the formula -N(H)}-C(O)-NH;.

It is understood from the above definitions and examples that for radicals containing a
substituted alkyl group any substitution thereon can occur on any carbon of the alkyl group.

The compounds of the nvention, or thelir pharmaceutically acceptable salts, may have
asymmetric carbon atoms in thelr structure. The compounds of the invention and thelr
pharmaceutically acceptable salts may therefore exist as single enantiomers,
diastereolsomers, racemates, and mbdures of enantiomers and diastereomers. All such
single enantiomers, diasterecisomers, racematas and mixtures thereof are intended to be
within the scope of this invention. Absolute configuration of certain carbon atoms within the
compourxis, if known, are indicated by the appropriate absolute descriptor Ror S.

Utllity and Administration

The compounds of the Invention as described herein are antagonists to the
chemokine receptor known as CCR1 and have the ablilty to pass the blood-brain barrier.
The compounds are thersfore suited as /n vivo diagnostic agents for Imaging of
Alzhelmer's disease. The detection of radioactivity is performed according to well-known
procedures in the art, either by using a gamma camenra or by positron emission
tomography (PET).

Preferably, the free base or a pharmaceutically acceptable salt form, e.g. a
monochloride or dichloride salt, of a compound of the invention used in a galenical
formulation as dlagnostic agent. The galenical formulation containing the compound of the
Invention optionally contains adjuvants known in the art, e.g. buffers, sodium chioride,
lactic acld, surfactants efc. A sterilization by filtration of the galenical formulation under
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sterile conditions prior to usage is possible.
The radioactive dose should be in the range of 1 to 100 mCi, preferably 5 to 30 mCi,
and most preferably 5 to 20 mCl per application.

Testing

The suitablllty of the compounds as imaging agenis for Aizhelmer's disease can be
demonstrated by experimental protocols known to those of ordinary skdll in the art. For
example, the upregulation of CCR1 receptors in Alzhelmer's disease brains can be
demonstrated In Immunohistochemical staining experiments of autopsy brain tissue collected 6
from Alzhelmer's disease patients as described in detail below In the Examples. The abllity of
the compounds of the invention 1o bind to the CCR1 receptor and their ablilty to pass through
the blood-brain bamer, can also be assessed in known in vitro and in vivo assays as
described below In the Examples. In particular, Exampie 10 describes a iarge study that was
undertaken to address the degres of CCR1 expression in different stages of Alzhelmer's
disease. Braln tissue from 50 autopsy cases showed a correlation between degree of clinical
severity (dementia) In Alzhelmer's disease and CCR1 expression in dystrophic neurttes.
CCR1 expression in plague-ike siructiures within the bralns of clinically normal individuals is
rare. Also, CCR1 expression ig not found in the brains of individuals with other
neurodegeneraiive diseases unless there is a concomitant Alzheimer's disease pathology

(spacifically, AB** In plaques).

Preferred Embodiments

Of the varlous aspects of the Invention, certain compounds of formula (i) are
preferred. In particular, compounds of formula (1) wherein X' is a chloro at the 4-position
of the phenyl ring and X2 is a °F atom at the 4-position of the phenyl ring are preferred.
Especlally preferred are such compounds for use as diagnostic agents in positron
emission tomography (PET).

Even more preferred are those compounds of formula (1) wherein R? is In the 2-
position of the phenyl ring and R' Is a methyl at the 2-position of the piperazinyl ring and
R? is & methyl at the 5-position of the piperazinyl ring. Equally preferred are those
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compounds of formuta (1) wherein R? is In the 2-position of the phenyl ring and R' is a
methyl in the 2-position of the piperazinyl ring and R? Is hydrogen.

Further preferred are these preferred compounds In their mono- or dichloride salt
form.

5 Of the various aspects of the invention, certain compounds of formula (i) are
preferred. In particular, compounds of formula (i) wherein -N(R*)R® is in the 2-position of
the phenyl ring and R’ is In the 2-position of the piperazinyl ring and R is in the 5-position
of the piperazinyl ring. Equally preferred are those compounds of formula (Il) wherein

" —N(R%R © is in the 2-posttion of the phenyl ring and R’ is a methyl in the 2-position of the
10 piperazinyl ring and R? is hydrogen.
Even more prefarred are those compounds of formuia (I) wherein R® comprises a
chelator according to formula (lil):

H
YIS

SH -
or formula (IV):
H
® \“/\N/\/N\/\SH
5 (V)
15 SH

as well as their complexas with *™Tc¢, '®Rs and '®Re. Of these preferred compounds, even
more preferred are those compounds of formula (Il) wharein R® comprises a chelator
a according to formula (ill) or (IV), and whereln the chelator is bound to the nitrogen In the
-N(R*)R® group of the non-radioactive compound of formula () via a inker molety comprising
" 20 an alky! radical having one to ten carbon atoms, wherein the aliyl radical optionally contains
one to tan -C(O)-groups, one to ten ~-C(O)N(R)- groups, one to ten -N{R)C(O)- groups, ons to
ten -N(R)- groups, one to ten -N(R). groups, one to ten hydroxy groups, one to ten -C(O)OR-
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groups, ona to tan oxygen atoms, one to ten sulfur atoms, one to ten nitrogen atoms, one to
ten halogen atoms, one to ten aryl groups, and one to ten saturated or unsaturated
heterocyciic rings wherein R is hydrogen or alkyl. A preferred linker moiety Is -C(O)-CH.-
N(H)-.

Of the compounds of the invention, the most prefaerred compounds of fomula (l) are
those compounds selacted from the group consisting of the following:
1-(5-chloro-2-{24{(2 Ry-4-{4-fluoro- "° ~benzyl)-2-methylpiperazin-1-yi]-2-

oxosthoxy)phenyljurea;
N{mercapioeth-1-yi)-N*(5-mercapto-3-aza-2-oxopent-1-yi}-N-{5-chloro-2-{244-(4- 6

fluorobenzyl)-2-(2R)-methyipiperazin-1-yi}-2-oxoethoxyjphen-1-yijglycylglycinamide,
technetium-88m-complex;
1-(2-{2{(2A)-4-{4-fluorobenzyl)-2-methylpiperazin-1-yi}-2-oxoethoxy}-5-lodo- 22 -phenyl)urea;
N*(2-mercaptoeth-1-yi)-N-(5-mercapto-3-aza-2-oxopent-1-y}-N-{5-chloro-2{2{4-(4-
fluorobenzyl)-2-(2 A)-methyipiperazin-1-yi}-2-oxoethoxy]phen-1-yl)glycinamida,
technetium-98m-complex;
N-(2-mercaptoeth-1-yi)-N-{5-mercapto-3-azapent-1-yl)-N{5-chloro-2-{2{4-(4-luorobenzyl)-
2-{(2R)-methylpiperazin-1-yi]-2-oxoethoxy]phen-1-yljgiycinamide, technetium-99m-
complex
2-(2-amino-4-chiorophenoxy)-1{(2 SA,5RS)-4-(4-fiuoro- ' Fbenzyl)-2,5-dimethylpiperazin-1-

yijethan-1-one; .
2-(2-amino-4-chiorophenoxy)- 1(2AS,5 RS)-4-(4-fluoro-* Fbenzyl)-2,5-dimethyipiperazin-1-

yilethan-1-one; '
2-(2-amino-4-chiorophenoxy)- 1-4(2SR,5 5A)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethyipiperazin-1-

yllethan-1-one; .
2-(2-amino-4-chiorophenoxy)-1{(2RS,5 SR)-4-(4-fluoro-'"* Fbenzyl)-2,5-dimethylplperazin-1-

yilethan-1-one;
2-{4-chloro-2-{diethylamino)phenoxy}-1-{(2 SR,5 AS)-4-{4-fluoro-"* ~benzyl)-2,5-

dimethylpiperazin-1-yljethan-1-one;
2{4-chloro-2-(dlethylamino)phenoxy]-1-{(2RS,5AS)-4-{4-flucro-'* ~benzyl)-2,5-
dimethyipiperazin-1-yflethan-1-one;
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2-{4-chioro-2-(diethylamino)phanoxy]-1-{(2 SR,5 SR)-4-(4-fluoro-" F-banzyl)-2,5-
dimethylipiperazin-1-yllethan-1-one;
2-[4-chioro-2-(diethylamino)phenoxy]-1-[(2RS,5 SA)-4-{4-fluoro-"8 ~benzyl)-2,5-
dimethylipiperazin-1-yifjethan-1-one;
1-(5-chioro-2-{2-{(2'S,5SA)-4~(4-fluoro-'° ~benzyt)-2,5-dimethylpiperazin-1-yi}-2-
oxethoxy)phenyl)-3-(2,4-dichiorophenyl)uree;
1-(5-chloro-2-{2{(2SA,5SA)-4-(4-fluoro- " Fbenzyl)-2, 5-dimethylpiperazin-1-yf}-2-
oxoethoxy}phenyl)-3-(2,4-dichiorophenyl)uree;
1-{5-chioro-2-{2{(2RS,5AS)4-(4-luoro-'° ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxethoxy}phenyl)-3-(2,4-dichiorophenyl)urea;
1-{5-chloro-2-{2{{25R,5AS)-4-(4-flucro-'°Fbenzyl)-2, 5-dimethyipiperazin-1-y1}-2-
oxethoxy}phenyl)-3-(2,4-dichiorophenyl)urea;
1~(5-chloro-2-{2-[(2RS,5 SR)-4-(4-fluoro-'° ~benzyl)-2 5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)urea; _
1-(5-chloro-2-{2{(2SR,5 SA)-4-(4-fluoro-'°~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxpethoxy}phenyi)uree;
1-(5-chioro-2-{2{(2RS,5RS)-4-(4-flucro-"* ~benzyl)-2, 5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)urea;
1-(5-chloro-2-{2{(25R,5 RS)-4-(4-luoro-'® ~benzyi)-2, 5-dimethytpiperazin-1-yil-2-
oxoethoxylphenyl)urea;
1-(5-chloro-2-{24{(2RS,5SR)-4-(4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxnethoxylphenyl)urea;
1-(5~chioro-2-{2-](25R,5 SA)-4-{4-fluoro- '° ~benzyl)-2, 5-dimethylpiperazin-1-yi}-2-
axoethoxy)phenyl)urea;
1-(5-chloro-2-{2-{(2RS,5RS)-4-{4-fluoro-"° ~benzyl)-2 5-dmethylpiperazin-1-yi]-2-
oxoethoxy)phenyl)uree;
1-(5-chloro-2-{2-{(2SR,5RS)-4-(4-fluoro- '8 ~benzyl)-2, 5-dimethylpiperazin-1-yi]-2-
ooethoxy)phenyl)urea;
1-{(2SR.5AS)y-4-(4-huoro-'2 Fbenzyl)-2,5,-dimethyipiperazin-1-yf}-2-(24sopentylamino4-
chiorophenoxy)ethan-1-one; :

L
%
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1{(2AS,5RS)-4-{4-fluoro-'® Fbenzyl)-2,5,-dimethylpiperazin-1-yl}-2-(2-isopentylamino-4-
chiorophenoxy)ethan-1-one;
1{(2SR,5SA)-4~(4-fluoro-"®F-benzyl)-2,5,-dimethylpiperazin-1-yi}-2-{2-sopentylamino-4-
chiorophencoxy)ethan-1-one;
1{(2RS,5SR)-4-(4-fluoro-®Fbenzyl)-2,5,-dimethylpiperazin-1-yi}-2-(2-sopentylamino4-
chiorophenoxy)ethan-1-one;
N-{5-chloro-2-{2-{(2SR,5 RS)-4-(4-fluoro-"® ~benzyl)-2, 5-dimethyipiperazin-1-yi]-2-
oxoethoxylphenyl)-2-methylpropanamide;
N-(5-chioro-2-{2{(2RS,5RS)-4~{4-fluoro-'® F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
axpethoxy}phenyl)-2-methyipropanamide;
N-(5-chloro-2-{2-{(25R,5SRYy-4-4-fiuoro-'* ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy)phenyl)-2-methyipropanamide;
N-{5-chioro-2-{2-{(2RS,5SR)-4-(4-fluoro-'°F~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxpethoxy}phenyl)-2-methyipropanamide;
N-(5-chioro-2-{2{(2SR,5RS)-4-(4-fluoro-'Fbenzyl)-2,5-dmethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(methoxy)acetamide;
N-(5-chioro-2-{2{(2R'S,5RS)-4-(4-luoro-"® Fbenzyl)-2,5~-dimethyipiperazin-1-yi}-2-
oxoathoxy)phenyl)-2-(methoxy)acetamide;
N-{5-chioro-2-{2{(2SR,5 SF)-4-{4-luoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxyjphenyl)-2-(methoxy)acstamide;
N<{5-chloro-2-{2{(2AS,5SF)-4~{4-fluoro-'*Fbenzyl)-2, 5-dimethyiplperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(methoxy)acetamide;
(E)-N-(5-chloro-2-{24(2RS,5 SR)-4-(4-luoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-butenamide;
(E)-N-(5-chloro-2-{2{(2SR,5SA)-4-(4-fluvoro-"* ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-butenamide:;
(E)-N-(5-chloro-2-{2-{(2RS,5RS)-4-{4-fluoro-'"°F~benzyl)-2, 5-dimethylpiperazin-1-yi}-2-
oxoethoxy)phenyl)-2-butenamide;
(E)-N-(5-chloro-2-{2{(2SR,5RS)-4-{4-fluoro-" Fbenzyl)-2,5-dimethyipiperazin-1-yf}-2-
oxoethoxylphenyl)-2-butenamide;
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methyl N-(5-chloro-2-{24{(25R,5RS)-4+{4-flucro-'® ~benzyl)-2 5-dimethyipiperazin-1-y}-2-
oxoethoxy}phenyl)succinamats,

methyl N<(5-chloro-2-{2{(2RS,5AS)-4-(4-fluoro-'®Fbenzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxosthoxy}phenyl)succinamate;

methyl N{5-chloro-2-{2-{(2SR,5 SR)-4-{4-fiuoro-'® ~benzyl)-2, 5-d|meu1y|p1peman-1-y|]-2-
oxoethoxy)phenyl)succinamats;

methyl N{5-chloro-2-{2{(2RS,5SRy-4~(4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy)}phenyl)succinamate;

ethyl N-(5-chloro-2-{2-{(2SR,5RS)-4-(4-luoro-'2 Fbenzyl)-2,5-dimathylpiperazin-1-yl}-2-
oxoethoxy}phenyl}succinamate;

athyl N-(5-chloro-2-{2{{2RS, 5R.57-4-(4-ﬂuoro-“F-benzy|)-2 5-dimethylpiparazin-1-yi]-2-
oxpethoxylphenyl)succinamate;

ethyl N-{5-chloro-2-{2-{(2SR,5SR)-4-(4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoathoxy}phenyl)succinamate;

ethyl A-(5-chloro-2-{24(2RS,5SF)-4-(4-fluoro-"® F-benzyl)-2,5-dimethyiplperazin-1-yi}-2-
oxoethoxy}phenyl)succinamate;

N-5-chloro-2-{2-{(2 SR,5 RS)-4-(4-fiuoro- ' ~benzyl)-2,5-dimethyipiperazin-1-yl]-2-
oxoethoxy}phenyl)acetamide;

N-(5-chloro-2-{2-{(2 RS 5RS)-4-{4-fiuoro-'* Fbenzyl)-2, 5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)acetamide; .

N-{5-chloro-2-{2-{(2 SR,55A)-4-(4-luoro-"* F-benzyl)-2,5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyl)acetamide;

N-(5-chloro-2-{2-{(2RS.,5 SR)y4-(4-flucro-'"*~benzyl)-2,5-dimethyipiperazin-1-yf}-2-
oxoethoxy}phenyl)acetamide;

N-(5-chioro-2-{24(2SR,5RS)-4-(4-fluoro-'°~benzyi)-2,5-dimethylpiperazin-1-yi}-2-
oxoathoxy}phenyl)propanamide; '

N-(5-chloro-2-{2{(2AS5RS)-4~(4-fluoro-"* Fbenzyi)-2 5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)propanamide;

N-(5-chloro-2-{2{(2SR.5SR)-4-(4-fluoro-'® -benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)propanamide;

Pl
B
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N-(5-chloro-2-{2-[(2RS,5 SA)4-~(4-fluoro-* ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)propanamide;
N-(5-chloro-2-{2{(2SRA,5AS)4-(4-fluoro-'* Fbenzyl)-2,5-dimethyiplperazin-1-yi)-2-
oxoethoxy)phenyl)-3-fluorobenzamide;
5 N-(5-chloro-24{2-{(2RS,5RSy4-(4-fluoro-"* ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxosthoxy}phenyl)-3-fluorobanzamide;
N-(5-chloro-2-{2{(2SR,5 SR)y4~{4-flucro-"® F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-fluorobenzamide;
N-(5-chioro-2-{2-{(2RS,5SA}4-{4-fluoro-"® Fbenzyl)-2,5-dimethylplperazin-1-yi}-2-
10 oxogthoxy}phenyl)-3-fluorobenzamide;
1-(5-chioro-2-{2-{(2 SR,5 RS)4-(4-fluoro-"* F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxosthoxy}phenyl)-3-(p-tolyl)uree;
1-(5-chloro-2-{2-[(2AS,5 AS)}4-~(4-fluoro-"® Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phernyl)-3-{(p-tolyljurea;
15 1-(5-chloro-2-{24(2SR,5SA)-4-{4-fluoro-'® Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-3-{p-tolyl)urea;
14(5-chioro-2-{2-{(2RS,5 SAy4-(4-luoro-"® ~benzyl)-2, 5-dimethylpiperazin-1-yi}-2-
oxoethoxy)phenyl)-3-(p-tolyl)uree;
1-{5-chloro-2-{2{(2 RS,55R)4-(4-fluoro-"® ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
20 oxoethoxylphenyl)-3-athylurea;
1-(5-chioro-2-{2-{(2 SR,5 SR)4-(4-fluoro-'® F~benzyl)-2, 5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyl)-3-sthylurea;
1-{5-chloro-2-{2-{(2RS,5RS)-4~(4-flucro-"® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxylphenyl)-3-ethylurea;
25 1-(5-chloro-2-{2{(2SR,5RS)}4-(4-fluoro-"*Fbenzyl)-2,5-dimethylplperazin-1-yi}-2-
oxoethoxy)}phenyl)-3-ethylurea;
1-benzyt-3-(5-chloro-2-{2{(2SR,5RS)-4-{4-flucro-'® Fbenzyl)-2,5-dmethyiplperazin-1-yi}-2-
oxoethoxy}phenyl)urea;
1-benzy+3-(5-chloro-2-{2-{(2RS,5RS)-4-{4-fluoro-"® Fbenzyl)-2,5-dimethylpiperazin-1-yl}-2-
30 oxoethoxy)phenyl)urea;
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1-benzyl-3-(5-chioro-2-{2-[(25R,5 SA)-4-{4-fluoro-'® Fbenzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxylphenyljuree;
1-banzyl-3-{5-chioro-2-{2{(2AS,5SA)4~(4-flucro-"° Fbenzyl)-2,5-dimethylpiperazin-1-yl}-2-
oxoethoxy}phenyl)urea;
1-(5-chioro-2-{24{(2RS,5SR)-4-{4-luoro-'* Fbenzyl)-2,5-dimethylipiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-(4-nitrophenyl)urea;
1-(5-chloro-2-{2-[(2SR,5SR)-4-(4-luoro-"8 ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxyl}phenyl)-3-(4-nitrophenyl)urea;
1-{5-chloro-2-{2-{(2RS,5 RS)-4-(4-fluoro-'"® Fbenzyl)-2,5-dimethyiplperazin-1-yi]-2-
oxoethoxy}phenyl)-3-(4-nitrophenyljurea;
1-(5-chloro-2-{2-{(2SR,5AS)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-(4-nitrophenyl)uree;
2-(2-benzylamino-4-chiorophenoxy)-1{(2SR,5RS5)-4-(4-fluoro-'® Fbanzyl)-2,5-
dimethylpiperazin-1-yljethan-1-one;
2-(2-benzylamino-4-chlorophenoxy)-14{(2RS,5AS)4-(4-fluoro-"* Fbenzyl)-2,5-
dimethylpiperazin-1-yljethan-1-one;
2-(2-benzylamino-4-chiorophenoxy)-1-{(2SR,5SA)-4-(4-fluoro- ' ~benzyl)-2,5-
dimethylpiperazin-1-yfjethan-1-one;
2-(2-benzylamino-4-chlorophenoxy)-1-{(2RS,5SR)-4-(4-fluoro-'® Fbenzyl)-2,5-
dimethylpiperazin-1-yfjethan-1-one;
N-{5-chioro-2-{2{(2RS,5SR)-4-(4-fluoro-"®Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxylphenyl)glycinamide;
N-{5-chioro-2-{2{(25R,5RS)-4-(4-luoro-'*F~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxylphenyl)giycinamide;
N-{5-chloro-2-{2{(25R 5 SA)-4-(4-uoro-'8 Fbenzyl)-2,5-dmethylpiperazin-1-yi}-2-
oxoethoxy)phenyl)giycinamide; '
N-(5-chioro-2-{2-{(2RS,5AS)-4-(4-fiucro-"° Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)glycinamide;
1~(5-chloro-2-{2-[(2R)-4-(4-fluoro-"® Fbenzyl)-2-methylpiperazin-1-yi]-2-
oxoethoxyjphenyljurea;
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1-(5-chloro-2-{2{(25)-4~(4-luoro-'®F-benzyl)-2-methylpiperazin-1-yi}-2-
oxoathoxy}phenyl)urea;
N-(5-chioro-2-{2{(2R'S,5 SR)-4-{4-fluoro-'® Fbenzyl)-2,5~dimethyi-piperazin-1-yi}-2-
axoethoxy}phenyl)-2-(methylamino)acetamide;
N-{5-chloro-2-{2{(2SR.5 SA)-4-(4-fluoro-'®~benzyl)-2,5-dimathyl-piperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(methylamino)acetamide;
N-(5-chioro-2-{2(2RS,5R5)4-(4-fluoro-'® ~benzyl)-2,5-dimethyi-plperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(methylamino)acetamide;
N-(5-chioro-2-{24{(2SR,5AS)-4-(4-fluoro-"°F~benzyl)-2 5-dimethyl-piperazin-1-yi}-2-
oxoethoxy)phenyl)-2-(methylamino)acetamide;
2-bromo-N-{5-chloro-2-{(2 SR, 5 RS)-4-(4-fluoro-'8 Fbenzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)acetamide;
2-bromo-N-(5-chioro-2-{(2R'S,5RS)-4-(4-fluoro-'® Fbenzyl)-2, 5-dimethyipiperazin-1-y]-2-
axosthoxy}phenyl)acetamide;
2-bromo-N-(5-chloro-2-{(2SR,5 SA)-4-(4-fluoro-"° ~benzyl)-2,5-dmethyipiperazin-1-y1}-2-
oxethoxy}phenyl)acetamide;
2-bromo-N-(5-chloro-2-{(2R'S,5 SR)-4-(4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
axoethoxy}phenyl)acetamide;
N-(5-chioro-2-{2{(2RS,5SA)4-(4-fluoro-"8~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxyjphenyl)-2-(ureido)acstamide;
N-(5-chioro-2-{2{(2SR,5SA)4-(4-fluoro-'° ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(ureldo)acetamide;
N-(5-chioro-2-{2{(2RS,5AS)4-(4-flucro-"®F~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(ureido)acetamide;
N-(5-chloro-2-{2{(25R,5RS)-4-(4-fluoro-'°~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(ureido)acetamide; ' _
N-(5-chioro-2-{2{(2AS,5SR)-4-(4-fluoro-"® ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(1-methylureldo)acetamide;
N-{5-chloro-2-{2{(25R,5 SA)~4-(4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-y1]-2-
oxoethoxy)phenyl)-2-(1-methylureldo)acetamide;

¢
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N-(5-chloro-2-{2{(2RS,5RS)-4-(4-fluoro-'° F-benzyl)-2,5-dimethyiplperazin-1-yi}-2-
oxoethoxylphenyl)-2-(1-methylureldo)acstamide;
N-(5-chloro-2-{2-{(2SR,5RS)-4-{4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(1-methylureido)acstamide;
(2RS)-N-(5-chloro-2-{2{(2RS,5 SA)-4-{4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxyl}phenyl)-2-aminopropanarnide;
(2SA)-N-(S-chloro-2-{2-{(2RS,5 SA)-4-(4-fiuoro-"® F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2RS)-N-{5-chloro-2-{2-[(2SR.5SR)y4-{4-fluoro-"* ~benzyl)-2,5-dimethylpiperazin-1-yf]-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2SR)-N-(5-chloro-2-{2{(2SR,5SA)4-(4-fluoro-"8 F-benzyl)-2,5-dimethylplperazin-1-yi}-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2RS)-N-(5-chloro-2-{2{(2RS 5RS)-4-{4-fluoro-'*F~benzyi)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2SR)-N-(5-chioro-2-{2-(2RS, 5 RS)-4~(4-fiuoro-"® ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxosthoxy]phenyl)-2-aminopropanamide;
(2RS)-N-(5-chloro-2-{2-[(2SR,5AS)-4-(4-fluoro-'° ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(25R)-N-(5-chloro-2-{2-{(2 SR,5RS)-4-(4-fluoro-"°Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxosethoxylphenyi)-2-aminopropanamide;
N-{5-chloro-2-{2-{(2 SA,5 RS)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(2,4-difluorobenzoylamino)acetamide;
N-{5-chioro-2-[2-{(2RS,5RS)-4-(4-fluoro- "8 ~benzyl)-2,5-dimethylpiperazin-1-yl}-2-
oxosethoxy}phenyl)-2-(2,4-diftuorobenzoylamino)acetamide;
N-(5-chloro-2-{2-{(2SR,5 SR)-4-{4-flucro-'® Fbenzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoathoxylphenyl)-2-(2,4-difluorobenzoylamino)acetamide;
N{5-chloro-2-{2{(2RS,5 SR)-4-{4-fluoro-'® Fbenzyl)-2,5-dimethyiplperazin-1-yij-2-
oxoethoxylphenyl)-2<2,4-difluorobenzoylamino)acetamide;
N-(5-chloro-2-{2-[(2SR,5 RS)-4-(4-fiucro-"® Fbenzyl)-2 5-dimethylipiperazin-1-y1]-2-
oxoethoxy}phenyl)-2-(methoxyacetylamino)acetamide;

M
%
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N-{5-chloro-2-{2{(2 RS,5AS)-4-{4-fluoro-'® Fbenzyi}-2 5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(methoxyacetylamino)acetamide;
N-(5-chloro-2-{24{(2SR,5 SR)-4-{4-fluoro-* Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(methoxyacetylamino)acetamide;
N-(5-chloro-2-{2-{(2RS,5SR)-4-{4-fluoro-'* ~benzyl)-2, 5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(methoxyacetylamino)acetamide;
N-(5-chloro-2-{2-{(2SR,5RS)-4-{4-fluoro-"® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoathoxy}phenyl)-2-{24odobenzoylamino)acetamide;
N-(5-chloro-2-{2-{(2RS,5RS)-4-{4-luoro-'°~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(2-iodobenzoylamino)acetarmide;
N-(5-chioro-2-{2{(2SR,5SA)-4-(4-fluoro-"® Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(24odobenzoylamino)acetamide;
N-(5-chloro-2-{2{(2RS,5SR)y4-(4-fluoro-'® Fbenzyl)-2,5-dimethylplperazin-1-yij-2-
oxoethoxy}phenyl)-2-(24odobenzoylamino)acetamide;
N-(5-chloro-2-{24(2R)-4-{4-fluoro-"®Fbenzyl)-2-methylpiperazin-1-yi}-2-
oxoethoxyjphenyl)glycinamide; and
N-(5-chloro-2-{24{(2.5)-4-(4-fluoro-"® ~benzyl)-2-methylpiperazin-1-yi}-2-
oxpethoxylphenyl)glycinaride;
as well as the mono- and dichloride salts thereof.

Preparation of the Compounds of the invention
A Preparation of Compounds of Formula (J)

In general, the radioactive imaging agents of formula (| ) of the present invention are
prepared by reacting radioactive 4-halobenzyl derivatives with piperazine derivatives.
Preferred are ®Flabeled 4-fluorobenzyl derivatives for PETHmaging. A general method for
the preparation of 4-fluoro-' ~benzy! halides Is described in wata et al., Applied Radiation
and isotopes (2000}, Vol. 52, pp. 87-92,

The ®Fabeled 4-flucrobenzyl derivatives are prepared by reaction of a benzaldehyde
compound of formula (a) with "*F ions to obtaln a benzaldehyde compound of formula (b):
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gelalae

18
(b)

wherein LG is a Isaving group, for example, bromo, chioro, iodo, nitro, or N(R)s* X (where R
Is alkyl and X Is a halo ion, such as Br, CI', or I'; an lon of a alkanoic acid, such as an acetate
lon (CH3C(O)O?); or an lon of an alkylsulfonic acid or haloalkylsulfonic acid, such as triflat
(CFaSOs)). Preferably LG is trifiat. Starting from the compound of formula (b), several
synthetic pathways are possible in preparing the compounds of formula (1).

ina ﬂrst. synthetic pathway, a compound of formula (b) is reduced with NaBH, to

obiain a compound of formula (c):
O OH
" |
/\' N
13F 1BF
(b) (c)

The compound of fomula (c) is then reacted with HI, Pzly or PhsPBrz to obtaln an
iodo- or bromo-substituted compound of formulae (d) or (e):

M
A
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| N
OH
HI or P4l N
2lq e
I (d
¢
18 \ o
(©) PhPBr,
N
18

()
The compounds of forulae (d) and (e) can be obtained with a radiochemical yield of
50 to 60%. The radiochemical purity is greater than 85%. The specific activity of the
compounds is 5 mGi per 1 nmol.
A compound of formulae (d) or (e) can then be reactsd with a piperazine derivative (f)
to obtain a compound of formula (g) (a compound of formula (1)):
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(1)) (d) or (e)

SN

Compounds of formula (f) may be prepared according to methods known to those of
ordinary skill In the art and Is described in detail In PCT Published Patent Application, WO
98/56771.

In a second synthetic pathway, a compound of formula (b) is directly reacted with a
compound of formula (f) using a reducing agent, for example, formic acid, ammonium
formiate, NaBH,, or NaBH3CN, to obtain a compound of formula (g) (a compound of
formula (1)):
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x\ o (N_j\nz H >
\ — " g
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R‘\I—N \ {.WF
C 2

B. Preparation of Compounds of Formuia (If)
For Single Photon Emieslon Computed Tomography ("SPECT"), ®*™Tc-abeled

5 compounds are preferred. Those compounds are compounds of fomula (Il). A general

synthefic pathway for these compounds starts with non-radioactive analogues of compounds

of formula (1) that are reacted with *"Tc-binding chelators, e.g. NaS-Chelators. Preparation

of the non-radioactive analogs of the compounds of formula (ll) Is describad in detail In PCT .

Published Patent Application, WO 88/56771. The synthesis of the chelators follows standard
10 procadures, for example, the procedures described in A. Mahmood et al., A NaSe-
Tetradentate Chelate for Solld-Phase Synthesis: Technetium, Rheniumn in Chemistry and
Nuclear Medicine (1999), Vol. 5, p. 71, or in Z.P. Zhuang et al., Bioconjugate Chemistry
(1999), Vol. 10, p. 159.

Preferred chelators are chelators of formulae (Jl) or (IV):
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SH

One of the chelators Is etther bound diractly to the nlirogen in the -N(R*)R® group of
the non-radicactive compound of formula (l1), or via a linker molety comprising an alkyl
radical having one to ten carbon atormns, wherein the alkyl radical optionally contains one to
ten -C(O)-groups, one to ten -C(O)N(R)- groups, one 1o ten -N(R)C{O)- groups, one to ten
-N(R)- groups, one to ten -N(R). groups, one 10 ten hydroxy groups, one o ten -C(O)OR-
groups, one to ten oxygen atoms, one to ten sulfur atoms, one to ten nitrogen atoms, one to
ten halogen atoms, one to ten aryl groups, and one to ten saturated or unsaturated
heterocyclic rings wherein R is hydrogen or alkyl. A prefarred linker moiety Is -C(O)-CHe-
N{H)-. :

The following specific examples are provided as a guide to assist in the practice of the
Invention, and are not intended as a limliation on the scope of the invention.

12
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Example 1
Preparation of 1{(5-Chloro-2-{24{(2 A)-2-methyiplperazin-1-yi]-2-
oxoethoxy)phenyljurea
r ' o _ %1
HN™Y | BocKo HN > - CI\/LN/\
L_NH MeGi, LT — MeCh _nNeoc

8 b

O gHa

GHa
= OO e = O

ci H
K2COs, DMSO EtOAC
OJ\NHZ HC!
d

] a
5 A.  DIEA (19.10 mL, 110 mmol) was added to a solution of (F)-{-)-2-
methylipiperazine (10 g, 100 mmol) in 250 mL of methylene chioride. The solution was
cooled to -10°C. The BOC anhydride was dissolved in 250 mL of methylene chioride and this
solution was added to the chilled piperazine solution over 1 hour. The reaction was allowed
fo warm o ambient temperature over 16 hours. The reaction mixture was filtered to remove .
10 the solids and the filtrate washed with 500 mL of water, dried over magnesium sulfate, filtered
and evaporated to an oll. The oll was purified by flash column chromatography to afford 11.0
g of the compound of formula (g).
B. The compound of formula (g) {11.0 g, 55 mmol) and DIEA (10.5 mL, 60.4
mmol) were dissolved In 100 mL of methylene chioride. The resuliing solution was chilled to
15 -10°C. Chioroacetyl chioride (4.37 mL, 55 mmol) was added dropwise to the salution
maintalning the temperature at -10°C. Afer stirring for 1 hour the reaction mixture was
washed with 100 mL of water, dried over magnesium suifate, fittered and evaporated to an
ofl. The oll was purified by flash column chromatography to afford 14.8 g of the compound of
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formula (b).

C. To asolution of the compound of formula (b) (14.8 g , 53.5 mmol) and the
compound of formula (e) (9.98 g, 53.6 mmol) In 75 mL of DMSO was added potassium
carbonate (18.48 g, 133.7 mmol). The resuiting mbdure was heated to 50°C for 3 hours. The

5 mixture was cooled to 30°C and poured Into 700 mL of water. The water was exiracted three
times with 200 mL of ethyl acetate. The ethyl acetate extracts were combined and washad
with 200 mL of 1N KOH followed by brine. The organic layer was the dried over magnesium
sulfate, filtered and evaporated to a foam. The foam was purified by flash column
chromatography to afford 19.6 g of the compound of formula (c).

10 D. The compound of formula (c) (7.68 g, 18 mmol) was dissolved in 40 mL of ethyt
acetate. The resulting solution was chilled in an ice bath and anhydrous HC! gas was
bubbled through the solution for 5 minutes. The product precipitated while the mixture was
allowed to sit at ambient temperature for 1 hour. The product was collected by filtration,
washed on the filter with fresh ethyl acetate, and dried under vacuum at ambient temperature

15 to constant weight to afford 5.8 g of 1-(5-chioro-2-{2-{(2A)-2-methyipiperazin-1-yi}-2-
oxoathoxylphenyljurea, the compound of formula (d), as white solid; NMR (2 rotomers); (400
MHz, DMSO) 9.7 (m, 0.5H), 9.2 (m, 0.5H), 8.16 (s, 1H), 8.13 (8, 0.5H), 6.8 (8, 2H), 4.8 (m,
2H), 4.4 {m, 5H), 3.8 ( bs, 0.5H), 3.4, (bs, 0.5H), 3.2, (m, 2.5H), 3.0 (m, 2 H) 1.2-1.4 (m, 3H)

ppm.
. Example 2
Preparation of the Compound of Formula (@)

ﬂo"' + TMSNCO ——p mﬂ::
Cl NH, THF . O‘J‘NH,

25 To a solution of 2-amino-4-chiorophenol (10 g, 69.7 mmol) In 100 mL of anhydrous
THF at ambient temperature was added trimethyisiyl isocyanate (18.8 mL, 139.4 mmol) in
one portion. The solution was heated to 60°C and remained at this temperature for 22 hours
at which time water (1.3 mL, 76.7 mmol) was added. After 30 minutes the solution was
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cooled to amblent temperature and concentrated to a brown oil. This ofl was dissolved in
athyl acetate, treatad with activated carbon, dried over magnesium sulfate and filtered. The
filtrate was concentrated 1o a pink solid which was crysiallized from 10:1, toluene/methanol to
give 5.4 g of the compound of formula (e) as tan powder.

Example 3
Preparation of 1-(5-Chloro-2-{24{(2R)-4-{(4-fluoro-'®Fbenzyl)-2-methyiplperazin-1-yi}-2-
oxoethoxy}phenyi)urea
A.  Hydrogen fluoride-'®F was prepared in a cyclotron by bombardment of

HeO-"®0 with protons. The resulting hydrogen fluoride-"*F was adsorbed on an anion-
exchange cariridge. The hydrogen fluoride-'®F was eluted with a solution of Kryptofix 222
(15 mg, 40 pmol) and K2CO5 (2.77 mg, 20 pmol) in aqueous acetonitrile (1.5 mL, 66%). The
radioactive fractions were evaporated o dryness in a nitrogen gas stream. This procedure
was repeated three times with dry acetonitriie (1 mL). After addition of a solution of 4-
trimethylammonium-benzaldehyde-triflate (2 mg, 6.4 umol) in dry DMF (250 i) the resulting
reaction mixture was heated for 5 minutes to 100°C. After cooling to ambient temperature a
solution of 1-(5-chloro-2-{2{(2R)-2-methyipiperazin-1-yi]-2-oxosthoxy}phenyl)urea, a
compound of formula (d), (3 mg, 8.3 umol) in 50 |l acetic acid and a solution of sodium-
cyano-borhydride (4 mg, 63.7 umol) in 100 pl dry DMF were added. The reaction midure

was heated to 120°C for 10 minutes. After addlition of 5 mL of water the mhxture was filtered .

over a polystyrol-cariridge. The adsorbed product was washed with 2 mL of water to afford
the title compound, 1-(5-chioro-2-{24{(2R)-4-{4-fluoro-'® ~benzyl)-2-methylpiperazin-1-yi}-2-
oxosthoxylphenyl)urea, which was eluted with 1.5 mL acetonitrile and purtfied by HPLC.

B. Ina simiar manner, cther compounds of formula (1) contalning a *®F atom are

prepared.
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Example 4
Preparation of N{5-Chloro-2-{2-{(2R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yi}-2-
oxoethoxy}phenyl)glycinamide

j\;
k,NH (O/ DIEA H’j\/o’

”\""’1,0’ J::E“V“Ca

mn;q;}?

CHy
A F
SnCl,.2H,0 N 0
Cl N QVO/ >
Ho DMF
1

-IIQ

KeCOgy/Nal Cl

EtOH

Q . TFA/ Q @b ;
J::c“"ovcr SongoVe;

A. To asolution of (A)-(-)-2-methylpiperazine (2.0 g, 20 mmol) in 20 mL CH.Cl>
was added DIEA (5.2 g, 40 mmol) and 4-fluorobenzyt chioride (2.39 mL, 20 mmoal). The
resulting mixiure was stimed at amblent temperature for 15 hours. After the reaction was
" 10 complated, the reaction mixture was washed with water (3X20 mL) and brine, then dried over
NazSO,, filtered and concentrated in vacuo to afford the compound of formula {f) (22 g) asa
white solid.
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B. To a solution of the compound of formula (f) (2.2 g, 10 mmol) in 50 ml. CHxCl2
was added chloroacetyl chloride (0.84 mL, 10 mmol). The resulting mbdure was stirred at
ambient temperature for 10 minutes and then triethylamine (3 mL, 21 mmal) was added. After
30 minutes, the mixiure was washed with water (3x20mL) and brine, then dried over
NazSO, filtered and concentrated in vacuo to afford an oll. Purification by flash column
chromatography afforded the compound of formula (g) (2.5 g).

C. To a solution of the compound of formula (g) (2.4 g, 8.4 mmol) in 50 mL DMF
was added K:COjs (2.5 g, 17 mmol), Nal (0.2 g) and 4-chioro-2-nitrophenol (1.3 g, 8.4 mmol).
The resulting mixiure was heated at 70-80°C. After 1 hour, the mixiure was concentrated in
vacuo, then taken up in ethy! acetate (150 mL) and washed with water (3X100mL)and then
brine. The organic layer was separated, dried over NazSO,, filtered and concentrated In
vacuo to afford an oll. Purification by flash column chromatography afforded the compound
of formula (h) (3.1 g).

D. To a solution of the compound of formula (h) (1.1 g, 2.6 mmol) in 10 mL ethanol
was added a solution of tin(ll) chioride dihydrate (3.0 g, 13 mmol) in 5 mL ethanol. The '
resulting mixture was heated at 75°C. After 1 hour, the reaction was concentrated in vacuo,
then taken in ethyl acstate (100 mL), washed with 1N NaOH solution in water (3X100mL) and
brine. The organic layer was separated, dried ovar Na.SO,, filtered and concentrated in
vacuo to afford an oll. Purification by flash column chromatogmaphy afforded the compound
of formula () (0.75g).

E. To a solution of the compound of formula (I) (0.7 g, 1.78 mmol) in 10 mL DMF
was added BOC-Gly-OSU-(0.58 g, 2.13 mmol). The resulting mbdure was heatad at 50-
60°C. Afier 24 hours, the mixture was concentrated in vacuo, then iaken up In ethyl acetate
(150 mL) and washed with water (3X100mL) and then brina. The organic layer was
separated, dried over NazSO;, filtered and concentrated in vacuo to afford an oll.

Purification by flash column chromatography affordad the compound of formula () (0.7 g).

F.  Toa solution of the compound of formula {) (0.6 g, 1.1 mmol) in 10 mL CH.Cl,
was added TFA (5 mL). The resulting mixture was heated at amblent temperature. After the
reaction was compieted in 1 hour, the reaction was concentrated In vacuo, then taken up In
ethyf acetate (100 mL), washed with 1N NaOH solution in water (2X100mL) and brine. The
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organic layer was separated, dried over NaaSQ,, filtered and concentrated in vacuo to afford
an oll. Purlfication by flash column chromatography afforded N-(5-chloro-2-{2-[(2R)-4-(4-
fluorobanzyl)-2-methyipiperazin-1-yi]-2-oxoethoxy}phenyl)giycinamide, the compound of
formula (k), (0.45 g) as a white solid; NMR (CDCly) 10.2 (s, 1), 8.5 (8, 1), 7.3 (m, 2), 7.0 (m,

5 3),6.8(d, 1), 4.7 (m, 2), 3.4-3.6 (m, 5), 3.0 (m, 1), 2.8 (M,1), 2.6 (d, 1), 2.2 (m, 1), 2.0 {m, 2),
1.2-1.4 (m, 3) ppm.

Example 5
N*{mercaptoeth-1-yl)-N-{5-mercapto-3-aza-2-oxopent-1-yl)}-N-{5-chloro-2{2-{4-(4-
10  fluorocbenzyl)-2-(2R)-methylipiperazin-1-yi}-2-oxoethoxy]phen-1-yi}glycyiglycinamide,
Technetium-89m-complex
A. To a stirred solution of N-{5-chloro-2-[2-{4-(4-flucrobenzyl)-2-(2FA)-
methyipiperazin-1-yi]-2-oxoethoxy]phen-1-yijglycinamide (175.5 mg, 0.4 mmol) (the
compound of formula (k) as prepared above in Example 4), N-(S-trityl-2-mercaptoeth-1-yi)-
15  N-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)glycine (291.4 mg, 0.4 mmol) (which can be
synthesized according to A. Mahmood et al., A NoSe-Teiradentate Chelate for Solld-Phase
Synthesis: Technetium, Rhenlum in Chemistry and Nuclear Medicine (1999), Vol. 71), and
N-hydroxysuccinimide (45.5 mg, 0.4 mmol) in 5 mL dichloromethane was added dropwise
a solution of dicyclohexyicarbodiimide (81.4 mg, 0.4 mmol) in 3 mL dichloromethane. The
resulting suspension was stirred over night at amblent temperature. After filtration, the
resulting solution was evaporated under reduced pressure. The desired product,
N-(S-trityl-2-sulfanyleth-1-yl)-N-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl}-N-{5-chloro-2-
[2-[4-(4-fluorobenzyl)-2-(2 Ay-methylplperazin-1-yi]-2-oxoethoxy]phen-1-
yilglycyiglycinamide (340 mg, 72.8%) was isolated after silica gel chromatography (eluent:
25 dichloromethane/methanol, 98:2) as a white powder.

Elemental Analysls:
Calc.: C 69.93 H 5.87 N 7.20 O 6.85 S 549
Found: C 69.69 H 6.05 N 7.01 (@) S 532

B. N-(S-Trityl-2-sulfanyleth-1-yl)-N-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)}-N-
30 {5-chloro-2-{2-{4-(4-fluorobenzyl}-2-(2Ay-methylpiperazin-1-yi}-2-oxoethoxy]phen-1-
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vilglycyiglycinamide (116.8 mg, 0.1 mmol), as prepared above, was dissolved In 5 mL
trifluoroacetic acid. After addltion of triethyt silane (48 pl, 0.3 mmol) the resulting suspension
was stirred for 15 minutes at ambient temperature. The fitrate was evaporated under
reduced pressure and the residue was triturated with 7 mL diethyl ether. The precipliate was
stired for 1 hour at ambient temperature and filtered off, yielding the dasired product,
N-(mercapioeth-1-yl)-N'-(5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-[2{4-(4-
fluorobenzyl)-2-(2 Ry-methylpiperazin-1-yi]-2-oxoethoxylphen-1-yllglycyiglycinamide, bis-
trifiuvoracetic acld salt (87 mg, 95.5%), as a white solid.

Elemental Analysis:
Calc.: C 4481 H 4.65 N 9.22 O 15.80 S 7.04
Found: C 4454 H 4.91 N 8.00 O S 6.80

C. Disodium tarirate (1 mg) and N-(mercaptoeth-1-yl)-N-(5-mercapto-3-aza-2-
oxopent-1-yl)-N-{5-chioro-2-{2{4-(4-fluorobenzyl)-2-(2R)-methylplperazin-1-yi}-2-
oxoathoxy]phen-1-yl}glycyiglycinamide, bis-trifluoracetic acld salt (100 pg), as prepared
above, were dissolved in 500 ul sodium phosphate buffer (0.1M, pH=8.5). After addition of
37MBq ®*"Tc-generator eluate, 5  tin-(1) chioride solution was added and the mbdure was
heatad for 10 min to 100°C. HPLC analysls showed a major peak indicating that the desired
product, N~(mercaptoeth-1-yl)}-N(5-mercapio-3-aza-2-oxopent-1-yl}-N-{5-chloro-2{2{4-(4-
fluorobenzyl)-2{2 A)-methylpiperazin-1-yi]-2-oxoethoxy}phen-1-yl}glycyiglycinamide,
Technetium-99m-complex, was synthesized with a RCP > 90%.
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Example 6
Preparation of 1-(2-{2-{(2R)-4-(4-Fluorobenzyl)-2-methylpiperazin-1-yi}-2-oxoethoxy}-5-
lodophenyi)urea

o= o
&0 Jcc‘*i'\ Yol

KoCOq / Nal

0 cH
SnClo.2H,0 /CED J\N’ﬁ \/UF KOCN ‘
EtOH | NH; o AcOH / H;0
m

foaaeVes

o)\nnz n

A. To asolution of piodophencl (2.2 g, 10 mmol) In 18 mL acetic acid was added
a solution of HNOs (0.7 mL, 70%) in 5 mL acetic acid dropwise over 10 minutes. The
resulting mixture was stimed at ambient temperature. After 30 minutes, the reaction mixture
10 was diluted by 100 mL ice-water. The precipitate was collected, washed with 100 mL water.
Purification by flash column chromatography afforded 1.2 g of 2-nitro4-iodophenol.
B. To a solution of the compound of formula (g) (0.3 g, 1.05 mmol) (as prepared
herein) in 10 mL DMF was added KzCOj (0.45 g, 3.2 mmol), Nal (0.01 g) and 2-nitro-4-
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lodophenol (0.28 g, 1.05 mmol). The resulting mixture was haated at 70-80°C. After 1 hour,
the mixture was concentrated in vacuo, then taken up in ethyl acetats (150 mL) and washed
with water (3X100mL)and then brine. The organic layer was separated, dried over Na;SQ,,
filtered and concentrated in vacuo to afford an oil. Purification by flash column
chromatography afforded 0.28 of the compound of formula (1).

C. To a solution of the compound of formula () (0.28 g, 0.55 mmol) In 5 mL
ethanol was added a solution of Tin(ll) chloride dihydrate (0.616 g, 2.73 mmol) in 5 mL
ethanol. The resulling mbdure was heated at 75°C. After 1 hour, the reaction was
concentrated in vacuo, then taken up In ethyl acetate (100 mL), washed with 1N NaOH
solution In water (3X100mL) and brine. The organic layer was separated, dried over Na=SOj,
filterad and concentratad In vacuo to afford an oll. Purification by flash column
chromatography afforded the compound of formula (m) (0.25g).

D.  To a solution of the compound of formula (m) (0.25 g, 0.52 mmol) in 3 mL
AcOH was added water (6 mL). The resulling mixture was stimed at amblent temperature for
10 minutes, then a solution of KOCN (0.085 g, 1.0 mmol) in 1 mL water was added dropwise.
The reaction mixture was stirmed at ambient temperature for 10 minutes, then heated at 55°C
for 5 minutes. After the reaction was completed, the reaction mixtire was concentrated in
vacuo, then taken up in CH.Ch (50 mL), washed with 2N NaOH solution in water (2x100mL)
and brine. The organic layer was separated, dried over Na;SO,, filtered and concentrated in
vacuo to afford an oil. Purification by flash column chromatography afforded the compound
of formuia (g) (0.16 g) as a white solid; NMR (CDCls) 9.0 (s, 1),8.6 (8, 1),7.3(m, 2), 7.0 (1, 3),
6.6(d, 1),4.9 (s, 2), 4.7 (m, 2),4.4 (m, 1), 3.4-3.6(m, 3),3.0(m, 1) 2.8 (m,1), 2.6 (d, 1), 2.2
(m, 1), 2.0 (m, 1), 1.2-1.4 (m, 3) ppm.

Example 7
Preparation of 1-(2-{(2-{(2R)-4-{4-Fluorobenzyl)}-2-methyipiperazin-1-yi}-2-oxcethoxy}-5-
lodo-"Lphenyl)urea
A. To a solution of the compound of formula (n) (1 mg), as prepared above, and
10 pg copper-(li)-sulfate in 300 yl DMF was added 1 mCi sodium lodine['®) solution. The
resuliing reaction mixture was heated over night to 100°C. After adding of 1 mL half-
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saturated aqueous NaHCOs solution the product was extracted with 2 mL CHxClo. The
organic layer was evaporated 1o dryness in a nitrogen gas stream. The desired product, 1-(2-

- {2-](2F)4-(4-flucrobenzyl)-2-methylpiperazin-1-yil-2-oxoethoxy}-5-odo-2 Fphenyl)urea, was

purified using a RP-cariridge [eluant EiOH/water (2:1)).
B. In a simllar manner as described above, other compounds of formula () are
prepared.

Example 8
N<{2-Mercaptoeth-1-yl)-N-{5~mercapto-3-aza-2-oxopent-1-yi)-N-{5-chloro-2-{2-{4-(4-
fiuorobenzyl)-2-{2 Rf)-methylipiperazin-1-yi}-2-oxoethoxylphen-1-yi}glycinamide,
Technetium-88m-complex
A. To a stimed solution of 156.7 mg (0.4 mmol) 5-chioro-2-[2-{4-(4-fluorobenzyl)-2-
(2R)-methylpiperazin-1-yi}-2-oxoethoxylaniline (compound of formule () (281.4 mg, 0.4
mmol), N-(S-trityl-2-mercaptoeth-1-yl)-N-(S-rityl-5-mercapto-3-aza-2-oxopent-1-yl)glycine
(synthesized according to A. Mahmood ef al., A NaSz-Tetradentate Chelale for Solid-Phase
Synthesis: Technetium, Rhenlum in Chemistry and Nuclear Medicine (1989), Vol. 5, p. 71)
and A-hydroxysuccinimide (45.5 mg, 0.4 mmol) in 5 mL dichloromethane was added
dropwise a solution of dicycichexylcarbodiimide (81.4 mg, 0.4 mmol) In 3 mL
dichloromethane. The resulling suspension was stired over night at ambient temperature.
After filtration, the resulting eolution was evaporated under reduced pressure. The desired
product, N(SHrityl-2-mercaptoeth-1-yl)-N-{S-trityl-5-mercapto-3-aza-2-oxopent-1-yl}-N-{5-
chioro-242-/4-(4-fluorobenzyl)-2-(2R)-methylpiperazin-1-yi]-2-oxoethoxylphen-1-
yilglycinamide (352 mg, 79.2%), was Isolated after silica gel chromatography (eluent:
dichloromethane/methanol, 88:2) as a white powder.

_Elemental Analysis:
Calc.: C 71.36 H 5.80 N 8.30 O 5.76 S 577
Found: C 71.08 H 6.13 N 6.05 o) S 552

B. NY{S-trityl-2-mercaptoeth-1-yi}-N*-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)-N-
{5-chioro-2-[24{4~(4-fluorobenzyl)-2-{2R)-methylpiperazin-1-yi]-2-oxoethoxy]phen-1-
yliglycinamide (111.1 mg, 0.1 mmol) was dissolved in 5 mL triflucroacetic acld. After addition
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of 48 w (0.3 mmol) triethyl silane the resulting suspension was stirred for 15 min at ambient
temperature. The fitrate was evaporated under reduced pressure and the residue was
triturated with 7 mL diethyl sther. The precipitate was stirred for 1 hour at ambient
temperature and filtered off, yislding the desired product, N-(2-mercaptoeth-1-yl)-N-(5-
mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-[2{4-(4-fluorobenzyl)-2-(2A)-methylpiperazin-
1-yl}-2-oxoethoxy]phen-1-yllglycinamide, bis-trifluoracetic acid salt (75 mg, 87.8%) as a white
solid.

Elemental Analysis:
Calc.: C 44.99 H 4.60 N 8.20 O 1498 S 7.51
Found: C 4.7 H 4.89 N 8.03 O S 7.22

C. Disodium tarirate (1 mg) disodium tarirate and N-(2-mercaptoeth-1-yi)-N-(5-
mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2]2-[4-(4-fluorobenzyl)-2-(2RA)-methylpiperazin-
1-yi}-2-oxoethoxyjphen-1-yijglycinamids, bis-trifluoracetic acid salt (100 ug) were dissolved in
500 wl sodium phosphate buffer (0.1M, pH=8.5). After addition of 37.5MBq ®™™ Tc-generator
eluats, 5 pl tin-(1l) chloride solution was added and the mixiure was heated for 10 minutes to
100°C. HPLC-analysis showed a major peak indicating that the desired product, N-(2-
mercaptoeth-1-yi)-N-{5-mercapto-3-aza-2-oxopert-1-y1)-N-{5-chioro-2-{2{4-(4-fluorobenzyl)-
2-(2 Ry-methylpiperazin-1-yi}-2-oxoethoxy]phen-1-yijglycinamide, technetium-99m-complex
was synthesized with a RCP > 91%.

Example 9
N<{2-Mercaptoeth-1-yi)-N'<{(5-mercapto-3-azapent-1-yi)}-N-{5-chloro-2-{2{4-(4-

fluorobenzyl)-2<(2A)-methyipiperazin-1 -yl]-!-oxdeli'loxyphanﬂ -yi}glycinamide,
Technetium-89m-complex
A.  To a stimed solution of 5-chioro-2{2-{4-(4-fluorobenzyl)-2-(2A)-methylpiperazin-
1-yi]-2-oxoathoxylaniline (156.7 mg, 0.4 mmol) and triethylamine (40.5 mg, 0.4 mmal) in 5
mL dichloromethane was added dropwise a solution of a-brormoacetyl chloride (63 mg, 0.4
mmol) in 3 mL dichloromethane. The resulting solution was stirred over night at ambient
temperature. The solvent was evaporated under reduced pressure. The desired product,
N-{5-chioro-2{2-{4-(4-fluorobenzyl)-2-(2 A)-methyipiperazin-1-yi}-2-oxoethoxylphen-1-yi}-2-
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bromoacetamide (175 mg, 85.3 %), was Isolated after silica gel chromatography (eluent:
dichloromethane/methanocl, 89:1) as a white powder.

Elemental Analysis:

Calc.: C 5153 H 4.72 N 8.19 O 5.76

Found: C 51.28 H 489 N 7.92 O

B. A stimed solution of N-{S-chloro-2-{2{4-(4-filuorobenzyl)-2-(2R)methylpiperazin-
1-yl]-2-oxoathoxy]phen-1-yi}-2-bromoacetamide (165 mg, 0.42 mmol) and N,N-bis{S{4-
methoxybenzyl)}-2-mercaptoeth-1-yl)ethylenediamine (841.3 mg, 2 mmol) (synthesized
according to Z.P. Zhuang et al., Bioconjugate Chem. (1998), Vol. 10, p. 159) in 1,4-dioxane
(5 mL) was heated under refiux for 24 hours. The resuiting reaction mbdure was evaporated
under reduced pressure. The residue was dissolved In 15 mL dichloromethane and washed
with saturated aqueous sodium carbonate solution. After drying over MgSO, the solvent was
evaporated under reduced pressure. The desired product, N{S-(4-methoxybenzyi)-2-
mercaptoeth-1-yi}-N-(S-(4-methoxybenzyl)-5-mercapto-3-azapent-1-yi)-N-{5-chloro-2{2{4-
(4-fluorobenzyl)-2-(2 R)-methylpiperazin-1-yi]-2-oxoethoxy]phen-1-yilgiycinamide (154 mg,
43%), was Isolated after silica gel chromatography (eluent: dichloromethane/methancl, 9:1)
as a white powder.

Elemental Analysis:
Cale.: C 61.99 H 6.50 N 8.22 O 9.38 § 752
Found: C 61.71 H 6.58 N 8.03 o) S 728

C. N-(S-{4-methoxybenzyl)-2-mercaptosth-1-yi}-N-(S-(4'-methoxybenzyl)-5-
mercapto-3-azapent-1-yl)}-N-{5-chloro-2-{2-{4-(4-flucrobenzyl)-2-(2 A)-methylpiperazin-1-yi}-2-
oxpathaxy]phen-1-yilglycinamide (140 mg, 0.164 mmol) was dissolved at 0°C In 5 mL
trifiuoroacetic acid. After addition of Hg(OAc). (104.5 mg, 0.328 mmol) the resulting mbdure
was stimed for 30 minutes &t 0°C and saturated for 15 min with H.S. After filration the
solvent was evaporated under raduced pressure. The resulting yellow oil was triturated with -
3 mL diethyl ether. The desired product, N-(2-mercaptoeth-1-yl)-N{5-mercapio-3-azapent-
1-yl)-NH{5-chioro-242{4-(4-fiuorobenzyl)-2-(2F)-methylpiperazin-1-yi}-2-axoethoxylphen-1-
yilglycinamide, tris-trifluoracstic acld salt (126 mg (80.5%), wes Isolated after filiration as a
white powder.
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Elemental Analysis:
Calc.: C 42.79 H 444 N 734 O 15.09 S 672
Found: C 4248 H 4.73 N 7.02 0 S 6.76

D. Disodium tartrate (1 mg) and N{2-mercapioeth-1-yi)-N-{5-mercapio-3-
azapent-1-yl)-N-{5-chloro-2-[2{4-(4-fluorcbenzyl)-2-(2A)-methyipiperazin-1-yi]-2-
oxoethoxyjphen-1-yllglycinamide, tris-trifluoracetic acid salt (100 ug) were dissolved In 500 pl
sodium phosphate buffer (0.1M, pH=8.5). After addition of 37.5MBq **™Tc-generator eluate,
5 i tin«{ll) chioride solution was added and the mixiure was heated for 10 minutes to 100°C.
HPLC-analysis showed a major peak Indicating that the desired product, N-(2-mercaptoeth-
1-y1)}-N-(5-mercapto-3-azapent-1-yi)-N-{5-chloro-2-{2-{4-{4-fluorobenzyi)-2-(2A)-
methyipiperazin-1-yi]-2-oxoethoxy]phen-1-yllgiycinamide, Technetium-98m-complex, was
synthesized with a RCP > 85%.

Example 10
Immunohistochemical Locallzation of CCR1 In Human Brains
Materials and Methods

A first group of tissue samples from brains that had been obtained at autopsy within
12 hours of death was used for immunohistochemical staining of the chemokine receptor
CCR1 in Alzheimer's disease and control brains. Paraffin-embedded, 5-um-thick,
unstained sections from frontal cortex and hippocampus were used for all
immunohistochemical and histochemical stains.

Slides were de-paraffinized in xylene and hydrated to phosphate-buffered saline
contalning 0.005% Triton X100 (PBS-T). For light microscopy (using DAB as chromogen)
endogenous peroxidase activity was blocked by incubating the slides with 0.01% H202 in
methanol for 30 minutes. Non-specific binding was reduced by blacking In 10% normal
goat serum (NGS) in PBS for 30 minutes. The primary antibodles [Rabbit anti-CCR1, (N-
tarminal peptide); Mouse anti-Neurofilament; mouse anti-GFAP; mouss anti-Tau (AT8);
mouse ant-CD68 (clone KP1); mouse anti-B-amyloid (Boshringer Mannheim, #1 381 431);
Rabbit anti-CCR8, (N-terminal peptide)] were diluted In PBS-T and slides were Ir.cubated
ovemight at room temperature. Staining was compietad using a Blogenex ABC™ kit. All
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washes used PBS-T. After the DAB reaction was completed, slides were lightly
counterstained with Gill's Hematoxylin, dehydrated and coverslipped with Permount.
Before coverslipping, some slides were re-stained with antibodies against A pepiide using
identical methods except that the chromogen was True Blue™. For immunofluorascent
double-labeling studies the slides were de-paraffinized, blocked with 10% NGS, and
Incubated with a cocktail of both primary antibodies ovemight. The slides were washed
with PBS-T and then incubated with a cocktail of goat secondary antibodies, each at 1/50
dilution. To avold confusion from endogenous (yellow-green) tissue fluorescence, the
secondary antibodles were conjugated to either Cy3 (emex = 565 nm; goat-anti-mouse,
Amersham) or Cy5 (Emax=700 nm; goat-anti-rabbit, Amersham). Slides were viewed on a
confocal microscope with a krypton-argon laser (model 2010, Molecular Dynamics,
Sunnyvale, CA).

Subsequently, a second group of brain tissues composed of 10 cases from
cognitively nommal siderly and 40 cases from Alzheimer's disease patients who had bean
assessed for clinical dementia rating (CDR) were obtained and evaluated for
immunohistochemical expression of CCR1. The samples were stalned for CCR1 and
other markers as described above except that monoclonal antibodies (clone #6D5) specific
for AB'*2 (a marker for diffuse, early amyloid deposits as well as for more mature neuritic
plaques) were obtained from Dr. Ursula Moenning. These antibodles were visualized with
Vector Red™ (Vector Labs). Dr Moenning also provided monocional antibodles specific
for AB"° (clone #13E0), a marker for plagues found in late-stage disease, that was
visualized with True Blue™.

I
In both sets of brains, areas with Alzheimer's disease pathology showed a
characteristic stalning pattem. CCR1 immunoreactivity was found in association with
nauritic (/.e., senlle) plaques in both the hippocampal formation and the cerebral cortex.
The immunostained structures were round to ovold and were not usually associated with
cell bodles. They varied in size and appeared to be filled with a punctate granular
material. These structures were found to form “coronas” around the amylold deposits in
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senile plaques, but were distinct from the AB itself (Figures 1-4). The top panel In Figure 1
shows a neuritic plaque with a corona of CCR1-positive processes. Neuronal cell bodies
of some CA1 and CA3 neurons In Alzheimer's disease cases were sometimes stained by
CCR1 antibodies. The bottorn panel in Figure 1 lllustrates this finding. This staining was
distinct from neurofibrillary tangles (NFT) or granulovacuolar bodies, although it was
comm nly present in the somata of neurons with these degenerative changes.

Pre-incubation of antibodies with a 16-mer polypeptide from the extracellular
(N-terminus) region of the CCR1 receptor protein completely blocked all tissue stalning, as
ilustrated In Figure 2. In particular, the top Image in Figure 2 shows a lack of stalning in
Alzheimer's disease brain with CCR1 antibodies that were pre-incubated with the
polypeptide while the bottom image in Figure 2 shows many CCR1-posliive structures in a
sister section stained with un-incubated antibodies.

Double-labeling studies showed that nearly all CCR1-positive structures were
assoclated with neuritic plaques contalning AR as shown In Figure 4. AB™* in diffuse
plaques (Figure 5) was not typically associated with CCR1 nor with any significant celiular
responses. In more advanced cases of Alzheimer's digease, many more AB'*°-positive
plaques were seen. Some, but not all of these were associated with CCR1 staining as
shown in Figure 3. In some cases CCR1-positive plaques were completely free of AB™
stalning.

In cases of severe Alzheimer's disease where significant neuronal loss and gliosis
were seen, reactive astrocytes in the subiculum and entorhinal cortex were also CCR1
positive. In less severe cases, CCR1-positive reactive astrocytes were uncommon.

Confocal microscopy of double-iabeled sections showed that CCR1 immunoreactivity
co-ocallzed with neurcfilament-positive processes. The macrophaga/microglial marker,
CD68, was not assoclated with CCR1 siaining, nor was the AT8 antibody against abnormally
phosphorylated tau protain. As expectad from fight microscopic studies, CCR1
immunoreactivity did co-locallze with GFAP In areas of astrogliosis.

Leukocytes present within cerebral vessels ware atrongly CCR1 positive in both
Alzheimer's disease and control brain tissues, serving as positive intemal controls for
staining methods. In Figure 5 note the CCR1-posliive staining of two Intravascular cells
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(arrows). Some CCR1-positive material is also seen at asterisk, but In general, diffuse
plaques are not assoclated with CCR1.

Using hippocampal tissue from the second study (where patients were grouped into
known clinical categorias by CDR score), a quantitative evaluation of the number of CCR1-
positive piaque-like structures in the hippocampus was undertaken. Histologic evaluations
of individual sections were performed under blinded condltions with respect to clinical
(CDR) status. The volume analyses were conducted using unblased computerized
methods. '

Figure 3 demonstrates the histologic relationship between CCR1-positive dystrophic
neurites (brown stain) and & neuritic plaque containing AB' % (blue stain). Note in that in
Figure 3 the CCR1-posltive processes are distinct from the amyloid. Plaques containing
AB' were discrete and easily counted, as were the clusters of CCR1-posttive neurites.
Slides of hippocampus were evaluated for the number of CCR1-positive coronas, the
number of AB**° positive plaques, and the number of plaques contalning both markers.
The structures were counted by region (e.g., CA3, CA1, and subiculum) within the entire
hippocampal formation, including entorhinal cortex and then totaled. The values are
relative estimates of the number of structures in the hippocampus as represented by 5-um
thick cross-sections of the hippocampal formation. Flgure 6 shows the relationship
between CCR1 and AB™ by CDR score.

Quantification of the amount of AB* required a different technique because AB'“
was more abundant and formed “diffuse” plaques that could not be easily enumerated (see
Figure 5). For these slides a computer-assisted method (C.A.S.T. stersology system) was
used to estimate the area of entorhinal cortex occupied by AB'2. This area was expressed
as a percent of the total area of cortex on the slide. The areas occupled by neuritic and
diffuse plaques were counted separately. The computer-driven microscope stage assured
random (unbiased) evaluation of the tissue sections. The volume % of entorhinal cortex
occupled by AB™* (both diffuse and neurltic) is compared to the number of CCR1-positive
plaques in a sister saction of entorhinal cortex in Figure 7.

Figure 6 shows that the average number of CCR1-positive dystrophic neurites in the
hippocampus increases as a function of CDR score In Alzheimer's disease. The number

X
%
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of positive structures in early Alzheimer's disease (CDR 0.5) is increased above control
(CDR 0) leveis. Although the differences between control and Alzheimer’s disease groups
did not become statistically significant until group CDR 2, these expression paitems
support the conclusion that CCR1 is upregulated in dystrophic neuronal processes even at
very early stages of Alzheimer's disease. Note that the number of AR plaques do not
rise until late in the disease. CCR1 expression in brain tissue may thus be considered a
relatively early indicator of Alzheimer's disease.

The correlation between number of CCR1-positive plaques in entorhinal cortex and
the amount of AR is shown in Figure 7. In general, CCR1 levels in entorhinal cortex
rise as the disease state increases; however, the area sampled is much smaller than the
area sampled in Figure 6. Note, however, that AB'* levels rise early in the disease.

Example 11
Assessment of brain avallabliity, using a **C-labeled tracer

A "C analogue of 1-(5-chloro-2-{2{(2 R)-4-(4-fluorobenzyl)-2-methyipiperazin-1-yi}-
2-oxoethoxy}phenyl)urea was prepared and used for pharmacokinetic studies of brain
avallability. Mice were injectad L.v. through cannulated jugular veins with the analogue at
36 mg/kg containing 334,000 dpm per dose. Mice (in groups of four) were sacrificed at 1,
15, 30, 120, and 1440 minutes after injection by CO» inhalation followed by intra-cardlac
puncture for removal of whole blood. The chest was then opened and mice were perfused
through the heart with phosphate buffered saline for five minutes to remove residual
radioactive drug from the blood compariment. The brains were then removed, welghed,
and sampled for amount of radioactivity in iwo separate pieces of cerebral cortex. The
radioactivity levels per mg of tissue in the two samples were averaged and the data were
normalized to total brain weight, as illustrated in Figure 8. The bars represent the standard
error (n=4 mice per time point). In particular, the graph in Figure 8 shows that the total
number of disintegrations per minute (DPM) for “C analogue In whole mouse brain
decreases to negligible levels by two hours after injection. At the 1-minute time point,
calculations show that, on average, about 3% of the injected dose is found in whole mouse
brain (average weight of 450 g).
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Plasma samples prepared from the whole blood removed from the mice were also
analyzed for radioactive content. The amount of radioactivity in equal volumes of brain and
plasma was comparad over time as a percent of injected dose, as illustrated in Figure 9.

The % of injected dose (i.d.) found per mL of plasma also declines over time, reaching
negligible levels after two hours. For comparison to brain levels, the total number of DPM per
brain were normalized to a gram of brain weight and expressed as a percentage of the i.d.
per gram of brain tissue. Nots that mouse brains weigh on average about 450 mg so that the
% of i.d. in 1 g of mouse brain shown in the graph overestimates the real vaiue by about two-
fold. itis clear that the levels of the analogue In the brain fall in concert with plasma levals.
Although the analogue is lipophllic, normal mouse brain does not appear o be a depot site
for the CCR1 antagonist.

Example 12
CCR1 Expreaslion In Other Neurodegenerative Diseases
Materials and Methods
Histologic samples of autopsy brain tissue from a total of 29 cases from seven
different neurodegenerative diseases (other than pure Alzheimer's disease) were obtained
and studied for CCR1 content. Slides were immunostained with antibodies against CCRt as
described in Example 10 above and reviewed under blinded conditions with respect to the
specific neurodegenerative disease. Subsequently, sister sections were double-labeled with
antibodies against CCR1 (DAB as chromogen) and AR (Vector Red™ as chromogen).
The diseases examined are listad below:

Parkinson's disease (PD) 6 cases
Parkinsonian dementia of Guam 3 cases
Congophilic angiopathy 4 cases
MultiHnfarct dementia (MID) 4 cases
Diffuse Lewy body dementia (DLBD) 4 cases
Pick’s disease 4 cases

Progressive supranuclear palsy (PSP) 4 cases
The stained slides were graded for CCR1 and AB™2 content using a histologic scale
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of 0 to 4, with 0 being absence of staining, 0.5 indicating rare expression, and grades 1
through 4 Indicating increasing levels of expression with 4 being highly abundant.

Reguits

All six cases of Parkinson's disease and all three cases of Parkinsonian dementia of
Guam were negative for CCR1. CCR1-positive plaque-iike structures, similar to those found
in Alzheimer's disease, were observed In all 4 cases of congophllic angiopathy, in 3 of the 4
cases of DLBD, in 2 out of the 4 cases of PSP, and in 1 out of the 4 cases of both MID and
Pick’s disease.

Double-abeling studies confimed the assumption that these CCR1-positive plaque-
like structures were associated with AB™, as was found in pure cases of Aizheimer's
disease (Example 10). Figure 10 shows the results of the pathological evaluations in graphic
form for all the diseases except for Parkinson's (which was negative for CCR1 In brain).
Basically, CCR1 expression was never found in brain tissue samples unless AB"*“-positive
neuritic plaques were also present.

After the code was broken, it was found that the one case of Plck's disease showing
CCR1 expression also camied the diagnosis of Alzheimer's disease. The two PSP cases with
CCR1 were aiso diagnosed with concurrent Alzheimer's disease. Congophilic anglopathy
and DLBD are diseases that are closely assoclated with Alzheimer's disease pathology.
Therefore, It is not surprising that they would also have high levels of CCR1 expression in
assoclation with AB'2. In elderly populations It Is often the case that Alzheimer's disease
pathology will overlay other disease processes. This was found in one of the four MID cases.
These results suggests that CCR1 Is a marker that is closely associated with Alzheimer's
disease pathology (specifically, AB'“-positive neurltic piaques) regardless of other
concurrent pathological processes that may be present in brain. As such, it is likely to be
highly spacific for Alzheimer's disease pathology and therefore may be useful as a diagnostic
surrogate marker of disease progression.

While the present invention has been described with reference to the speclfic
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embodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt a
particular situation, material, composltion of matter, process, process step or steps, to the

5 objective, spirit and scope of the present invention. All such modifications are intended to
be within the scope of the claims appended hereto.
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What Is claimed Is:
1. A compound of formula (1):
— x2
Y
1 H‘\I’_" N»
o W0
L./ {
R’ 0

wherein:

X' and X2 are each Independently halo;

R' and R? are each independently hydrogen or alkyl; and

R® is hydrogen, amino, monoalkylamino, dialkylamino, monoaraikylamino,
alkyicarbonylamino, alkenylcarborrylamino, haloalkylcarbonylamino,
aryicarbonylamino, alkoxyalkylcarbonylamino, alkoxycarbonylalkyicarbonylamino,
glycinamido, monoalkylglycinamido, arylcarbonyliglycinamido,
aminocarbonyliglycinamido, (aminocarbonyl){alkyl)glycinamido,
(alkoxyalkyicarbonyl)glycinamido, ureido, monoalkyiureido, monoarylureido,
monoaralkylureido, or alaninamido;

and wherelin elther one of X' or X2 Is selacted from the group of '2, 125), 128, 19) 7o,
798y, ®Br and '°F; or wherein one of the carbon atoms In the compound Is ''C;

or a phamaceutically acceptable salt thersof.
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2, A compound of formula (Il):

O m

N(H‘)Hs
wherein
X' and X? are each Independently halo;
R' and R? are each Independently hydrogen or alkyf; and
R* Is hydrogen; and
R® comprises a chelator capable of binding a radioactive metal atorn chosen from the
group of ®*™Tc, **Re and " Re;
or as & complex with ®"Tc, '™Re and "™ Re;
or a8 pharmacsutically acceptable salt thereof.

3. The compound of Claim 1 or Claim 2 wherein said compound binds to
chemokine receptor CCR1 and passas the blood-brain bartier.

4.  The compound of Claim 1 or Claim 2 wherein R' is methyl at the 2-position

of the piperazinyl radical and R? Is methyl at the 5-posttion of the piperazinyl radical.

5.  The compound of Claim 1 or Claim 2 wherein R' is methyl at the 2-position

of the piperazinyl radical and R® is hydrogen.

6.  The compound of Claim 1 wherein X! Is chloro at the 4-position of the phenyi

radical and X2 is a "°F atom at the 4-position of the phenyl radical.
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7.  The compound of Ciaim 2 wherein R is a chelator of formula (I):
H
N
|) ({[])]
O O

SH

8.  The compound of Claim 2 whersin R is a chelator of formula (IV):

YN/\/H\/\SH
O

(V)

SH

9.  The compound of Claim 7 or Claim 8 wherein R® further comprises a linker
molety comprising an alky! radical having one to ten carbon atoms, wherein the alkyl
radical optionally contains one fo ten -C(O)-groups, one to ten -C{O)N(R)- groups, one fo
ten -N(R)C(O)- groups, one to ten -N(R)- groups, one to ten -N(R). groups, one to ten
hydroxy groups, one o ten -C(O)OR- groups, one to ten oxygen atoms, one to ten sulfur
atoms, one o ten nitrogen atoms, one to ten halogen atoms, one to ten aryl groups, and
one to ten saturated or unsaturated heterocyclic rings wherein R is hydrogen or alkyl.

10. The compound of Claim 9 wherein the linker moiety is -C(O)-CHx-N(H).

11.  The monochloride salt of a compound of Claim 1 to Claim 10.
12. The dichloride salt of & compound of Claim 1 to Claim 10.

13. A method of diagnosing Alzheimer's disease in a human which comprises

administering to a human in need of such diagnosis a compound according to Claim 1 to
12 and measuring the radioactivity arising from the administration of the compound to the

human efther by using a gamma camera or by positron emission tomography (PET).
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14. A method of using a compound according to Claim 1 o 12 for the
manufacture of a radiopharmaceutical for the dlagnosls of Alzheimer's disease in a
human.

15. A process for the production of a compound of formula (1) according o Claim
1 comprising the reaction of a compound of formula (1)'

/—NH
\
Q -
®
whersin R, R2, R®, and X' are as defined in Claim 1,
with a compound of formula (b):
0
H I =
2"
F
(b)

in the presence of a reducing agent.

30
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CCR1 and Amyloid 1-42 in the Entorhinal Cortex
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PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNGSTICO DE LA EN-
FERMEDAD DE ALZHETNER
Campo de la invencién

La presente invencién se relaciona con nuevos productos
radiofarmacéuticos que Bon de utilidad para el diagnéstico
de la enfermedad de Alzheimer.
Descripcién breve del arte anterior

La enfermedad de Alzheimer es un trastorno neurodegene-
rativo severo y habitualmente existen aproximadamente 4 mi-
llones de norteamericanos que padecen esta enfermedad. Dado
que la poblacién de mayor edad continiia creciendo, esta ci-
fra podria alcanzar los 14 millones a mediadoa_del préximo
sigio a menos que se descubra una cura o prevencién para la
enfermedad. Actualmente, no exliste ninguna prueba premortem
sensible y especifica para un diagnéstico temprano de la en-
fermedad. La enfermedad de Alzheimer se diagnostica actual-
mente scbre la base de la observacién clinica del deterioro
cognitivo, acoplado con la eliminacién sistemitica de otras
posibles causas de dichos sintomas. La confirmacién del dia-
gnéstico clinico de “probable enfermedad de Alzheimer” sola-
mente se puede realizar examinando el cerebro postmortem. El
cerebro en la enfermedad de Alzheimer se caracteriza por la
aparicién de dos depdsitos proteiniceos anormales distinti-
vos en regiones del cerebro que son responsables del apren-
dizaje y la memoria (por ejemplo, en la corteza cerebral y

el hipocampo) . Estos depésitos son placas amiloides extrace-
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lulares, que son caracteristicas de la enfermedad de Alzhei-
mer, Yy ovillos neurofibrilares intracelulares (NFT), que
también se encuentran en otros trastornos neurodegenerati-
vos. Los péptidos amiloides son tipicamente de 40 6 42 ami-
noicidos de longitud (“AP"*°® o ®aAB™*%*, respectivamente) y
gse forman a partir del procesamiento anormal de una proteina
mayor asociada a membrana de funcién deeconocida, la protei-
na precursora de amilolde (“APP”). Se cree que los agregados
oligoméricos de estos péptidoms son neurotéxicos,dando even-
tualmente como resultado la degeneracidén sindptica y la pér-
dida neurocnal. La cantidad de deposicién amiloide se corre-
laciona aproximadamente con la severidad de los sintomas en
el momento de la muerte.

En el pasado, se han realizado varios intentos para di-
sefiar productos radiofarmacéuticos que se pudieran usar como
agentes de diagnéstico para un diagnéstico premortem de la
enfermedad de Alzheimer.

Bornebroek et al. mostraron que el componente amiloide
P périco (SAP) de la proteina asocilada al amiloide, marcado
con *PI, spe acumula en niveles bajos en la corteza cerebral,
posiblemente en las paredes de los vasos, de los pacientes
con amiloidosis cerebral (Bormebroek, M., et al., Nucl. Med.
Commun. (1996), Vol. 17, pAgs. 929-933).

Saito et al, propusieron una administracién mediada por
vectores de AP’ marcados con '**I a través de la barrera

hematoencefflica.Se describe que el componente AP'™*° iodado



se une a placas amiloides AR en secciones de tejido(Baito,
Y.,et al., Proc.Natl.Acad. Sci. EE.UU. 1995, Vel.92, pg.
10227-10231).

En la Patente de EE.UU. N°: 5.231.000 se describen an-
ticuerpos con especificidad por el polipéptido amiloide A4
presente en el cerebro de los pacientes con enfermedad de
Alzheimer. Sin embargo, alin no se ha descripto un método pa-
ra administrar estos anticuerpos a través de la barrera he-
matoencefédlica.

Zhen et al. describieron modificaciones del colorante
que se une a amiloides conocido como “Congo Red™* y comple-
jos de eatas moléculas modificadas con tecnecio y renio.. Se
prevé que los complejos con iones radiocactivos puedan cons-
tituir agentes potenciales para el diagnéstico por imagenes
de la enfermedad de Alzheimer (Zhen et al.,J.Med.Chem.
(1998), Vol. 42, pg. 2805-2815). Sin embargo,el potencial de
los complejos para atravesar la barrera hematoencefilica es
limitado.

Un grupo en la Universidad de Pennsylvania en EE.UU.
(Skovronsky, M., et al., Proc. Natl. Acad. Sci. 2000, Vol.
97, pigs. 7609-7614) ha desarrollado un derivado marcado con
fluorescencia del Congo Red que es permeable en el cerebro y
que ge une de una manera no especifica con materiales ami-
loides (es decir, péptidoa en conformacién laminar con ple-
gamiento P). Seria necesario marcar este compuesto con un

componente radiocactivo y luego verificarlo en eximenes pre-
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clinicos para evaluar su farmacocinética y toxicidad antes
de la evaluacidn clinica.

Klunk et al. describileron experimentos con un derivado
de Congo Red™, la crisamina G (CG). Se describe que CG se
une bien al P-amiloide sintético in vitro, y atraviesa la
barrera hematoencefdlica en ratones normales (Klunk et al.,
Neurobiol. Aging (1994), Vol. 15, N°® 6, pags. 691-698).

Bergstrom et al. presentaron un compuesto marcado con
iodo-123 como un radioligando potencial para la visualiza-
cién de receptores de acetilcolin muscarinicos M1 y M2 en la
enfermedad de Alzheimer (Bergstrom et al., Eur. J. Nucl.
Med. (1999), Vol. 26, phgs. 1482-1485).

Recientemente, se ha descubierto que ciertos receptores
eppecificos de quimioquinae son sensibilizados en los cere-
bros de pacientes con la enfermedad de Alzheimer (Horuk, R.
et al., J. Immunol. ({1997), Vol. 158, pags. 2882-2890); Xia
et al., J. NeuroVirol. (1999), Vol. 5, pAgs. 32-41). Ademis,
s8e ha demostrado recientemente que el receptor de la quimio-
quina CCR1 es sensibilizado en los cerebros de pacientes con
enfermedad de Alzheimer avanzada y esti ausente en los cere-
bros normales (Halks-Miller et al, CCR1 Immunoreactivity in
Alzheimer’s Disease Braina, Soclety for Neuroascience Meeting
Abstract, N® 787.6, Volumen 24, 1998). Los antagonistas del
receptor CCR1 y el uso de los mismos como agentes antiinfla-
matorios se describen en la publicacién de la Solicitud de

Patente PCT, WO 98/56771.



Ninguna de 1las p;opuestas descriptas previamente han
dado como resultado un_desarrollo clinico de un agente para
el diagnésetico por imdgenes para un diagnéstico temprano de
la enfermedad de Alzheimer. Por consiguiente, peraiste la
neceeidad de un agente de diagnéstico que pueda ser de uti-
lidad para un diagnéstico confiable y temprano de la enfer-
medad de Alzheimer.

RESUMEN DE LA INVENCIGN

La presente invencién se refiere a productos radiofar-
macéuticos que se unen al receptor CCR1 Y que tienen la ca-
pacidad de atravesar la barrera hematoencefdlica, y que por
ello son de utilidad en el diagnéstico de la enfermedad de
Alzheimer, preferentemente en una etapa temprana de la en-
fermedad.

Por consiguiente, en un aspecto, la invencién sBe refie-

re a compuestos de f&rmula (I):

donde:

X! y X? son cada uno, independientemente entre 8f, halo;

R' y R? son cada uno, independientemente entre sf, hidrégeno
o alquilo; y

R’ es hidrSgeno, amina, monoalquilamina, dialquilamina, mo-
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noaralquilamina, alquilcarbonilamina, algquenilcarbo-
nilamina, haloalquilcarbonilamina, arilcarbonilami-
na, alcoxialquilcarbonilamina, alcoxicarbonilalquil-
carbonilamina, glicinamida, monocalquilglicinamida,
arilcarbonilglicinamida, aminocarbonilglicinamida,
(aminocarbonil) (alquil)glicinamida, {(alcoxialquil-
carbonil)glicinamida, ureido, moncalquilureido, mo-
noarilureido, monoaralquilureido o alaninamida;
y donde cualquiera de X' o X* me selecciona del grupo forma-
do por IIJI' 1251' IBBI' 1311, TSBI.' "‘Br, loBr Y IIF', o donde uno
de los Atomos de carbono en el compuesto es ''C; o una eal
aceptable para uso farmacéutico de los mismos.
En otro aspecto, la invencién se refiere a compuestos

de férmula (II):

N(RYR
donde
Xy *’ son cada uno, independientemente entre sf, halo;
R' y R? gon cada uno, independientemente entre sf, hidrégeno
o alquilo; y
R* es hidr6geno; y
R® comprende un quelante capaz de ligar un &tomo de me-

tal radicactivo seleccionado del grupo formado por
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¥mpc, 1%Re y 1%Re;

o como un complejo con %*"Tc, %Re y !%*Re; o una sal acepta-

ble para uso farmacéutico de los mismos.

En otro aspecto, esta invencién se refiere a un método
de diagnéstico de la enfermedad de Alzheimer en un ser huma-
no que comprende la administracifn a un ser humano que nece-
sita dicho diagnéstico de un compuesto de fé6rmula (I) o £6r-
mula (II), descripto previamente y en este documento, y la
medicién de la radiocactividad que produce dicha administra-
cién del compuesto al ser humano ya sea usando una cimara
gamma o mediante tomograffia de emisién de positrones (PET).

En otro aspecto, la invenciém se refiere a un método
para usar un compuesto de la invencién en la elaboracién de
un producto radiofarmacéutico destinado al diagnéstico de la
enfermedad de Alzheimer en un ser humano.

En otro aspecto, la invencién se refiere a un método
para preparar los compuestos de la invencién.

Descripcién breve de las figuras

En la figura 1 se muestra la expresién del CCR1 en tejido de
cerebro con enfermedad de Alzheimer.

En la figura 2 se muestra la especificidad de anticuerpos
del CCR1 en tejido de cerebro con enfermedad
de Alzheimer.

En la figura 3 se muestran secciones de tejido con marcacién
doble para CCR1-ABR*"*°.

BEn la figura 4 se muestran placas neuriticas con marcacién
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doble para CCR1 y ABR*~*2.

En la figura 5 se muestra una coloracién difusa de AP'™*? en
cerebro con enfermedad de Alzheimer.

La figura 6 es un gréifico que muestra la relacién entre CCR1
y AP gegln la calificacién CDR.

La figura 7 es un grifico que muestra la relacién entre CCR1
y Ap*™*? pegfin la calificacién CDR.

La figura B es un griafico que demuestra la disminucién de
radloactividad total en cerebro en el tiempo.

La figura 9 es un grifico que muestra el porcentaje de dosis
inyectada en cerebro y plasma.

En la figura 10 se muestran gridficos de la expresitn del
CCR1 en otras enfermedades neurodegenerati-
vas.

Descripcisn detallada de la invencién
Definiciones

Tal como Be utilizan en la memoria descriptiva y las
reivindicaciones adjuntas, a menos que se indique lo contra-
rio, los sBiguientes términos tienen el significado que se
indica a continuacién:

*Alquilo” Be refiere a un radical de cadena lineal o
ramificada, monovalente o divalente, que solamente consta de
carbono e hidr6geno, que no contiene insaturaciones y que
tiene uno a ocho &tomoe de carbono, por ejemplo, metilo,
etilo, n-propilo, 1-metiletil (iso-propileo), n-butilo, n-

pentilo, 1,1-dimetiletil(t butilo), n-heptilo y semejantes.
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*Alquilcarbonilamina* se refiere a un radical de f6rmu-
la -N{(H)-C(O)-R,, donde R, es un radical alquilo definido
previamente, por ejemplo, acetilamina, etilcarbonilamina, n-
propllcarbonilamina y semejantes.

*Alquenilo” ge refiere a un radical de cadena lineal o
ramificada, monovalente o divalente, que solamente consta de
carbono e hidr6geno, que contiene por 1o menos un enlace do-
ble y que tiene de dos a ocho dtomos de carbono, por ejem-
plo, etenilo, prop-l-enilo, but-l-enilo, pent-li-enilo, pen-
ta-1,4-dienilec y semejantes.

*Alquenilcarbonilamina” se refiere a un radical de f6r-
mula -N{H)-C({0O)-R;, donde R, es un radical alquenilo defini-
do previamente, por ejemplo, etenilcarbonilamina, prop-2-
enilcarbonilamina, but-2-enilcarbonilamina y semejantes.

"Alcoxl” se refiere a un radical de f£6rmula -0QR,, donde
Rs €8 un radical alquilo definido previamente, por ejemplo,
metoxi, etoxi, n-propoxi, 1l-metiletoxi (iso-propoxi), n-
butoxi, n-pentoxi, 1,l1-dimetiletoxi (t-butoxi) y semejantes.

®*Alcoxicarbonilalquilcarbonilamina® se refiere a un ra-
dicai de f6rmula -N(H)-C({O)-R.-C(O)OR,, donde cada R, es, in-
dependientemente entre sf, un radical alquilo definido pre-
viamente, por ejemplo, etoxicarbonilmetilcarbonilamina, me-
toxicarbonilmetilcarbonilamina, (2-etoxicarboniletil)carbo-
nilamina, (2-metoxicarboniletil)carbonilamina y semejantes.

®*(Alcoxialquilcarbonil)glicinamida* se refiere a un ra-

dical de férmula -N(H)-C(Q)-CH3-N(H) -C{0Q) -Ra-0-R,, donde cada
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Ra €8, 1lndependientemente entre si, un radical alquilo defi-
nido previamente, por ejemplo, (metoxiacetil)glicinamida,
(etoxiacetil)glicinamida y semejantes.

*Amina” se refliere a un radical -NH;.

"Amincarbonilglicinamida® se refiere a un radical de
f6rmula -N(H) -C(0) -CHz-N(H) -C(0) -NHa.

* (Amincarbonil) (alquil)glicinamida” se refiere a un ra-
dical de f6rmula -N(H)-C(O)-CH;-N{(R,)=C(0)-NH;, donde R, es
un radical alquilo definido previamente.

*Arilo” se refiere a un radical fenilo o naftilo. A me-
nos que se indique especificamente lo contrario en la memo-
ria deecriptiva, el término “arilo” o el prefijo ®ar-* (tal
como en ‘aralquilo”) significa que se incluyen radicales
arilo sustituidos optativamente entre uno o varios sustitu-
yentes peleccionados del grupo formado por halo, alquilo,
alcoxi, haloalquilo, halocalcoxi, nitro, amina, monoalquila-
mina y dialquilamina, ya definidos en este documento.

*Arilcarbonilamina” se refiere a un radical de f&érmula
-N(H)} -C{O) -Rp, donde R, eas un radical arilo definido previa-
mente, p.ej., (4-metoxifenil) carbonilamina, (4-fluorofe-
nil)carbonilamina, (4-clorofenil)carbonilamina y semejantes.

*Arllcarbonilglicinamida® se refiere a un radical de
f6rmula -N(H)-C{(0O)-CH;-N(H)-C(0)-R,, donde R, es un radical
arllo definido previamente, por ejemplo, fenilcarbonilglici-
namida, (4-fluoro-3-trifluorometilfenil)carbonilglicinamida,

(4-fluorofenil)carbonilglicinamida y semejantes.
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"Aralqullo” se refiere a un radical de férmula =-RaRp,
donde R, es un radical alquilo definido previamente y Ry es
un radical arilo definido previamente,p.ej., bencilo y seme-
jantes.

*Alcoxialquilcarbonilamina” se refiere a un radical de
f6rmula -N{H)-C(O) -R,-O-R,, donde cada R, es un radical al-
quilo definido previamente,p.ej., metoximetilcarbonilamina,
etoxletilcarbonilamina, metoxietilcarbonilamina y semejan-
tes.

"Alaninamida” se refiere a un radical de f£&6rmula -N(H)-
C(0) -C(CH,) H-NH;3.

*Bencilo”® se refiere a un radical de férmula -CH;-Ry,
donde R, es un radical fenilo sustituido optativamente por
uno o varios sustituyentes seleccionados del grupo formado
por halo, alquilo, haloalquilo, alcoxi, nitro, amina, mo-
noalquilamina, y dialquilamina.

*Dialquilamina” se refiere a un radical de férmula -
N(Ra)R,, donde cada R, es, independientemente entre sf, un
radical alquilo definido previamente, por ejemplo, dimetila-
mina, metiletilamina, dietilamina, dipropilamina,
etilpropilamina y semejantes.

*Glicinamida” se refiere a un radical de f&Srmula -N(H)-
C(0O) -CH3-NH;.

*Halo"” se refiere a bromo, cloro, iodo o fldor.

"Haloalquilo” se refiere a un radical alquilo, definido

previamente, es decir sustituido por uno o varios radicales
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halo, definido previamente,p.ej., trifluorometilo, difluo-
rometilo, triclorometilo, 2-trifluoroetilo, 1l-fluorometil-2-
fluorocetilo, 3-bromo-2-flucoropropilo, 1l-bromometil-2-bromo-
etilo y semejantes.

“*Haloalquilcarbonilamina” se refiere a un radical de
f6rmula -N(H)-C(O)-Rs, donde R es un radical haloalquilo
definido previamente, por ejemplo, trifluorometilcarbonila-
mina, trifluorometilcarbonilamina, 2-bromoetilcarbonilamina
y Bemejantes.

*Monocalquilamina” pe refiere a un radical de f6érmula -
N{H)R,, donde R, es un radical alquilo definido previamente,
p.ej., metilamina, etilamina, propilamina y semejantes.

“Monoaralgquilamina* se refiere a un radical de f6rmula
-N(H)Rq, donde Ry es un radical aralquilo definido previa-
mente,p.ej., bencilamina, (3,4,5-trimetoxibencil)amina, (4-
clorobencil)amina y semejantes.

"Monoalquilglicinamida® se refiere a un radical de f&r-
mula -N(H)-C(O)-CH;-N(H)R,, donde R, es un radical alquilo
definido previamente.

"Monoalquilureido” Be refiere a un radical de f6rmula -
N{(H)-C{O)-N(H)R, o un radical de férmula -N(R,)-C(O)-NHj;,
donde R, es un radical alquilo definido previamente.

*Moncarilureido” se refiere a un radical de fé&érmula -
N{H)-C(0O)-N{H)Rp, 0o un radical de f&érmula -N(Ry)-C(0O)-NHa,
donde Ry es un radical arilo definido previamente.

*Moncoaralquilureido” se refiere a un radical de f6rmula

¢ 3
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~-N{H)-C(O)-N{H)Ray © un radical de £6rmula -N(Ry)-C(O)-NH;,
donde Ry es un radical aralquilo definido previamente.

Los términos “optativo®” u “optativamente” significan
que un suceso o circunstancia descripto puede producirse, ©
no, y que la descripcién incluye casos donde dicho suceso o
circunstancia tiene lugar y casos en que no. Por ejemplo,
*arilo sustituido optativamente* significa que el radical
arilo puede estar sustituido o no y que la descripcién in-
cluye tanto los radicales arile pustituidos como no susti-
tuidos.

Una “sal aceptable para uso farmacéutico” incluye sales
de adicién tanto &cida como alcalina.

Una "sal de adicién adcida aceptable para uso farmacéu-
tico” gse refiere a aquellas sales que retienen la eficacia
biol6gica y las propiedades de las bases libres, que no sean
biolSgicamente inconvenientea o indeseadas de otra manera, y
que se forman con 4cidos inorginicos, tales como &dcido clor-
hidrico, &cido bromhidrico, &cido eulfdrico, &cido nitrico,
dcido fosfbrico y semejantes, y &cidos orgdnicos, tales como
dcldo acético, &4cido propiénico, &cido pirtivico, &cido ma-
leico, &cido maldnico, &cido succinico, &cido fumirico, &ci-
do tartérico, &acldo citrico, &cido benzoico, &dcido mandéli-
co, &cido metansulfbnico, &cido etansulfénico, &cido p-
toluensulfénico, &cido salicilico y semejantes. Las sales
particularmente preferidas de loe compuestos de la invencién

son las sales monoclorhidfato ¥ las Bales diclorhidrato.



Una “sal de adicién alcalina aceptable para uso farma-
céutico” se refiere a aquellas sales que retienen la efica-
cia biolé6gica y las propiedades de los dcidos libres, que no
sean biolSgicamente inconvenientes o indeseadas de otra ma-
nera. Estas Bales se preparan a partir de la adicién de una
base inorgidnica o una base orginica al &cido libre. Las sa-
les derivadas de basee inorgédnicas incluyen, pero sin limi-
taciones, las sales de sodio, potasio, litio, amonio, cal-
cio, magnesio, zinc, aluminio y semejantes. Las sales inor-
ginicas preferidas son las sales de amonio, sodio, potasio,
calcio y magnesio. Las sales derivadas de basee orgénicas
incluyen, pero sin limitaciones, sales de aminas primarias,
secundarias y terciarias, aminas sustituidas incluyendo ami-
nas sustituidas naturales, aminas ciclicas y resinas de in-
tercambio de iones alcalinos, tal como isopropilamina, tri-
metilamina, dietilamina, trietilamina, tripropilamina, eta-
nolamine, 2-dimetilaminoetanol, 2-dietilaminoetancl, trime-
tamina, diciclohexilamina, lisina, arginina, histidina, ca-
feina, procaina, hidrabamina, colina, betaina, etilendiami-
na, glucosamina, metilglucamina, tecobromina, purinas, pipe-
razina, piperidina, N-etilpiperidina, resinas de poliamina y
semejantes. Las bases orgénicas particularmente preferidas
son isopropilamina, dietilamina, etanolamina, trimetilamina,
diciclohexilamina, colina y cafeina.

"Ureido” se refiere a un radical de f6rmula -N(H)-C(O)-

NH;.

‘'
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A partir de las definiciones anteriores y los ejemplos
se considera que para los radicales que contienen un grupo
alquilo sustituido se puede producir cualquier sustitucién
sobre cualquiera de los carbonos del grupo alquilo.

Loe compuestos de la invencién, o las sales aceptables

para uso farmacéutico de los mismos, pueden tener &tomos de

carbono asimétricos en su estructura. Los compuestos de la’

invencién y las sales aceptables para uso farmacéutico de
los mismos pueden entonces existir como enantiémeros, dias-
tereoisdémeros, racematos y mezclas individuales de enantis-
mercos y diastereisSmeros. Todoe dichos enantiSmeros, diaste-
reisSmeros, racematos y mezclas individuales de los mismos
se conelderan dentro del alcance de esta invencién. La con-
figuracién absoluta de algunos &tomos de carbono dentro de
los compuestos, 8l se conoce, est& indicada por el descrip-
tor absoluto apropiado R o S.
Utilidad y administracisn

Los compuestos de la invencién descriptos en este docu-
mento son antagonistas del receptor de la quimioquina comno-
cida como CCR1 y tienen capacidad para atravesar la barrera
hematoencefdlica. Los compueastos son entonces adecuados como
agentes de diagnéstico in vivo para el diagnéetico por imé-
genes de la enfermedad de Alzheimer. La detecciSn de ra-
diocactividad se lleva a cabo de acuerdo con procedimientos
bien conocidos en el arte, ya sea usando cimara gamma o to-

mografia de emisién de positrones (PET).
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Preferentemente, la base libre o una forma de sal acep-
table para uso farmacéutico, por ejemplo una sal monoclor-
hidrato o diclorhidrato, de un compuesto de la invencién se
usa en una formulacién galénica como agente de diagnéstico.
La formulacién galénica que contiene al compuesto de la in-
vencién contiene optativamente los adyuvantes conocidos en
el arte, por ejemplo reguladores del pH, cloruro de sodio,
dcido lactico, agentes tensiocactivos, etc. Se puede efectuar
también una esterilizacién por filtracién de la formulacién
galénica bajo condiciones estériles antes de su uso.

La doeis radioactiva se debe encontrar en un rango en-
tre 1 y 100 mCi, preferentemente entre 5 y 30 mCi y mé&s pre-
ferentemente entre 5 y 20 mCi por aplicacién.

Pruebas

La conveniencia de loe compuestos como agentes de dia-
gnéetico por imiAgenes para la enfermedad de Alzheimer se
puede demostrar con los protocolos experimentales conocidos
por los especialistas en el arte. Por ejemplo, 1la
sensibilizacién de los receptores CCR1 en cerebros con
enfermedad de Alzheimer se puede demostrar en experimentos
de coloracifn inmunohistoquimica de tejidos de autopsia de
cerebro recolectados de pacientes con enfermedad de
Alzheimer como se describird con detalle més adelante en los
ejemplos. La capacidad de los compuestos de la invencién de
unirse al receptor CCR1 y su capacidad para atravesar la
barrera hematoencefélica, también se puede evaluar mediante

los ensayoe in vitro e in vivo que se describirin més
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in vitro e in vivo que sBe describirin mis adelante en los
ejemplos. En particular, en el ejemplo 10 se describe un
gran estudio que se llevé a cabo para conocer el grado de
expresién CCR1 en las diferentes etapas de la enfermedad de
Alzheimer. Los tejidos de cerebro de 50 casos de autopsia
mostraron una correlaciém entre el grado de severidad clini-
ca (demencia) en la enfermedad de Alzhelmer y la expresién
de CCR1 en los neuritos distréficos. La expresiém del CCR1
en las estructuras tipo placa en los cerebros de individuos
clinicamente normales es rara. Ademis, no se ha detectado
expresién de CCR1 en los cerebroe de individuos con otras
enfermedades neurodegenerativas a menos que exista una pato-
legia concomitante de enfermedad de Alzheimer (especifica-
mente, AP'*? en las placas).
Realizaciones preferidas

Entre los diversos aspectos de la invencién, se prefie-
ren algunos compuestos de.férmula (I). En particular, se
prefieren los compuestos de férmula (I) donde X! es cloro en

7 en la

la posicién 4 del anillo fenilo y X? es un Atomo de
posicién 4 del anillo fenilo. Se prefieren especialmente di-
chos compuestos para su uso como agentes de diagnSstico me-
diante tomografia de emisiém de positrones (PET).

Se prefieren alin mis los compuestos de f6rmula (I) don-
de R} estd en la poeicién 2 del anillo fenilo y R! es un me-

tilo en la poeicién 2 del anillo piperazinilo y R? es un me-

tilo en la posicifén 5 del anillo piperazinilo. Se prefieren
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igualmente los compuestos de férmula (I) donde R? estéd en la
bosicién 2 del anillo fenilo y R* es un metilo en la posi-
cién 2 del anillo piperazinilo y R? eas hidrégeno.

Se prefieren ademds estos compuestos preferidos en las
forma de sus sales mono o diclorhidrato.

Entre los diversos aspectos de la invencién, se prefie-
ren algunos compuestos de férmula (II). En particular, los
compuegtos de férmula (II) donde -N(R')™ ge encuentra en la
posicién 2 del anillo fenilo y R' se encuentra en la posi-
cién 2 del anillo piperazinilo y R? se encuentra en la posi-
cién 5 del anillo piperazinilo. Se prefieren igualmente los
compuestos de férmula (II) donde -N(R*)®™ se encuentra en la
posicién 2 del anillo fenilo y R!' ea un metilo en la posi-
cién 2 del anillo piperazinilo y R? es hidrégeno.

Se prefieren afin mis los compuestos de f&6rmula (II),

donde ™ comprende un quelante acorde con la férmula (III):
H
N
\r\N/\“/ \/\SH am
0 (o]

SH
o la fé6rmula {(IV):

H
\"/\N/\/N\/\SH )
o)

SH

asf como los complejos de los mismos con **rc, %®Re y % Re.

Entre estos compuestos preferidos, se prefieren atn més los

-
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compuestos de f6rmula (II) donde ™

comprende un guelante
acorde con la férmula (III) o (IV), y donde el quelante estd
unido al nitr6geno en el grupo -N(R*)®™ del compuesto no ra-
dicactivo de f6rmula (II) mediante un grupo ligador que com-
prende un radical alquilo que tiene de uno a diez 4tomos de
carbono, donde el radical alquilo contiene optativamente uno
a diez grupos -C(0)-, uno a diez grupos -C(O)N(R)-, uno a
diez grupos -N(R)C(0O)-, uno a diez grupos -N{(R)-, uno a diez
grupos -N(R)z, uno a diez grupos hidroxi, uno a diez grupos
-C(0)O-, uno a diez &tomos de oxigeno, uno a diez &tomos de
azufre, uno a diez &tomos de nitrégeno, uno a diez &tomos de
halégeno, uno a diez grupos arilo y uno a diez anilloa hete-
rociclicoe saturados o insaturados, donde R es hidrégeno o
alquilo. Un grupo ligador preferido es -C(0)-CH;-N{H)-. En-
tre los compuestos de la invencién, loa compuestos de f&Srmu-
la (I) wé&es preferidos son los compuestos seleccionados del
grupco formado por los siguientes:

1-{5-cloro-2-{2- [(2R) -4- (4-fluoro-'"F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi}fenil)urea;

N’ - (mercaptoet-1-il) -N’- (5-mercapto-3-aza-2-oxopent-1-
il) -N-{5-cloro-2-[2- [4- (4-fluorobencil) -2- (2R) -metilpipera-
zin-1-il) -2-oxoetoxi] fen-1-i1]glicilglicinamida, complejo
con tecnecio-99m;

1-(2-{2~[(2R)-4- (4-fluorocbencil) -2-metilpiperazin-1-
il] -2-oxoetoxi] -5-iodo-'#I-fenil)urea;

N’ - (2-mercaptoet-1-il) -N' - (5-mercapto-3-aza-2-oxopent-

33
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1-i1) -N’-(5-cloro-2-[2- [4- (4-fluorcbencil) -2- (2R) -metilpi-
perazin-1-il] -2-oxoetoxi] fen-1-illglicinamida, complejo con
tecnecio-99m;

N’ - (2-mercaptoet-1-il) -N- (5-mercapto-3-azapent-1-11) -N-
{5-cloro-2-[2-[4- (4-fluorcbencil) -2- (2R) -metilpiperazin-1-
il] -2-oxoetoxi] fen-1-il]lglicinamida, complejo con tecnecio-
99m;

2-(2-amin-4-clorofenoxi) -1- { (28R, 5RS) -4- (4-fluoro-1%F-
bencil)-2,5-dimetilpiperazin-l1-il]letan-1-ona;

2- (2-amin-4-clorofenoxi) -1- [ (2RS, 5RS) -4- (4-fluoro-2*7-
bencil)}-2,5-dimetilpiperazin-1-il]etan-1-ona;

2- (2-amin-4-clorofenoxi) -1- [ (28R, 5SR) -4- (4-fluoro-2F-
bencil)-2,5-dimetilpiperazin-l1-il]letan-1-ona;

2- (2-amin-4-clorofenoxi) -1- [ (2RS, 58R) -4 - (4-fluoro-1°F-
bencil)-2,5-dimetilpiperazin-1-il]letan-1-ona;

2-[4-cloro-2- (dietilamin) fenoxi) -1- [ (2SR, 5RS) -4~ (4~
fluoro-'®F-bencil) -2,5-dimetilpiperazin-i-il]etan-1-ona;

2-[4-cloro-2- (dietilamin) fenoxi] -1- [ (2RS,5RS) -4- (4-
fluoro-°F-bencil) -2,5-dimetilpiperazin-1-il] etan-1-ona;

2-[4-cloro-2- (dietilamin) fenoxi] -1-[{2SR,5SR) -4~ (4-
fluoro-!*"-bencil) -2,5-dimetilpiperazin-1-il]etan-1-ona;

2-[(4-cloro-2- (dietilamin) fenoxi] -1-[{2RS,55R) -4- (4-
fluoro-1*F-bencil) -2,5-dimectilpiperazin-1-il]l etan-1-ona;

1- {5-cloro-2-(2-[(2RS, 58R) -4- (4-fluoro-1*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)-3-(2,4-diclo-

rofenil)urea;
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1-(5-cloro-2-{2-[ (2SR, 55R) -4- (4-fluoro-1*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-3-(2,4-dicloro-
fenil)urea;

1- (5-cloro-2-{2-[(2RS, 5RS) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-31-il)-2-oxoetoxi)}fenil)-3-(2,4-dicloro-
fenil)urea;

i- (5-cloro-2-{2-[ (2SR, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-11)]-2-oxoetoxi}fenil)-3-(2,4-diclo-
rofenil)urea;

1- (5-cloro-2-{2- [ (2RS,58R) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)urea;

1- (5-cloro-2-{2-[(28R,55R) -4- (4-fluoro-1®F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)urea;

1- (5-cloro-2-{2- [ (2RS, 5RS) -4 - (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-i-il]-2-oxoetoxi]feni1)urea;

1- (5-cloro-2-{2-[ (28R, 5R8) -4- (4-fluoxo-'®F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxocetoxi] fenil)urea;

1- (5-cloro-2-{2- [ {2RS, 5SR) -4- (4-fluoro-1*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)urea;

1- {5-cloro-2-{2- [ (28R, 58R) -4- (4-fluoro-'"F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi)}fenil)urea;

1- (5-cloro-2-{2-[ (2RS, 5RS) -4~ (4-fluoro-**F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxcetoxi}fenil)urea;

1-{5-cloro-2-{2-[ (2SR, 5RS) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)urea;

1- [(28R,5RS) -4- (4-fluoro-*F-bencil) -2,5, -dimetilpi-
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perazin-1-il) -2-(2-isopentilamin-4-clorofenoxi)etan-1-ona;

1- [(2RS,5RS8) -4- (4-fluoro-*F-bencil) -2, 5, -dimetilpipe-
razin-1-il]-2-{(2-isopentilamin-4-clorofenoxi)etan-1-ona;

1- [ (28R, 558R) -4- (4-fluoro-1°F-bencil) -2, 5, -dimetilpipe-
razin-1-il]-2-(2-isopentilamin-4-clorofenoxi)etan-1-ona;

1- [ (2RS, 58R) -4- (4-fluoro-1°F-bencil) -2,5, -
dimetilpiperazin-1-il]-2-(2-isopentilamin-4-
clorofenoxi)etan-1-ona;

N- (5-cloro-2-{2- [ (2SR, 5RS) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il1] -2-oxoetoxi] fenil) -2-metilpropanamida;

N- (5-cloro-2-(2- [ (2RS, 5RS) -4- (4-fluoro-1*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-metilpropanamida;

N- (5-cloro-2-{2-[ (2SR, 5SR) -4- (4-fluoro-*F-bencil) -2,5~
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-metilpropanamida;

N (5-cloro-2-{2-[(2RS,5SR)-4- (4-fluoro-'*F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-2-metilpropanamida;

N (5-cloro-2-{2-[(28R,5RS8)-4-(4-fluoro-*F-bencil)-2,5-
dimetilpiperazin-1-11l] -2-oxoetoxi] fenil)-2- (metoxi)aceta-mi-
da;

N (5-cloro-2-{2-[(2RS,5RS)-4- (4-fluoro-*F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- {metoxi)acetami-
da;

N (5-cloro-2-{2-[(28R,58R)-4- (4-fluoro-"F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (metoxi)acetami-
da;

N- (5-cloro-2-{2- [ (2RS, 58R) -4- (4-fluoro-!*F-bencil) -2, 5-
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dimetilpiperazin-1-il] -2-oxcetoxilfenil)-2- (metoxi)acetami-
da;

(B) -N- (5-cloro-2-{2- [ (2RS, 558R) -4- (4-fluoro-**F-bencil) -
2,5-dimetilpiperazin-1-il] -2-oxoetoxl)] fenil) -2-butenamida;

(B) -N- (5-cloro-2-{2-[(2SR,5S5R) -4- (4-fluoro-°F-bencil) -
2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-butenamida;

(B) -N- (5-cloro-2-{2- [ (2R5, 5RS) -4~ (4-fluoro-*F-bencil) -
2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-butenamida;

(E) -N- (5-cloro-2- (2- [ (28R, 5RE) -4- (4-fluoro-'*F-bencil) -
2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-butenamida;

N- {S-cloro-2-{2-[ (2SR, 5RS) -4- {4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)succinamato de meti-
lo;

N- {S5-cloro-2-{2- [ (2RS, SRS) -4- (4-fluoro-*F-bencil)-2,5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil)succinamato de meti-
lo;

N- {5-cloro-2-{2-[(28R,55R) -4~ (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il) -2-oxoetoxi}fenil)succinamato de meti-
lo;

N- (5-cloro-2-{2-[ (2RS,558R) -4~ (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)succinamato de meti-
lo;

N- (5-cloro-2-{2- [ (28R, 5RS) -4 - (4-fluoro-°F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)succinamato de eti-
lo;

N- (5-cloro-2-(2-[ (2RS,5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
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dimetilpiperazin-1-il] -2-oxoetoxi) fenil)succinamato de eti
lo;

N- (5-cloro-2-{2- [ (28R, 55R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil) succinamato de eti
lo;

N- (5-cloro-2-f2- [ (2RS, 558R) -4- (4-fluoro-!*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)succinamato de eti
lo;

N- (5-cloro-2-{2- [ (28R, 5RS) -4~ (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)acetamida;

N:(S-cloro-z-{z-[(2RS,5RS)-4-(4-f1uoro-“F-benci1)-2,5—
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)acetamida;

N- (5-cloro-2-(2- [ (28R, 5SR) -4~ (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)acetamida;

N- (S-cloro-2-{2-[ (2RS,55R) -4- (4-fluoro-*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxcetoxi] fenll)acetamida;

N- (5-cloro-2-{2-[ (2SR, 5RS) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)propanamida;

N- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-**F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)propanamida;

N- (5-cloro-2-{2- [ (25R,58R) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)propanamida;

N- (5-cloro-2-{2- [ (2RS,5SR) -4~ (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil)propanamida;

N- (5-cloro-2-{2-( (2SR, 5RS) -4~ (4-fluoro-'*F-bencil) -2, 5-

dimetilpiperazin-1-il] ~2-oxoetoxi] fenil) -3-fluorcbenzamida;
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N- (5-cloro-2-{2- [ (2RS,5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-11)-2-oxoetoxi] fenil)-3-fluorobenzamida;
N-(5-cloro-2-{2-[(2SR,SSR)-4-(4-f1uoro-“F—bencil)-2,5-
dimetilpiperazin-1-1i1] -2-oxoetoxi] fenil} -3-fluorobenzamida;
N- (5-cloro-2-{2- [ (2RS, 58R) -4- (4-fluoro-1®F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -3-fluorobenzamida;
1- (5-cloro-2-{2- [ (2SR, 5RS) -4- (4-fluoro-!*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -3- (p-tolil)urea;
1- (5-cloro-2-{2- [ (2RS,5RS) -4- (4-fluoro-'*F-bencil} -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil) -3-(p-tolil)urea;
1-(5-cloro-2-{2-[(28R,58R) -4- (4-fluoro-'°F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi)] fenil) -3- (p-tolil)urea;
1- (5-cloro-2-{2-[(2RS,585R) -4- (4-fluoro-!®F-bencil)-2,5-
dimetilpiperazin-1-11] -2-oxocetoxi] fenil)-3- (p-tolil)urea;
1- (5-cloro-2-{2-[(2RS, 55R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -3-etilurea;
1-(5-cloro-2-{2-[(2SR, 58R) -4- (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-1-ili] -2-oxoetoxi] fenil) -3-etilurea;
1- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -3-etilurea;
1- (5-cloro-2-{2- [ (28R, 5RE) -4- {(4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -3-etilurea;
1-bencil-3- (5-cloro-2- (2- [ (28R, 5RS) -4- (4-fluoro-1°F-
bencil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenll)urea;
1-bencil-3-(5-cloro-2-{2-[{2RS,5RS) -4- (4-fluoro-1°F-

bencil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil)urea;

¢
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1-bencil-3- (5-cloro-2~{2-[(28R,5S5R) -4- (4-fluoxo-*F-
bencil)-2,5-dimetilpiperazin-1-il]-2-oxoetoxi}feni1)urea;

1-bencil-3- (5-cloro-2-£ 2- [ (2R8, 55R) -4- (4-fluoro-*F-
bencil) -2,5-dimetilpiperazin-1-il] -2-oxoetoxi) fenil)urea;

1- (5-cloro-2-{2-[{2RS, 58R) -4- (4-fluoro-**F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil) -3- (4-nitrofe-
nil)urea;

1- {5-cloro-2-{2-[ (28R, 58R) -4- (4-fluoro-!®F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxocetoxi}fenil) -3- (4-nitrofe-
nil)urea;

1- (5-cloro-2-{2- [ (2RS, 5RS) -4~ (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-1il]-2-oxoetoxi}fenil)-3- (4-nitrofe-
nil)urea;

1- (5-cloro-2-{2- [ (2SR, 5R8) -4- (4-fluoro-®F-bencil) -2,5-
dimetilpiperazin-l-il]-2-oxoetoxi}fenill-3-(4-nitrofe-
nil)urea;

2- (2-bencilamin-4-clorofenoxi) -1- [ (2SR, 5RS8) -4- (4-fluo-
ro-*F-bencil) -2,5-dimetilpiperazin-1-il]letan-1-ona;

2- (2-bencilamin-4-clorofenoxi) -1- [ (2RS,5RS) -4- (4-
fluoro-*P-bencil) -2,5-dimetilpiperazin-1-il) etan-1-ona;

2- (2-bencilamin-4-clorofenoxi) -1-[ (28R, 58R) -4- (4-
fluoro-'®F-bencil) -2,5-dimetilpiperazin-1-il]etan-1-ona;

2-(2-bencilamin-4-clorofenoxi)-1-[ (2RS,55R) -4- (4-
fluoro-*F-bencil)-2,5-dimetilpiperazin-1-il]letan-1-ona;

N- {5-cloro-2-{2- [ (2RS, 58R) -4~ (4-fluoro-'*F-bencil) -2, 5-

dimetilpiperazin-1-il] -2-oxoetoxi}fenil)glicinamida;
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N- (5-cloro-2-£2- [ (25R, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il)-2-oxoetoxi}fenil)glicinamida;

N- (5-cloro-2-{2- [ (2SR, 5SR) -4~ (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il) -2-oxoetoxi}fenil)glicinamida;

N- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxocetoxi}fenil)glicinamida;

1- (5-cloro-2-{2-[(2R) -4- (4-fluoro-!®F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi}fenil)urea; .

1- (5-cloro-2-{2-[(28) -4- (4-fluoro-'*F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi] fenil)urea;

N- (5-cloro-2-{2- [ (2RS,58R) -4~ (4-fluoro-'*F-bencil) -2, 5-
dimetil-piperazin-1-11] -2-oxoetoxi)] fenil) -2- (metilamin)ace-
tamida;

N- (5-cloro-2-{2- [ (28R, 5SR) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetil-piperazin-1-il] -2-oxoetoxi] fenil) -2- (metilamin)ace-
tamida;

N- (5-cloro-2-{2-[(2RS,5RS) -4~ (4-fluoro-1*F-bencil) -2, 5-
dimetil-piperazin-1-il] -2-oxoetoxi}fenil)-2- (metilamin)ace-
tamida;

N- (5-cloro-2-{2- [ (2SR, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetil-piperazin-1-il] -2-oxoetoxi] fenil)-2- (metilamin)ace-
tamida;

2-bromo-N- (5-cloro-2-{ (28R, 5RS) -4 - (4-fluoro-*F-ben-
cil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi}fenil)acetamida;

2-bromo-N- (5-cloro-2-{ (2RS, 5RS) -4 - (4-fluoro-*F-ben-

cil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil)acetamida;
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2-bromo-N- (5-cloro-2-{ (2SR, 58R) -4- (4-fluoro-*F-ben-
cil)-2,5-dimetilpiperazin-1-1il1] -2-oxocetoxi] fenil)acetamida;

2-bromo-N- (5-cloro-2-{ (2RS, 58R) -4- (4-fluoro-'*F-ben-
cil) -2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil)acetamida;

N- (5-cloro-2-{2-[ (2RS, 58R) -4- (4-fluoro-*F-bencil) -2,5-
dimetilpiperazin-1-11]-2-oxoetoxi] fenil) -2- (ureido)ace-
tamida;

N- (5-cloro-2-{2- [ (2SR, 5SR) -4- (4-fluoro-®F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (ureido)ace-
tamida;

N- (5-cloro-2-{2-[{2RS,5RS) -4- {4-fluoro-!®F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil)-2- (ureido)ace-
tamida;

N- (5-cloro-2- (2- [ (28R, 5RS) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (ureido)ace-
tamida;

N- (5-cloro-2-{2- [ (2RS, 58R) -4- (4-fluoro-'*F-bencil)-2,5-
dimetilpiperazin-1-1il1l]-2-oxoetoxi] fenil)-2-(1-metilurei-
do) acetamida;

N- (5-cloro-2-{2- [ (28R, 58R) -4- (4-fluoro-'"F-bencil)-2,5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil) -2- (1-metilu-
reido)acetamida;

N- (5-cloro-2-{2-[(2RS,5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-1il] -2-oxocetoxi] fenil) -2- (1-metilu-
reido)acetamida;

N- (5-cloro-2-{2- [ (28R, 5RS) -4- (4-fluoro-'*F-bencil) -2,5-
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dimetilpiperazin-1-il] -2-oxoetoxi)fenil) -2- (1-metilu-
reido)acetamida;

(2R8) -N- (5-cloro-2- (2- [ (2RS, 55R) -4- (4-fluoro-'"F-ben-
cil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-
aminpropa-namida;

(2SR) -N- (5-cloro-2-{2- [ (2R8, 58R) -4- (4-fluoro-"F-ben-
cil) -2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-
aminpropanamida;

(2RS) -N- (5-cloro-2-{2- [ (28R, 58R) -4~ (4-fluoro-1*F-
bencil)-2,5-dimetilpiperazin-1-1il] -2-oxoetoxi}fenil)-2-
aminpropanamida;

(28R) -N- (5-cloro-2-{2- [ (26R, 58R) -4- (4-fluoro-'*F-ben-
cil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxli] fenil) -2-
aminpropanamida;

(2R8) -N- (5-cloro-2-{2- [ (2RS, 5RS) -4 - (4-fluoro-*F-ben-
cil)-2,5-dimetilpiperazin-1-1il]-2-oxoetoxi}fenil) -2-amin-
propanamida;

(28R) -N- (5-cloro-2-{2- [ (2R8, 5RS) -4~ (4-fluoro-'*F-ben-
cil)-2,5-dimetilpiperazin-1-il) -2-oxoetoxi] fenil) -2-ami-
npropana-mida;

(2R8) -N- (5-cloro-2-{2- [ (28R, 5RS) -4- (4-fluoro-'°F-ben-
cil)-2,5~-dimetilpiperazin-1-1il] -2-oxoetoxi] fenil) -2-ami-
npropanamida;

(2SR) -N- (5-cloro-2-{2- [ (2SR, 5R8) -4- (4-fluorco-1*F-ben-
cil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-ami-

npropanamida;

20
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N- (5-cloro-2-{2-[ (28R, 5RS) -4- (4-fluoro-!°F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxl) fenil)-2-(2,4-difluoro-
benzoilamin)acetamida;

N- (5-cloro-2-{2- [ {(2RS,5RS) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi) fenil) -2-(2,4-difluorcben-
zoilamin) acetamida;

N- (5-cloro-2-(2-[ (2SR, 5SR) -4- (4-fluoro-!®F-bencil) -2,5-
dimetilpiperazin-1-il) -2-oxoetoxi)}fenil)-2-(2,4-difluorcben-
zoilamin)acetamida;

N- (5-cloro-2-{2- [ (2RS, 58R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1~-il] -2-oxoetoxi) fenil) -2-(2,4-difluorcben-
zofilamin)acetamida;

N- (5-cloro-2- (2- [ (28R, 5RS) -4- (4-fluoro-1%F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (metoxiacetil-
amin)acetamida;

N- {§-cloro-2-{2- [ (2RS, 5RS) -4~ (4-fluoro-*F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil) -2- (metoxiacetil-
amin)acetamida;

N- (5-cloro-2-{2-[ (2SR, SSR) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-1i1]-2-oxoetoxi}fenil)-2- (metoxiacetila-
min) acetamida;

N- (5-cloro-2-{2- [ (2RS,58R) -4- (4-fluoro-1®F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil) -2- (metoxiacetila-
min)acetamida;

N- {5-cloro-2-f2- [ (2SR, 5RS) -4- (4-fluoro-1*F-bencil) -2, 5-

dimetilpiperazin-1-il1]-2-oxocetoxi}fenil)-2-(2-iodobenzoila-

7-(



min) acetamida;

N- (5-cloro-2-{2- [ (2RS8, 5RS) -4- (4-fluoro-'*F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-2- (2-iodobenzo-
flamin)acetamida;

N- (5-cloro-2-{2- [ (2SR, 5SR) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il) -2-oxoetoxi])fenil)-2- (2-iodoben-
zollamin) acetamida;

N- (5-cloro-2-{2-[(2RS, 58R) -4 - (4-fluoro-18F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxocetoxi] fenil) -2- (2-iodobenzoila-
min)acetamida;

N- (5-cloro-2-{2- [(2R) -4- (4-fluoro-'*F-bencil) -2-metil-
piperazin-1-il) -2-oxoetoxi) fenil)glicinamida; y

N- (5-cloro-2-{2-[(28) -4- (4-fluoro-®F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi] fenil)glicinamida

asf como las sales mono y diclorhidrato de los miasmos.
Preparacisn de los compuestos de la invencién
A. Preparacién de los compuestos de £6rmula (I)

En general, los agentes para diagnéstico por imigenes
radioactivos de férmula (I) de la presente invencién se pre-
paran haciendo reaccionar derivados 4-halobencilo radioacti-
vog con derivados piperazina. Se prefieren los derivados 4-
fluorocbencilo marcados con ®F para el diagnéstico por imi-
genes mediante PET. Un método general para preparar haluros
4-fluoro-'*F-bencilo se describe en Iwata et al., Applied
Radiation and Isotopes (2000), Vol. 52, pégs. 87-92.

Los derivados 4-fluorobencilo marcados con ®F se pre-
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paran haciendo reaccionar un compuesto benzaldehido de f6r-
mula (a) con iones °F para obtener un compuesto benzaldehf-

do de fé6rmula (b):

o o
HJ\Q ' HJ\Q
La |IF
L)) (v

donde LG es un grupo ealiente, por ejemplo, bromo, cloro,
iodo, nitro o N(R);" X (donde R es alquilo y X es un ién ha-
lo, tal como Br, CI" o I;un ion de un &cido alcancico,tal
como un ion acetato (CH3;C(0}O7);o un ion de un &cido alquil-
sulfénico o un &cido haloalquilsulfénico, tal como triflato
(CF380:")) . Preferentemente,lG es triflato.A partir del com-
puesto de férmula (b), existen varias vias de sintesis para
preparar los compuestos de fSrmula (I).

En una primera via de sintesis, se reduce un compuesto

de férmula(b) con NaBH, para obtener .un compuesto de f&rmula

(c):
o] OH
k@ — kQ
H — I
“F IIF
(b) (©

El compuesto de férmula (c) se hace reaccionar después
con HI, P;I4 o PhyPBr; para obtener un compuesto sustituido

con lodo o bromo de las férmulas (d) o (e):
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© PhyPtiry
U
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Los compuestos de las f6rmulas (d) y (e) se pueden ob-
tener con un rendimiento radioquimico del 50 al 60%. La pu-
reza radioquimica es mayor que un 95%. La actividad especi-
fica de los compuestos es de 5 mCi por 1 nmol.

Luego se puede hacer reacclonar un compuesto de las
férmulas (d) o (e) con un derivado piperazina (f) para obte-
ner un compuesto de férmula (g) {(un compuesto de f&6rmula

(1)) :

Q-

xX\/~—
P s
H )
Loa compuestos de férmula (f) se pueden preparar de

acuerdo con los métodos conocidos por los especlalistas en

el arte y se describen con detalle en la publicacién de So-



licitud de Patente PCT, WO 98/56771.

En una segunda via de sintesis, Be hace reaccionar di-
rectamente un compuesto de f6érmula (b) con un compuesto de
f6rmula (f) usando un agente reductor, por ejemplo, &acido
f6rmico, formiato de amonio, NaBH; o NaBH;CN, para obtener

un compuesto de f6mu1a (g) (un compueato de fé6rmula (I)):

*& *Q——

(ﬂ
O
e
B. Preparacién de los compuesatos de f£6rmula (II)

Para la tomografia computada de emisi6Sn de fotédn Gnico
(*SPECT*), se prefieren los compuestos marcados con **rec.
Dichos compuestos son compuestos de fédrmula (II). La via de
sintesis general para estos compuestos comienza con andlogos
no radioactivos de los compuestos de f6rmula (II) que se ha-
cen reaccionar con quelantes de unién a **™Tc, por ejemplo
quelantes-~N;S;. La preparacifn de los andlogos no radioacti-
vos de los compuestos de f6rmula (IT) se describe con deta-
lle en la publicacién de la Solicitud de Patente PCT, WO

98/56771. La eintesis de loe quelantes emplea procedimientos

estindar, por ejemplo, los procedimientos que sBe describen
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en A. Mahmood et al., A N;S;-Tetradentate Chelate for Solid-
Phase Synthesis: Technetium, Rhenium in Chemistry and Nu-
clear Medicine (1999), Vol. 5, pdg. 71, o en Z.P. Zhuang et
al., Bioconjugate Chemistry (1999), Vol. 10, pag. 159.

Los quelantes preferidos son los quelantes de las fé&r-

mulas (III) o (IV):
H
\r\u/ﬁrn\/\sﬂ T\NNN\/\SH
(o] (o]

e L .

SH

Uno de los quelantes se une directamente al nitrégeno
en el grupo -N(R*)™ del compuesto no radioactivo de férmula
(ITI) o bien, mediante un grupo ligador que comprende un ra-
dical alquilo que tiene uno a diez &tomos de carbono, donde
dicho radical algquilo contiene optativamente uno a diez gru-
pos -C(0)-, uno a diez grupos -C(O)N{(R)-, uno a diez grupos
-N{R)C(O)-, uno a diez grupos -N(R)-, uno a diez grupos -
N(R)3, uno a diez grupos hidroxi, uno a diez grupos -C(0)O-,
uno a diez &tomoes de oxigeno, uno a dlez atomoe de azufre,
uno a diez 4tomos de nitrfgenco, uno a diez &tomos de halége-
no, uno a diez grupos arilo y uno a diez anillos heteroci-
clicos saturados o insaturados, donde R es hidr6geno o al-
quilo. El grupo ligador preferido es -C(O)-CHz-N(H)-.

Los siguientes ejemplos especificos se proveen a modo
de guia para asistir en la préctica de la invencién y no
pretenden limitar el alcance de la invencién.

Ejemplo 1

e¥
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Preparacién de 1-(5-cloro-2-{2-[(2R)-2-metilpiperazin-1-il]-

2-oxoetoxi}fenil)urea

BT M

o - s
5
e o T 2 O0C

DMSO
NHy

MeClp

A. Se agregé DIEA (19,10 ml, 110 mmol) a una solucifn
de {R)-(-)-2-metilpiperazina (10 g, 100 mmol) en 250 ml de
cloruro de metileno. Se enfrié la soluciém a -10°C. Se di-~
solvié el anhidrido BOC en 250 ml de cloruro de metileno y
se agregd dicha solucién a la solucién fria de piperazina
durante el tranacursec de 1 hora. Se dejé entibiar la reac-
cién a temperatura ambiente durante 16 horas. Se filtré 1la
mezcla de reaccién para eliminar los s86lidos y se lavd el
filtrado con 500 ml de agua, se sec6 sobre sulfato de magne-
8io, se filtr6 y Be evapord para dar un aceite. Se purifict
el aceite utilizando cromatografia en flash en columna para
rendir 11,0 g del compuesto de férmula (a).

B. Se disolvieron el compuesto de férmula (a) (11,0 g,
55 mmol) y DIEA (10,5 ml, 60,4 mmol) en 100 ml de cloruro de
metileno. Se enfrié la solucidn resultante a 15-10°C. Se

agregd a la solucién cloruro de cloroacetilec (4,37 ml, 55



B

v

mmol) gota a gota manteniendo la temperatura a -10°C. Luego
de agitar la mezcla de reaccifn durante 1 hora se lavé con
100 ml de agua, se secd sobre sulfato de magnesio, se filtré
y se evapor6 para dar un aceite. El aceite se purificé uti-
lizando cromatografia en flash en columna para rendir 14,8 g
del compuesto de férmula (b).

C. Be agregd carbonato de potasio (18,48 g, 133,7 mmol)
a una solucién del compueato de f6rmula (b) (14,8 g, 53,5
mmol) y del compuesto de férmula (e) (9,98 g, 53,5 mmol) en
75 ml de DMSO. Se calenté la mezcla resultante a 50°C duran-
te 3 horas. La mezcla se enfrié a 30°C y se verti6 en 700 ml
de agua. El agua se extrajo tres veces con 200 ml de acetato
de etilo. Se combinaron los extractos de acetato de etilo y
e lavé con 200 ml de KOH 1N seguidos de salmuera. Se secd
la fase orgénica sobre sulfatoc de magnesio, se filtr6 y se
evaporé hasta dar una espuma. Se purific6 la espuma utili-
zando cromatograffa en flash en columna para rendir 19,6 g
del compuesto de fSrmula {(c).

D. Se disolvi6 el compuesto de f6rmula (c) (7,68 g, 18
mmol) en 40 ml de acetato de etilo. Se enfrif la solucién
regsultante en un bafio de hielo y se hizo burbujear gas HCl
anhidro a través de la solucién durante 5 minutos. El1 pro-
ducto precipité mientras la mezcla se dejé reposar a tempe-
ratura ambiente durante 1 hora. El producto se recolectd por
filtracién, se lavé scobre el filtro con acetato de etilo

freaco, y se sec$ al vacio a temperatura ambiente hasta peso
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constante para rendir 5,9 g de 1-(5-cloro-2-{2-{(2R)-2-
metilpiperazin-1-il) -2-oxoetoxi}fenil)urea, el compuesto de
f6érmula (d), como un s6lido blanco; RMN (2 rotémeros); (400
MHz, DMso) 9,7 (m, 0,5H), 9,2 {m, O0,5H), 8,16 {8, 1H), 8,13
(s, 0,5H), 6,8 (8, 2H), 4,9 (m, 2H), 4,4 (m, S5H), 3,8 (bs,
o,5H), 3,4 (bs, 0,5H), 3,2 (m, 2,5H), 3,0 {(m, 2H) 1,2-1,4
(m, 3H) ppm.
Ejemplo 2
Preparacidn del compuesto de f£5rmula (e)

H
H
mo + TMENCD ———p c|’u:|.|
Cl NH;

THF . OJ\NH!

A una golucién de 2-amino-4-clorofenol (10 g, 69,7
mmol) en 100 ml de THF anhidro a temperatura ambiente se
agregd isocianato de trimetilsililo (18,8 ml, 139,4 mmol) de
una vez. La soclucién se calents a 60 °C y permanecid a dicha
temperatura durante 22 horas luego de las cuales se agregd
agua (1,3 ml, 76,7 wmmol). Luego de 30 minutos se enfrié la
solucién a temperatura ambiente y se concentr6§ para dar un
aceite marrén. Dicho aceite se disolvidé en acetato de etilo,
se trat6 con carbén activado, se secS sobre sulfato de mag-
nesio y se filtrS6. El filtrado se concentr$ para dar un s6-
lido rosado que se desde tolueno/metanocl 10:1, para dar 5,4
g del compuesto de f6rmula (e) como un polvo pardo.

Ejemplo 3
Preparacién de 1-(5-cloro-2-{2-[(2R)-4- (4-£luoro-'r-
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bencil) -2-metilpiperaxin-1-il] -2-oxcetoxi}fenil)urea

A. Se preparS fluoruro de hidrégeno-°F en un ciclotrén
mediante bombardeo de H;0-*0 con protones. E1 fluoruroc de
hidrégeno-!*F resultante se adsorbié sobre un cartucho de
intercambio aniénico. El1 fluoruro de hidrSgeno-'F se eluyd
con una solucién de Kryptofix 222 (15 mg, 40 pmol) y KiCO,
(2,77 mg, 20 pmol) en acetonitrilo acuoso (1,5 ml, 66%). Las
fracciones radioactivas se evaporaron a sequedad en una co-
rriente de gas nitrSgeno. Se repitié dicho procedimiento
tres veces con acetonitrilo seco (1 ml). Luego de agregar
una 8olucién de 4-trimetilamonio-benzaldehifdo-triflato (2
mg, 6,4 ymol} en DMF seco (250 pl) la mezcla de reaccifn re-
sultante se calent6 durante 5 minutos a 100°C. Luego de en-
friar una solucién de 1-(5-cloro-2-{2-[(2R)-2-metilpipera-
zin-1-il1] -2-oxoetoxi}fenil)urea a temperatura ambiente, se
agregaron un compuesto de férmula (d), (3 mg, 8,3 umol) en
50 pl de &cido acético y una solucién de clanoborhidruro de
godio (4 mg, 63,7 pmol) en 100 pl de DMF seco. La mezcla de
reaccién se calenté a 120°C durante 10 minutos. Luego de
agregar 5 ml de agua, se filtr6 la mezcla con un cartucho de
poliestirol. El producto adsorbido se lavé con 2 ml de agua
para rendir el compuesto del titulo, 1-(5-cloro-2-{2-[(2R)-
4- (4-fluoro-'*F-bencil) -2-metilpiperazin-1-il] -2-oxoeto-
xi}fenil)urea, que se eluyd con 1,5 ml de acetonitrilo y se
purificé utilizando HPLC.

B. Otros compuestos de fé6rmula (1) que contienen un

g0



dtomo 'F se preparan en una forma similar.

Ejexplo 4
Preparacién de N-(5-cloro-2-{2-[(2R)-4-(4-fluorcbencil)-2-

metilpiperazin-1-il] -2-oxoetoxi}fenil)glicinamida

§ F e F mj\/a
H'{)"H Y == HG\/OI EtaN

paeSe L Worge¥ey

KgCOaINaI

H O
Boc'”v%,
SnCIg 2HgO (Io\j L
k’" DMF

o o Bl oS
cl . NH '\/N\/U _;l OJ\, \/0’

N

“BOC |

A. A una solucién de (R)-(-)-2-metilpiperazina (2,0 g,
20 mmol) en 20 ml de CH;Cl; se agregd DIEA (5,2 g, 40 mmol)
Y cloruro de 4-fluorobencilo (2,39 ml, 20 mmol). La mezcla
resultante se agité a temperatura ambiente durante 15 horas.
Luego de completar la reaccién, la mezcla de reaccién se la-
v6 con agua (3x20 ml) y salmuera, luego se secd 8sobre

Na;S0,,8e filtr6 y se concentré al vacfo para obtener el

L
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compuesto de férmula(f) (2,2 g) en forma de un sélido blanco.

B. Se agregdé cloruro de cloroacetilo (0,84 ml, 10 mmol)
a una solucién del compuesto de férmula (f) (2,2 g, 10 mmol)
en 50 ml de CHzCl,. La mezcla resultante se agit6 a tempera-
tura ambiente durante 10 minutos y luego se agregf trietila-
mina (3 ml, 21 mmol). Luego de 30 minutos, se lavd la mezcla
con agua (3x20 ml) y salmuera, luego Be secS sobre Na,SO,,
se filtrd y se concentr$ al vacio para obtener un aceite. La
purificacién utilizando cromatograffa instantéinea en columna
permitié obtener el compuesto de f&érmula (g) (2,5 g).

C. A una solucién del compuesto de férmula (g) (2,4 g,
8,4 mmol) en 50 ml de DMF se le agregé K;CO, (2,5 g, 17
mmol), NaI (0,2 g) y 4-cloro-2-nitrofenol (1,3 g, 8,4 mmol).

La mezcla resultante se calenté a 70-80 °C. Luego de 1
hora, la mezcla se concentré al vacio, luego se recogié en
acetato de etilo (150 ml) y se lavd con agua (3x100 ml) y
luego salmuera. Se separ® la fase orgénica, se sec6 scbre
Na;S0,, se filtr6 y se concentrd al vacio para rendir un
aceite. La purificacién utilizando cromatografia instanténea
en columna rindié el compuesto de férmula (h) (3,1 g).

D. A una soluci6n del compuesto de f6rmula (h) (1,1 g,
2,6 mmol) en 10 ml de etanol se le agregd una solucién de
dihidrato de cloruro de estafio(II) (3,0 g, 13 mmol) en 5 ml
de etanocl.La mezcla resultante se calentd a 75°C.luego de 1
hora,la reaccifén se concentré al vacio, luego se recogié so-

bre acetato de etileo (100 ml}, se lavd con solucién 1N de
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NaOH en agua (3x100 ml) y salmiera. Be separd la fase orgéa-
nica,se secd sobre Naz80,, se filtr6 y se concentré al vacio
para rendir un aceite. La purificaciém utilizando cromato-
grafia en flash en columa rindié el compuesto de férmula
(i) (0,75 g).

E. A una solucién del compuesto de férmula (i) (0,7 g,
1,78 mmol) en 10 ml de DMF Be le agregd BOC-Gli-0SuU (0,58 g,
2,13 mmol). Se calenté a la mezcla resultante 50-60 °C. Lue-
go de 24 horas,la mezcla se concentr$ al vacio, luego se re-
cogié en acetato de etilo (150 ml) y se lavé con agua (3x100
ml) y luego salmuera. Se separé la fase orgdnica, se secé
sobre Na;S0,, se filtr6 y se concentrd al vacio para rendir
un aceite.

La purificacién utilizando cromatografia en £lash en
columna rindié el compuesto de férmula (j) (0,7 g).

F. A una solucidn del compuesto de férmula (j) (0,6 g,
1,1 mmol) en 10 ml de CHzO, se le agreg® TFA (5 ml). La mez-
cla resultante se calentd a temperatura amblente. Luego de
completar la reaccién en 1 hora, se concentré dicha reaccién
al vacio, luego Be recogié en acetato de etilo (100 ml), se
lavé con solucién 1IN de NaOH en agua (2x100 ml) y salmuera.
Se separd la fase orgénica, se secd sobre Na80,, Be filtré
Yy se concentrd al vacfo para rendir un aceite. La purifica-
cién utilizando cromatograffia en flash en columna rindié N-
{(5-cloro-2-{2-[(2R) -4~ (4-fluorcbencil) -2-metilpiperazin-1-

il] -2-oxocetoxi}fenil)glicinamida, el compuesto de férmula
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(k), (0,45 g) en forma de un sé6lido blanco; RMN (CDCl,) 10,2
(s, 1), 8,5 (8, 1), 7,3 (m, 2}, 7,0 (m, 3), 6,8 (d, 1), 4,7
(m, 2), 3,4-3,6 (m, 5), 3,0 (m, 1), 2,8 (m, 1), 2,6 (d, 1),
2,2 (m, 1), 2,0 (m, 2), 1,2-1,4 (m, 3) ppm.
Ejemplo 5

Complejo de tecnecio-99m de N”-(mercaptoet-1-il)-N"-(S5-mer-
capto-3-aza-2-oxopent-1-1il) -N-{5-cloro-2-[2-[4- (4-fluorcben-
cil) -2-(2R) -metilpiperaxin-1-il] -2-oxoetoxi] fen-1-il}glicil-
glicinamida

A. A una solucién agitada de N-{5-cloro-2-[2-[4-(4-
fluorobencil) ~2- (2R) -metilpiperazin-1-11] -2-c.)xoetoxi] fen-1-
il}glicinamida (175,5 mg, 0,4 mmol) (el compuesto de f6rmmla
(k) que Be prepard segfin se expuso anteriormente en el ejem-
plo 4), N-(S-tritil-2-mercaptoet-1-il)-N-(S-tritil-5-mercap-
to-3-aza-2-oxopent-1-il)glicina (291,4 mg, 0,4 mmol) (que se
puede pintetizada de acuerdo con A. Mahmood et al., “Un que-
lato tetradentado de N;5; para sintesis en fase s8blida: Tec-
necio, Renio en Quimica y Medicina Nuclear* (A N;S;-Tetra-
dentate Chelate for Solid-Phase Synthesis: Technetium, Rhe-
nium in Chemistry and Nuclear Medicine) (1999), Vol. 71), Y
N-hidroxisuccinimida (45,5 mg, 0,4 mmol) en 5§ ml de dicloro-
metano se le agregd gota a gota una solucién de diciclo-
hexilcarbodiimida (81,4 mg, 0,4 mmol) en 3 ml de diclorome-
tano. Se agitd la suspensién resultante durante toda la no-
che a temperatura ambiente. Luego de filtrar, se evapord la
golucién resultante bajo presién reducida. Se aisld el

producto deseado, N- (S-tritil-2-spulfanilet-1-il) -N-({5-
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ducte deseado, N-(S-tritil-2-sulfanilet-1-1il)-N-{(S-tritil-5-
mercapto-3-aza-2-oxopent-1-1il) -N-{5-cloro-2[2- [4- (4-fluo-
robencil) -2~ (2R) -metilpiperazin-1-1il] -2-oxoetoxi] fen-1-
il)glicilglicinamida (340 mg, 72,8%) luego de una cromato-
graffia sobre gel de siflice (eluyente: diclorometano/metancl,
98:2) como un polvo blanco.
Anilisis elemental:
Calc.: C 69,93 H 5,87 N 7,20 06,85 S 5,49
Encontrado: C 69,69 H6,05 N 7,010 8 5,32

B. Se dieolvié N-(8-tritil-2-sulfanilet-1-il)-N-(S-
tritil-5-mercapto-3-aza-2-oxopent-1-il)-N-{5-cloro-2-[2- [4-
{(4-fluorocbencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-
1-il}glicilglicinamida (116,8 mg, 0,1 mmol), que se prepard
Beglin se expuso anteriormente, en 5 ml de &cido trifluoroa-
cético. Luego de agregar trietilsilano (48 ul 0,3 mmol) se
. agité la suspensifén resultante durante 15 minutos a tempera-
tura ambiente. El filtrado se evapor$ bajo presién reducida
y el residuo se triturd con 7 ml de éter dietilico. El pre-
cipitado se agit6 durante 1 hora a temperatura ambiente y se
eliminé por filtracibémn, rindiendo el producto deseado, sal
de 4&cido bis-trifluoracético de N-(mercaptoet-i-il)-N-(5-
mercapto-3-aza-2-oxopent-1-il) -N-{5-cloro-2-[2-[4- (4-fluoro-
bencil) -2- (2R) -metilpiperazin-1-il}-2-oxoetoxi] fen-1-1l)gli-
cilglicinamida, (87 mg, 95,5%), en forma de un sélido blanco.
Andlisis elemental:

Calc.: C44,81l H 4,65 N 9,22 0 15,80 S5 7,04



Encontrado: C.44,54 H4,91 N 8,99 O S5 6,80

C. Se disolvieron tartrato disédico (1 mg) y sal de
&cido bis-trifluoracético de N-(mercaptoet-1-il)-N-(5-mer-
capto-3-aza-2-oxopent-1-i1) -N-{5-cloro-2-[2- [4- (4-fluoro-
bencil)-2-(2R) -metilpiperazin-1-11] -2-oxoetoxi] fen-1-il}gli-
cilglicina-mida, (100 pg), que Be preparf seglin se expuso
anteriormente, en 500 pul de buffer fosfato de sodio (0,1 M,
pH= 8,5). Luego de agregar 37 MBqg de eluato generador de
™rc, se agregaron 5 upl de solucién de cloruro de estafio(II)
Y Be calentd la mezcla durante 10 min. a 100°C. El anélisis
HPLC mostr$ un pico principal indicando que el producto de-
seado, complejo de tecnecio-95m de N”- (mercaptoet-1-il)-N°-
(5-mercapto-3-aza-2-oxo-pent-1-il) -N-{5-cloro-2-[2- [4-(4-
fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-
il}glicilglicinamida, se sintetizé con una RCP> 90%.

Ejemplo 6

Freparacién de 1-(2-{2-[(2R)-4-(4-fluorobencil)-2-metilpipe-

ragin-1-1i1] -2-oxoetoxl}-5-yodofenil)urea
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A. A una solucién de p-yodofenol (2,2 g, 10 mmol) en 18
ml de &cido acético se le agregd gota a gota una solucién de
HNO; (0,7 ml, 70%) en 5 ml de &cldo acético durante el
tranecurso de 10 minutos. La mezcla resultante se agité a
temperatura ambiente. Luego de 30 minutos, se diluyS la mez-
cla de reaccién con 100 ml mezcla de agua-hielo. Se recolec-
t6 el precipitado y se lavd con 100 ml de agua.

La purificacifn utilizando cromatografia instant&inea en
columna rindié 1,2 g de 2-nitro-4-yodofenol.

B. A una solucién del compuesto de férmula (g) (0,3 g,
1,05 mmol) (segiin se prepard aqui) en 10 ml de DMF se le

agreg6 KaCO; (0,45 g, 32 mmol), NaI (0,01 g} y 2-nitro-4-
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yodofenol (0,28 g, 1,05 mmol).La mezcla resultante se calen-
t6 a 70-80°C. Luego de 1 hora,la mezcla se concentrd al va-
cio, luego Be recogidé en acetato de etilo (150 ml) y se lavd
con agua (3x100 ml) y luego salmuera. Se separ§ la fase or-
génica, se secd scobre Na;80,, se filtré6 y se concentrd al
vacio para rendir un aceite. La purificacién utilizando cro-
matograffia en flash en columna rindié 0,28 del compuesto de
férmula (1).

C. A una solucién del compueasto de f6rmula (1) (0,28 g,
0,55 mmol) en 5 ml de etanol se le agregd una solucién de
dihidrato de cloruro de esptafio(II) (0,616 g, 2,73 mmol) en 5
ml de etanol. La mezcla resultante se calent6 a 75°C. Luego
de 1 hora, la reaccién ee concentré al vacio, luego se reco-
gié en acetato de etilo (100 ml), se lavé con solucién 1N de
NaOH en agua (3x100 ml) y salmuera. Se separ6 la fase orgéi-
nica, se secd scbre NazS0Q,, se filtr6 y se concentrd al va-
cio para rendir un aceite. La purificacién utilizando croma-
tograffa instanténea en columna rindié el compuesto de £ér-
mala (m)} (0,25 g).

D. A una solucit6n del compuesto de f6rmula (m) (0,25 g,
0,52 mmol) en 3 ml de AcOH se le agregd agua (6 ml). La mez-
cla resultante se agité a temperatura ambiente durante 10
minutos, luego se agregé gota a gota una solucién de KOCN
(0,085 g, 1,0 mmol) en 1 ml de agua. La mezcla de reaccién
8e agitd a temperatura ambiente durante 10 minutos, luego se

calentd a 55°C durante 5 minutos.Luego de completar la reac-
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cién,la mezcla de reaccifn se concentr6 al vacio,luego se
recogié en CHzCl, (50 ml), se lavd con solucién 2N de NaOH
en agua (2x100 ml) y salmuera. Se BeparS la fase orgénica,
se secd socbre Na;80,, se filtr6 y Be concentr6 al vacio para
rendir un aceite. La purificacién utilizando cromatografia
en flash en columna rindié el compuesto de fé6rmula (n) (0,16
g) en forma de un sélido blanco; RMN (CDCI;) 9,0 (s, 1), 8,6
(s, 1), 7,3 (m, 2), 7,0 (£, 3), 6,6 (d, 1), 4,9 (B, 2), 4,7
{m, 2), 4,4 (m, 1), 3,4-3,6 (m, 3), 3,0 (m, 1) 2,8 (m,1},
2,6 {(d, 1), 2,2 (m, 1), 2,0 (m, 1), 1,2-1,4 (m, 3) ppm.
Ejexmplo 7
Preparacidn de 1-(2-{2-[(2R)-4-(4-fluorocbencil)-2-metilpipe-
razin-1-11] -2-oxoetoxi}-5-yodo-331-fenil)urea

A. A una solucién del compuesto de f6rmula (n) (1 mg),
que Be preparf segiin se expuso anteriormente, y 10 pg de
sulfato de cobre(II} en 300 pl de DMF se le agregd 1 mCi soO-
lucién de yodure ['%°I] de sodio. La mezcla de reaccién re-
sultante se calenté durante toda la noche a 100°C. Luego de
agregar 1 ml de solucién acucsa semi-saturada de NaHCO, se
extrajo el producto con 2 ml de CH;Cl;. La fase orgdnica se
evapord a sequedad en una corriente de gas nitrégeno. Se pu-
rific6 el producto deseado, 1-(2-{2-[(2R)-4-(4-fluorcben-
cil) -2-metilpiperazin-1-il] -2-oxoetoxi}-5-yodo-**1-fe-
nil)urea, usando un Cartucho RP [eluyente: EtOH/agua (2:1)].

B. Otros compuestos de f6rmula (1) se preparan en una

forma similar a la que se describid anteriormente.
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Ejemplo 8
Complejo de tecneclo-99m de N -(2-mercaptost-1l-1il)-N"-(5-
mercapto-3-asa-2-oxopent-1-1il) -M-{5-cloro-2-[2- [4- (4-£luo-
roben-cil) -2- (2R) -metilpiperazin-1-1il] -2-oxoetoxi] fen-1-
il}gli-cinamida

A. A una solucibén agitada de 156,7 mg (0,4 mmol) 5-
cloro-2-[2-[4- (4-fluorobencil) -2- (2R) -metilpiperazin-1-il] -
2-oxoetoxi]anilina (compuesto de fé6rmula (i)) (291,4 mg, 0,4
mmol), N-(S-tritil-2-mercaptoet-1-11)-N-(S-tritil-S-mercap-
to-3-aza-2-oxopent-l-il)glicina (sintetizada de acuerdo con
A. Mahmood et al., “Un quelato tetradentado de N;S; para
sintesis en fase BSlida: Tecnecio, Renio en Quimica y Medi-
cina Nuclear” (A NaS;-Tetradentate Chelate for Solid-Phase
Synthesis: Technetium, Rhenium in Chemistry and Nuclear Me-
dicine) (1999), Vol. 5, p. 71) y N-hidroxisuccinimida (45,5
mg, 0,4 mmol) en 5 ml de diclorometano se le agregé gota a
gota una solucién de diciclohexilcarbodiimida (81,4 mg, 0,4
mmol) en 3 ml de diclorometano. Se agité la suspensién re-
sultante durante toda la noche a temperatura ambiente.

Luego de filtrar, se evapord la soluciéSn resultante ba-
jo presién reducida. El producto deseado, N“-(S-tritil-2-
mercaptoet-1-1l1)-N"- (S-tritil-5-mercapto-3-aza-2-oxopent-1-
11) -N-{5-cloro-2-[2- [4- (4-fluorobencil) -2- (2R) -metilpipera-
zin-1-il) -2-oxocetoxi] fen-1-il}glicinamida (352mg, 79,2%), se
aislé luego de una cromatografia msobre gel de sflice (elu-

yente: diclorometano/metanocl, 98:2) como un polvo blanco.
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Andlisis elemental:
Calc.: C 71,36 H5,90 N 6,30 05,76 8§ 5,77
Encontrado: € 71,08 H 6,13 NS6,05 O S 5,52

B. Se disolvié N"-(S-tritil-2-mercaptoet-1-il)-N"-(S-
tritil-5-mercapto-3-aza-2-oxopent-1-11)-N-{5-cloro-2-[2-[4-
(4-fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-
l-il}glicinamida (111,1 wg, 0,1 mmol) en 5 ml de &cido tri-
fluoroacético. Luego de agregar 48 ul (0,3 mmol) de trietil-
gilano la suspensién resultante se agité6 durante 15 min. a
temperatura ambiente. El1 filtrado se evaporé bajo presifn
reducida y el residuo se trituré con 7 ml de éter dietilico.
El precipitado se agit6 durante 1 hora a temperatura ambien-
te y se elimind por filtracién, rindiendo el producto desea-
do, sal de &cido bis-trifluoracético de N-(2-mercaptoet-1-
il) -N- (5-mercapto-3-aza-2-oxopent-1-il) -N-{5-cloro-2- [2- [4-
(4-fluorcbencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-
1-il}glicinamida, {(75mg, 87,8%) en forma de un s&lido blanco.
Andlisis elemental:
Calc.: C 44,99 H 4,60 N B,20 O 14,98 8 7,51
Encontrado: C 44,71 H 4,89 N B8,03 O 5 7,22

C. Tartrato dis6dico (1 mg) tartrato disédico y sal de
dcido bis-trifluoracético de N-(2-mercaptoet-1-il)-N-{(5-mer-
capto-3-aza-2-oxopent-1-1il) -N-{5-cloro-2-[2- [4- (4-fluoroben-
cil)-2- (2R) -metilpiperazin-1-11}-2-oxoetoxi] fen-1-11}glici-
namida, (100 uqg) Be disolvieron en 500 upl de buffer fosfato

de sodio (0,1M, pH= 8,5). Luego de agregar 37,5 mBg de elua-
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to generador de *™rc, se agregaron 5 pl de solucién de clo-
ruro de estafio(II) y ee calentd la mezcla durante 10 minutos
a 100°C. El andlisise por HPLC mostré un pico principal indi-
cando que el producto deseado,Complejo de tecnecio-99m de
N”- (2-mercaptoet-1-il) -N“ - (5-mercapto-3-aza-2-oxopent-1-il) -
N- (5-cloro-2- [2-[4- (4-fluorobencil) -2- (2R) -metilpiperazin-1-
11] -2-oxoetoxi] fen-1-il)glicinamida,se pintetizé con una
RCP> 91 &.
Ejeamplo 9

Complajo da tacnecio-99m de M- (2-mercaptoet-1-il)-N-(5-mer-
capto-3-axapent-1-il) -N-{5-cloro-2-[2-[4- (4-£fluorcbencil) -2-
(2R) -metilpiperazin-1-1l1] -2-oxoetoxi] fen-1-il}glicinamida

A. A una solucién agitada de 5-cloro-2-[2-[4- (4-fluoro-
bencil)-2- (2R) -metilpiperazin-1-il] -2-oxcetoxi) anilina
(156,7 mg, 0,4 mmol} y trietilamina (40,5 mg, 0,4 mmol) en 5
ml de diclorometano se le agregd gota a gota una solucién de
cloruro de a-bromoacetilo (63 mg, 0,4 mmol) en 3 ml de di-
clorometano. La solucién resultante se agitd durante toda la
noche a temperatura ambiente. Se evaport el solvente bajo
presién reducida. El1 producto deseado, N-{S5-cloro-2-[2-[4-
(4-fluorcbencil) -2- (2R) -metilpiperazin-1-11] -2-oxocetoxi] fen-
1-il}-2-bromoacetamida (175 mg, 85,3%), se aislé luego de
una cromatografia scbre gel de silice (eluyente: diclorome-
tano/metancl, 99:1) como un polvo blanco.
Anilisis elemental:

Calc.: €C51,53 H 4,72 N 8,19 05,76
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Encontrado: C51,28 H 4,95 N 7,92 O

B. Una solucién agitada de N-{5-cloro-2-[2-[4-(4-
fluorobencil)-2- (2R) -metilpiperazinl-il] -2-oxoetoxi] fen-1-
i1}-2-bromoacetamida (165 mg, 0,42 mmol) y N,N-bis-[S-(4-
metoxi-bencil) -2-mercaptoet-1-il]etilendiamina (841,3mg, 2
mmol) (sin-tetizada de acuerdo con Z.P. Zhuang et al., Bio-
conjugate Chem. (1999), Vol. 10, p. 159) en 1,4-dioxano(5
ml) se calentd bajo reflujo durante 24 horas. La mezcla de
reaccién resultante pe evaporéd bajo presién reducida. El re-
g8iduo se disolvid en 15 ml de diclorometano y se lavd con
solucién acuosa saturada de carbonato de sodio. Luego de se-
car sobre MgSO, se evapord$ el solvente bajo presién reduci-
da. El producto deaeado, N-(S-(4-metoxibencil)-2-mercaptoet-
1-il) -N-(S- (4" -me-toxibencil) -5-mercapto-3-azapent-1-il) -N-
{5-cloro-2-[2- [4 (4-fluorcbencil) -2- (2R) -metilpiperazin-1-
il] -2-oxoetoxi] fen-1-1il}glicinamida (154 mg, 43%), se aislé
luego de una cromatograffia sobre gel de sfilice (eluyente:
diclorometano/metanol, 9:1) como un polvo blanco.
Anilisis elemental:
Calc.: C 61,99 H 6,50 NB,22 09,38 5 7,52
Encontrado: C 61,71 H 6,58 N B,03 © 5 7,28

C. 8Se disolvié N-(S-(4-metoxibencil)-2-mercaptoet-1-
il)-N-(S(4‘-metoxibenci1)-5-mercapto-3-azapeﬂt-l-il)—N-{5-
cloro-2-[2-[4-(4-fluorobencil)-2- (2R) -metilpiperazin-1-il] -
2-oxoetoxi)l fen-1-il}glicinamida (140 mg, 0,164 mmol) a 0°C

en 5 ml de 4cido trifluorcacético. Luego de agregar Hg{OAc);
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(104,5 mg, 0,328 mmol) la mezcla resultante se agitd durante
30 minutos a 0°C y se saturdé con H;S durante 15 min. Luego
de filtrar pe evapord el solvente bajo presién reducida. Se
trituré el aceite amarillo resultante con 3 ml de éter di-
etilico. Luego de filtrar se aislé el producto deseado, sal
de &dcido tris-trifluoracético de N”-(2-mercaptoet-1-il)-N-"-
(5-mercapto-3-azapentl-il) -N-{5-cloro-2-[2- [4- (4-fluorcben-
cil)-2- (2R) -metilpiperazin-1-1l1] -2-oxoetoxi] fen-1-il}gli-
cinamida, (126 mg (80,5%), como un polvo blanco.
Andlisis elemental:
Calc.: C 42,79 H 4,44 N 7,34 O 15,09 8§ 6,72
Encontrado: C 42,48 H 4,73 N 7,02 O 8 6,76

D. Se diseolvieron tartrato disédico (1 mg) y sal de
dcido tris-trifluoracético de N”-(2-mercaptoet-1-il)-N"-(5-
mercapto-3-azapent-1-il)-N-{5-cloro-2-[2- [4- (4-fluoroben-
cil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-il}glici-
namida, (100 pg)} en 500 ul de buffer foasfato de sodio (0,1M,
PH= 8,5). Luego de agregar 37,5 mBg de eluato generador de
%™pc, Be agregaron 5 pl de solucién de cloruro de estafio(II)
Yy Be calentd la mezcla durante 10 minutos a 100°C. El anfli-
sis por HPLC mostré un pico principal indicando que el pro-
ducto deseado, complejo de tecnecio-99m de N-(2-mercaptoet-
1-11) -N- (5-mercapto-3-azapent-1-il) -N-{5-cloro-2-[2- [4- (4-
fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-
il}gli-cinamida, se sintetizé con una RCP> 95%.

Ejemplo 10
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Localisacién inmunochistoquimica de CCR1 en cersbros humanos

Materiales y métodos

Un primer grupo de muestras de tejido provenientes de
cerebros obtenidos por autopsia dentro de las 12 horas de la
muerte se utilizaron para la tincién inmunohistoquimica del
receptor CCR1 de quimioquina en la enfermedad de Alzheimer y
cerebros para control. Para todas las tiniciones inmunohis-
toquimicas e histoquimicas se utilizaron secciones de S pum
de espesor sin teiflir provenientes de la corteza frontal y
del hipocampo, incluidas en parafina.

Las preparaciones pe desparafinaron en xileno y se hi-
drataron en solucién salina al buffer fosfato con Triton
X100 al 0,005% (PBS-T). Para la microscopia 6ptica (usando
DAB como croméSgeno) se bloqueé la actividad peroxidasa end6-
gena incubando las preparaciones con HzO, al 0,01% en meta-
nol durante 30 minutos. Se redujo la unién no especifica
bloqueando con suerco normal de cabra al 10% {(NGS) en PBS du-
rante 30 minutoa. Se diluyeron los anticuerpos primarios
[Anti-CCR1 de conejo, (péptido N-terminal); anti-neurofila-
mento de ratén; anti-GFAP de ratén; anti-Tau de ratén (ATSB);
anti-CD68 de ratém (clon KPl); anti-B-amiloide de ratén
(Boehringer Mannheim, #1 381 431); anti-CCR8 de conejo,
(péptido N-terminal)] en PBS-T y las preparaciones se incu-
baron durante toda la noche a temperatura ambiente. Se com-
pleté la tincién usando un kit Biogenex ABC™, Todos los la-

vados utilizaron PBS-T. Luego de completar la reaccién DAB,
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las preparaciones se contratifieron ligeramente con Hematoxi-
lina de Gill, se deshidrataron y se montaron los cubreobje-
tos con Permount. Antes de montar los cubreobjetos, algunas
preparaciones se re-tifieron con anticuerpos contra péptido
AB usando métodos idénticos excepto que el cromSgeno fue
True Blue™. Para los estudios de inmunofluorescencia de
marcado doble se desparafinaron las preparaciones, se blo-
quearon con NGS al 10%, y se incubaron durante toda la noche
con un c6ctel de ambos anticuerpos primarios. Lae prepara-
ciones se lavaron con PBS-T y luego se incubaron con un céc-
tel de anticuerpos  secundarios de cabra, cada uno a una di-
lucién 1/50. Para evitar la confusién proveniente de la
fluorescencia endégena del tejido (amarillo verdosa),se con-
jugaron loas anticuerpos secundarios tanto con Cy3 (€pax=
565nm; cabra-anti-ratén, Amersham) como con Cy5 (€pax=700 nm;
cabra-anti-conejo, Amersham). Se observaron las preparacio-
nee en un microascopio confocal con un léser criptén-argén
(modelo 2010, Molecular Dynamice, Sunnyvale, CA).
Subsiguientemente, se obtuvo un segundo grupo de teji-
dos cerebrales compuesto de 10 casos de edad avanzada cogni-
tivamente normales y 40 casos provenientes de pacientes de
enfermedad de Alzheimer para quienes se hizo una estimacién
de puntaje de demencia clinica (CDR) y Be evalué su expre-
8ién inmunohistoquimica de CCR1. Las muestras se tifieron pa-
ra CCR1 y otros marcadores segiin se describif anteriormente

excepto que loe anticuerpos monoclonales (clon #6D5) especi-
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ficos para Af*™*? (un marcador para dep6sitos amiloides difu-
so8, tempranos asi como para placas neuriticas més maduras)
se obtuvieron de la Dra. Ursula Moenning. Dichos anticuerpos
se visualizaron con Vector Red™ (Vector Labs). La Dra.
Moenning también proporcioné anticuerpos monoclonales espe-
cificos para AS*™*° (clon #13E9),un marcador para placas en-
contrado en etapas tardias de enfermedad, que se visualizé
con True Blue™®.
Resultados

En ambos conjuntos de cerebros, &reas con patologia de
la enfermedad de Alzheimer mostraron un patrén de tincién
caracteristico. Se encontr6é inmunorreactividad CCR1 asociada
con placas neuriticas {es decir, Beniles) tanto en la forma-
cién del hipocampo como en la corteza cerebral.

Las estructurae inmunotefiidas eran redondas a ovaladas
Y usualmente no se asociaban con cuerpos celulares. Las mis-
mas variaban de tamafio y parecian estar llenas de un mate-
rial granulado punteado. Se encontré que dichas estructuras
formaban “coronas” alrededor de los depésitos amiloides en
rlacas seniles, pero eran diastintos de los AP en ei (Figuras
1-4). La parte superior de la figura 1 muestra una placa
neurftica con una corona de procesos: positivos ante CCR1.
Algunas vecee los cuerpos celulares neuronales de algunas
neuronas CAl y CA3 en casos de la enfermedad de Alzheimer
resultaron tefiidas por anticuerpos CCR1. La (ltima parte de

la figura 1 ilustra dicho descubrimiento. Dicha tincién era
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diferente de las redes neurofibrilares (NFT) o cuerpos gra-
nulovacuolares, aunque normalmente estaba presente en las
somas de neuronas con dichos cambios degenerativos.

Segiin se ilustra en la figura 2, la pre-incubacién de
anticuerpos con un polipéptido 16-mer de la regién extrace-
lular (N-terminal) de la proteina receptora de CCR1 blogqueb
completamente toda la tincién de tejido. En particular, 1la
imagen superior en la figura 2 muestra una falta de tincién
en cerebro con la enfermedad de Alzheimer con anticuerpos
CCR1 pre-incubados con el polipéptido mientras que la imagen
inferior de la figura 2 muestra muchas estructuras CCR1-po-
pltivas en una secci6n con las mismas caracteristicas tefiida
con anticuerpos no incubados.

Los estudios de marcado doble mostraron que casi todas
Segqin se muestra en la figura 4, las esatructuras CCR1-
positivas se asociaban con placas neuriticas que contenfan
ABR“*?, En placas difusas (Figqura 5) AP'™*? no se asociaba ti-
picamente con CCR1 ni con ninguna respuesta celular signifi-
cativa.En casos mis avanzados de enfermedad de Alzheimer, se
vieron muchas mis placas AP**’-positivas. Seglin se muestra
en la figura 3,algunas de las mismas,aunque no todas se aso-
ciaban con tincién CCR1. BEn algunos casos las placas CCR1-
positivas se hallaban completamente libres de tincién AR'"*°.

En casos severos de enfermedad de Alzheimer donde se
vieron pérdida neuronal y gliosis significativas, los astro-

citoa reactivos en el subiculo y la corteza entorrinal tam-



bién resultaron CCRl-positivos. En casos menos severos, no
eran comunes los astrocitos reactivos CCRl-positivos.

La microscopla confocal de secciones doblemente marca-
das mostrd que la inmunorreactividad CCR1 se co-localizaba
con procesos positivos ante neurofilamentos. El marcador ma-
cré6fago/microglial, CD68, no ase asocid con la tincién CCR1,
ni tampoco el anticuerpo ATS contra proteina Tau fosforilada
anormalmente. Segfin se esperaba de los estudios de microaco-
pia éptica, la inmunorreactividad CCR1 se co-localizé con
GFAP en édreas de astrogliosis.

Los leucocitos presentes dentro de los vasos cerebrales
fueron fuertemente positivoa ante CCR1 tanto en enfermedad
de Alzheimer como en tejidos cerebrales de control, sirvien-
do como controles internos positivos para los mé&todos de
tincién. N6tese la tincién CCRl1-positiva de dos células
intravasculares en la figura 5 (flechas). Alglin material
CCRl1-positivo también se muestra con un asterisco, pero en
general, las placas difusas no se asocian con CCR1.

Se emprendif una evaluacién cuantitativa de la cantidad
de estructuras similaree a placas CCRl-positivas en el hipo-
campo, usando tejido del hipocampo del segundo estudio (don-
de se agruparon los pacientes en categorias clinicas conoci-
das mediante puntaje CDR). Se llevaron a cabo evaluaciones
histolégicas de secciones individuales bajo condiciones cie-
gas con respecto al estado clinico (CDR). Los anilisis de

volumen se llevaron a cabo usando métodos de computacidn im-
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parciales.

La figura 3 muestra la relacidn histolSgica entre neu-
ritas distr6ficas CCRl-positivas (tefiidas en marrén) y una
placa neuritica que contiene AP™*® (tefiida en azul). N6tese
que en la figura 3 los procesos CCRl-positivos difieren de
los amiloides. Las placas con AR'™*° eran discretas y se con-
taron facilmente, asi como los grupos de neuritas CCR1-
positivas. Se evaluaron las placas de hipocampo para estimar
la cantidad de coronas CCRl-positivas,la cantidad de placas
AB'"**-positivas,y la cantidad de placas que contienen ambos
marcadores.

Se contaron las estructuras por regiéfm (por ejemplo,
CA3, CAl, y subiculo) dentro de la formacién completa del
hipocampo, incluyendo la corteza entorrinal y luego se tota-
lizaron. Los valores son estimaclones relativas de la canti-
dad de estructuras en el hipocampo segfin lo representado por
secciones transversales de la formacién del hipocampo de 5fm
de easpesor. La figura 6 mueatra la relacién entre CCR1 y
AP'"*° por puntaje CDR.

La cuantificacién de la cantidad de AB'™*? requirié una
técnica diferente porque ABP'™*? era m&s abundante y formaba
placae *difusas” que no se podrian enumerar ficilmente (véa-
se la figura 5). Para dichas placas se utilizé un wmétodo
asistido por computadora (C.A.5.T. sistema de estereologia)
para estimar el &rea de corteza entorrinal ocupada por AR

12 Se expresé dicha &rea como un porcentaje del &rea total
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de corteza sobre la placa. Las &reas ocupadas por placas
neuriticas y difusas se contaron por separado. La platina de
microscopic manejada por computadora asegur la evaluacién
al azar (imparcial) de las secciones de tejido. En la figura
7 se compara el volumen % de corteza entorrinal ocupada por
AB*"*? (tanto difusa como neuritica) con la cantidad de pla-
cas CCRl-positivas en una seccién de corteza entorrinal con
las mismas caracteristicas.

La figura 6 muestra que en la enfermedad de Alzheimer
la cantidad promedio de neuritas distr6ficas CCRl-positivas
en el hipocampo aumenta como una funcién del puntaje CDR. La
cantidad de estructuras positivas en la etapa temprana de la
enfermedad de Alzheimer (CDR 0,5) aumenta sobre los niveles
de control (CDR 0). Aungque las diferencias entre los grupos
de control y de enfermedad de Alzheimer no se hizo estadis-
ticamente significativa hasta el grupo CDR 2, dichos patro-
nes de expresién apoyan la conclusién que CCR1 estd regulado
en forma ascendente en procesos neuronales distrSficos afin
en etapas muy tempranas de la enfermedad de Alzheimer. Néte-
se que la cantidad de placas AP'™*° no aumenta hasta etapas
mis tardias de la enfermedad. De esa manera, la expresién
CCR1 en tejido cerebral se puede considerar un indicador re-
lativamente temprano de la enfermedad de Alzheimer.

En la figura 7 se muestra la correlacién entre la can-
tidad de placas CCRl-positivas en la corteza entorrina y la

cantidad de AP*™*?. En general, los niveles de CCRl en la
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corteza entorrina aumentan a medida que aumenta el estado de
enfermedad; ein embargo, el Area mostrada es mucho mis pe-
quefia que el 4rea que se muestra en la figura 6. Sin embar-

go, n6tese que los niveles de ABR*?

aumentan en las primeras
etapas de la enfermedad.
Ejemplo 11
Estimacién de la disponibilidad cerebral, usando un trasador
marcado con C

Se preparS un andlogo de *C de 1-{(5-cloro-2-{2-[(2R)-
4-{4-fluorobencil) -2-metilpiperazin-1-il]-2-
oxoetoxl}fenil)urea y se utilizé para estudios farmacociné-
ticos de disponibilidad cerebral. Se inyectaron ratones en
forma i.v. a través de venas yugulares encanuladas con el
anfilogo a 36 mg/kg conteniendo 334.000 dpm por dosis. Se sa-
crificaron los ratones (en grupos de cuatro) a 1, 15, 30,
120, y 1440 minutos luego de la inyecciSn mediante inhala-
cién de CO; sequido de puncién intracardfaca para eliminar
la sangre completa. Luego se les abrid el pecho y los rato-
nes se perfundieron a través del corazém con solucién salina
al buffer fosfato durante cinco minutos para eliminar 1la
droga radiocactiva residual del compartimento de la sangre.
Luego sBe extrajeron los cerebros, Be pesaron, y Be muestred
la cantidad de radiocactividad en dos partes separadas de la
corteza cerebral. Se promediaron los niveles radioactividad
por mg de tejido en las dos muestras y los datos se normali-

zaron al peso total del cerebro, seqn se ilustra en la fi-
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gura 8. lLas barras representan la desviacifén esténdar (n=4
ratones por punto de tiempo). En particular, el grdfico de
la figura 8 muestra que dos horas después de la inyeccién,
el total de la cantidad de desintegraciones por minuto (DPM)
para el anilogo de %C en cerebro completo de ratén disminu-
ye hasta niveles despreciables. En el punto de tiempo de un
minuto, los c8lculos muestran que, en promedio, en el cere-
bro completo de ratén (pesc promedio de 450g) se encuentra
aproximadamente un 3% de la dosils inyectada.

También se analizé el contenido radioactivo de las
muestras de plaema preparadas con la sangre completa extrail-
da de los ratones. Segiin ge ilustra en la figura 9 se compa-
r6 a través del tiempo la cantidad de radiocactividad en vo-
lGmenes iquales de cerebro y plasma como un porcentaje de la
dosis inyectada. El % de doasis inyectada (i.d.) que se en-
contrS por ml de plasma también disminuyé a través del tiem-
po, alcanzando niveles despreciables luego de dos horas. Pa-
ra una comparacién con los niveles cerebrales, se normalizé
la cantidad total de DPM por cerebro a un peso cerebral de
un gramo y se expresé como un porcentaje de la i.d. por gra-
mo de tejido cerebral. N6tese que los cerebros ratén pesan
un promedio de aproximadamente 450 mg de tal manera que el %
de la i.d4. en 1g de cerebro de ratén que se muestra en el
grafico sobrestima el valor real en aproximadamente el do-
ble. Es claro que los niveles del andlogo en el cerebro caen

junto con los niveles en plasma. ARunque el anidlogo es lipo-
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filico, el cerebro de ratén normal no parece ser un sitio de
depésito para el antagonista de CCR1.
Ejemplo 12
Expresién de CCR1 en otrss Enfermedades Neurodegenerativas

Materiales y Mé&todos

Se obtuvieron muestras histoléglicas de tejido cerebral
de autopsia de un total de 29 casos provenientes de asiete
enfermedades neurodegenerativas diferentes (distintas de 1la
enfermedad de Alzheimer pura) y se estudid el contenido de
CCRl1. Se inmunotifiieron las placas con anticuerpos contra
CCR1 geg(n se describe en el ejemplo 10 citado anteriormente
Yy se revisaron con respecto a la enfermedad neurodegenerati-
va especifica bajo condiciones ciegas. Subsiguientemente,
secclones con las mismas caracteristicas se marcaron doble-
mente con anticuerpos contra CCR1 (DAB como cromSgeno) Yy
AB*? (Vector Red™ como cromégeno) .

La enfermedades examinadas se mencionan abajo:

Enfermedad de Parkinson (PD) 6 casos
Demencia parkinsoniana de Guam 3 casoB
Angiopatfia congofflica 4 casos
Demencia multi-infarto (MID) 4 casos
Demencia con cuerpos de Lewy difusos (DLBD) 4 casos
Enfermedad de Pick 4 casos
Pardlisis progresiva supranuclear (PSP) 4 casos

Be clasific6é el contenido de CCR1 y AB*? de las placas

teﬂidas_usando una egcala histolégica de 0 a 4, con 0 como

10
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ausencia de tincién, 0,5 indicando expresién rara, y grados
1 hasta 4 indicando niveles de expresién en aumento con 4
como muy abundante.

Resultados

Lo Beis casos de enfermedad de Parkinson y los tres
casos de demencia parkinsoniana de Guam fueron negativos pa-
ra CCR1. En los 4 casos de angiopatia congofilica, en 3 de
los 4 caeos de DLBD, en 2 de los 4 casos de-PSP, y en 1 de
los 4 casos tanto de MID como de enfermedad de Pick, se ob-
servaron estructuras similares a placas positivas ante CCR1,
similares a las encontradas en la enfermedad de Alzheimer.
Los estudios de marcado doble confirmaron la suposicién que
dichas estructuras similaree a placas positivas ante CCR1 se
asociaban con AP*?, segfin se encontr§ en casos puros de en-
fermedad de Alzheimer (Ejemplo 10). La figura 10 muestra los
resultados de las evaluaciones patolé6gicas en forma griafica
para todas las enfermedades excepto para la de Parkinson
(que es negativa ante CCR1 en cerebro). Basicamente, nunca
se encontrd expreeidén CCR1 en muestras de tejido cerebral a
no ser que también regultaran presentes placas neuriticas
positivas ante AB*?,

Después de la ruptura del cbédigo, se descubrié que el
caso de enfermedad de Pick que mostraba expresiém CCR1 tam-
bién llevaba el diagnéstico de enfermedad de Alzheimer. Los
dos casos de PSP con CCR1 también resultaron diagnosticados

con enfermedad de Alzheimer concurrente. La angiopatia con-
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gofilica y DLBD son enfermedades que se asocian estrechamen-
te con la patologia de la enfermedad de Alzheimer.

Por lo tanto, no es sorprendente que también podrian
tener altos nivelee de expresién CCR1l asociados con AP*"?. En
poblaciones de edad avanzada frecuentemente se da el caso
que la patologia de la enfermedad de Alzheimer enmascara
otros procesos de enfermedad. Se encontré que esto sucedfa
en uno de cada cuatro casos de MID. Dichos resultados sugie-
ren que CCR1 es un marcador que se asocla estrechamente con
la patologia de la enfermedad de Alzheimer (especificamente,
placas neuriticas AP*?-positivas) dejando de lado otros pro-
cesos patolégicos concurrentes que pueden estar presentes en
el cerebro. Como tal, es probable que sea altamente especi-
fico para la patologia de la enfermedad de Alzheimer y por
lo tanto puede ser UGtil comoc un marcador sustituto para
diagnosticar el progreso de la enfermedad.

Como se ha descrito la presente invencién con referen-
cia a las formas de realizacién especificas de las mismas,
aquellos experimentados en el arte deberian comprender que
see pueden hacer diferentes cambios y se pueden sustituir
equivalentes sin apartarse del verdadero espiritu y alcance
de la invencién. Ademis, se pueden hacer muchas modificacio-
nes para adaptar una situacién en particular, material, com-
posicién de materia, proceso, paso o pasos de proceso, al
objetivo, espiritu y alcance de la presente invencién. Todas

dichas modificaciones se encuentran dentro del alcance de

JD 6
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las reivindicaciones anexas.
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REIVINDICACIONES

1. Un compuesto, CARACTERIZADO PORQUE es de f6rmula

(1) : | /__<::3;f
X Rz:__-;)m o
A

X! y X? son cada uno, independientemente entre si, halo;

donde:

R* y R? son cada uno, independientemente entre sf, hidrégeno
o alquilo; y

R? es hidrégeno, amina, monoalgquilamina, dialquilamina,
monoaralquilamina, alquilcarbonilamina, alquenilcar-
bonilamina, haloalquilcarbonilamina, arilcarbonilami-
na, alcoxialquilcarbonilamina, alcoxicarbonilalquil-
carbonilamina, glicinamida, monoalquilglicinamida,
arilcarbonilglicinamida, aminocarbonilgiicinamida,
(aminocarbonil) (alquil)glicinamida, (alcoxialquilcar-
bonil)glicinamida, ureido, moncalquilureido, monocari-
lureido, monoaralquilureido o alaninamida;

y donde cualquiera de X! o X? se selecciona del grupo forma-

do por 133y, 1Sy, a8y 11y 75z, Ry 80py » Bp. o donde uno

de los Stomos de carbono en el compuesto es C; o una eal

aceptable para uso farmacéutico de los misgmos.
2.Un compuesto, CARACTERIZADO PORQUE es de féSrmula

{II):
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W

! v X? son cada uno, independientemente entre sf, halo;

donde

1 vy R? gon cada uno, independientemente entre si, hidrégeno
o alquilo; y
R* es hidroSgeno; y
R® comprende un quelante capaz de uniree a un 4tomo de
metal radicactivo seleccionado del grupo formado por
3%arc, °Re y !°®Re; o como un complejo con **™Tc, *Re
y *Re; o una sal aceptable para uso farmacéutico de
los mismos.
3.El compuesto de la reivindicacién 1 o la reivindi-
cacifn 2, CARACTERIZADO PORQUE dicho compuesto se une al re-
ceptor de la quimioquina CCR1 y atraviesa la barrera hema-
toencefdlica.
4.El compuesto de la reivindicacién 1 o la reivindi-
cacién 2, CARACTERIZADO PORQUE R! es metilo en la posicién 2
del radical piperazinilo y R? es metilo en la posicién 5 del
radical piperazinilo.
5.El compuesto de la reivindicaci6n 1 o la reivindi-
cacién 2, CARACTERIZADO PORQUE R! es metilo en la posicién 2

del radical piperazinilo y R? es hidrégeno.
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6.El compuesto de la reivindicacién 1, CARACTERIZADO
PORQUE X! es cloro en la posicién 4 del radical fenilo y X?
es un 4tomo de 18 F en la posicién 4 del radical fenilo.

7.El1 compuesto de la reivindicaci6én 2, CARACTERIZADO

PORQUE R’ es un quelante de f6rmula (III):
H
N
\,(\N/\“/ \/\SH
)
(o) (o)

SH
8.El compuesto de la reivindicacién 2, CARACTERIZADO

PORQUE R® es un quelante de férmula (IV):
H

\“/\N/\/N\/\SH
H {v)

O

SH

9.El1 compueBto de la reivindicacién 7 o de la rei-
vindicacién 8, CARACTERIZADO PORQUE R° ademis comprende un
grupo ligador que comprende un radical alquilo que tiene uno
a diez &tomos de carbono, donde el radical alquilo contiene
optativamente uno a diez grupos -C(0)-, uno a diez grupos -
C(O)N(R)-, uno a diez grupos -N(R)C(0)-, uno a diez grupos -
N(R)-, uno a diez grupos -N(R);, uno a diez grupos hidroxi,
uno a diez grupos -C(0)O-, uno a diez &tomos de oxIgeno, uno
a diez &tomoe de azufre, uno a diez &tomos de nitrégeno, uno
a diez &tomos de halégeno, uno a diez grupos arilo y uno a

diez anillos heterociclicos saturados o insaturados, donde R



es hidrbSgeno o alquilo.

10. El compueato de la reivindicacién 9, CARACTE-
RIZADO PORQUE el grupo ligador es -C({O)-CH;-N({H).

11. Una sal monoclorhidrato, CARACTERIZADA PORQUE
es de un compuesto de la reivindicacién 1 a la reivindica-
cién 10.

12. Una sal diclorhidrato, CARACTERIZADA PORQUE es
de un compuesto de la reivindicacién 1 a la reivindicacién
10.

13. Un método de diagnéstico de la enfermedad de
Alzheimer en un ser humano, CARACTERIZADO PORQUE comprende
la administracién a un ser humano que necesita dicho dia-
gnéstico de una compuesto acorde con la reivindicacién 1 a
12 y la medicién de la radicactividad producida por la admi-
nistracién del compuesto a dicho ser humanos, ya sea median-
te camara gamma o tomografia de emisién de positrones (PET).

14. Un método para usar un compuesto acorde con la
reivindicacién 1 a 12, CARACTERIZADO PORQUE e; para la ela-
boracién de un producto radiofarmacéutico destinado al dia-
gnéstico de la enfermedad de Alzheimer en un ser humano.

15. Un proceso para producir un compuesto de £6r-
mula (I) acorde con la reivindicacién 1, CARACTERIZADO POR-

QUE comprende hacer reaccionar un compuesto de fédrmula (f):

1
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o)

)
donde R!, R?, R?’, y X! son como se definieron en la reilvindi-

cacién 1, con un compuesto de fé6rmula (b):

0
g
F
®

en presencia de un agente reductor.

)2
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Radiopharmaceuticals for Diagnosing Alzhelmer's Disease
Field of the invention

The present invention relates to novel radiophamaceuticals useful for the diagnosis of
Alzheimer's disease.

Brief description of the background art

Alzheimer's disease is a severs neurodegenerative disorder, and cumently about 4
million Americans suffer from this disease. As the aging population continues to grow, this
number could reach 14 million by the middie of next century unless a cure or prevention is
found. At present, there is no sensitive and specific premortemn test for early diagnosis of this
disease. Alzhelmer's disease is currently diagnosed based on the clinical observation of
cognitive decline, coupled with the systematic elimination of other possible causes of those
symptoms. The confirmation of the clinical diagnosis of "probable Alzheimer’s disease” can
only be made by examination of the postmortem brain. The Alzheimer's disease brain is
characterized by the appearance of two distinct abnormal proteinaceous deposits in regions
of the brain responsible for leamning and memory (e.g., cerebral cortex and hippocampus).
These deposlis are extracellular amyloid plaques, which are characteristic of Alzheimer's
disease, and intracellular neurofibillary tangles (NFTs), which can be found in other
neurodegenerative disorders as well. Amyloid peptides are typically either 40 or 42 amino
acids in length ("AB™*™ or "AB"*?*, respectively) and are formed from abnormal processing of
a larger membrane-associated protein of unknown function, the amyloid precurser protein
("APP"). Oligomeric aggregates of these peptides are thought o be neurctoxic, eventually
resulting in synaptic degeneration and neuronal loss. The amount of amylold deposition
roughly comrelates with the severity of symptoms at the time of death.

In the past, there have been several attempts for the design of radiopharmaceuticals
that could be used as diagnostic agents for a premortem diagnosis of Alzhelmer's diseass.

Bomebroek et al. showed that the amyloid-associated protein serum amyloid P
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component (SAP), labeled with '], accumulates at low levels In the cerebral cortex, possibly
in vessel walls, of patients with cerebral amyloidosis (Bomebroek, M., et al., Nucl. Med.
Commun. (1996), Vol. 17, pp. 929-933).

Satto et al. proposed a vector-mediated delivery of '*IHabeled AB**° through the
blood-brain barrier. It Is reported that the iodinated AB'“°binds Ap amyloid plaque in tissue
sections (Saito, Y., et al., Proc. Natl. Acad. Sci. USA 1985, Vol. 92, pp.10227-10231).

U.S. Patent No. 5,231,000 discloses antibodies with specificity to A4 amyloid
polypeptide found in the brain of Alzheimer’s disease patients. However, a method to deliver
these antibodies across the blood-brain barrier has not been described.

Zhen et al. described modifications of the amyloid-binding dye known as “Congo
Red™", and complexes of these modified molecules with technetium and thenium. The
complexes with radioactive ions are purported to be potential imaging agents for Alzhaimer's
disease (Zhen et al., J. Med. Chem.(1999), Vol. 42, pp. 2805-2815). Howevar, the potential
of the complexas to cross the blood-brain barrier is limited.

A group at the University of Pennsylvania in the U.S.A. (Skovronsky, M., et al., Proc.
Natl. Acad. Sci. 2000, Vol. 87, pp.7609-7614) has developed a fluorescently labeled
derivative of Congo Red that is brain permeable and that non-specifically binds to amylold
materials (that is, peptides in B-pleated sheet conformation). This compound would need to
be radiolabeled and then run through pre-clinical screens for pharmacokinetics and toxicity
before clinical testing.

Klunk ef al. reported experiments with a derivative of Congo Red™, Chrysamine G
(CG). ltis reported that CG binds synthetic B-amyloid well in vitro, and crosses the blood-
brain barrier in normal mice (Klunk et al., Neurobiol. Aging (1994), Vol. 15, No. 6, pp. 6981-
698).

Bergsirdm ef al. presented a compound labeled with iodine-123 as a potential
radioligand for visualization of My and M. muscarinic acetyicholine receptors in Alzheimer's
disease (Bergstrdm et al., Eur. J. Nucl. Med. (1999), Vol. 26, pp. 1482-1485 ).

Recently, It has been discovered that certain specific chemokine receptors are
upregulated in the brains of patients with Alzheimer's disease (Horuk, R. et al., J. Immunol.
(1997), Vol. 158, pp. 2882-2890); Xia et al., J. NeuroVirol. (1899), Vol. 5, pp. 32-41). In
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addition, it has been shown recently that the chemokine receptor CCR1 is upregulated in the
brains of patients with advanced Alzheimer's disease and absent in normal-aged brains
(Halks-Miller et al, CCR1 Immunoreactivily in Alzheimer's Disease Brains, Soclety for
Neuroscience Maeﬁn§ Abstract, #787.6, Volume 24, 1998). Antagonists to the CCR1
receptor and their use as anti-inflammatory agents are described in the PCT Published
Patent Application, WO 98/56771.

None of the above described proposals have resulted in a clinical development of an
imaging agent for the early diagnosis of Alzheimer's dissase. Accordingly, there is still a
clinical need for a diagnostic agent that could be used for a reliable and early diagnosis of
Alzheimer's disease.

SUMMARY OF THE INVENTION

The present invention is directed to radiophammaceuticals that bind to the CCR1
receptor and are able to pass through the biood-brain barrier, and are therefore useful in
diagnosing Alzheimer's disease, preferably at an early stage of the disease.

Accordingly, in one aspect, the invention is diracted to compounds of formula (I):

_/x2

e

x1\,=_>_ ? Q 2 ()

Wl .l
\ —

X' and X? are each Independently halo;

R' and R? are each independently hydrogen or alkyl; and

R? is hydrogen, amino, monoalkylamino, dialkylamino, monoaralkylamino,
alkyicarbonylamino, alkenyicarbonylamino, haloalkyicarbonylamino,
aryicarbonytamnino, alkoxyalkylcarbonylamino, alkoxycarbonylalkylcarbonylamino,
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glycinamido, monoalkylglycinamido, arylcarbonyiglycinamido,
aminocarbonyiglycinamido, (aminocarbonyl)(alkyl)glycinamido,
(alkoxyalkylcarbonyl)glycinamido, ureido, monoalkylureido, monoarylureido,
monoaralkylureido, or alaninamido;

5 and wherein either one of X' or X2 is selected from the group of '3, 125, 128, 131 75gy, g,
%8r and '°F; or wherein one of the carbon atoms In the compound is ''C;

or a pharmaceutically acceptable sait thereof.

In ancther aspect, the invention is directed to compounds of formula (Il);

LSO

10 N(n‘)n5

wherein
X' and X2 are each independently halo;
R’ and R? are each independently hydrogen or alkyl; and
R*Is hydrogen; and
15 R® comprises a chelator capable of binding a radioactive metal atom chosen from the group
of ®™Tc, '%Re and '®Re;
or as a complex with ®™Tc, "®Re and '®Re;
or a phammaceutically acceptable salt thereof.
In another aspect, this invention Is directed to a method of diagnosing Alzheimer's
20 disease in a human which comprises administering to a human in need of such diagnosis
a compound of formula (I} or formula (1), as described above and herein, and measuring
the radioactivity arising from the administration of the compound to the human either by
using a gamrma camera or by positron emission tomography (PET).
in another aspect, the invention is directed to a method of using a compound of the
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invention for the manufacture of a radiopharmaceutical for the diagnosis of Alzheimer's
disease in a human.

In another aspect, the invention is directed to a method of preparing compounds of the
invention.

Brief Description of the Figures

Figure 1 shows the expression of CCR1 in Alzheimer's disease brain tissue .

Figure 2 shows CCR1 antibody specificity in Alzheimer's disease brain tissue.

Figure 3 shows CCR1-AB"“? double-labeled tissue sections

Figure 4 shows neuritic plaques double-labeled for CCR1 and A",

Figure 5 shows diffuse AB'2 staining in Alzheimer's disease brain.

Figure 6 is a graph showing the relationship between CCR1 and AB'*° by CDR score.
Figure 7 is a graph showing the relationship between CCR1 and AB'* by CDR score.
Figure 8 is a graph demonstrating the decrease in total brain radioactivity over time.
Figure 9 is a graph showing the percent of injected dose in brain and plasma.

Figure 10 are graphs showing CCR1 expression in other neurodegenerative diseases.

Detalled Description of the Invention
Definitions

As used in the specification and appended claims, unless specified to the contrary, the
following terms have the meaning indicated:

"Alkyi” refers to a straight or branched chain monovalent or divalent radical consisting
solely of carbon and hydrogen, containing no unsaturation and having from one to eight
carbon atoms, e.g., methyi, ethyl, n-propyl, 1-methylethyl (iso-propyl), n-butyl, n-pentyi,
1,1-dimethylethyl (tbutyl), n-heptyl, and the like.

*Alkyicarbonylamino® refers to a radical of the formula -N(H)-C(O)-R, where R, is an
alkyl radical as defined abovs, 6.g., acetylamino, ethylcarbonylamino, npropyicarbonylamino,
and the like.

“Alkenyl” refers to a straight or branched chain monovalent or divalent radical
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consisting solely of carbon and hydrogen, containing at least one double bond and having
from two to eight carbon atoms, e.g., sthenyl, prop-1-enyl, but-1-enyl, pent-1-enyl,
penta-1,4-dienyl, and the like.

"Alkenyicarbonylamino” refers to a radical of the formula -N(H)-C(O)-R. where R; is an
alkenyl radical as defined above, 6.g., sthenylcarbonylamino, prop-2-enyicarbonylamino,
but-2-enyicarbonylamino, and the like.

*Alkoxy" refers 1o a radical of the fomula -OR, where R, is an alkyl radical as defined
above, 6.g., methoxy, ethoxy, n-propoxy, 1-methylethoxy (iso-propoxy), n-butoxy, n-pentoxy,
1,1-dimethylethoxy (+-butoxy), and the like.

*Alkoxycarbonylalkyicarbonylamino® refers to a radical of the formula
-N(H)-C(0)-Rs-C(O)OR. whare sach R, Is independently an alkyl radical as defined above,
6.g., sthoxycarbonyimethyicarbonylamino, methoxycarbonyimethylcarbonylamino,
(2-athoxycarbonylethyl)carbonylamino, (2-methoxycarbonylethyl)carbonylamino, and the fike.

"(Alkoxyalkyicarbonyl)glycinamido® refers to a radical of the formula -N(H)-C(O)-CH=-
N(H)-C(O)-R.-O-R, where each R, is independently an alkyt radical as defined above, 6.g.,
(methoxyacstyl)glycinamido, (ethoxyacetyl)glycinamido, and the like.

*Amino”® refers to the radical -NH..

*Aminocarbonyiglycinamido® refers to a radical of the formula -N(H)}-C(O)-CH--N(H)-
C(O)-NH-.

*(Aminocarbonyl)(alkyl)glycinamido® refers to a radical of the formula
-N(H)-C(O)-CH2-N(R,}-C(O)-NH2 where R, is an alky! radical as defined above.

*Aryl" refers to a phenyl or naphthyl radical. Unless stated otherwise specifically in the
specification, the term “aryl® or the prefix "ar-* (such as in "aralkyl") is meant to include aryl
radicals optionally substituted by one or more substituents selected from the group consisting
of halo, alkyl, alkoxy, haloalkyl, haloalkoxy, nitro, amino, monoalkylamino, and dialkylamino,
as defined herein.

"Aryicarbonylamino" refers to a radical of the formula -N(H)-C(O)-R, where Ry is an
aryl radical as defined above, e.g., (4-methoxyphenyl)carbonylamino,

(4-fluorophenyl)carbonylamino, (4-chlorophenyl)carbonylamino, and the like.
*Aryicarbonyiglycinamido® refers to a radical of the formula
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-N(H)-C(0)-CHzN(H)-C(O)-R, where R, is an aryl radical as defined above, e.g.,
phenyicarbonyliglycinamido, {4-flucro-3-trifluoromethyiphenyl)carbonyiglycinamido,
(4-fluorophenyl)carbonyiglycinamido, and the like.

"Aralkyl" refers to a radical of the formula -RsR; where R, is an alkyl radical as defined
above and R;, is an ary! radical as defined above, 8.g., benzyl, and the like.

"Alkoxyalkylcarbonylamino® refers to a radical of the formula -N(H)-C(O)-Rs-O-R4
where each R, is an alkyl radical as defined above, 6.g., methoxymethylcarbonylamino,
ethoxyethyicarbonylamino, methaxyethyicarbonylamino, and the like.

"Alaninamido® refers to a radical of the formula -N(H)-C(O)-C(CHa)H-NHa.

*Benzyl” refers to a radical of the formula -CH=-R,, where R;, is a phenyl radical
optionally substituted by one or more substituents selected from the group consisting of halo,
alkyl, haloalkyl, alkkoxy, nitro, amino, monoalkylamino, and dialkylamino.

*Dialkylamino® refers to a radical of the formula -N(R,)R, where each R, is
independently an alkyl radical as defined above, e.g., dimethylamino, methylethylamino,
diethylamino, dipropylamino, ethylpropylamino, and the like.

*Glycinamido® refers to a radical of the formula -N(H)}-C(O)-CHz=NHa.

"Halo" refers to bromo, chioro, iodo or fluoro.

"Haloalkyl" refers to an alkyl radical, as defined above, that is substituted by one or
more halo radicals, as defined above, 6.g., triflucromathyl, difluoromethyl, trichioromethyi,
2-trifluoroethyl, 1-flucromethyl-2-fluoroethyl, 3-bromo-2-fluoropropyl,
1-bromomethyl-2-bromoethyl, and the like.

*Haloalkylcarbonylamino® refers to a radical of the formula -N(H)-C(O)-R; where R is
an haloalkyl radical as defined above, 6.g., trifluoromethylcarbonylamino,
trifivoromethylcarbonylamino, 2-bromoethyicarbonylamino, and the like.

"Monoalkylamino® refers to a radical of the formula -N(H)R, where R, is an alkyl
radical as defined above, 6.g., methylamino, ethylamino, propylamino, and the like.

*Monoaralkylamino® refers to a radical of the formula -N{H)Ry where R, is an aralkyl
radical as defined above, e.g., benzylamino, (3,4,5-trimethoxybenzyl)amino,
(4-chlorobenzyi)amino,and the like.

*Monoalkyliglycinamido® refers to a radical of the formula -N(H)-C(0)-CH--N{H)Ra
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where R, is an alkyl radical as defined above.

“Monoalkylureido® refers to a radical of the formula -N{H)-C(O)-N(H)R, or a radical of
the formula -N(Rg)-C(O)-NH2 where Ry is an alkyl radical as defined above.

"Monoarylureido" refers to a radical of the formula -N(H)-C(O)-N{H)R. or a radical of
the formula -N(R,)-C(O)-NH2 where R; is an aryl radical as defined above

"Monoaralkylureido® refers to a radical of the formula -N({H)-C(O)-N(H)R4 or a radical
of the formula -N(Rq)-C(O)-NH: where Rqis an aralkyl radical as defined above.

"Optional® or "optionally* means that the subsequently described event of
circumstances may or may not occur, and that the description includes instances where said
event or circumstance occurs and instances in which it does not. For example, "optionally
substituted aryl" means that the aryl radical may or may not be substituted and that the
description includes both substituted aryl radicals and aryl radicals having no substitution.

"Phammaceutically acceptable salt” includes both acid and base addition salts.

“Phammaceutically acceptable acid addition salt" refers to those salts which retain the
biological effectiveness and properties of the free bases, which are not biologically or
otherwise undesirable, and which are formed with Inorganic aclds such as hydrochloric acid,
hydrobromic acld, sulfuric acid, nitric acid, phosphoric acid and the llke, and organic acids
such as acetic acid, propionic acid, pyruvic acid, maleic acid, malonic acid, succinic acid,
furnaric acid, tartaric acid, citric acid, benzoic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like. Particularly preferred
salts of compounds of the Invention are the monochioride salts and the dichioride salts.

“Phamaceutically acceptable base addition salt” refers o those salts which retain the
blological effectiveness and properties of the free acids, which are not biologically or
otherwise undesirable. These salts are prepared from addition of an inorganic base or an
organic base to the free acid. Salts derived from inorganic bases include, but are not limited
to, the sodium, potassium, lithium, ammonium, calcium, magnaesium, zinc, aluminum salts
and the like. Preferred inorganic salts are the ammonium, sodium, potassium, calcium, and
magnesium salts. Salts derived from organic bases include, but are not limited to, salis of
primary, secondary, and tertiary amines, substituted amines Including naturally occdring
substituted amines, cyclic amines and basic ion exchange resins, such as isopropylamine,
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trimethylamine, disthylamine, triethylamine, tripropylamine, ethanolamine,
2-dimethylaminoethanol, 2-dlethylaminoethanol, trimethamine, dicyclohexylamine, lysine,
arginine, histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenadiamine,
glucosamine, methyiglucamine, theobromine, purines, piperazine, piperidine,
N-ethylpiperidine, polyamine resins and the like. Particularly preferred organic bases are
isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine, choline and
caffeine.

*Ureido" refers to a radical of the formula -N(H)-C(O)-NH..

It Is understood from the above definitions and examples that for radicals containing a
substituted alkyl group any substitution thereon can occur on any carbon of the alkyl group.

The compounds of the Invention, or their phamaceutically acceptable salts, may have
asymmetric carbon atoms In their structure. The compounds of the invention and their
pharmaceutically acceptable salts may therefore exist as single enantiomers,
diasterecisomers, racemates, and mixtures of enantiomers and diastereomers. All such
single enantiomers, diasterecisomers, racemates and mixtures thereof are intended to be
within the scope of this invention. Absolute configuration of certain carbon atoms within the
compounds, if known, are indicated by the appropriate absolute descriptor Ror S.

Utllity and Administration

The compounds of the Invention as described herein are antagonists to the
chemokine receptor known as CCR1 and have the ability to pass the blood-brain barrier.
The compounds are therefore suited as /n vivo diagnostic agents for imaging of
Alzheimer's disease. The detection of radioactivity is performed according 10 well-known
procedures in the art, either by using a gamma camera or by positron emission
tomography (PET).

Preferably, the free base or a pharmaceutically acceptable salt form, e.g. a
monochloride or dichloride salt, of a compound of the invention used in a galenical
formulation as diagnostic agent. The galenical formulation containing the compound of the
invention optionally contains adjuvants known in the art, e.g. buffers, sodium chioride,
lactic acid, surfactants etc. A sterilization by filtration of the galenical formulation under
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sterile conditions prior to usage Is possible.
The radioactive dose should be in the range of 1 to 100 mCi, preferably 5 to 30 mCi,
and most preferably 5 to 20 mCi per application.

Testing

The suitability of the compounds as imaging agents for Alzhelmer's disease can be
demonstrated by experimental protocols known to those of ordinary skill in the art. For
example, the upregulation of CCR1 receptors in Alzheimer's disease brains can be
demonstrated in immunohistochemical staining axperiments of autopsy brain tissue collected
from Alzheimer's disease patients as described in detall below in the Examples. The ability of
the compounds of the invention to bind to the CCR1 receptor and their ability to pass through
the blood-brain barrier, can also be assessed in known in vitro and in vivo assays as
described below in the Examplas. In particular, Example 10 describes a large study that was
undertaken to address the degree of CCR1 expression in different stages of Alzheimer's
disease. Brain tissue from 50 autopsy cases showed a correlation between degree of clinical
severity (dementia) in Alzheimer's disease and CCR1 expression in dystrophic neurites.
CCR1 expression in plaque-like structures within the brains of clinically normal individuals is
rare. Also, CCR1 expression is not found in the brains of individuals with other
neurodegenerative diseases unless there is a concomitant Alzheimer's disease pathology

(specifically, AB** in plaques).

Preferred Embodiments

Of the various aspects of the invention, certain compounds of formula (I) are
preferred. In particular, compounds of formula () wherein X' is a chloro at the 4-position
of the phenyl ring and X2 is a '®F atom at the 4-position of the phenyl ring are preferred.
Especially preferred are such compounds for use as diagnostic agents in positron
emission tomography (PET).

Even more preferred are those compounds of formula (I) wherein R? is in the 2-
position of the phenyl ring and R' is a methyl at the 2-position of the piperazinyl ring and
R? Is a methyl at the 5-position of the piperazinyl ring. Equally prefarred are those
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compounds of formula (1) wherein R® is in the 2-position of the phenyl ring and R is a
methyl in the 2-position of the piperazinyl ring and R? is hydrogen.

Further preferred are these preferred compounds in their mono- or dichloride salt
form.

Of the various aspects of the invention, certain compounds of formula (ll) are
preferred. In particular, compounds of formula (ll) wherein -N(R*)R° is in the 2-position of
the phenyl ring and R' is in the 2-position of the piperazinyl ring and R? is in the 5-position
of the piperazinyl ring. Equally preferred are those compounds of formula () wherein
~N(R*R? is in the 2-position of the pheny! ring and R' is a methyl in the 2-position of the
piperazinyl ring and R? is hydrogen.

Even more preferred are those compounds of formula (I1) wherein R® comprises a
chelator according to formuia (lll):

YY",
5 H o

SH
or formula (1V):
H
YN/\/N\/\SH
{v)
o H
SH

as well as their complexes with *"Tc, "*Re and '®Re. Of these preferred compounds, even
more preferred are those compounds of formula (I1) wherein R® comprises a chelator
acconding to formula (Ilf) or (IV), and wherein the chelator is bound to the nitrogan in the
-N(R*)R® group of the non-radioactive compound of formula (ll) via a linker moiety comprising
an alkyl radical having one to ten carbon atoms, wherein the alkyl radical optionally contains
one to ten -C(O)-groups, one to ten -C(O)N(R)- groups, one to ten -N(R)C(O)- groups, one to
ten -N(R)- groups, one to ten -N(R)2 groups, one to ten hydroxy groups, one to ten -C(O)OR-

He
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groups, one to ten oxygen atoms, one to ten sulfur atoms, one to ten nitrogen atoms, one to
ten halogen atoms, one to ten aryl groups, and one to ten saturated or unsaturated
heterocyclic rings wherein R is hydrogen or alkyl. A preferred linker moiety is -C(O)-CH2-
N(H)-.

Of the compounds of the invention, the most preferred compounds of formula (1) are
those compounds selected from the group consisting of the following:
1-(5-chloro-2-{2{ (2 A}-4-(4-fiuoro-"® ~benzyl)-2-methyipiperazin-1-yi]-2-

oxoethoxy}phenyl)urea;

*(mercaptoeth-1-yi)-N“(5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-[2-[4-(4-

fluorobenzyl)-2-(2 Ry-methylpiperazin-1-yf]-2-oxoethoxy]jphen-1-yl}glycyiglycinamide,
technetium-99m-complex;

1-(2-{2-(2R)~4-(4-fluorobenzyl)-2-methyipiperazin-1-yi}-2-oxosthoxy}-5-iodo-'2° -phenyl)urea;

N-(2-mercaptosth-1-yl}-N-(5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-[2-[4-(4-
fluorobenzyl)-2-(2 Ay-methylpiperazin-1-yl}-2-oxoethoxy]phen-1-yl}glycinamide,
technetium-99m-complex;

N-(2-mercaptoeth-1-yl)}-N-(5-mercapto-3-azapent-1-yl)}-N-{5-chloro-2-{2-{4-(4-fluorobenzyl)-
2-(2 A)-methylpiperazin-1-yl}-2-oxoethoxy]phen-1-yilglycinamide, technetium-88m-
complex,
2-(2-amino-4-chlorophenoxy)-1{(2SR,5AS)-4-(4-fluoro-'® F-benzyl)-2,5-dimethyipiperazin-1-
yilethan-1-one,

2-(2-amino-4-chiorophenoxy)-1-{(2RS,5AS)-4-(4-flucro-'* Fbenzyl)-2,5-dimethyipiperazin-1-
yilethan-1-one,

2-(2-amino~4-chlorophenoxy)-1-{(2SR,5SA)4-(4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-
yilethan-1-one;

2-(2-amino~4-chiorophenoxy)-1{(2RS,5SR)-4-(4-fluoro-"® ~benzyl)-2,5-dimethylipiperazin-1-
yijethan-1-one;

2-4-chloro-2-(diethylamino)phenoxy}-1-[(2SR,5RS)-4-(4-fluoro- '° Fbenzyl)-2,5-
dimethylpiperazin-1-yljethan-1-one;

2{4-chioro-2-(diethylamino)phenoxy]-1-{(2RS,5RS)4-(4-fluoro-'>Fbenzyl)-2,5-
dimethylpiperazin-1-yljethan-1-one;
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2-[4-chloro-2-(disthylamino)phenoxyl-1-[(2SA,5SR)4-(4-fluoro-'® ~benzyl)-2,5-
dimethylpiperazin-1-yljethan-1-one;

2-[4-chioro-2-(diethylamino)phenoxy]-1-{(2RS,5SR)-4-(4-fluoro-'®~benzyl)-2,5-
dimethylpiperazin-1-yl]ethan-1-one;

1-(5-chloro-2-{2-](2RS,5 SA)-4-(4-fluoro- " F-benzyl)-2,5-dimethyipiperazin-1-y1]-2-
oxoethoxy}phenyl)-3-(2,4-dichlorophenyl)urea;

1-(5-chloro-2-{2-[(2 SR,5SA)-4-(4-fluoro-'* F~benzyl)-2,5-dimethyipiperazin-1-yl]-2-
oxoethoxy)}phenyl)-3-(2,4-dichlorophenyl)urea;

1-(5-chloro-2-{2-[(2RS,5AS)-4-(4-luoro-'® F-benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-3-(2,4-dichlorophenyljurea;

1-(5-chloro-2-{2-{(2 SA,5AS)4-(4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-3-(2,4-dichlorophenyl)urea;

1-(5-chloro-2-{2{(2RS,5 SA)-4-{4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxosthoxy}phenyl)urea;

1-(5-chloro-2-{2{(2 SR.5 SA)-4-{4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy)phenyl)urea;

1-(5-chloro-2-{2{(2RS,5RS)-4-(4-fluoro-'"* Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)urea;

1-(5-chloro-2-{2-[(2 SR,5RS)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)urea;

1-(5-chloro-2-{2-{(2AS,5SA)4-(4-luoro-'°~benzyl)-2,5-dimethyipiperazin-1-yl]-2-
oxoethoxylphenyl)urea;

1-(5-chloro-2-{2-{(2SR,5 SA)-4-(4-fiuoro-' ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)urea;

1-(5-chloro-2-{24{(2RS,5RS)-4-(4-fluoro- "2 ~benzyl)-2,5-dimethylpiperazin-1-yi)-2-
oxoethoxyjphenyl)urea,

1-(5-chloro-2-{2-{(2 SA,5 RS)-4-(4-fluoro- "*~benzyl)-2,5-dimethylpiperazin-1-yl]-2-
oxoethoxylphenyl)urea;

1-[(2SRA,5RS)-4-(4-fluoro-"® ~benzyl)-2,5,-dimethyipiperazin-1-yi]-2-(2-Isopentylamino-4-

chlorophenoxy)ethan-1-one;

e
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1-[(2RS,5RS)-4-(4-fluoro-"* F-benzyl)-2,5,-dimethylpiperazin-1-yi}-2-(2-isopentylamino-4-
chlorophenoxy)ethan-1-one;
1{(2SRA,5SA)-4-(4-fluoro-'F-benzyl)-2,5,-dimethylpiperazin-1-yi]-2-(2-isopentylamino-4-
chiorophenoxy)ethan-1-one;
1-[(2RS,5SA)-4-(4-fluoro-"® ~benzyl)-2,5,-dimethyipiperazin-1-yi}-2-(2-isopentylamino-4-
chlorophenoxy)ethan-1-one;
N-(5-chloro-2-{2{(2SR,5 RS)-4-(4-fluoro-"*~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-methylpropanamide;
N-(5-chloro-2-{2{(2RS.5RS)-4-{4-fluoro-"* Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-methylpropanamide;
N-(5-chloro-2-{2{(2SR,55A)-4-(4-flucro- "8 ~benzyl)-2,5-dimethylpiperazin-1-yl]-2-
oxoathoxy}phenyl)-2-methylpropanamide;
N-(5-chloro-2-{2-[(2RS,5SR)-4-(4-fluoro-"* Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-methylpropanamide;
N-(5-chloro-2-{2{(25R,5RS)-4-{4-fluoro-"* F-benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(methoxy)acetamide;
N-(5-chloro-2-{2-[(2RS,5AS)4-(4-fluoro-"® Fbenzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy)phenyl)-2-(methoxy)acetamide;
N-(5-chloro-2-{24{(2 SR,5 SR)-4-(4-fluoro-"* F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxylphenyl)-2-(methoxy)acetamide;
N-(5-chloro-2-{2{(2RS,5SA)-4-(4-fluoro-"* Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxylphenyl)-2-(methoxy)acetamide;
(E)-N-(5-chioro-2-{24(2RS,5SR)-4-(4-fluoro- ' Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-butenamide;
(E)-N-(5-chloro-2-{2-{(2 SR,5 SR)-4-(4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-butenamide;
(E)-N-(5-chloro-2-{2{(2RS,5RS)-4-(4-fluoro- ' ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxylphenyl)-2-butenamide;
(E)-N-(5-chloro-2-{2{(2 SR, 5 RS)-4-(4-luoro-"" Fbenzyl)-2,5-dimethylipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-butenamide;
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methyl N-(5-chloro-2-{2(2SR,5RS)-4-(4-luoro-'® ~benzyi)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)succinamate;

methyl A-(5-chloro-2-{2{(2RS,5RS)-4-(4-luoro-'®~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)succinamate;

methyl A:(5-chioro-2-{2{(25R,5SR)4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)succinamate;

methyt N-{5-chloro-2-(2-{(2RS,5 SA)-4-(4-fluoro-'Fbanzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)succinamate,

ethyl N-(5-chloro-2-{2-[(2SR,5RS)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)succinamate;

ethyl N-(5-chloro-2-{2-[(2RS,5RS)4-(4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)succinamate;

ethyl N=(5-chloro-2-{2{(2SR,5SR)-4-(4-flucro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)succinamatse,

ethyl N-(5-chloro-2-{2{(2R'S,5SR)-4-(4-fluoro-'® F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxpethoxylphenyl)succinamate;

N-{5-chioro-2-(2-[(2SR 5 RS)-4-(4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)acetamide;

N-(5-chloro-2-{2{(2 RS,5RS)-4-(4-fluoro-"* ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)acetamide;

N-(5-chloro-2-{2-[(2SR,5SR)-4-(4-luoro-"* Fbenzyl)-2,5-dimethylplperazin-1-yi)-2-
oxoethoxy)phenyl)acetamide;

N-(5-chloro-2-{2{(2AS,5SR)4-(4-fluoro-"* Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)acetamide;

N-(5-chloro-2-{2{(2 SR,5AS)-4-(4-fluoro-"® Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxosthoxy}phenyl)propanamide;

N-(5-chloro-2-{2-{(2 A'S,5RS)-4-(4-fluoro-"* Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)propanamide;

N-(5-chloro-2-{2-[(2SR,5 SR)y4-(4-flucro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)propanamide;

{20
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N-(5-chloro-2-{2{(2 AS,5 SA)-4-(4-fluoro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)propanamide;
N-(5-chloro-2-{2-[(2SR,5RS)-4-(4-fluoro-"® Fbenzyl)-2,5-dimethyipiperazin-1-yi]}-2-
oxoethoxy}phenyl)-3-fluorobenzamide;
N-(5-chloro-2-{2{(2RS,5 RS)-4-(4-fluoro-'® F-benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoaethoxy}phenyl)-3-fluorobenzamide;
N-(5-chloro-2-(2-[{2SR.5SR)-4-(4-fluoro-'° ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoathoxy}phenyl)-3-fluorobenzamide;
N-(5-chioro-2-{2-{(2RS.5SA)-4-(4-flucro-'®~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-flucrobenzamide;
1-(5-chloro-2-{2-{(2SR,5RS)-4-(4-fluoro-" F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyf)-3-(p-tolyl)urea;
1-(5-chloro-2-{2{(2RS,5 AS)-4-(4-fluoro-'® F~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-(p-tolyl)urea;
1-(5-chloro-2-{2{(25A,5 SA)-4-(4-luoro-"®Fbenzyl)-2,5-dimethylpiperazin-1-yl]-2-
oxoethoxy}phenyl)-3-(p-tolyf)urea;
1-(5-chloro-2-{2{(2RS.5SR)-4-(4-fluoro-'® F-benzyl)-2,5-dimethylpiperazin-1-yl]-2-
oxoathoxy}phenyl)-3-(p-tolyl)urea;
1-{5-chloro-2-{2-{(2RS,5 SAy-4-(4-fluoro-'* ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxpethoxy}phenyl)-3-ethyluree;
1-(5-chloro-2-{2-[(2SR,5SA)-4-(4-fluoro-' Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-3-ethylurea;
1-(5-chloro-2-{2{(2RS,5RS)-4-(4-fluoro- ' Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxylphenyl)-3-ethylurea;
1-{5-chloro-2-{2-[(2 SR 5 RS)-4-(4-fluoro-"* Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoathoxy}phenyl)-3-ethylurea;

1-benzyl-3-(5-chloro-2-{2-[(2SR,5RS)-4-(4-fluoro-'® F~benzyl)-2,5-dimethylpiperazin-1-y}-2-

oxoethoxy}phenyl)uree;

1-benzyl-3-(5-chioro-2-{2-{(2AS,5AS)-4-(4-fluoro-"® ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-

oxpethoxylphenyl)urea;
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1-benzyl-3-(5-chloro-2-{2{(2SRA.5 SR)-4-(4-fiuoro-"® Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)urea;

1-benzyl-3-(5-chloro-2-{2-[(2RS,5 SR)-4-(4-fluoro-'® Fbenzyl)-2 5-dimethylpiperazin-1-yl}-2-
oxoethoxy)phenyl)urea;

1-{5-chloro-2-{2-[(2 RS,5SA)-4-(4-flucro-'* Fbenzyl)-2,5-dimethylpiperazin-1-yl]-2-
oxosethoxy}phenyl)-3-(4-nitrophenyl)urea;

1-(5-chloro-2-{2-[(2 SR,5 SA)-4-(4-fluoro-'* F-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-(4-nitrophenyl)urea;

1-(5-chloro-2-{2{(2 RS,5RS)-4-{4-fluoro-'"® F-benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-3-(4-nitrophenyl)urea;

1-(5-chloro-2-{2-[(2 SR,5RS)-4-(4-fluoro-"* F-benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy)}phenyl)-3-(4-nitrophenyl)urea;

2-(2-banzylamino-4-chlorophenoxy)-1-[(2SR,5AS)-4-(4-fluoro-"* Fbenzyl)-2,5-
dimethylipiperazin-1-yljethan-1-one;

2-(2-benzylamino-4-chlorophenoxy)-1-[(2RS,5RS)-4-(4-fluoro-"* Fbenzyl)-2,5-
dimethyipiperazin-1-yfjethan-1-one;

2-(2-benzylamino-4-chiorophenoxy)-1-[(2SR,5 SR)-4-(4-fluoro-'"* Fbenzyl)-2,5-
dimethylpiperazin-1-yfjethan-1-one;

2-(2-benzylamino-4-chlorophenoxy)-1-{(2R'S,5SR)4-(4-fluoro- " Fbenzyl)-2,5-
dimethylpiperazin-1-yljethan-1-one;

N-(5-chloro-2-{2{(2RS,5SH)-4-(4-fluoro-'°~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)glycinamide;

N-(5-chloro-2-{2-{(2SR,5AS)4-(4-flucro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yf}-2-
oxoethoxy}phenyl)glycinamide;

N-(5-chloro-2-{2-[(2SR.5SA)-4-(4-flucro-'® ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxpethoxy}phenyl)glycinamide;

N-(5-chloro-2-{2-[(2RS,5RS)-4-(4-fluoro-'"* F-benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)glycinamide;

1-(5-chloro-2-{2-[(2 R)-4-(4-fluoro-'® ~benzyl)-2-methylpiperazin-1-yi}-2-
oxosthoxy}phenyl)urea;

|
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1-(5-chloro-2-{2-[(2 5)-4-(4-fluoro-"* ~benzyl)-2-methylpiperazin-1-yi}-2-
oxoethoxy}phenyl)urea;

N-(5-chloro-2-{2{(2RS,5 SA)4-(4-fluoro-"* Fbenzyl)-2,5-dimethyl-piperazin-1-yi}-2-
oxosthoxy}phenyl)-2-(methylamino)acetamide;

N-(5-chloro-2-{2-{(2 SR,5SR)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethyi-piperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(methylamino)acetamide;

N-(5-chloro-2-{2-[(2 RS 5RS)-4-(4-fluoro-'* Fbenzyl)-2,5-dimethyl-piperazin-1-yi}-2-
oxoethoxy}phenyl}-2-(methylamino)acetamide;

N-{5-chloro-2-{2-{(2 SR,5RS)-4-(4-fluoro-"* Fbenzyl)-2,5-dimethyl-piperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(methylamino)acetamide;

2-bromo-N-(5-chloro-2{(2SR,5AS)-4-(4-fluoro-"* ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-

oxoethoxy}phenyt)acetamide;

2-bromo-A-(5-chloro-2-{(2AS,5AS)-4-(4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-

oxoethoxy}phenyl)acetamide;

2-bromo-N-(5-chloro-2-{(2SR,5SA)-4-(4-luoro- " ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-

oxoethoxy}phenyl)acetamide;

2-bromo-N-({5-chloro-2-{(2AS,5 SA)-4-(4-fluoro-'® ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-

oxoethoxy}phenyl)acetamide;
N-(5-chioro-2-{2-[(2RS,55A)-4-(4-fluoro-"*~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(ureido)acetamide;
N-(5-chloro-2-{2-{(2SR.5SR)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yl]-2-
oxoethoxy}phenyl)-2-(ureido)acetamide;
N-(5-chloro-2-{2-{(2RS,5RS)-4-(4-fluoro-"* ~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(ureido)acetamide;
N-(5-chloro-2-{24{(2SR,5RS)4-(4-fluoro-"® Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(ureido)acetamide;
N-(5-chloro-2-{2-](2RS.5SA)-4-(4-fluoro-'* ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(1-methylureido)acetamide;
N-(5-chioro-2-{2-[(2SR5SR)4-(4-fluoro-"~benzyl)-2, 5-dimethylpiperazin- 1-yi}-2-
oxosethoxy}phenyl)-2-(1-methyluraido)acetamide;
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N-{5-chloro-2-{2{(2RS,5RS)-4-{4-fluoro-'*F~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(1-methylureido)acetamide;
N-(5-chloro-2-{24{(2 SR,5RS)-4-(4-fluoro- | Fbenzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(1-methylureido)acetamide;
(2RS)-N-(5-chloro-2-{2-{(2R'S,5SR)-4-(4-luoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-y}-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2SA)-N-(5-chloro-2-{2{(2AS,5SR)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy)phenyl)-2-aminopropanamide;
(2RS)-N-(5-chloro-2-{2-{(25R,55A)-4-(4-fluoro-"® ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxylphenyl)-2-aminopropanamide;
(2SA)-N-(5-chloro-2-{2-{(2SR.5SA)-4-(4-fluoro-'® F-benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2RS)-N-(5-chloro-2-{2-{(2RS,5RS)-4-(4-fluoro-'® F-benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxosthoxy)phenyl)-2-aminopropanamide;
(2SR)-N-(5-chloro-2-{2{(2AS,5RS)-4-(4-fluoro-'® Fbenzyl)-2, 5-dimethyiplperazin-1-yi}-2-
oxoethoxyjphenyl)-2-aminopropanamide;
(2RS)-N-(5-chloro-2-{2-{(2 SR,5AS)4-(4-fluoro-"8 ~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-aminopropanamide;
(2SR)-N-{5-chloro-2-{2{(2SR,5AS)-4-(4-fluoro-"* ~benzyl)-2,5-dimethyipiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-aminopropanamide;
N-(5-chloro-2-{2-[(2SR,5AS)-4-(4-fluoro-'"°* ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxosthoxy}phenyl)-2-(2,4-diflucrobenzoylamino)acetamide;
N-(5-chloro-2-{2-{(2RS,5RS)-4-(4-fluoro-"® Fbanzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxylphenyl)-2-(2,4-difluorobenzoylamino)acetamide;
N-(5-chloro-2-{2-{(2SR,5SFA)-4~(4-fluoro-'®~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoethoxy}phenyl)-2-(2,4-difiluorobenzoylamino)acetamide;
N-(5-chloro-2-{2-[(2RS,55A)-4-(4-luoro-'°F-benzyl)-2,5-dimethylpiperazin-1-yl}-2-
oxoethoxylphenyl)-2-(2,4-dfluorobenzoylamino)acetamide;
N-(5-chloro-2-{2-{(2SA,5RS)-4-(4-fluoro-'* Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxylphenyl)-2-(methoxyacetylamino)acetamide;

12
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N-(5-chloro-2-{2-{(2RS,5RS)-4-(4-fluoro-"*Fbenzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxosthoxy)}phenyl)-2-(methoxyacetylamino)acetamide;
N-(5-chloro-2-{2-(2SR,5 SA)-4-{4-fluoro-'® Fbenzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoethoxy)phenyl)-2-(methoxyacetylamino)acetamide;
N-(5-chloro-2-{2-(2AS,5SA)-4-(4-fluoro-'®~benzyl)-2,5-dimethyipiperazin-1-yi]-2-
oxoathoxy}phenyl)-2-(methoxyacetylamino)acaetamide;
N-(5-chloro-2-{2-{(25RA,5RS)-4-(4-fluoro-'*Fbenzyl)-2,5-dimethylpiperazin-1-yf]-2-
oxoathoxy}phenyl)-2-(2-iodobenzoylamino)acetamide;
N-(5-chloro-2-{2{(2 AS,5AS)-4-(4-fluoro-'® Fbenzyl)-2,5-dimethylpiperazin-1-yl]-2-
oxoethoxy}phenyl)-2-(2-iodobenzoylamino)acetamide;
N-(5-chloro-2-{2{(2 SR,5 SA)-4-(4-fiuoro-"°F~benzyl)-2,5-dimethylpiperazin-1-yi]-2-
oxoathoxylphenyl)-2-(2-iodobenzoylamino)acetamide;
N-(5-chloro-2-{2-{(2R'S,5 SR)-4~(4-fluoro-"® ~benzyl)-2,5-dimethylpiperazin-1-yi}-2-
oxoethoxy}phenyl)-2-(2-lodobenzoylamino)acetamide;
N-(5-chloro-2-{2{(2R)-4-(4-fluoro-'®Fbenzyl)-2-methylplperazin-1-yi}-2-
oxoethoxy}phenyl)glycinamide; and
N-(5-chloro-2-{2{(2 S)-4-(4-fluoro-'® ~benzyl)-2-methyipiperazin-1-yi}-2-
oxoathoxy}phenyl)glycinamide;
as well as the mono- and dichloride salts thereof.

Preparstion of the Compounds of the Invention
A Preparation of Compounds of Formula (1)

In general, the radioactive imaging agents of formula (| ) of the present invention are
prepared by reacting radioactive 4-halobenzyl derivatives with piperazine derivatives.
Preferred are *®Fabeled 4-fluorobenzyl derivatives for PET-imaging. A general method for
the preparation of 4-fluoro-'®~benzyl halldes is described in iwata et &l., Applied Radiation
and Isotopes (2000), Vol. 52, pp. 87-92.

The "Flabeled 4-flucrobenzyl derivatives are preparad by reaction of a benzaldehyde
compound of formula (a) with "®F ions to obtain a benzaldehyde compound of formula (b):
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O 0]
18
\LG
(a) (

wherein LG is a leaving group, for axample, bromo, chloro, iodo, nitro, or N(R)s* X (where R
is alkyl and X is & halo lon, such as Br’, CI', or I'; an ion of a alkanoic acid, such as an acetate
ion (CH3C(O)Q"); or an ion of an alkyisulfonic acid or haloalkylsulfonic acid, such as trifiat
5 (CF3SOy)). Preferably LG is triflat. Starting from the compound of formula (b), several
synthetic pathways are possible in preparing the compounds of formula (1).
In a first synthetic pathway, a compound of formula (b} is reduced with NaBH, to

|. \
2X
18
b)

obtain a compound of formula (c):
OH
NaBH,
H I —i
P N
18 18
(b) (c)
. 10 The compound of formula (c) is then reacted with Hl, Pal, or PhaPBr; to obtain an

lodo- or bromo-substituted compound of formulae (d) or (e):
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I N
oH Hl or Psl, }B
F
i N (d)
N
18 \ o
(c) PhsPBr,
e

(e)
The compounds of formulae (d) and (e) can be obtained with a radiochemical yield of
50 to 60%. The radiochemical purity is greater than 85%. The speclfic activity of the
compounds is 5 mCi per 1 nmol.
A compound of formulae (d) or (e) can then be reacted with a piperazine derivative (f)
to obtain a compound of formula (g) (a compound of formula (1)):
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5 in a second synthetic pathway, a compound of formula (b) is directly reacted with a
compound of formula (f) using a reducing agent, for example, formic acid, ammonium
@ fomiate, NaBH,, or NaBH:CN, to obtain a compound of formula (g) (& compound of

formula (1)):

-23-
/—NH x?
2
N—/ R + |
2X
18F
(d) or (e)
/
H1\/_"N \ I\1BF

S o <N \Snz
Q_ \—( ~ (@)

Compounds of formula (f) may be prepared according to methods known to those of
ordinary skill in the art and is described in detall in PCT Published Patent Application, WO

124
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B. Preparation of Compounds of Formula (Il)

For Single Photon Emission Computed Tomography (*SPECT"), ®*"Tc-labeled

5 compounds are preferred. Those compounds are compounds of formula (ll). A general
synthetic pathway for these compounds starts with non-radioactive analogues of compounds
of formula (Il that are reacted with *™Tc-binding chelators, e.g. N2Sz-Chelators. Preparation .
of the non-radicactive analogs of the compounds of formula (ll) is described in detall in PCT
Published Patent Application, WO 98/56771. The synthesis of the chelators follows standard
10 procedures, for example, the procedures described in A. Mahmood ef &al., A NaS»-

Tetradentate Chelate for Solid-Phase Synthesis: Technetiumn, Rhenium in Chemistry and
Nuclear Medicine (1999), Vol. 5, p. 71, or in Z.P. Zhuang &t al., Bioconjugate Chemistry
(1999), Vol. 10, p. 159.

Preferred chelators are chelators of formulae (ll1) or (IV):
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o) o

0 H
SH (i) (v)

SH

One of the chelators is either bound directly to the nitrogen in the -N(R*)R® group of
the non-radioactive compound of formula (ll), or via a linker moiety comprising an alkyl
radical having one to ten carbon atoms, wherein the alkyl radical optionally contains one to
ten -C{O)-groups, one to ten -C(O)N(R)- groups, one to ten -N(R)C(O)- groups, one to ten
-N(R)- groups, one to ten -N(R); groups, one to ten hydroxy groups, one to ten -C(O)OR-
groups, one to ten oxygen atoms, one to ten sulfur atoms, one to ten nitrogen atoms, one to
ten halogen atoms, one to ten aryl groups, and one to ten saturated or unsaturated
heterocyclic rings wherein R is hydrogen or alkyl. A preferred linker moiety Is -C(O)-CHz
N(H)-.

The following specific examples are provided as a guide to assist in the practice of the
invention, and are not intended as a limitation on the scope of the invention.

|20
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Example 1
Preparation of 1-{5-Chloro-2-{2{(2R)-2-methyipiperazin-1-yi]-2-
oxoethoxy}phenyl)urea
0
¥ L O
”N)\l . Booro N oo h CI\)LN/H
L MeC,  “NBOC DiEn e, \_Neoc
a b
ol
Cl NH
° NH;, /O:J\ %‘Ha Q CH
N HCl /CEOJ‘N
K,COs. DMSO  ©! NH \neoc oA © NH (A
N o)‘NHz HCI
(] d
5 A. DIEA (19.10 mL, 110 mmol) was added to a solution of (A)-(-)-2-

methylpiperazine (10 g, 100 mmol) in 250 mL of methylene chloride. The solution was
cooled to -10°C. The BOC anhydride was dissoived in 250 mL of methylene chloride and this
solution was added to the chilled piperazine solution over 1 hour. The reaction was allowed .
to warm to ambient temperature over 16 hours. The reaction mixture was filtered to remove
10 the solids and the filirate washed with 500 mL of water, dried over magnesium sulfate, filtered
and evaporated to an oil. The oll was purified by flash column chromatography to afford 11.0
g of the compound of formula (a).
B. The compound of formula (a) (11.0 g, 55 mmol) and DIEA (10.5 mL, 60.4
mmol) were dissolved in 100 mL of methylene chloride. The resuliing solution was chilled to
15 -10°C. Chioroacsty! chioride (4.37 mL, 55 mmol) was added dropwise to the solution
maintaining the temperature at -10°C. After stirming for 1 hour the reaction mixiure was
washed with 100 mL of water, dried over magnesium sulfate, filtered and evaporated to an
oil. The oil was purified by flash column chromatography to afford 14.8 g of the compound of
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formula (b).

C. To a solution of the compound of formula (b) (14.8 g , 53.5 mmol) and the
compound of formula (g) (9.98 g, 53.5 mmol) in 756 mL of DMSO was added potassium
carbonate (18.48 g, 133.7 mmol). The resulting mixture was heated to 50°C for 3 hours. The
mixture was cooled to 30°C and poured into 700 mL of water. The water was extracted three
times with 200 mL of ethyl acetate. The ethyl acetate exiracts were combined and washed
with 200 mL of 1N KOH followed by brine. The organic layer was the dried over magnesium
sulfate, filtered and evaporated to a foam. The foam was purified by flash column
chromatography to afford 19.6 g of the compound of formula (c).

D. The compound of formuia (c) (7.68 g, 18 mmol) was dissolved in 40 mL of ethyl
acetate. The resulting solution was chilled in an ice bath and anhydrous HCI gas was
bubbled through the solution for 5 minutes. The product precipitated while the mixture was
allowed to sit at ambient temperature for 1 hour. The product was collected by filtration,
washed on the filter with fresh ethyl acetate, and dried under vacuum at ambient temperature
to constant weight to afford 5.9 g of 1-(5-chloro-2-{2-[(2R)-2-methylpiperazin-1-yi}-2-
oxoethoxy}phenyl)urea, the compound of formula (d), as white solid; NMR (2 rotomers); (400
MHz, DMSO) 8.7 {m, 0.5H), 9.2 (m, 0.5H), 8.16 (s, 1H), 8.13 (s, 0.5H), 6.8 (s, 2H), 4.9 (m,
2H), 4.4 (m, 5H), 3.8 { bs, 0.5H), 3.4, (bs, 0.5H), 3.2, (m, 2.5H), 3.0 (m, 2 H) 1.2-1.4 (m, 3H)

ppm.

Example 2
Preparation of the Compound of Formula (@)

H
H
Cl NH, THF 0 J NH,

To a solution of 2-amino-4-chlorophenol (10 g, 69.7 mmol) in 100 mL of anhydrous
THF at ambient temperature was added trimethyisilyl isocyanate (18.8 mL, 139.4 mmoal) in
one portion. The solution was heated o 60°C and remained at this temperature for 22 hours
at which time water (1.3 mL, 76.7 mmol) was added. After 30 minutes the solution was
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cooled to ambient temperature and concentrated to a brown oil. This oil was dissolved in
ethyl acetate, treated with activated carbon, dried over magnesium sulfate and filtered. The
filtrate was concentrated to a pink solid which was crystallized from 10:1, toluena/methanol to
give 5.4 g of the compound of formula (e) as tan powder.

Example 3
Preparation of 1<{5-Chloro-2-{2{(2R)-4-(4-fluoro-"Fbenzyl)-2-methylpiperazin-1-yi}-2-
oxoethoxy)phenyl)urea

A.  Hydrogen fluoride-'8F was prepared in a cyclotron by bombardment of
H20-'20 with protons. The resulting hydrogen fluoride-'2F was adsorbed on an anion-
exchange cartridge. The hydrogen fluoride-'®F was eluted with a solution of Kryptofix 222
(15 mg, 40 umol) and K2CO5 (2.77 mg, 20 pmol) in aqueous acetonitrile (1.5 mL, 66%). The
radioactive fractions were evaporated to dryness in a nitrogen gas stream. This procedure
was repeated three times with dry acetonitrile (1 mL). After addition of a solution of 4-
frimethylammonium-benzaldehyde-trifiate (2 mg, 6.4 umol) in dry DMF (250 pl) the resulting
reaction mixiure was heatad for 5 minutes to 100°C. After cooling to amblent temperature a
solution of 1-(5-chloro-2-{2-{(2A)-2-methylipiperazin-1-yi]-2-oxoethoxy}phenyl)urea, a
compound of formula (d), (3 mg, 8.3 umol) in 50 pl acstic acid and a solution of sodium-
cyano-borhydride (4 mg, 63.7 pmol) in 100 ul dry DMF were added. The reaction mixture
was heated to 120°C for 10 minutes. After addition of 5 mL of water the mixture was filtered
over a polystyrol-cariridge. The adsorbed product was washed with 2 mL of water to afford
the title compound, 1-(5-chloro-2-{2-[(2A)-4-(4-fluoro-"® ~benzyl)-2-methyipiperazin-1-yi}-2-
oxosethoxyjphenyl)urea, which was eluted with 1.5 mL acetonitrile and purified by HPLC.

B.  Inasimilar manner, other compounds of formula (1) containing a '®F atom are

prepared.
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Example 4
Preparation of A<(5-Chloro-2-{2-{(2R)-4-(4-fluorobenzyl)-2-methylplperazin-1-yl]-2-
oxoethoxy}phenyl)glycinamide

Cl i
O CHs H O CH
WAy C[: N 3 F
pasheg-tePosgste,

|IK')
o)
()
ét

o)\’ “BOC | OJ\/NHz x TFA

A.  Toasolution of (R)-(-)-2-methylpiperazine (2.0 g, 20 mmol) in 20 mL CH:Cl>
was added DIEA (5.2 g, 40 mmol) and 4-fluorobenzyt chloride (2.39 mL, 20 mmol). The
rasulting mixture was stirmed at ambient temperature for 15 hours. After the reaction was

10 completed, the reaction mixture was washed with water (3X20 mL) and brine, then dried over
Na,SQ,, filtered and concentrated in vacuo to afford the compound of formula (f) (2.2 g)as a
white solid.
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B. To a solution of the compound of formula (f) (2.2 g, 10 mmol) in 50 mL CH2Cl>
was added chloroacetyl chloride (0.84 mL, 10 mmol). The resulting mixture was stirred at
ambient temperatura for 10 minutes and then triethylamine (3 mL, 21 mmol) was added. After
30 minutes, the mixture was washed with water (3x20mL) and brine, then dried over
NagSO,, filtered and concentrated in vacuo to afford an oll. Purification by flash column
chromatography afforded the compound of formula (g) (2.5 g).

C. To a solution of the compound of formula (g) (2.4 g, 8.4 mmol) in 50 mL DMF
was added K:CO; (2.5 g, 17 mmol), Nai (0.2 g) and 4-chloro-2-nitrophenoi (1.3 g, 8.4 mmol).
The resulting mixture was heated at 70-80°C. After 1 hour, the mixture was concentrated in
vacuo, then taken up In ethyl acetate (150 mL) and washed with water (3X100mL)and then
brine. The organic layer was separated, dried over Na;SQ,, fittered and concentrated in
vacuo to afford an oil. Purification by fiash column chromatography afforded the compound
of formula (h) (3.1 g).

D. To a solution of the compound of formula (h) (1.1 g, 2.6 mmol) in 10 mL ethanol
was added a solution of tin(il) chioride dihydrate (3.0 g, 13 mmol) in 5 mL ethanol. The
resulting mixture was heated at 75°C. After 1 hour, the reaction was concentrated In vacuo,
then taken in ethyl acaetate (100 mL), washed with 1N NaOH solution In water (3X100mL) and
brine. The organic layer was separated, dried over Na;SO,, filtered and concentrated in
vacuo to afford an oil. Purification by flash column chromatography afforded the compound
of foomuia (i) (0.75g).

E. To a solution of the compound of formula () (0.7 g, 1.78 mmol) in 10 mL DMF
was added BOC-Gly-OSU (0.58 g, 2.13 mmol). The resulting mixture was heated at 50-
60°C. After 24 hours, the mixture was concentrated in vacuo, then taken up In ethyi acetate
(150 mL) and washed with water (3X100mL) and then brine. The organic layer was
separated, dried over NazSO,, filtered and concentrated in vacuo to afford an oil.

Purification by flash column chromatography afforded the compound of formula (J) (0.7 g).

F.  To a solution of the compound of formula () (0.6 g, 1.1 mmol) in 10 mL CHxCl.
was added TFA (5 mL). The resulting mixture was heated at ambient temperature. After the
reaction was completed In 1 hour, the reaction was concentrated in vacuo, then taken up in
ethyl acetate (100 mL), washed with 1N NaOH solution In water (2X100mL) and brine. The
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organic layer was separated, dried over Na;SO,, filtered and concentrated in vacuo to afford
an oil. Purification by fiash column chromatography afforded N-(5-chloro-2-{2-[(2F)-4-(4-
fluorobenzyl)-2-methylpiperazin-1-yi]-2-oxosthoxy}phenyl)glycinamids, the compound of
formula (k), (0.45 g) as a white solid; NMR (CDCls) 10.2 (s, 1), 8.5 (s, 1), 7.3 (m, 2), 7.0 (m,
3),68(d, 1), 4.7 (m, 2), 3.4-3.6 (m, 5), 3.0 (m, 1), 2.8 (m,1), 2.6 (d, 1), 2.2 (m, 1), 2.0 (m, 2),
1.2-1.4 (m, 3) ppm.

Example 5
N{mercaptoeth-1-yl)-N-(5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-{2{4-{4-
fluorobenzyi)-2-{2A)-methyipiperazin-1-yi]-2-oxoethoxylphen-1-yi}glycyiglycinamide,
Technetium-98m-complex

A. To a stired solution of N-{5-chloro-2-[2-[4-(4-fluorobenzyl)-2-(2R)-
methylipiperazin-1-yl]-2-oxoethoxy]phen-1-yl}glycinamide (175.5 mg, 0.4 mmol) (the
compound of formula (k) as prepared above in Example 4), N-(S-trityl-2-mercaptoeth-1-yl)-
N-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)glycine (281.4 mg, 0.4 mmol) (which can be
synthesized according to A. Mahmood et al., A N-Sz-Tetradentate Chelate for Solid-Phase
Synthesis: Technetium, Rhenlum in Chemistry and Nuclear Medicine (1998), Vol. 71), and
N-hydroxysuccinimide (45.5 mg, 0.4 mmoal) in 5 mL dichloromethane was added dropwise
a solution of dicyclohexylcarbodiimide (81.4 mg, 0.4 mmol) in 3 mL dichloromethane. The
resulting suspension was stirred over night at ambient temperature. After filtration, the
resulting solution was evaporated under reduced pressure. The desired product,
N-(S-trityl-2-sulfanyleth-1-yl)-N'-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-
[2-{4-(4-fluorobenzyl)-2-(2 R)-methylpiperazin-1-yi}-2-oxoethoxy]jphen-1-
yilglycylglycinamide (340 mg, 72.8%) was isolated after silica gel chromatography (eluent:
dichloromethane/methanol, 98:2) as a white powder.

Elemental Analysis:
Calc.: C 69.93 H 587 N 7.20 O 6.85 S 549
Found: C 69.69 H 6.05 N 7.01 O S 532

B. N-(S-Trityl-2-sulfanyleth-1-yl)-N-(S-trityl-5-mercapto-3-aza-2-oxopent-1-yl - -
{5-chloro-2-{2{4-(4-fluorobenzyl)-2-(2 A)-methylpiperazin-1-yl]-2-oxoethoxylphen-1-

128
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vilglycyiglycinamide (116.8 mg, 0.1 mmol), as prepared above, was dissolved in 5 mL
trifluoroacetic acid. After addition of triethyl silane (48 pi, 0.3 mmol) the resulting suspension
was stirmed for 15 minutes at ambient temperature. The fitrate was evaporated under
reduced pressure and the residue was triturated with 7 mL diethyl ether. The precipitate was
stirred for 1 hour at ambient temperature and filtered off, yielding the desired product,
N-(mercaptoeth-1-yl)-N-(5-mercapto-3-aza-2-oxopent-1-yl}-N-{5-chloro-2{2-[4-(4-
fluorobenzyl)-2-(2 A)-methyipiperazin-1-yi]-2-oxoethoxy]phen-1-yilglycylglycinamide, bis-
trifluoracetic acid salt (87 mg, 95.5%), as a white solid.

Elemental Analysis:
Calc.: C 4481 H 4.65 N 922 O 15.80 S 7.04
Found: C 4454 H 4.91 N 8.99 O S 6.80

C. Disodium tartrate (1 mg) and N-{(mercaptoeth-1-yl)-N'-(5-mercapto-3-aza-2-
oxopent-1-yl)-N-{5-chloro-2-[2-{4-(4-fluorobenzyl)-2-(2 A)-methylplperazin-1-yi]-2-
oxoethoxy]phen-1-yl}glycyiglycinamide, bis-rifluoracetic acid salt (100 ug), as prepared
above, were dissolved in 500 ul sodium phosphate buffer (0.1M, pH=8.5). After addition of
37MBq *"Tc-generator eluate, 5 i tin-(il) chioride solution was added and the mixture was
heated for 10 min to 100°C. HPLC analysis showed a major peak Indicating that the desired
product, N-(mercaptoeth-1-yl)-N“(5-mercapio-3-aza-2-oxopent-1-yI}-N-{5-chloro-2-[2-[4-(4-
fluorobenzyl)-2-(2 A)-methyipiperazin-1-yf]-2-oxoethoxy]phen-1-yllglycylglycinamide,
Technetium-89m-complex, was synthesized with a RCP > 90%.
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Example 6
Preparation of 1-(2-{2-{(2F)-4-(4-Fluorobenzyl)-2-methyipiperazin-1-yi]-2-oxoethoxy}-5-
iodophenyl)urea
/00"' HNOg / ACOH
| |
% O CHs
o O e m\*«w Seg
K.COs/ Nal
O CH
SnClz.2H,0 /C["\)\N’\ \/0* KOCN .
E1OH ! NH; A ACOH/H0
m

QO CHs

e ML

o’LNHz n

A. To a solution of pdodophencl (2.2 g, 10 mmol) in 18 mL acetic acid was added
a solution of HNQ5 (0.7 mL, 70%) in 5 mL acetic acid dropwise over 10 minutes. The
resulting mixture was stirred at ambient temperature. After 30 minutes, the reaction mixture
10 was diluted by 100 mL Ice-water. The precipitate was collected, washed with 100 mL water.
Purification by flash column chromatography afforded 1.2 g of 2-nitro-4-iodophenol.
B. To a solution of the compound of formula (g) (0.3 g, 1.05 mmol) (as prepared
herein) in 10 mL DMF was added K2CO, (0.45 g, 3.2 mmot), Nal (0.01 g) and 2-nitro-4-
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iodophenol (0.28 g, 1.05 mmol). The resulting mixture was heated at 70-80°C. After 1 hour,
the mixture was concentrated in vacuo, then taken up in ethyl acetate (150 mL) and washed
with water (3X100mL)and then brine. The organic layer was separated, dried over Na;SQO,,
filtered and concentrated In vacuo to afford an oil. Purification by flash column
chromatography afforded 0.28 of the compound of formula ()).

C.  To a solution of the compound of formula (I) (0.28 g, 0.55 mmol) in 5 mL
ethanol was added a solution of Tin{ll) chioride dihydrate (0.616 g, 2.73 mmol) in 5 mL
ethanol. The resulting mixture was heated at 75°C. After 1 hour, the reaction was
concentrated in vacuo, then taken up in ethyl acetata (100 mL), washed with 1N NaOH
solution in water (3X100mL) and brinae. The organic layer was separated, dried over Na:SO,,
filtered and concentrated in vacuo to afford an oil. Purlfication by flash column
chromatography afforded the compound of formuila {m) (0.25g).

D. To a solution of the compound of formula (m) (0.25 g, 0.52 mmol) in 3 mL
AcOH was added water (6 mL). The resulting mixture was stimed at ambient temperature for
10 minutes, then a solution of KOCN (0.085 g, 1.0 mmol) in 1 mL water was added dropwise.
The reaction mixture was stirred at ambient temperature for 10 minutes, then heated at 55°C
for 5 minutes. After the reaction was completed, the reaction mixture was concentrated in
vacuo, then taken up in CH.Cl. (50 mL.), washed with 2N NaOH solution In water (2x100mL)
and brine. The organic layer was separated, dried over Na.SO,, filtered and concentrated in
vacuo to afford an oil. Purification by flash column chromatography afforded the compound
of formula (n) (0.16 g) as a white solid; NMR (CDCls) 9.0 (s, 1), 8.6 (s, 1), 7.3 (m, 2), 7.0 {, 3),
6.6(d, 1),4.9(s,2), 4.7(m, 2),44(m, 1),3.43.6{(m, 3),3.0(m, 1)2.8 (m,1),2.6(d, 1), 2.2
(m, 1), 2.0 (m, 1), 1.2-1.4 (m, 3) ppm.

Example 7
Preparation of 1-{(2-{24{(2A)-4-{4-Fluorobenzyl)-2-methylipiperazin-1-yi}-2-0xoethoxy}-5-
lodo-'2Lphenyl)urea
A To a solution of the compound of formula (n) (1 mg), as prepared above, and
10 pg copper-(l1)-sulfate in 300 ul DMF was added 1 mCi sodium iodine['2] solution. The
resulting reaction mixture was heated over night to 100°C. After adding of 1 mL half-
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saturated aqueous NaHCO; solution the product was extracted with 2 mL CHCl,.. The
organic layer was evaporated to dryness in a nitrogen gas stream. The desired product, 1-(2-
{2-[(2R)-4-(4-fluorobenzyl)-2-methylpiperazin-1-yi}-2-oxoethoxy}-5-iodo-'2 Fphenyi)urea, was
purified using a RP-cartridge [eluant: EtOH/water (2:1)].

B. In & similar manner as described abova, other compounds of formula (1) are
prepared.

Example 8
N“<(2-Mercaptoeth-1-yl)}-N{5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-{2{4-(4-
fluorobenzyl)-2-{2R)-methylipiperazin-1-yl]-2-oxoethoxy]phen-1-yi}glycinamide,
Technetium-89m-complex
A.  To a stirred solution of 156.7 mg (0.4 mmal) 5-chioro-2-[2-{4-{4-fluorobenzyl)-2-

(2R)-methylpiperazin-1-yl}-2-oxoethoxylaniline (compound of formula ()) (291.4 mg, 0.4
mmol), N-{S-trityl-2-mercaptoeth-1-yi)-AL{ S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)glycine
(synthesized according to A. Mahmood et al., A NaSzTetradeniate Chelate for Solid-Phase
Synthesis: Technetium, Rhenium in Chemistry and Nuclear Medicine (1888), Vol. 5, p. 71)
and N-hydroxysuccinimide (45.5 mg, 0.4 mmol) In 5 mL dichloromethane was added
dropwise a solution of dicyclohexylcarbodiimide (81.4 mg, 0.4 mmol) in 3 mL
dichloromethane. The resulting suspension was stired over night at ambient temperature.
After filtration, the resulting solution was evaporated under reduced pressure. The desired
product, N-(S-rityl-2-mercaptoeth-1-yl)-N-( S-trityl-5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-
chloro-2-{2{4-(4-fluorobenzyl)-2-(2 A)-methylplperazin-1-yi}-2-oxoethoxylphen-1-
yljglycinamide (352 mg, 79.2%), was isolated after silica gel chromatography (eluent:
dichloromethane/methanol, 98:2) as a white powder.

Elemental Analysis:
Calc.: C 71.36 H 5.80 N 6.30 O 5.76 S 577
Found: C 71.08 H 6.13 N 6.05 O S 5.52

B. L(S-trityl-2-mercaptoath-1-yl)- N~{ S-trityl-5-mercapio-3-aza-2-oxopent-1-yl)-N-
{5-chioro-2-[2{4-(4-fluorobenzyl)-2-(2R)-methylipiperazin-1-yi]-2-oxoethoxylphen-1-
yliglycinamide (111.1 mg, 0.1 mmol) was dissolved in 5 mL trifluoroacetic acid. After addition

)30
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of 48 ul (0.3 mmoi) triethyl sllane the resulting suspension was stirred for 15 min at ambient
temperature. The fitrate was evaporated under reduced pressure and the residue was
triturated with 7 mL diethyl ether. The precipitate was stirred for 1 hour at ambient
temperature and filtered off, ylelding the desired product, N-(2-mercaptoeth-1-yl)-N-(5-
mercapto-3-aza-2-oxopent-1-yl)}-N-{5-chloro-2-[2{4-(4-fluorobenzyl)-2-(2 A}-methylpiperazin-
1-yi]-2-oxoethoxy]phen-1-yl}glycinamide, bis-trifluoracetic acid salt (75 mg, 87.8%) as a white
solid.

Elemental Analysis:
Calc.: C 4499 H 4.60 N 8.20 O 1498 S 7.51
Found: C 44.71 H 4.89 N 8.03 0 S 722

C. Disodium tartrate (1 mg) disodium tartrate and N'-{2-mercaptoeth-1-yl)-N-(5-
mercapio-3-aza-2-oxopent-1-yl)-N-{5-chloro-2{2-[4-(4-fluorobenzyl)-2-(2 R}-methylpiperazin-
1-yl}-2-oxoethoxy]phen-1-yi]glycinamide, bis-trifluoracetic acid sait (100 ug) were dissolved in
500 pl sodium phosphate buffer (0.1M, pH=8.5). After addition of 37.5MBq ®™Tc-generator
eluate, 5 pl tin-(ll) chioride solution was added and the mixture was heated for 10 minutes to
100°C. HPLC-analysis showed a major peak indicating that the desired product, N-(2-
mercaptoeth-1-yl)-N'(5-mercapto-3-aza-2-oxopent-1-yl)-N-{5-chloro-2-[2-[4-(4-fluorobenzyl)-
2-(2 Ay-methylipiperazin-1-yi}-2-oxoethoxy]phen-1-yi}glycinamide, technetium-88m-complex
was synthesized with a RCP > 91%.

Example 9
N-(2-Mercaptoeth-1-yl)-N'-{(5-mercapto-3-azapeni-1-yl)}-N-{5-chloro-2-{2-{4-(4-

fluorobenzyl)-2-(2R)-methyiplperazin-1-yi}-2-oxoethoxyjphen-1-yl}glycinamide,
Technetlum-98m-complex
A To a stired solution of 5-chioro-2{2-{4-(4-fluorobenzyl)-2-(2R)-methyipiperazin-
1-yi}-2-oxoethoxylaniline (156.7 mg, 0.4 mmol) and triethylamine (40.5 mg, 0.4 mmol) in 5
mL dichloromethane was added dropwise a solution of a-bromoacetyl chloride (63 mg, 0.4
mmol) in 3 mL dichloromethane. The resuliing solution was stirred over night at ambient
temperature. The solvent was evaporated under reduced pressure. The desired product,
N-{5-chloro-2-]2-[4-(4-fluorobenzyl)-2-(2 A)-methylpiperazin-1-yl)-2-oxosthoxy]phen-1-yi}-2-
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bromoacetamide (175 mg, B5.3 %), was isolated after silica gel chromatography (eluent:
dichloromethane/methanol, 99:1) as a white powder.

Elemental Analysis:
Calc.: C 51.53 H 4.72 N 8.19 O 5.76
Found: C 51.28 H 499 N 792 0

B. A stimed solution of N-{5-chloro-2{2-[4-(4-luorobenzyl)-2-(2 A)-methylpiperazin-
1-yl]-2-oxoethoxyjphen-1-yi}-2-bromoacetamide (165 mg, 0.42 mmol) and N, N-bis-(S-(4-
methoxybenzyl)-2-mercaptoeth-1-yl)ethylenediamine (841.3 mg, 2 mmol) (synthesized
according to Z.P. Zhuang et al., Bioconjugate Chem. (1999), Vol. 10, p. 158) in 1, 4-dioxane
(5 mL) was heated under reflux for 24 hours. The resulting reaction mixture was evaporated
under reduced pressure. The residue was dissolved in 15 mL dichloromethane and washed
with saturated aqueous sodium carbonate solution. After drying over MgSQ, the solvent was
evaporated under reduced pressure. The desired product, N-(S-(4-methoxybenzyl)-2-
mercaptosth-1-yi)-N-(S-(4'-methoxybenzyl)-5-mercapto-3-azapent-1-yl)-N-{5-Chloro-2{2-[4-
(4-fluorobenzyl)-2-(2 R)-methylipiperazin-1-yi}-2-oxoethoxy]phen-1-yllglycinamide (154 mg,
43%), was isolated after silica gel chromatography (eluent: dichloromethane/methanol, 9:1)

as a white powder.
Elemental Analysis:
Calc.: C 61.99 H 6.50 N 8.22 O 938 S 752
Found: C 61.1 H 6.58 N 8.03 o) S 7.28

C.  N-(S-(4-methoxybenzyl)-2-mercaptosth-1-yl)-N-(S-(4'-methoxybenzyl)-5-
mercapto-3-azapant-1-yl)-N-(5-chloro-2-[2-{4-(4-fluorobenzyl)-2-(2 A)-methylpiperazin- 1-yl]-2-
oxoethoxy)phen-1-yl}glycinamide (140 mg, 0.164 mmol) was dissolved at 0°C in 5 mL
trifluoroacetic acid. After addition of Hg(OAc). (104.5 mg, 0.328 mmol) the resulting mixture
was stired for 30 minutes at 0°C and saturated for 15 min with HzS. After filtration the
solvent was evaporated under reduced pressure. The resulting yeliow oll was triturated with
3 mL diethyl ether. The desired product, N-(2-mercaptoeth-1-yl)-N-(5-mercapto-3-azapent-
1-yl)-N-{5-chloro-2-[2{4-(4-fluorobenzyl)-2-(2A)-methyipiperazin-1-yf}-2-oxoethoxy]phen-1-
yilglycinamide, tris-trifluoracetic acid salt (126 mg (80.5%), was isolated after filtration as a
white powder.
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Elemental Analysis:
Calc.: C 4279 H 4.44 N 7.34 O 15.09 S 672
Found: C 4248 H 4.73 N 7.02 o) S 6.76

D. Disodium tartrate (1 mg) and N-(2-mercaptoeth-1-yl)-N*-(5-mercapto-3-
azapent-1-yi)-N-{5-chloro-2{2-{4-(4-fluorobenzyl)-2-(2 A)-methylpiperazin-1-yi]-2-
oxoethoxyjphen-1-yl}glycinamide, tris-trifluoracetic acid salt (100 ug) were dissolved in 500 pl
sodium phosphate buffer (0.1M, pH=8.5). After addition of 37.5MBq *®*"Tc-generator eluate,
5 ul tin~(ll) chioride solution was added and the mixture was heated for 10 minutes to 100°C.
HPLC-analysis showed a major peak indicating that the desired product, N-(2-mercaptoeth-
1-yl)}-N-(5-mercapto-3-azapent-1-yl)-N-{5-chloro-2-[2-{4-(4-fluorobenzyl)-2-(2R)-
methylpiperazin-1-yl]-2-oxoethoxy]phen-1-vilglycinamide, Technetium-99m-complex, was
synthesized with a RCP > 95%.

Exampile 10
Immunohistochemical Locailzation of CCR1 in Human Brains
Materials and Methods

A first group of tissue samples from brains that had been obtained at autopsy within
12 hours of death was used for immunohistochemical staining of the chemokine receptor
CCR1 in Alzheimer's disease and control brains. Paraffin-embedded, 5-um-thick,
unstained sections from frontal cortex and hippocampus were used for all
immunohistochemical and histochemical stains.

Slides were de-paraffinized in xylene and hydrated to phosphate-buffered saline
contalning 0.005% Triton X100 (PBS-T). For light microscopy (using DAB as chromogen)
endogenous peroxidase activity was blocked by incubating the slides with 0.01% H202 in
mathano! for 30 minutes. Non-speclfic binding was reduced by blocking in 10% nomal
goat serum (NGS) in PBS for 30 minutes. The primary antibodles [Rabbit anti-CCR1, (N-
terminal peptide); Mouse anti-Neurofilament; mouse anti-GFAP; mouse anti-Tau (AT8);
mouse anti-CD68 (clone KP1), mouse anti-B-amyioid (Boehringer Mannheim, #1 381 431);
Rabbit anti-CCR8, (N-terminal peptide)] were diluted in PBS-T and slides were incubated
overnight at room temperature. Staining was completed using a Biogenex ABC™ kit. All
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washes used PBS-T. After the DAB reaction was completed, slides were lightly
counterstained with Gil's Hematoxylin, dehydrated and coverslipped with Permount.
Before covarslipping, some slides were re-stained with antibodies against AP peptide using
identical methods except that the chromogen was True Blue™. For immunofiuorescent
double-labeling studies the slides were de-paraffinized, blocked with 10% NGS, and
incubated with a cocktall of both primary antibodies ovemnight. The slides were washed
with PBS-T and then incubated with a cocktall of goat secondary antibodies, each at 1/50
dilution. To avoid confusion from endogenous (yellow-green) tissue fluorescence, the
secondary antibodies were conjugated to either Cy3 (Emax = 565 nm; goat-anti-mouse,
Amersham) or Cy5 (Ema=700 nm; goat-anti-rabbit, Amersham). Slides were viewed on a
confocal microscope with a krypton-argon laser (model 2010, Molecular Dynamics,
Sunnyvale, CA).

Subsequently, a second group of brain tissues composed of 10 cases from
cognitively normal elderly and 40 cases from Alzheimer's disease patients who had been
assessed for clinical dementia rating (CDR) were obtained and evaluated for
immunchistochemical expression of CCR1. The sampies wara stained for CCR1 and
other markers as described above except that monoclonal antibodies (clone #6D5) spacific
for AB'“2 (a marker for diffuse, early amyloid deposits as well as for more mature neuritic
plaques) were obtained from Dr. Ursula Moenning. These antibodies were visualized with
Vector Red™ (Vector Labs). Dr Moenning also provided monocional antibodies specific
for AR (clone #13E9), a marker for plaques found in late-stage disease, that was
visualized with True Blue™.

Results
In both sets of brains, areas with Alzhelmer's disease pathology showed a

characteristic staining pattem. CCR1 immunoreactivity was found in association with
neuritic (i.e., senile) plaques in both the hippocampal formation and the cerebral cortex.
The immunostained structures were round to ovoid and were not usually associated with
cell bodies. They varied in size and appearaed to be filled with a punctate granular
material. These structures were found to form “coronas” around the amyloid deposits in



10

15

Y

51783AUST1
-40-

senile plagues, but were distinct from the AB Itself (Figures 1-4). The top panel in Figure 1
shows a neuritic plaque with a corona of CCR1-positive processes. Neuronal cell bodies
of some CA1 and CA3 neurons in Alzheimer's disease cases were sometimes stained by
CCR1 antlbodies. The bottom panel in Figure 1 illustrates this finding. This staining was
distinct from neurofibrillary tangles (NFT) or granulovacuolar bodies, although it was
commonly present in the somata of neurons with these degenerative changes.

Pre-incubation of antibodies with a 16-mer polypeptide from the extracellular
(N-terminus) reglion of the CCR1 recaptor protein completely blocked all tissue staining, as
illustrated in Figure 2. In particular, the top image in Figure 2 shows a lack of staining in
Alzheimer's disease brain with CCR1 antibodies that were pre-incubated with the
polypeptide while the bottom image in Figure 2 shows many CCR1-positive structures in a
sister section stained with un-incubated antibodies.

Double-labeling studies showed that nearly all CCR1-positive structures were
associated with neuritic plaques containing AB'* as shown in Figure 4. AB'* in diffuse
plaques (Figure 5) was not typically associated with CCR1 nor with any significant cellular
responses. In more advanced cases of Alzheimer's disease, many more AB'**-positive
plaques were seen. Some, but not all of these were associated with CCR1 staining as
shown In Figure 3. In some cases CCR1-positive plaques were completely free of AB'°
staining.

In cases of severe Alzheimer's disease where significant neuronal loss and gliosis
were seen, reactive astrocytes in the subiculum and entorhinal cortex were also CCR1
positive. In less severe cases, CCR1-positive reactive astrocytes were uncommon.

Confocal microscopy of double-labeled sections showed that CCR1 immunoreactivity
co-localizad with neurcfilament-positive processes. The macrophage/microglial marker,
CD68, was not associated with CCR1 stalning, nor was the AT8 antibody against abnormally
phosphoryiated tau protsin. As expected from light microscopic studies, CCR1
immunoreactivity did co-locallze with GFAP in areas of astrogliosis.

Leukocytes present within cerabral vessels were strongly CCR1 positive in both
Alzheimer's disease and control brain tissues, serving as positive interal controls for
staining methods. In Figure 5 note the CCR1-positive staining of two intravascular cells
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(arrows). Some CCR1-positive material is also sean at asterisk, but in general, diffuse
plaques are not associated with CCR1.

Using hippocampal tissue from the second study (where patients ware grouped into
known clinical categories by CDR score), a quantitative evaluation of the number of CCR1-
posltive plaque-like structures in the hippocampus was undertaken. Histologic evaluations
of individual sections were performed under blinded conditions with respact to clinical
(CDR) status. The volume analyses were conducted using unblased computerized
methods.

Figure 3 demonstrates the histologic relationship between CCR1-positive dystrophic
neurites (brown stain) and a neuritic plaque containing AB'*° (blue stain). Note in that in
Figure 3 the CCR1-positive processes are distinct from the amyloid. Plaques containing
AB'™ were discrete and easily counted, as were the clusters of CCR1-positive neurites.
Slides of hippocampus were evaluated for the number of CCR1-positive coronas, the
number of AB'*° positive plaques, and the number of plaques containing both markers.
The structures were counted by region (8.g., CA3, CA1, and subiculum) within the entire
hippocampal formation, including entorhinal cortex and then totaled. The values are
relative estimates of the number of structures in tha hippocampus as represented by 5-um
thick cross-sections of the hippocampal formation. Figure 6 shows the relationship
between CCR1 and AB'™® by CDR score.

Quantification of the amount of AB' required a different technique because Ap'*2
was more abundant and formed “diffuse” plagues that could not be easlly enumerated (see
Figure 5). For these slides a computer-assisted method (C.A.S.T. stereology system) was
used to estimate the area of entorhinal cortex occupied by AB™2. This area was expressed
as a percent of the total area of cortex on the slide. The areas occupied by neuritic and
diffuse plaques were counted separately. The computer-driven microscope stage assured
random (unbiased) evaluation of the tissue sections. The volume % of entorhinal cortex
occupied by AB'* (both diffuse and neuritic) is compared to the number of CCR1-positive
plaques in a sister section of entorhinal cortex in Figure 7.

Figure 6 shows that the average number of CCR1-positive dystrophic neurites in the
hippocampus increasas as a function of CDR score in Alzheimer's disease. The number
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of positive structures in early Alzheimer's disease (CDR 0.5) is increased above control
(CDR 0) levels. Although the differences between control and Alzheimer's disease groups
did not become statistically significant until group CDR 2, these expression pattems
support the conclusion that CCR1 is upregulated in dystrophic neuronal processes even at
very early stages of Alzheimer's disease. Note that the number of AR plagues do not
rise until late in the disease. CCR1 expression in brain tissue may thus be considered a
relatively early indicator of Alzheimer's disease.

The correlation between number of CCR1-positive plaques in entorhinal cortex and
the amount of AB"2 is shown in Figure 7. In general, CCR1 levels in entorhinal cortex
rise as the disease state increases; however, the area sampled is much smaller than the
area sampled in Figure 6. Note, however, that AB' levels rise early in the disease.

Example 11
Assessment of brain avallabliity, using a **C-labeled tracer

A "'C analogue of 1-(5-chloro-2-{2-[(2R)-4-(4-fluorobenzyl)-2-methyipiperazin-1-yl}-
2-oxoethoxy}phenyl)urea was prepared and used for phamacokinetic studies of brain
availability. Mice were injected i.v. through cannulated jugular veins with the analogue at
36 mg/kg containing 334,000 dpm per dose. Mice (in groups of four) were sacrificed at 1,
15, 30, 120, and 1440 minutes after injection by CO; inhalation followed by intra-cardiac
puncture for removal of whole blood. The chest was then opened and mice wera perfused
through the heart with phosphate buffered saline for five minutes to remove residual
radioactive drug from the blood compariment. The brains were then removed, weighed,
and sampled for amount of radioactivity in two saparate pieces of cerebral cortex. The
radioactivity levels per mg of tissue in the two samples were averaged and the data were
normalized to total brain weight, as illustrated in Figure 8. The bars represent the standard
efror (n=4 mice per time point). In particuiar, the graph in Figure 8 shows that the total
number of disintegrations per minute (DPM) for **C analogue in whole mouse brain
decreasses to negligible levels by two hours after injection. At the 1-minute time point,
calculations show that, on average, about 3% of the injected dose Is found in whole mouse
brain (average weight of 450 g).
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Plasma samples prepared from the whole bloed removed from the mice were aiso
analyzed for radioactive content. The amount of radicactivity in equal volumes of brain and
plasma was compared over time as a percent of injected dose, as lllustrated in Figure 9.

The % of injected dose (i.d.) found per mL of plasma also declines over time, reaching
negligible levels after two hours. For comparison to brain levels, the total number of DPM per
brain were normalized to a gram of brain weight and expressed as a percentage of the i.d.
per gram of brain tissue. Note that mouse brains weigh on average about 450 mg so that the
% of i.d. in 1 g of mouse brain shown in the graph overestimates the real value by about two-
fold. Itis clear that the levels of the analogue in the brain fall in concert with plasma levels.
Although the analogue is lipophilic, normal mouse brain does not appear to be a depot site
for the CCR1 antagonist.

Example 12
CCR1 Expression in Other Neurodegenerative Diseases
als Method
Histologic samples of autopsy brain tissue from a total of 29 cases from seven
different neurodegenerative diseases (other than pure Alzheimer's disease) were obtained
and studied for CCR1 content. Slides were inmunostained with antibodies against CCR1 as
described in Example 10 above and reviewed under blinded conditions with respect to the
specific neurodegenerative disease. Subsequently, sister sections were double-labeled with
antibodies against CCR1 (DAB as chromogen) and AB**2 (Vector Red™ as chromogen).
The diseases examined are listed below:

Parkinson’s disease (PD) 6 cases
Parkinsonian dementia of Guam 3 cases
Congophilic angiopathy 4 cases
Multi-infarct dementia (MID) 4 cases
Diffuse Lewy body dementia (DLBD) 4 cases
Pick's disease 4 cases

Progressive supranuclear palsy (PSP) 4 cases
The stained slides were graded for CCR1 and AB'* content using a histologic scale
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of 0 to 4, with 0 being absence of staining, 0.5 indicating rare expression, and grades 1
through 4 indicating increasing levels of expression with 4 being highly abundant.

Results
All six cases of Parkinson's disease and all three cases of Parkinsonian dementia of

Guam were negative for CCR1. CCR1-positive plaque-like structures, similar to those found
in Alzheimer's disease, were observed in all 4 cases of congophilic angiopathy, in 3 of the 4
cases of DLBD, in 2 out of the 4 cases of PSP, and in 1 out of the 4 cases of both MID and
Pick's disease.

Doubledabeling studies confimed the assumption that these CCR1-positive plaque-
llke structures were associated with AB'*2, as was found in pure cases of Alzheimer's
disease (Example 10). Figure 10 shows the results of the pathological evaluations in graphic
form for all the diseases except for Parkinson's (which was negative for CCR1 in brain).
Basically, CCR1 expression was never found in brain tissue samples unless AB'"*“-positive
neuritic plaques were also present.

After the code was broken, it was found that the one case of Pick's disease showing
CCR1 expression also carried the diagnosis of Alzheimer's disease. The two PSP cases with
CCR1 were also diagnosed with concurrent Alzheimer's disease. Congophilic anglopathy
and DLBD are diseases that are closely assoclated with Alzheimer's disease pathology.
Therefore, it is not surprising that they would also have high levels of CCR1 expression in
assoclation with AB2. In elderly populations it is often the case that Alzheimer's disease
pathology will overlay other disease processes. This was found in one of the four MID cases.
These resuilts suggests that CCR1 Is a marker that is closely assoclated with Alzhelmer's
disease pathology (specifically, AB"“-positive neuritic plaques) regardiess of other
concurrent pathological processes that may be present in brain. As such, it is likely to be
highly specific for Alzheimer's disease pathology and thersfore may be useful as a diagnostic
surrogate marker of disease progression.

While the present invention has been described with reference to the specific
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aembodiments thereof, it should be understood by those skilled in the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adapt a
particular situation, material, composition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. All such modifications are intended to
be within the scope of the claims appended hereto.
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What is claimed Is:

1. A compound of formula (l):

<___>_ _/ n“’ "
wherein:

X' and X2 are each independently halo;

R' and R? are each independently hydrogen or alkyl; and

R® is hydrogen, amino, monoalkylamino, dialkylamino, monoaralkylamino,
alkyicarbonylamino, alkenyicarbonylamino, haloalkyicarbonylamino,
aryicarbonylamino, alkoxyalkyicarbonylamino, alkoxycarbonylalkylcarbonylamino,
glycinamido, monoalkyiglycinamido, aryicarbonyiglycinamido,
aminocarbonylglycinamido, (aminocarbonyl){alkyl)glycinamido,
(alkoxyalkyicarbonyl)glycinamido, ureido, monoalkylureido, monoarylureido,
monoaralkylureido, or alaninamido;

and wherein either one of X' or X2 is selected from the group of "2, 129, 12, ), g,
gy, *Br and '°F; or wherein one of the carbon atoms in the compound is ''C;

or a pharmaceutically acceptable salt thereof.
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2. A compound of formula (i1):
—— x2
X
R\ /—N \ /
) O ? \
~N¢ S R2
\_ o] : )

N(n“)n-"
wherein
X' and X2 are each independently halo;
R! and R? are each independently hydrogen or alkyl; and
R* s hydrogen; and
R® comprises a chelator capable of binding a radioactive metal atom chosen from the
group of ®"Tc, '®Re and '®Re;
or as a complex with ®™T¢, 'Re and '®Re;
or a phammacsutically acceptable salt thereof.

3. The compound of Claim 1 or Claim 2 wherein said compound binds to
chemokine receptor CCR1 and passes the blood-brain barrier.

4.  The compound of Ciaim 1 or Claim 2 wherein R’ is methyl at the 2-position
of the piperazinyl radical and R? is methyl at the 5-position of the piperazinyl radical.

5. The compound of Claim 1 or Claim 2 wherein R is methyl at the 2-position
of the piperaziny! radical and R? is hydrogen.

6. The compound of Claim 1 wherein X' is chioro at the 4-position of the phenyl
radical and X2 is a '°F atom at the 4-position of the phenyl radical.
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7.  The compound of Claim 2 wherein R® is a chelator of formula (IIi):
N
\n/\N/\"/ \/\SH
()
0 O

SH

8. The compound of Claim 2 wherein R® is a chelator of formula (IV):

\“/\N/\/n\/\SH

H (v)
o

SH

9. The compound of Claim 7 or Claim 8 wherein R® further comprises a linker
molety comprising an alkyl radical having one to ten carbon atoms, wherein the alkyl
radical optionally contains one to ten -C(O)-groups, one to ten -C(O)N(R)- groups, one to
tan -N(R)C(Q)- groups, one to ten -N(R)- groups, one 1o ten -N(R). groups, one to ten
hydroxy groups, one to ten -C(O)OR- groups, one to ten oxygen atoms, one 1o ten sulfur
atoms, one to ten nitrogen atoms, one to ten halogen atoms, one to ten aryl groups, and
one to ten saturated or unsaturated heterocyclic rings wherein R Is hydrogen or alkyl.

10. The compound of Claim 9 wherein the linker moiety is -C{O)-CHx-N(H).

11.  The monochioride salt of a compound of Claim 1 to Claim 10.

12.  The dichloride salt of a compound of Claim 1 to Claim 10.

13. A method of diagnosing Alzhelmer's disease in a human which comprises
administering to a human in need of such diagnosis a compound according to Claim 1 to

12 and measuring the radioactivity arising from the administration of the compound to the
human either by using a gamma camera or by poslitron emission tomography (PET).
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14. A method of using a compound according to Claim 1 to 12 for the
manufacture of a radiopharmaceutical for the diagnosis of Alzheimer's disease in a
human.

15. A process for the production of a compound of formula () according to Claim
1 comprising the reaction of a compound of formula (f)'

/—"NH
C} -
)

whereln R', R%, R?, and X' are as defined in Claim 1,

with a compound of formula (b):
0
H I R
2\
18

(b)
in the presence of a reducing agent.
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Figure 2
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Figure 3
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Figure 4
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Figure 6
CCR1 and Amyloid 1-40 in the Hippocampus
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Figure 7

CCR1 and Amyloid 1-42 In the Entorhinal Cortex
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Flgure 8

Decrease In Total Brain DPM over Time
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Figure 9

Percent of injected Dose In Brain & Plasma
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ABSTRACT

This invention Is directed to the use of radiopharmaceuticals in diagnosing
Alzheimer's disease. In particular the radiopharmaceuticals of the invention are able to
pass through the blood-brain barrier and bind to the CCR1 receptor present In brain tissue
of patients having Alzheimer's disease.



51783AUST1
-61 -

Case No. 51783AUST1

PROVISIONAL U.S. PATENT APPLICATION
"Radiopharmaceuticals for Diagnosing Alzheimer's Disease”

Inventors: Harald Dinter
Meredith Halks-Miller
Joseph Hesselgeaser

Christoph-Stephan Hliger
Richard Horuk

Bernd Johannsen
Peter Miding
Raju Mohan

J&rg Steinbach

Assignee: Schering AG

Document No. 51783AUST1.doc
Invention Disclosure A-0378

143



14 Y

4

PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNGSTICO DE LA EN-
FERMEDAD DE ALZHEIMER

Campo de la invencién

La presente invencién se relaciona con nuevos proguctos
radiofarmacéuticos que son de utilidad para el diagnéstico
de la enfermedad de Alzheimer.
Descripcién breve del arte anterior

La enfermedad de Alzheimer es un trastorno neurodegene-
rativo severo y habitualmente existen aproximadamente 4 mi-
llones de norteamericanos que padecen esta enfermedad. Dado
que la poblacién de mayor edad continia creciendo, esta ci-
fra podria alcanzar los 14 millones a mediados del préximo
slglo a menos que se descubra una cura o prevenclién para la
enfermedad. Actualmente, no existe ninguna prueba premortem
seneible y especifica para un diagnéstico temprano de la en-
fermedad. La enfermedad de Alzheimer se diagnostica actual-
mente sobre la base de la observacién clinica del deterioro
cognitivo, acoplado con la eliminacifn sistemitica de otras
poaibles causas de dichos Bintomas. La confirmacién del dia-
gnéstico clinico de “probable enfermedad de Alzheimer” sola-
mente se puede realizar examinando el cerebro postmortem. El
cerebro en la enfermedad de Alzheimer se caracteriza por 1la
aparicién de dos depfsitos proteiniceos anormales distinti-
vos en regiones del cerebro que son responsables del apren-

dizaje y la memoria (por ejemplo, en la corteza cerebral y
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el hipocampo). Estos depésitos son placas amiloldes extrace-
lulares, que son caracterigsticas de la enfermedad de Alzhei-
mer, Yy ovillos neurofibrilares intracelulares (NFT), que
también Bse encuentran en otros trastornos neurodegenerati-
vos. Los péptidos amiloides son tipicamente de 40 &6 42 ami-
nodcidos de longitud ("AB'™* o =*ap'"*?+, respectivamente) y
se forman a partir del procesamiento anormal de una ﬁroteina
mayor asociada a membrana de funcién desconocida, la protel-
na precursora de amiloide (“APP"). Se cree que los agregados
oligoméricos de estos péptidos son neurotdxicos,dando even-
tualmente como resultado la degeneracién sinéptica y la pér-
dida neuronal. La cantidad de depoaicién amiloide se corre-
1?ciona aproximadamente con la severidad de los sintomas en
el momento de la muerte.

En el pasado, se han realizado varios intentos para di-
seilar productos radiofarmacéuticos que se pudieran usar como
agentes de diagnéastico para un diagnéstico premortem de la
enfermedad de Alzheimer.

Bornebroek et al. mostraron que el componente amiloide
P sérico (SAP) de la proteina asoclada al amiloide, marcado
con ¥I, pe acumula en niveles bajos en la corteza cerebral,
posiblemente en las paredes de los vasos, de los pacientes
con amiloidosis cerebral (Bormebroek, M., et al., Nucl. Med.
Commun. (1996), Vol. 17, pdgs. 929-933).

Saito et al, propusieron una administracién mediada por

jus
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vectores de AB'*° marcados con '**I a través de la barrera
hematoencefilica.Se describe que el componente AB'™*® iodado
Be une a placas amiloides AP en secciones de tejido(Saito,
Y.,et al., Proc.Natl.Acad. Sci. EE.UU. 1995, Vol.92, pg.
10227-10231).

En la Patente de EE.UU. N°: 5.231.000 se describen an-
ticuerpos con especificidad por el polipéptido amiloide A4
presente en el cerebro de los pacientes con enfermedad de
Alzheimer. Sin embargo, alin no se ha descripto un método pa-
ra administrar estos anticuerpos a través de la barrera he-
matoencefdlica.

Zhen et al. describieron modificaciones del colorante
que se une a amiloides conocido como “Congo Red™* y comple-
joe de estas moléculap modificadas con tecnecioc y renio. Se
prevé que los complejos con iones radioactivos puedan cons-
tituir agentes potenciales para el diagnéstico por imAgenes
de la enfermedad de Alzheimer (Zhen et al.,J.Med.Chem.
(1999), Vol. 42, pg. 2805-2815). Sin embargo,el potencial de
los complejos para atraveear la barrera hematoencefélica es
limitado.

Un grupe en la Universidad de Pennsylvania en EE.UU.
(Skovronsky, M., et al., Proc. Natl. Acad. Sci. 2000, Vol.
97, pigse. 7609-7614) ha desarrollado un derivado marcado con
fluorescencia del Congo Red que es permeable en el cerebro y

que se une de una manera no especifica con materiales ami-
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loides (es decir, péptidos en conformacién laminar con ple-
gamiento P). Seria necesario marcar este compuesto con un
componente radioactivo y luego verificarlo en eximenes pre-
clinicos para evaluar su farmacocinética y toxicidad antes
de la evaluacién clinica.

Klunk et al. describieron experimentos con un derivado
de Congo Red™, la crisamina G (CG). Se describe que CG se
une bien al P-amiloide sintético in vitro, y atraviesa la
barrera hematoencefilica en ratones normales (Klunk et al.,
Neurobiol. Aging (1994), Vol. 15, N°® 6, pégs. 691-698).

Bergstrom et al. presentaron un compuesto marcado con
iodo-123 como un radioligando potencial para la visualiza-
cién de receptores de acetilcolin muscarinicos M1 y M2 en la
enfermedad de Alzheimer (Bergstrom et al., Eur. J. Nucl.
Med. (1999), Vol. 26, pags. 14B2-1485).

Recientemente, se ha descubierto que ciertos receptores
especificos de quimioquinas son esensibilizados en los cere-
bros de pacientes con la enfermedad de Alzheimer (Horuk, R.
et al., J. Immunol. (1997), Vol. 158, p&gs. 2882-2890); Xia
et al., J. NeuroVirol. (1999), Vol. 5, pdgs. 32-41). Ademés,
se ha demostrado recientemente que el receptor de la quimio-
quina CCR1 es sensibilizado en los cerebros de pacientes con
enfermedad de Alzheimer avanzada y estdi ausente en los cere-
bros normales (Halks-Miller et al, CCR1 Immunoreactivity in

Alzheimer’s Disease Brains, Society for Neuroscience Meeting
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Abstract, N° 787.6, Volumen 24, 1998). Los antagonistas del
receptor CCR1 y el uso de los mismos como agentes antiinfla-
matorios se deacriben en la publicacién de la Solicitud de
Patente PCT, WO 58/56771.

Ninguna de las propuestas descriptas previamente han
dado como resultado un desarrollo clinico de un agente para
el diagnéstico por imdgenes para un diagnéstico temprano de
la enfermedad de Alzheimer. Por consigquiente, persiste la
neceeidad de un agente de diagnfstico que pueda ser de uti-
lidad para un diagnéstico confiable y temprano de la enfer-
medad de Alzheimer.

RESUMEN DE LA INVENCION

La presente invencién se refiere a productos radiofar-
macéuticos que se unen al receptor CCRl1 y que tienen la ca-
pacidad de atravesar la barrera hematoencefdlica, y que por
ello eon de utllidad en el diagntstico de la enfermedad de
Alzheimer, preferentemente en una etapa temprana de la en-
fermedad.

Por consiguiente, en un aspecto, la invencién se refie-

re a compuegtos de férmula (I):

ava
XN H ?’:;}n’ m
W,
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donde:

X! y x? son cada uno, independientemente entre sf, halo;

R' vy R? son cada uno, independientemente entre sf, hidrégenoc
o alquilo; y

R’ es hidr6geno, amina, monoalquilamina, dialquilamina, mo-
noaralquilamina, alquilcarbonilamina, alquenilcarbo-
nilamina, haloalquilcarbonilamina, arilcarbonilami-
na, alcoxialquilcarbonilamina, alcoxicarbonilalquil-
carbonilamina, glicinamida, monoalquilglicinamida,
arilcarbonilglicinamida, aminocarbonilglicinamida,
{aminocarbonil) (alquil)glicinamida, (alcoxialquil-
carbonil)glicinamida, ureido, monoalquilureido, mo-
noarilureido, monocaralquilureido o alaninamida;

y donde cualquiera de X' o X* se selecciona del grupo forma-

do por 1231' 1251, :I.ZII' 1311' TSBr' 7531.‘ IOBr y .‘|.IF; o donde uno

de los Atomos de carbono en el compuesto es 1e. o una sal

aceptable para uso farmacéutico de los mismos.

En otro aspecto, la invenciém se refiere a compuestos

ARSI

N(RY)R®

de f6rmula (II):

donde

X' y X? son cada uno, independientemente entre ai, halo;

1 2



R! y R? son cada uno, independientemente entre si, hidrégeno
o alquilo; y

R* es hidr6geno; y

R® comprende un quelante capaz de ligar un &tomo de me-
tal radioactivo seleccionado del grupo formado por
$mpe, 186Re y 10%Re;

o como un complejo con **Tc, ¥Re y %®Re; o una sal acepta-

ble para uso farmacéutico de los mismos.

En otro aspecto, esta invencifn se refiere a un método
de diagnéetico de la enfermedad de Alzheimer en un ser huma-
no que comprende la administracién a un ser hiimano que nece-
sita dicho diagnéstico de un compuesto de fé6rmula (I) o f£6r-
mula (II), descripto previamente y en este documento, y la
medicién de la radiocactividad que produce dicha adminigtra-
cién del compuesto al ser humano ya sea usandc una c&mara
gamma o mediante tomografia de emisién de positrones (PET).

En otro aspecto, la invencifén se refiere a un método
para usar un compuesto de la invencién en la elaboracién de
un producto radiofarmacéutico destinado al diagnéstico de la
enfermedad de Alzheimer en un ser humano.

En otro aspecto, la invencién se refiere a un método
para preparar los compuestos de la invencién.

Descripcién breve de las figuras
En la figura 1 se muestra la expresién del CCR1 en tejido de

cerebro con enfermedad de Alzheimer.
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En

La

La

La

la figura 2 se muestra la especificidad de anticuerpos
del CCR1 en tejido de cerebro con enfermedad
de Alzheimer.

la figura 3 se muestran secciones de tejido con marcacién
doble para CCR1-AB*™°,

la figura 4 se muestran placas neuriticas con marcacién
doble para CCR1 y Ap'™*2,

la figura 5 Be muestra una coloracién difusa de AP'™*? en
cerebro con enfermedad de Alzheimer.

figura 6 es un grifico que muestra la relacién entre CCR1l
y AP gegfin la calificacién CDR.

figura 7 es un grfico que muestra la relacién entre CCR1
y AB*™? geglin la calificacién CDR.

figura 8 es un griafico que demueatra la disminucién de
radioactividad total en cerebro en el tiempo.

figura 9 es un grafico que muestra el porcentaje de dosis

inyectada en cerebro y plasma.

En la figura 10 se muestran grédficos de la expresién del
CCR1 en otras enfermedades neurodegenerati-
vas.

Descripcién deﬁallada de la invencisn

Definiciones

Tal como se utilizan en la memoria descriptiva y las

reivindicaciones adjuntas, a menos que se indique lo contra-

rio, los sBiguientes términos tienen el significado que Be

2y



indica a continuacifn:

*Alquilo” se refiere a un radical de cadena lineal o
ramificada, monovalente o divalente, que solamente consta de
carbono e hidrégeno, que no contiene insaturaciones y que
tiene uno a ocho &tomos de carbono, por ejemplo, metilo,
etilo, n-propile, 1l1l-metiletil(iso-propileo), n-butilo, n-
pentilo, 1,1-dimetiletil(t butilo), n-heptilo y semejantes.

*"Alquilcarbonilamina” se refiere a un radical de f£6rmu-
la -N{(H)-C{O})-R,, donde R, es un radical alquilo definido
previamente, por ejemplo, acetilamina, etilcarbonilamina, n-
propllcarbonilamina y semejantes.

*Alquenilo” se refiere a un radical de cadena lineal o
ramificada, monovalente o divalente, que solamente consta de
carbono e hidrégeno, que contiene por lo menos un enlace do-
ble vy que tiene de dos a ocho 4dtomos de carbono, por ejem-
plo, etenilo, prop-l-enlilo, but-l-enilo, pent-l-enilo, pen-
ta-1,4-dienilo y semejantes.

*Alquenilcarbonilamina® se refiere a un radical de fér-
mula -N(H)-C(O)-R., donde R. es un radical alquenilo defini-
do previamente, por ejemplo, etenilcarbonilamina, prop-2-
enilcarbonilamina, but-2-enilcarbonilamina y semejantes.

*Alcoxi? Be refiere a un radical de f&rmula -OR,, donde
R, e8 un radical alquilo definido previamente, por ejemplo,
metoxi, etoxi, n-propoxi, 1-metiletoxi (iso-propoxi), n-

butoxi, n-pentoxi, 1,l1-dimetiletoxi (t-butoxi) y semejantes.
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*Alcoxicarbonilalquilcarbonilamina*® se refiere a un ra-
dical de f£6xrmula -N(H)-C(QO)-R,-C(O)OR,, donde cada R, es, in-
dependientemente entre 81, un radical alquilo definido pre-
viamente, por ejemplo, etoxicarbonilmetilcarbonilamina, me-
toxicarbonilmetilcarbonilamina, (2-etoxicarboniletil)carbo-
nilamina, (2-metoxicarboniletil)carbonilamina y semejantes.

*(Alcoxialquilcarbonil)glicinamida” se refiere a un ra-
dical de f6rmula -N(H)-C{O)-CH;-N(H)-C(0O) -R,~0-R,, donde cada
R, €8, independientemente entre si, un radical alquilo defi-
nido previamente, por ejemplo, (metoxiacetil)glicinamida,
(etoxiacetil)glicinamida y semejantes.

*Amina” se refiere a un radical -NH,.

*Amincarbonilglicinamida® se refiere a un radical de
f6rmula -N(H)-C(O) -CHz-N(H) -C(0) -NH;.

* (Amincarbonil) (alquil)glicinamida” se refiere a un ra-
dical de fb6rmula -N({H)-C(O)-CH;-N(R,)=C{0)-NH;, donde R, eB
un radical alquilo definidec previamente.

*Arilo” se refiere a un radical fenilo o naftilo. A me-
nos que se indique especificamente lo contrario en la memo-
ria descriptiva, el término “arilo” o el prefijo “ar-* (tal
como en “aralquilo”) significa que se incluyen radicales
arilo sustituidos optativamente entre uno o varios sustitu-
yentes seleccionados del grupo formado por halo, alquilo,
alcoxi, haloalquilo, haloalcoxl, nitro, amina, monoalquila-

mina y dialquilamina, ya definidos en este documento.

$o2



*Arilcarbonilamina” se refiere a un radical de férmula
-N{H) -C{0) -Rp, donde R, es un radical arilo definido previa-
mente, p.ej., (4-metoxifenil) carbonilamina, (4-fluorofe-
nil)carbonilamina, (4-clorofenil)carbonilamina y semejantes.

“Arilcarbonilglicinamida”™ se refiere a un radical de
férmula -N(H)-C(O)-CH3-N(H)-C(O)-R,, donde Ry es un radical
arilo definido previamente, por ejemplo, fenilcarbonilglici-
namida, (4-fluoro-3-trifluorometilfenil)carbonilglicinamida,
(4-fluvorofenil) carbonilglicinamida y semejantes.

"Aralquilo” se refiere a un radical de férmula -R,Ry,
donde R, es un radical alquilo definido previamente y R, es
un radical arilo definido previamente,p.ej., bencilo y seme-
jantes.

"Alcoxialquilcarbonilamina” se refiere a un radical de
f6rmula -N(H)-C({O) -Ra-O-R., donde cada R, e8 un radical al-
quilo definido previamente,p.ej., metoximetilcarbonilamina,
etoxietilcarbonilamina, metoxietilcarbonilamina y semejan-
tes.

*Alaninamida” se reflere a un radical de f6rmula -N(H)-
C(0) -C{CH;)H-NH,;.

*Bencilo”* Be refiere a un radical de f&érmula -CHa-Rp,
donde R, es un radical fenilo sustituido optativamente por
uno o varios sustituyentes seleccionados del grupo formado
por halo, alquilo, haloalquilo, alcoxi, nitro, amina, mo-

noalquilamina, y dialquilamina.

—-——
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"Dialquilamina® Be refiere a un radical de f&6rmula -
N(Ra)Ra, donde cada R, es, independientemente entre si, un
radical alquilo definido previamente, por ejemplo, dimetila-
mina, metiletilamina, dietilamina, dipropilamina,
etilpropilamina y semejantes.

*Glicinamida” se refiere a un radical de férmula -N(H)-
C (0} -CHa-NH,.

"Halo” se refiere a bromo, cloro, iodo o flior.

“Halocalquilo” se refiere a un radical alquilo, definido
previamente, es decir sustituido por uno o varios radicales
halo, definideo previamente,p.ej., trifluorometilo, difluo-
rometilo, triclorometilo, 2-trifluorocetilo, 1l-fluorometil-2-
fluorcetilo, 3-bromo-2-fluoropropilo, 1-bromometil-2-bromo-
etilo y semejantesn.

*Haloalquilcarbonilamina”™ se refiere a un radical de
f6rmula -N{(H)}-C(O)-R¢;, donde Ry e8 un radical haloalquilo
definido previamente, por ejemplo, trifluorometilcarbonila-
mina, trifluorometilcarbonilamina, 2-bromoetilcarbonilamina
y semejantes.

"Monocalquilamina” se refiere a un radical de f&rmula -
N(H)R,, donde R, es un radical alquilo definido previamente,
p.ej., metilamina, etilamina, propilamina y semejantes.

*Monoaralquilamina” se refiere a un radical de f£&6rmula
-N{H)Rq, donde Rsq es un radical aralquilo definido previa-

mente,p.ej., bencilamina, (3,4,5-trimetoxibencil)amina, (4-

U



clorobencil)amina y semejantes.

*"Monoalquilglicinamida” se refiere a un radical de fér-
mula -N(H)-C(O)-CH;-N(H)R,, donde R, es un radical alquilo
definido previamente.

*Monoalquilureido” se refiere a un radical de f6rmula -
N(H)-C(O)-N(H)R, o un radical de f&rmula -N({R,)-C(0O)-NH;,
donde R, es un radical alquilo definido previamente.

"Monoarilureido® se refiere a un radical de f6rmula -
N(H)-C{O)-N(H)R, o un radical de férmula -N(Rp)-C{O)-NH;,
donde Ry es un radical arilo definido previamente.

*Monocaralquilureido” se refiere a un radical de f6rmula
-N(H) -C(0)-N(H)Rg o un radical de f&6rmula -N(R4)-C(0O)-NH;,
donde Ry es un radical aralquilo definido previamente.

Los términos “optativo” u “optativamente” significan
que un suceso O circunstancia descripto puede producirse, o
no, y que la descripcién incluye casos donde dicho auceso o
circunstancia tiene lugar y casos en gque no. Por ejemplo,
*arilo sustituido optativamente” significa que el radical
arilo puede estar sustituido o no y que la descripcién in-
cluye tanto los radicales arilo sustituidos como no suasti-
tuidos.

Una “sal aceptable para uso farmacéutico” incluye sales
de adicién tanto &cida como alcalina.

Una *“Bal de adicién dcida aceptable para uso farmacéu-

tico” Be refiere a aquellas sales que retienen la eficacia

14¢



biolégica y las propiedades de las bases libres, que no sean
bilolégicamente inconvenientes o indeseadas de otra manera, y
que Be forman con &cidos inorgénicos, tales como dcido clor-
hidrico, &cido bromhidrico, &cido sulflGrico, &cido nitrico,
dcido fosférico y semejantes, y 4cidos orginicos, tales comé
Acido acético, Acido propiénico, &cido pirGvico, &acide ma-
leico, &cido malénico, &cido succinico, &cido fumirico, &ci-
do tarté&rico, Acido citrico, &cido benzecico, &cido mandéli-
co, &cldo metansulfénico, 4&cido etansulfénico, &cido p-
toluensulfénico, &cido salicilico y semejanteas. Las sales
particularmente preferidas de los compuestos de la invencién
son las sales monoclorhidrato y las sales diclorhidrato.

Una "sal de adicién alcalina aceptable para uso farma-
céutico” se refiere a aquellas sales que retienen la efica-
cia bioldgica y lae propiedades de los &cidos libres, que no
sean biolSgicamente inconvenientes o indeseadas de otra ma-
nera. Estas sales se preparan a partir de la adicién de una
base inorgdnica o una base orgAnica al &cido libre. Las sa-
les derivadas de bases inorg&nicas incluyen, pero sin limi-
taciones, las sales de sodio, potasio, litio, amonio, cal-
cio, magnesio, zinc, aluminio y semejantes. Las sales inor-
gidnicas preferidas son las sales de amonio, sodio, potasio,
calcio y magnesioc. Las sales derivadas de bases orgénicas
incluyen, pero sin limitaciones, sales de aminas primarias,

secundarias y terciarias, aminas sustituidas incluyendo ami-



nag sustituidas naturales, aminas ciclicas y resinas de in-
tercambio de iones alcalinos, tal como isopropilamina, tri-
metilamina, dietilamina, trietilamina, tripropilamina, eta-
nolamine, 2-dimetilaminoetanol, 2-dietilaminocetanol, trime-
tamina, diciclohexilamina, lisina, arginina, histidina, ca-
felna, procalina, hidrabamina, colina, betafna, etilendiami-
na, glucosamina, metilglucamina, tecbromina, purinas, pipe-
razina, piperidina, N-etilpiperidina, resinas de poliamina y
semejantes. Las bases orgénicas particularmente preferidas
son isopropilamina, dietilamina, etanolamina, trimetilamina,
diciclohexilamina, colina y cafeina.

*Ureido” se refiere a un radical de f6rmula -N(H)-C(O)-
NH;.

A partir de las definiciones anteriores y los ejemplos
Be considera que para los radicales que contienen un grupo
alquilo spustituido se puede producir cualquier sustitucidn
sobre cualquiera de los carbonos del grupo alquilo.

Los compuestos de la invencién, o las sales aceptables
para uso farmacéutico de los mismos, pueden tener &tomos de
carbonc asimétricos en su estructura. Los compuestos de la
invencién y las sales aceptables para uso farmacéutico de
los mismos pueden entonces existir como enantiémeros, dias-
tereoisbémeros, racematoe y mezclas individuales de enantid-
meros y diastereisémeros. Todos dichos enantifmeros, diaste-

reisbmeros, racematos y mezclas individuales de los mismos



se consideran dentro del alcance de esta invencién. La con-
figuracién absoluta de alguncs &tomos de carbono dentroc de
los compuestos, si se conoce, estd indicada por el descrip-
tor absoluto apropiado R o S.

Utilidad y administracién

Los compuestos de la invencién descriptos en este docu-
mento son antagonistas del receptor de la quimioquina cono-
cida como CCR1 y tienen capacidad para atravesar la barrera
hematoencefélica. Los compuestos son entonces adecuados como
agentes de diagnéstico in vivo para el diagnéstico por imé-
genes de la enfermedad de Alzheimer. La deteccién de ra-
diocactividad se lleva a cabo de acuerdo con procedimientos
bien conocidos en el arte, ya sea usando cémara gamma o LO-
mografia de emisién de positrones (PET).

Preferentemente, la base libre o una forma de sal acep-
table para uso farmacéutico, por ejemplo una sal monoclor-
hidrato o diclorhidrato, de un compuesto de la invencién se
usa en una formulacién galénica como agente de diagnéstico.
La formulacién galénica que contiene al compuesto de la in-
vencién contiene optativamente los adyuvantes conocidos en
el arte, por ejemplo reguladores del pH, cloruro de sodio,
dcido lactico, agentes tensioactivos, etc. Se puede efectuar
también una esterilizacién por filtracién de la formulacién
galénica bajo condiciones estériles antes de su uso.

La dosis radiocactiva se debe encontrar en un rango en-
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tre 1 y 100 mCi, preferentemente entre 5 y 30 mCi y mis pre-
ferentemente entre 5 y 20 mCi por aplicacién.
Pruebas

La conveniencia de los compuestos como agentes de dia-
gnéstico por imfAgenes para la enfermedad de Alzheimer se
puede demostrar con los protocolos experimentales conocidos
por los especialistas en el arte. Por ejemplo, la sensibili-
zacién de los receptores CCR1 en cerebros con enfermedad de
Alzheimer se puede demostrar en experimentos de coloracién
inmunohistoquimica de te]idos de autopsia de cerebro reco-
lectados de paclentes con enfermedad de Alzheimer como se
describird con detalle més adelante en los ejemplos. La ca-
pacidad de los compuestos de la invencién de unirse al re-
ceptor CCR1 y su capacidad para atravesar la barrera hema-
toencefilica, también se puede evaluar mediante los ensayos
in wvitro e in viveo que se describirdn méis adelante en los
ejemplos. En particulair, en el ejemplo 10 se .deacribe un
gran estudio que se llevé a cabo para conocer el grado de
expresién CCR1 en las diferentes etapas de la enfermedad de
Alzheimer. Los tejidos de cerebro de 50 casos de autopsia
mostraron una correlacién entre el grado de severidad clini-
ca (demencia) en la enfermedad de Al;zheimer y la expresién
de CCR1 en los neuritos distr&ficos. La expresién del CCR1
en las estructuras tipo placa en los cerebros de individuos

clinicamente normales es rara. Ademds, no se ha detectado
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expresién de CCR1 en los cerebros de individuos con otras
enfermedades neurodegenerativas a menoa que exista una pato-
logia concomitante de enfermedad de Alzheimer (especifica-
mente, AP'*? en las placas).

Realisaciones preferidas

Entre los diversos aspectos de la invencién, se prefie-
ren algunoe compuestos de f&6rmula (I). En particular, se
prefieren los compuestos de f6rmula (I) donde X' es cloro en
la posicién 4 del anillo fenilo y X? es un 4tomo de *F en la
posicién 4 del anillo fenilo. Se prefieren especialmente di-
chos compuestos para su uso como agentes de diagnéstico me-
diante tomograff{a de emisién de positrones (PET).

Se prefieren atin mis los compuestos de férmula (I) don-
de R® estd en la posicién 2 del anillo fenilo y R' es un me-
tilo en la posicién 2 del anillo piperazinilo y R? es un me-
tilo en la posicién 5 del anillo piperazinilc. Se prefieren
igualmente los compuestos de f&6rmula (I) donde R® esti en la
posicién 2 del anillo fenilo y R' es un metilo en la posi-
cién 2 del anillo piperazinilo y R? es hidrégeno.

Se prefieren ademds estos compuestos preferidos en las
forma de sus sales mono o diclorhidrato.

Entre los diversos aspectos de la invencién, se prefie-
ren algunos compuestos de férmula (II). En particular, los
compuestos de fSrmula (II) donde -N(R*)™ ge encuentra en la

posicién 2 del anillo fenilo y R! se encuentra en la posi-
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cién 2 del anillo piperazinilo y R? se encuentra en la posi-
cién 5 del anillo piperazinilo. Se prefieren igualmente los
compuestos de fé6rmula (II) donde -N{R*)®™ ge encuentra en la
posicién 2 del anillo fenilo y R! es un metilo en la poei-
cién 2 del anillo piperazinilo y R? es hidrégeno.

Se prefieren aln mis los compuestos de f&Srmula (II),

donde * comprende un quelante acorde con la férmula (III):
H
N
\“/\N/ﬁr \/\SH a
o (o]

SH
o la férmula (IV):

H
\’(\N/\/N\/\ SH aw
0O

SH

asf como los complejos de los mismos con ™rc, *Re y '%° Re.
Entre estos compuestos preferidos, se prefieren aln més los
compuestos de f6rmula (II) donde * comprende un gquelante
acorde con la f6rmula (III) o (IV), y donde el quelante estad
unido al nitrSgeno en el grupo -N(R*)®™ del compuestc no ra-
dicactivo de f6rmula (II) mediante un grupo ligador que com-
prende un radical alquilo que tiene de uno a diez &tomos de
carbono, donde el radical alquilo contiene optativamente uno
a diez grupos -C(0)-, uno a diez grupos -C(O)N{(R})-, uno a

diez grupos -N{(R)C(0)-, uno a diez grupos -N{R}-, uno a diez
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grupos ~-N(R);, uno a diez grupos hidroxi, uno a diez grupos
-C(0)0-, uno a diez &tomos de oxigeno, uno a diez &tomos de
azufre, uno a diez 4dtomos de nitrégeno, uno a diez &tomos de
halégeno, uno a diez grupos arilo y uno a diez anilloe hete-
rociclicos saturados o insaturados, donde R es hidréSgeno o
alquilo. Un grupo ligador preferido es -C(0)-CH,-N(H)-. En-
tre los compuestos de la invencién, los compuestos de f&rmu-
la (I) mds preferidos son los compuestos seleccionados del
grupo formado por los siguientes:

1- (5-cloro-2-{2-[(2R) -4- (4-fluoro-'*F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi}fenil)urea;

N’ - (mercaptoet-1-il}-N’ - (5-mercapto-3-aza-2-oxopent-1-
il) -N-{5-cloro-2- [2- [4- (4-fluorobencil) -2- (2R) -metilpipera-
zin-1-1il1] -2-oxoetoxi] fen-1-illglicilglicinamida, complejo
con tecnecio-9%9m;

1- (2-{2-[(2R)-4- (4-fluorobencil) -2-metilpiperazin-1-

11] -2-oxoetoxi] -5-iodo-*1-fenil)urea;

N’ -(2-mercaptoet-1-il) -N’ - (5-mercapto-3-aza-2-oxopent-
1-il1) -N’ - (5-cloro-2-[2- [4- (4-fluorobencil) -2~ (2R) -metilpi-
perazin-1-il] -2-oxoetoxi] fen-1-il]lglicinamida, complejo con
tecnecio-99m;

N’ - (2-mexrcaptoet-1-il) -N- (S-mercapto-3-azapent-1-il) -N-
{5-cloro-2-[2-[4- (4-fluorobencil) -2- (2R) -metilpiperazin-1-
il] -2-oxoetoxi] fen-1-il]lglicinamida, complejo con tecnecio-
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2-(2-amin-4-clorofenoxi) -1- [ (28R, 5RS) -4- (4-fluoro-1%*-
bencil)-2,5-dimetilpiperazin-l1-il]letan-1-ona;
2- (2-amin-4-clorofenoxi) -1- [ (2RS, 5RS) -4- (4-fluoro-**-
bencil)-2,5-dimetilpiperazin-l1-il] etan-1-ona;
2-(2-amin-4-clorofenoxi)-1- [ (28R, 58R) -4- (4-fluoro-1F-
bencil) -2,5-dimetilpiperazin-l-il]etan-1-ona;
2-(2-amin-4-clorofenoxi) -1- [ (2RS, 55R) -4 - (4-fluoro-*F-
bencil) -2,5-dimetilpiperazin-1-il]etan-1-ona;
2-[4-cloro-2-{dietilamin) fenoxi] -1- [(2SR,5RS) -4~ (4~
fluoro-*F-bencil) -2,5-dimetilpiperazin-1-il] etan-1-ona;
2-[4-cloro-2-(dietilamin) fenoxi] -1-[ {2R8,5RS) -4- (4~
fluoro-“F-benéil)-2,5-dimetilpiperazin-1-il]etan-l-qna;
2-{4-cloro-2- (dietilamin) fenoxi] -1- [ (2SR, 55R) -4- (4-

fluoro-19¥

-bencil)-2,5-dimetilpiperazin-1-il]letan-1-ona;

2- [4-cloro-2- (dietilamin) fenoxi] -1- [ (2RS,58R) -4- (4-
fluoro-'®F-bencil) -2,5-dimetilpiperazin-1-il]letan-1-cna;

1- (5-cloro-2- (2- [ (2RS, 55R) -4- {(4-fluoro-'"F-bencil) -2, 5-
dimetilpiperazin-1-11]-2-oxoetoxi]fenil)-3-(2,4-diclo-
rofenil)urea;

1- (5-cloro-2-{2-[ (28R, 58R) -4- (4-fluoro-‘8F-bencil)-2,5-
dimetilpiperazin-1-11]-2-oxoetoxi}fenil)-3-(2,4-dicloro-
fenil)urea;

1- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-!°F-bencil) -2, 5-
dimetilpiperazin-1-1i1]-2-oxoetoxli}fenil) -3-(2,4-dicloro-

fenil)urea;
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1- (5-cloro-2-{2- [{2SR, 5RS) -4- (4-fluoro-'°F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-3-(2,4-diclo-
rofenil)urea;

1- (5-cloro-2-{2- [ (2RS, 58R) -4~ (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)urea;

1- (5-cloro-2-{2-[ (28R, 58R) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)urea;

1- (5-cloro-2-{2-{(2RS, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil}urea;

1- (5-cloro-2-{2-[ (28R, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)urea;

1- {(5-cloro-2-{2- [ (2RS,5SR) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il}-2-oxoetoxi)fenil)urea;

1-(5-cloro-2-{2-[ (28R, 5SR) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il)] -2-oxoetoxi}fenil)urea;

1- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxocetoxi}fenil)urea;

1- (5-cloro-2-{2- [ (28R, 5RS) -4- (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)urea;

1- [ (2SR, 5RS) -4- (4-fluoro-1%F-bencil) -2, 5, -dimetilpi-
perazin-1-11]-2-(2-isopentilamin-4-clorofenoxi)etan-l1-ona;

1- [ (2RS, 5RS) -4- (4-fluoro-®F-bencil) -2, 5, -dimetilpipe-
razin-1-il)-2- (2-isopentilamin-4-clorofenoxi)etan-1-ona;

1- [(2SR, 58R) -4- (4-fluoro-!*F-bencil) -2, 5, -dimetilpipe-

razin-1-il] -2-(2-isopentilamin-4-clorofenoxi)etan-1-ona;
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1- [(2RS,58R) -4- (4-fluoro-!°F-bencil) -2, 5, -
dimetilpiperazin-1-il] -2-(2-isopentilamin-4-
clorofenoxi) etan-1-ona;

N- (5-cloro-2-{2-[ (28R, 5RS) -4- (4-fluoro-*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxilfenil) -2-metilpropanamida;

N- (5-cloro-2-(2- [ (2RS, 5RS) -4- (4-fluoro-!®F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-metilpropanamida;

N- (5-cloro-2-{2- [ (28R, 58R) -4~ (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-11]-2-oxoetoxi] fenil) -2-metilpropanamida;

N (5-cloro-2-{2-[(2RS,585R)-4-(4-fluoro-*F-bencil)-2,5-
dimetilpiperazin-1-il)-2-oxoetoxi}fenil) -2-metilpropanamida;

N (5-cloro-2-{2-[(28R,5RS) -4- (4-fluoro-*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)-2- (metoxi)aceta-mi-
da;

N (5-cloro-2-{2-[(2RS,5RS)-4-(4-fluoro-*F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (metoxi)acetami -
da;

N (5-cloro-2-{2-[{28R,5SR) -4- (4-fluoro-!®F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (metoxi)acetami-
da;

N- {5-cloro-2-{2- [ {2RS,5SR) -4- (4-fluoro-*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (metoxl)acetami-
da;

(E) -N- (5-cloro-2-{2- [ (2RS,5SR) -4- (4-fluoro-**F-bencil) -

2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-butenamida;
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(E) -N- (5-cloro-2-{2- [ (28R, 586R) -4 - (4-fluoro-*F-bencil) -
2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-butenamida;

(E) -N- (5-cloro-2-{2- [ (2RS, 5RS) -4 - (4-fluoro-'°F-bencil) -
2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-butenamida;

(E) -N- (5-cloro-2- (2- [ (2SR, 5RS) -4- (4-fluoro-'*F-bencil) -
2,5-dimetilpiperazin-1-11] -2-oxoetoxi] fenil) -2-butenamida;

N- (5-cloro-2-{2- [ (28R, 5RS) -4- (4-fluoro-1*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)succinamato de meti-
lo;

N- (5-cloro-2-{2- [ (2RS, SRS) -4- (4-fluoro-°F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)succinamato de meti-
lo;

N- (5-cloro-2-{2- [ (2SR, 5SR) -4- (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)guccinamato de meti-
lo;

N- (5-cloro-2-{2- [ (2RS, 55R) -4- (4-fluoro-'°F-bencil) -2,5-
dimetilpiperazin-1-il}-2-oxoetoxi] fenil)succinamato de meti-
lo;

N- (5-cloro-2-{2- [ (25R, 5R8) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxocetoxi] fenil)succinamato de eti-
lo;

N- (5-cloro-2-(2- [ {2RS,5R8) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il) -2-oxoetoxi)fenil)succinamato de eti-
lo;

N- (5-cloro-2-{2-[{28R,58R) -4- (4-fluoro-*F-bencil) -2, 5-



dimetilpiperazin-1-il] -2-oxoetoxi}fenil) succinamato de eti
lo;

N- (5-cloro-2-£2- [ (2RS, 58R) -4- (4-fluoro-1°F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil) succinamato de eti
lo;

N- (5-cloro-2-{2- [ (28R, 5R8) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-i1]-2-oxoetoxi}fenil)acetamida;

N- (5-cloro-2-{2- [ (2RS,5RS) -4- (4-fluoro-**F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxil fenil) acetamida;

N- (5-cloro-2-(2- ['(2SR, 55R) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)acetamida;

N- (5-c¢loro-2-{2- [ (2RS,58R) -4~ (4~fluoro-1*F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi) fenil)acetamida;

N-(5-cloro-2-{2-[ (2SR, 5RS) -4~ (4-fluoro-*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxcetoxi] fenil) propanamida;

N-(5-cloro-2-{2-{(2RS,5RS) -4~ (4-fluoro-®F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)propanamida;

N- (5-cloro-2-{2- [ (2SR, 58R) -4~ (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)propanamida;

N- (5-cloro-2-{2- [ (2RS, 58R) -4~ (4-fluoro-!®F-bencil)-2,5-
dimetilp:iperazin-l-il] -2-oxoetoxi] fenil)propanamida;

N- (5-cloro-2-{2-[ (28R, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -3-fluorocbenzamida;

N- (5-cloro-2-{2- [ (2RS, 5R8) -4 - (4-fluoro-'*F-bencil) -2, 5-

dimetilpiperazin-1-1l1] -2-oxocetoxi] fenil) -3-£fluorobenzamida;
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N- (5-cloro-2-{2- [ (28R, 58R) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il)] -2-oxoetoxi)] fenil) -3-fluorobenzamida;
N- (5-cloro-2-{2- [ (2RS,58R) -4~ (4-fluoro-**F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -3-fluorocbenzamida;
1- (5-cloro-2-{2- [ (28R, 5RS) -4- (4~-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil) -3- (p-tolil)urea;
1- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-1*F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-3-(p-tolil)urea;
1-(5-cloro-2-{2-[(2SR,58R) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il)-2-oxoetoxi] fenil) -3- (p-tolil)urea;
1- (5-cloro-2-{2-[(2RS, 58R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil)-3- (p-tolil)urea;
1-{5-cloro-2-{2- [ ({2RS, 58R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil) -3-etilurea;
1-{5-cloro-2-{2- [ (2SR, 55R)} -4- (4-fluoro-!*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)-3-etilurea;
1- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi} fenil) -3-etilurea;
1- (5-cloro-2-{2- [ (2SR, 5R8) -4- (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-1-11] -2-oxoetoxi] fenil)-3-etilurea;
1-bencil-3-(5-cloro-2-(2- [ (2SR, 5RS) -4- (4-fluoro-1*F-
bencil)~-2,5-dimetilpiperazin-1-1il] -2-oxoetoxi} fenil)urea;
1-bencil-3- (5-cloro-2-{2- [(2RS,5RS) -4- (4-fluoro-*F-
bencil) -2,5-dimetilpiperazin-1-1il] -2-oxoetoxi] fenil)urea;

1-bencil-3-(5-cloro-2-{2-[(28R,58R) -4- (4-fluoro-1"F-
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bencil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi}fenil)urea;
1-bencil-3-(S-cloro-2-£ 2-[(2RS, 5SR) -4- (4-fluoro-*F-
bencil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil)urea;

1- (5-cloro-2-{2-{(2RS,58R) -4- (4-fluoro-!*F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil) -3- (4-nitrofe-
nil)urea;

1- (5-cloro-2-{2-[ (28R, 58R) -4- (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-l-ill-2-oxoetoxi}feni1)-3-(4-nitrofe-
nil)urea;

1- (5-cloro-2-{2-[ (2RS, SRS) -4- (4-fluoro-'°F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)-3-(4-nitrofe-
nil)urea;

1- (5-cloro-2-{2- [ (2SR, 5RS) -4~ (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-3-(4-nitrofe-
nil)urea;

2- (2-bencilamin-4-clorofenoxi) -1- [ (28R, 5R8) -4- (4-f1luo-
ro-*F-bencil)-2,5-dimetilpiperazin-1-il)etan-1-ona;

2-(2-bencilamin-4-clorofenoxi) -1- [ (2RS5,5RS) -4- (4-
fluoro-*F-bencil) -2,5-dimetilpiperazin-1-il]letan-1-ona;

2- (2-bencilamin-4-clorofenoxi) -1- [ (2SR, 5SR) -4- (4-
fluoro-*F-bencil) -2,5-dimetilpiperazin-1-il] etan-1-ona;

2- (2-bencilamin-4-clorofenoxi) -1- [ (2RS,5S5R) -4- (4-
fluoro-**F-bencil)-2,5-dimetilpiperazin-1-il] etan-1-ona;

N- (5-cloro-2-{2-[ (2RS,55R) -4~ {4-fluoro-'*F-bencil) -2, 5-

dimetilpiperazin-1-il] -2-oxoetoxi}fenil)glicinamida;
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N- (5-cloro-2-£2- [ (2SR, 5RS) -4- (4-fluoro-**F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)glicinamida;

N- (5-cloro-2-{2- [ (28R, 58R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)glicinamida;

N- (5-cloro-2-{2- [ (2RS, 5RS) -4- {(4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)glicinamida;

1- (5-cloro-2-{2-[(2R) -4- (4-fluoro-®F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi}fenil)urea;

1- (5-cloro-2-{2-1{(28)-4- (4-fluoro-®*F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi] fenil)urea;

N- (5-cloxo-2-{2-[(2RS,55R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetil-piperazin-1-il] -2-oxoetoxi] fenil) -2- {metilamin)ace-
tamida;

N- (5§-cloro-2-{2- [ (2SR, 5SR) -4- (4-fluoro-*FP-bencil) -2,5-
dimetil-piperazin-1-il] -2-oxoetoxi] fenil) -2~ {metilamin)ace-
tamida;

N-(s-cloro-z-{z-[(2Rs,535)-4-(4-f1u6ro-“?—bencil)-2,5-
dimetil-piperazin-1-il] -2-oxoetoxi}fenil)-2- (metilamin)ace-
tamida;

N- (5-cloro-2-{2- [ (2SR, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetil-piperazin-1-il] -2-oxoetoxi] fenil)-2- (metilamin)ace-
tamida;

2-bromo-N- (5-cloro-2-{ (28R, 5RS) -4- (4-fluoro-1*F-ben-
cll)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi}fenil)acetamida;

2-bromo-N- (5-cloro-2-{ (2RS, 5RS) -4- {4-fluoro-1°F-ben-



cil) -2,5-dimetilpiperazin-1-il)] -2-oxoetoxi] fenil)acetamida;
2-bromo-N- (5-cloro-2-{ (2SR, 5SR) -4- (4-fluoro-'*F-ben-

cil) -2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil)acetamida;
2-bromo-N- (5-cloro-2-{ (2RS, 55R) -4- (4-fluoro-'*F-ben-

cil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) acetamida;

N- (5-cloro-2-{2- [ (2RS,5SR) -4- (4-fluoro-'®F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi) fenil) -2- (ureido)ace-
tamida;

N- (5-cloro-2-{2-[ (28R, 58R) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil) -2- (ureido) ace-
tamida;

N- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-11] -2-oxoetoxi] fenil) -2- (ureido)ace-
tamida;

N- (5-cloro-2- (2- [ (2SR, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (ureido)ace-
tamida;

N- (5-cloro-2-{2- [ (2RS, 58R) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)-2-(1-metilurei-
do) acetamida;

N- (5-cloro-2-{2-[ (28R, 58R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (1-metilu-
reido)acetamida;

N- {5-cloro-2-{2-[(2RS, 5RS) -4- (4-fluoro-'®F-bencil) -2,5-

dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-(1-metilu-
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reldo)acetamida;

N- (5-cloro-2-{2- [ (28R, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi) fenil) -2- (1-metilu-
reido)acetamida;

(2RS) -N- (5-cloro-2-(2- [ (2RS, 5SR) -4- (4-fluoro-'"F-ben-
cil) -2,5-dimetilpiperazin-1-il} -2-oxoetoxi] fenil) -2-
aminpropa-namida;

(28R) -N- (5-cloro-2-{2- [ (2RS, 5SR) -4 - (4 ~-fluoro-1'F-ben-
¢il) -2,5-dimetilpiperazin-1-11] -2-oxoetoxi] fenil) -2-
aminpropanamida;

(2R8) -N- (5-cloro-2-{2- [ (28R, 5SR) -4- (4-fluoro-*F-
bencil) -2,5-dimetilpiperazin-1-1l1] -2-oxoetoxi}fenil) -2-
aminpropanamida;

(28R) -N- (5-cloro-2-{2- [ (2SR, 5SR) -4- (4-fluoro-1°F-ben-
cil)-2,5-dimetilpiperazin-1-il] -2-oxocetoxi] fenil) -2-
aminpropanamida;

(2R8) -N- (5-cloro-2-{2- [ (2RS,5RE) -4 - (4-fluoro-1®F-ben-
cil) -2,5-dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-2-amin-
propanamida;

(28R) -N- (5-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-*F-ben-
cil)-2,5-dimetilpiperazin-1-il} -2-oxoetoxi] fenil)-2-ami-
npropana-mida;

(2RS) -N- (5-cloro-2-{2- [ (2SR, 5RS) -4- (4-fluoro-2®F-ben-
cil)-2,5-dimetilpiperazin-1-1i1] -2-oxocetoxi] fenil) -2-ami-

npropanamida;
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(28R) -N- (5-cloro-2-{2- [ (28R, 5RS) -4- (4-fluoro-'*F-ben-
cil)-2,5-dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-ami -
npropanamida;

N- (5-cloro-2-{2-[ (28R, 5RS) -4~ (4-fluoro-1®F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi) fenil) -2-(2,4-difluoro-
benzollamin)acetamida;

N- (5-cloro-2-{2- [ (2RS,5RS) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil)-2-(2,4-difluoroben-
zoflamin)acetamida;

N- (5-cloro-2-(2-{ (2SR, 58R) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil)-2-(2,4-difluoroben-
zoilamin) acetamida;

N- (5-cloro-2-{2-[(2RS,55R) -4~ (4-fluoro-'*F-bencil)-2,5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2-(2,4-difluorcben-
zofilamin) acetamida;

N- (5-cloro-2-(2- [ (2SR, 5RS) -4- (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il]-2-oxoetoxi] fenil) -2- (metoxiacetil-
amin) acetamida;

N- (§-cloro-2-{2- [ (2RS, 5RS) -4- (4-fluoro-'*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (metoxiacetil-
amin) acetamida;

N-(5-cloro-2-{2-[ (2SR, 55R) -4- (4-fluoro-'"F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxocetoxi}fenil) -2- (metoxiacetila-
min)acetamida;

N- (5-cloro-2-{2- [ (2R8, 58R) -4- (4-fluoro-*F-bencil) -2, 5-
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dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (metoxiacetila-
min) acetamida;

N- (5-cloro-2-£2- [ (28R, 5RS) -4- (4-fluoro-'*F-bencil) -2,5-
dimetilpiperazin-1-il]-2-oxoetoxi}fenil)-2- (2-iodobenzolla-
min)acetamida;

N- (5-cloxo-2-{2- [ (2RS, 5RS) -4- (4-fluoro-1®*F-bencil) -2,5-
dimetilpiperazin-1-il] -2-oxoetoxi}fenil) -2- (2-iodobenzo-
ilamin)acetamida;

N- (5-cloro-2-{2-[(2SR,5SR) -4~ (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-il] -2-oxoetoxi] fenil) -2- (2-iodoben-
zoilamin)acetamida;

N- (5-cloro-2-{2- [ (2RS,5SR) -4~ (4-fluoro-*F-bencil) -2, 5-
dimetilpiperazin-1-11]-2-oxoetoxil fenil) -2~ (2-iodobenzofla-
min)acetamida;

N-(5-cloro-2-{2-[(2R) -4- (4-fluoro-‘*F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi] fenil)glicinamida; y

N- {5-cloro-2-{2-[(28) -4- (4-fluoro-**F-bencil) -2-metil-
piperazin-1-il] -2-oxoetoxi] fenil)glicinamida

asl como las sales mono y diclorhidrato de los mismos.
Preparacién de los compuestos de la invencisn
A. Preparacién de los compuestos de f£5rmula (I)

En general, los agentes para diagnéstico por imfdgenes
radioactivos de férmula (I} de la presente invencién se pre-
paran haciendo reaccionar derivadoe 4-halobencilo radicacti-

vos con derivados piperazina. Se prefieren los derivados 4-



fluorobencilo marcados con !°F para el diagnéstico por im&-
genes mediante PET. Un método general para preparar haluros
4-fluoro-1%r-bencilo se describe en Iwata et al., Applied
Radiation and Isotopes (2000), Vol. 52, p&gs. 87-92.

Los derivados 4-fluorobencilo marcados con °F se pre-
paran haciendo reaccionar un compuesto benzaldehfido de f6r-
mula (a) con iones !°F para obtener un compuesto benzaldehi-

do de f£&6rmula (b):

(] Q
HJ\O . HJ\O
La 'IIF
(=) (b}

donde LG es un grupo saliente, por ejemplo, bromo, cloro,
iodo, nitro o N(R)y" X (donde R es alquilo y X eas un ién ha-
lo, tal como Br, CI" o I;un ion de un &cido alcanoico,tal
como un lon acetato {(CH;C(0)0Q7);o un ion de un &cido alquil-
sulfénico o un &cido haloalquilsulfénico, tal como, triflato
(CF380537)) . Preferentemente,LG es triflato.A partir del com-
pueato de férmula (b), existen varias vias de sintesis para
preparar los compuestos de f&rmula (I).

En una primera via de sintesis, se reduce un compuesto

de f6rmula(b) con NaBH, para obtener un compuesto de f6rmila

{c):
0 OH
N
o= g
'|.F I'F
(b) {0)
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El compuesto de f6rmula (c) se hace reacclionar después
con HI, P;I; o PhPBr; para obtener un compuesto sustituido

con iodo o bromo de las f&rmulas (d) o (e):
|

HiorPa S
F
o)

« PhyPBry

“F
{9

Los compuestos de las f6rmulas (d) y (e) se pueden ob-
tener con un rendimiento radioquimico del 50 al 60%. La pu-
reza radioquimica es mayor que un 95%. La actividad especi-
fica de los compuestos es de 5 mCi por 1 nmol.

Luego se puede hacer reaccionar un compuesto de las
fé6rmulas (d) o (e) con un derivado piperazina (f) para obte-
ner un compuestc de fé6rmula (g) (un compuesto de f£6rmula

(I)):
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o g -

0 (d) or (e)

O
xﬁ_k{_%e .

R'

Los compuestos d‘e férmula (f) se pueden preparar de
acunerdo con los métodos conocidos por los especialistas en
el arte y se describen con detalle en la publicacién de So-
licitud de Patente PCT, WO 98/56771.

En una sBequnda via de sintesis, se hace reaccionar di-
rectamente un compuesto de f6rmula (b) con un compuesto de
férmula (f) usando un agente reductor, por ejemplo, &cido
fé6rmico, formiato de amonio, NaBH; o NaBH,CN, para obtener

un compuesto de f6rmula (g) {(un compuesto de f&érmula (I)):

. R Ng (o]
g - ’LQ .
i m\—_g7 wo



B. Preparacién de los compuestos de Z£6rmula (II)

Para la tomograffa computada de emisién de fotén tinico
(“SPECT”), se prefieren los compuestos marcados con *™Tc.
Dichos compuestos son compuestos de f6rmula (II). La via de
sintesis general para estos compuestos comienza con anflogos
no radiocactivos de los compuestoe de fSrmula (II) que se ha-
cen reaccionar con quelantes de unién a *™Tc, por ejemplo
quelantes-N,S2. La preparacién de los andlogos no radioacti-
vos de los compuestos de férmula (II) se describe con deta-
lle en la publicacitn de la Solicitud de Patente PCT, WO
98/56771. La sintesis de los quelantes emplea procedimientos
esténdar, por ejemplo, loe procedimientos que se describen
en A. Mahmood et al., A N;S;-Tetradentate Chelate for Solid-
Phage Synthesis: Technetium, Rhenium 1In Chemistry and Nu-
clear Medicine (1999), Vol. 5, pdg. 71, o en Z.P. Zhuang et
al., Bioconjugate Chemistry (1999), Vol. 10, p&g. 158.

Los quelantes preferidos aon los quelantes de las f&r-

malas (III) o (IV):
n H
\n/\N/\Ir \/\SH TNNN\/\SH
0 0

L

BH
Uno de los quelantes se une directamente al nitrégeno
en el grupo -N(R*)™ del compuesto no radiocactivo de férmula
(II) o bien, mediante un grupo ligador que comprende un ra-

dical alquilo que tiene uno a diez &tomoe de carbono, donde

) *9



dicho radical alquilo contiene optativamente uno a diez gru-
pos -C(0O)-, uno a diez grupos -C(O)N(R)-, uno a diez grupos
-N{R)C(0)-, uno a diez grupos -N(R)-, uno a diez grupos -
N(R)3, uno a diez grupos hidroxi, uno a diez grupos -C(0)O-,
uno a diez dtomos de oxigeno, uno a diez dtomos de azufre,
uno a diez &tomos de nitrégeno, uno a diez &tomos de halége-
no, unoc a diez grupos arilo y uno a diez anillos heteroci-
Clicos saturados o insaturados, donde R es hidr6geno o al-
quilo. El grupo ligador preferido es -C(O)-CH;-N(H)-.

Los sigquientes ejemplos especificos se proveen a modo
de gufa para asistir en la préctica de la invencién y no
pretenden limitar el alcance de la invencién.

Ejemplo 1

Preparacién de 1-(5-cloro-2-{2-[(2R)-2-metllpiperazin-1-il]-

o+ v

Bos
o 5 O 2 G

KeCO, DMBO Ot

2-oxoetoxi}feni1)urea

— 'Omn.ﬂm, 7 ?i)m

A. Se agreg® DIEA (19,10 ml, 110 mmol) a una solucién

de (R)-(-)-2-metilpiperazina (10 g, 100 mmol) en 250 ml de



cloruro de metileno. Se enfrié la solucidn a -10°C. Se di-
Bolvidé el anhidrido BOC en 250 ml de cloruro de metileno y
e agregd dicha solucién a la solucién fria de piperazina
durante el transcuraso de 1 hora. Se dejé entibiar la reac-
cién a temperatura ambiente durante 16 horas. Se filtré 1la
mezcla de reacci6n para eliminar los sélidos y se lavé el
filtrado con 500 ml de agua, se secd sobre sulfato de magne-
s8io, se filtré y se evaporé para dar un aceite. Se purificé
el aceite utilizando cromatografia en flash en columna para
rendir 11,0 g del compuesto de f6rmula {(a).

B. Se disolvieron el compuesto de f6rmula (a) (11,0 g,
55 mmol) y DIEA (10,5 ml, 60,4 mmol) en 100 ml de cloruroc de
metileno. Se enfrié la solucién resultante a 15-10°C. Se
agreg6 a la solucién cloruro de cloroacetilo (4,37 ml, 55
mmol) gota a gota manteniendo la temperatura a -10°C. Luego
de agitar la mezcla de reaccién durante 1 hora se lavd con
100 ml de agua, se secd sobre sulfato de magnesio, se filtré
Yy se evapord para dar un aceite. El aceite se purificé uti-
lizando cromatografia en flash en columna para rendir 14,8 g
del compuesto de férmula (b).

C. Se agregd carbonato de potasio (18,48 g, 133,7 mmol)
a una solucién del compuesto de fé6rmula (b) (14,8 g, 53,5
mmol) y del compuesto de f&Srmula (e) (9,98 g, 53,5 mmol) en
75 ml de DMSO. Se calentS la mezcla resultante a 50°C duran-

te 3 horas. La mezcla se enfrid a 30°C y se vertid en 700 ml

191



de agua. El agua se extrajo tres veces con 200 ml de acetato
de etilo. Se combinaron los extractos de acetato de etilo y
se lavé con 200 ml de KOH 1N sequidos de salmuera. Se pecdH
la fase orgénica sobre sulfato de magnesio, se filtrd y se
evaporf hasta dar una espuma. Se purific6 la espuma utili-
zando cromatografia en flash en columna para rendir 19,6 g
del compuesto de f&rmula (c).

D. Se disolvié el compuesto de f6rmula (c) (7,68 g, 18
mmol) en 40 ml de acetato de etilo. Se enfrié la solucibn
resultante en un bafic de hielo y se hizo burbujear gas HCl
anhidro a través de la solucién durante 5 minutoe. El1 pro-
ducto precipit6 mientras la mezcla se dejé reposar a tempe-
ratura ambiente durante 1 hora. El producto se recolectd por
" filtracién, se lavé scbre el filtro con acetato de etilo
fresco, y se sec6 al vacio a temperatura ambiente hasta peso
constante para rendir 5,9 g de 1-(5-cloro-2-{2-[(3aR)-2-
metilpiperazin-1-il] -2-oxoetoxi}fenil)urea, el compuesto de
f6rmula (d), como un s6lido blanco; RMN (2 rotémerocs); (400
MHz, DMsO) 9,7 (m, O0,5H), 9,2 (m, O,5H), 8,16 (s, 1H), 8,13
(s, 0,5H), 6,8 (8, 2H), 4,9 (m, 2H), 4,4 (m, S5H), 3,8 (bs,
0,5H), 3,4 (bs, 0,5H), 3,2 (m, 2,5H), 3,0 {(m, 2H) 1,2-1,4
(m, 3H) ppm.

Ejemplo 2

Preparacién del compuesto de £6rmula (e)



H
" L
,uo + TMENCO ——pe cl NH
cl NHz THF
e o‘J‘NH.

A una Bolucién de 2-amino-4-clorofenol (10 g, 69,7
mmol) en 100 ml de THF anhidro a temperatura ambiente se
agreg6 isocianato de trimetilsililo (18,8 ml, 139,4 mmol) de
una vez. La solucién se calentd a 60 °C y permaneclid a dicha
temperatura durante 22 horas luego de las cuales se agregb
agua (1,3 ml, 76,7 mmol). Luego de 30 minutos se enfrié la
solucién a temperatura ambiente y se concentré para dar un
aceite marrén. Dicho aceite se disolvid en acetato de etilo,
Be tratd con carbén activado, se Bec6 sobre sulfato de mag-
nesio y se filtr6. El1 filtrado se concentr$ para dar un s6-
lido rosado que se deede tolueno/metanol 10:1, para dar 5,4
g del compuesto de f6rmula (e) como un polvo pardo.

Ejemplo 3
Preparacisn de 1-(5-cloro-2-{2-[(2R)-4- (4-fluoro-1*F-
bencil)-2-metilpiperaxin-1-11] -2-oxoetoxi}fenil)urea

A. Se prepard fluoruro de hidréSgeno-‘°F en un ciclotrén
mediante bombardeo de Hz0-%0 con protones. El1 fluoruro de
hidrégeno-F resultante se adsorbié sobre un cartucho de
intercambio aniénico. El fluoruro de hidrfgeno-*F se eluyd
con una solucién de Kryptofix 222 (15 mg, 40 pmol) y KaCO;
(2,77 mg, 20 umol) en acetonitrilo acuoso (1,5 ml, 66%). Las

fracciones radiocactivas se evaporaron a sequedad en una co-



rriente de gas nitr6geno. Se repiti® dicho procedimiento
tres veces con acetonitrilo seco (1 ml). Luego de agregar
una solucién de 4-trimetilamonio-benzaldehido-triflato (2
mg, 6,4 umol) en DMF seco (250 pul) la mezcla de reaccién re-
sultante se calent6 durante 5 minutos a 100°C. Luego de en-
friar una solucién de 1-(5-cloro-2-{2-[(2R)-2-metilpipera-
zin-1-il] -2-oxcetoxi}fenil)urea a temperatura ambiente, se
agregaron un compuesto de férmula (d), (3 mg, 8,3 umol) en
50 pl de &cido acético y una soluciédn de ciancoborhidruro de
sodio (4 mg, 63,7 pmol) en 100 pl de DMF seco. La mezcla de
reaccién se calenté a 120°C durante 10 minutos. Luego de
agregar 5 ml de agua, se filtré la mezcla con un cartucho de
poliestirol. El producto adsorbido se lavé con 2 ml de agua
para rendir el compuesto del titulo, 1-(S5-cloro-2-{2-[(2R)-
4- (4-fluoro-*F-bencil) -2-metilpiperazin-1-il) -2-oxoeto-
xi}fenil)urea, que se eluyd con 1,5 ml de acetonitrilo y se
purificé utilizando HPLC.

B. Otros compuestos de f6rmula (1) que contienen un
dtomo °F se preparan en una forma similar.

Ejemplo 4
Preparacién de N-(5-cloro-2-{2-[(2R)-4-(4-fluorobencil)-2-

metilpiperazin-1-il] -2-oxoetoxi}fenil)glicinamida
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A. A una 8o0lucién de (R)-(-)-2-metilpiperazina (2,0 g,
20 mmol) en 20 ml de CH;Cl, se agregdé DIEA (5,2 g, 40 mmol)
y cloruro de 4-fluorobencilo (2,39 ml, 20 mmol). La mezcla
resultante se agité a temperatura ambiente durante 15 horas.
Luego de completar la reaccifn, la mezcla de reaccién se la-
v6 con agua (3x20 ml) y salmuera, luego se secS sobre
Na;80,,8e¢ filtr6 y se concentrd al vacio para obtener el
compuesto de f6rmula(f) (2,2 g) en forma de un s6lido blanco.

B. Se agregd cloruro de cloroacetilo (0,84 ml, 10 mmol)

a una solucién del compuesto de fé6rmula (f) (2,2 g, 10 mmol)
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en 50 ml de CH;Cl;. La mezcla resultante se agité a tempera-
tura ambiente durante 10 minutos y luego se agregd trietila-
mina (3 ml, 21 mmol). Luego de 30 minutos, se lavé la mezcla
con agua (3x20 ml) y salmuera, luego se sBecd sobre Naz;S0Q,,
se filtré y se concentr$ al vacio para cbtener un aceite. La
purificacién utilizando cromatograffa instantinea en columna
permitid obtener el compuesto de férmula (g) (2,5 g).

C. A una solucién del compuesto de f6r_nn11a (g) (2,4 g,
8,4 mmol) en 50 ml de DMF Be le agregbé K;CO; (2,5 g, 17
mmol), NaI (0,2 g) y 4-cloro-2-nitrofencl (1,3 g, 8,4 mmol).

La mezcla resultante se calentS a 70-80 °C. Luego de 1
hora, la mezcla se concentré al vacio, luego se recogié en
acetato de etilo (150 ml) y se lavdé con agua (3x100 ml) y
luego salmuera. Se separf la fase orgédnica, se secd sobre
Naz;S04, se filtr6 y se concentrd al vacio para rendir un
aceite. La purificaci6n utilizando cromatografia instanténea
en columna rindié el compuesto de férmula (h) (3,1 g).

D. A una soluci6n del compuesto de f&6rmula (h} (1,1 g,
2,6 mmol) en 10 ml de etanol se le agregé una solucién de
dihidrato de cloruro de estaflo(II) (3,0 g, 13 mmol) en 5 ml
de etanol.la mezcla resultante se calent6 a 75°C.Luego de 1
hora,la reaccién se concentré al vacfo, luego se recogié so-
bre acetato de etilo (100 ml), se lavé con solucién 1N de
NaCH en agua (3x100 ml) y salmuera. Se separ6 la fase orgé-

nica,se secS sBobre Na;S0,, se filtr6 y se concentré al vacio
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para rendir un aceite. La purificacién utilizando cromato-
grafia en flash en columna rindié el compuesto de fSrmula
(1) (0,75 g).

E. A una solucién del compuesto de f6rmula (i) (0,7 g,
1,78 mmol) en 10 ml de DMF ee le agregf BOC-@li-OSU (0,58 g,
2,13 mmol). Se calent$é a la mezcla resultante 50-60 °C. Lue-
go de 24 horas,la mezcla se concentr6 al vacio, luego se re-
cogid en acetato de etilo (150 ml) y se lavé con agua (3x100
ml} y luego salmuera. Se separ8 la fase orgédnica, se secd
sobre Na;50,, se filtr6 y se concentré al vacio para rendir
un aceite.

La purificacién utilizando cromatografia en flash en
columna rindié el compuesto de f6rmula (j) (0,7 g).

F. A una solucién del compuesto de f6rmula (j) (0,6 g,
1,1 mmol) en 10 ml de CH;0; Be le agregd TFA (5 ml). La mez-
cla resultante se calentd a temperatura ambiente. Luego de
completar la reaccidn en 1 hora, se concentrd dicha reacciém
al vaclo, luego se recogifé en acetato de etilo (100 ml), se
lavé con scolucién 1IN de NaCH en agua (2x100 ml) y salmuera.
Se separ® la fase orgédnica, se sec6 sobre Naz;SO,, se filtré
Yy Be concentré al vacf{o para rendir un aceite. La purifica-
cifén utilizando cromatograffa en flash en columna rindié N-
(5-cloro-2-{2-[(2R) -4- (4-fluorcbencil) -2-metilpiperazin-1-
il] -2-oxoetoxi)fenil)glicinamida, el compuesto de £6&rmula

(k), (0,45 g) en forma de un s8lido blanco; RMN (CDCl,) 10,2

|87
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(8, 1), 8,5 (8, 1), 7,3 (m, 2), 7,0 (m, 3), 6,8 (d, 1), 4,7
(m, 2), 3,4-3,6 (m, 5}, 3,0 (m, 1), 2,8 (m, 1), 2,6 {4, 1),
2,2 (m, 1), 2,0 (m, 2), 1,2-1,4 {(m, 3) ppm.
Ejemplo 5

Complejo de tecneclo-99m de N~ - (mercaptoet-1-1il)-N"-(5-mer-
capto-3-aza-2-oxopant-1-1i1) -N-{5-cloro-2-[2-[4- (4-fluorcben-
cil) -2~ (2R) -metilpiperaxin-1-il] -2-oxoetoxi] fen-1-il}glicil-
glicinamida

A. A una solucién agitada de N-{5-cloro-2-[2-[4-(4-
fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi) fen-1-
il}glicinamida (175,5 mg, 0,4 mmol) (el compuesto de f&rmula
(k) que Be preparé seglin se expuso anteriormente en el ejem-
plo 4), N-(S-tritil-2-mercaptoet-1-il)-N-(S-tritil-S5-mercap-
to-3-aza-2-oxopent-1-il)glicina (2591,4 mg, 0,4 mmol) (que se
puede eintetizada de acuerdo con A. Mahmood et al., “Un que-
lato tetradentado de N;S; para sintesis en fase s6lida: Tec-
necio, Renio en Quimica y Medicina Nuclear” (A N;8;-Tetra-
dentate Chelate for Solid-Phase Synthesis: Technetium, Rhe-
nium in Chemistry and Nuclear Medicine) (1999), Vol. 71), y
N-hidroxisuccinimida (45,5 mg, 0,4 mmol) en 5 ml de dicloro-
metano se le agregé gota a gota una solucibén de diciclo-
hexilcarbodiimida (81,4 mg, 0,4 mmol) en 3 ml de diclorome-
tano. Se agité la suspensién resultante durante toda la no-
che a temperatura ambiente. Luego de filtrar, se evapors la
golucién resultante bajo presién reducida. Se aislé el

producto deseado, N- (S-tritil-2-pulfanilet-1-11)-N-({5-
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ducto deseado, N-(S-tritil-2-sulfanilet-1-il)-N-(S-tritil-5-
mercapto-3-aza-z—oxopent-l-il)-N-{5-cloro-2[2-[45(4-f1uo-
robencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-
il)glicilglicinamida (340 mg, 72,8%) luego de una cromato-
grafia sobre gel de silice (eluyente: diclorometano/metancl,
';8:2) como un polvo blanco.
Andlieis elemental:
Calc.: C 69,93 H 5,87 N 7,20 06,85 § 5,49
Encontrado: C 69,69 H6,056 N 7,010 S 5,32

B. 8Se disolvié N-(8-tritil-2-sulfanilet-1-il)-N-({(8-
tritil-5-mercapto-3-aza-2-oxopent-1-il)-N-{5-cloro-2-[2- [4-
(4-fluorocbencil) -2-{2R) -metilpiperazin-1-11] -2-oxoetoxi] fen-
1-il}glicilglicinamida (116,8 mg, 0,1 mmol), que se prepard
segiin se expuso anteriormente, en 5 ml de &cido trifluoroa-
cético. Luego de agregar trietilsilano (48 ul 0,3 mmol) se
agité la suspensién resultante durante 15 minutos a tempera-
tura ambiente. El filtrado se evapord bajo presién reducida
y el residuo se trituré con 7 ml de éter dietilico. El pre-
cipitado se agit6 durante 1 hora a temperatura ambiente y Be
eliminé por filtracién, rindiendo el producto deseado, sal
de A&cido bis-trifluoracético de N-(mercaptoet-1-il)-N-(5-
mercapto-3-aza-2-oxopent-1-11) -N- {5-cloro-2-[2- [4- (4-fluoro-
bencil) -2- (2R) -metilpiperazin-1-il}-2-oxoetoxi) fen-1-il)gli-
cilglicinamida, (87 mg, 95,5%), en forma de un s6lido blanco.

Anilisis elemental:

)27
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Calc.: C44,81 H 4,65 N 9,22 O 15,B0 S 7,04
Encontrado: C 44,54 H 4,91 N 8,99 O 8 6,80

C. Se disolvieron tartrato disédico (1 mg) y sal de
dcido bise-trifluoracético de N-(mercaptoet-1-il})-N-(5-mer-
capto-3-aza-2-oxopent-1-il) -N-{5-cloro-2-[2- [4- (4-fluoro-
bencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-il}gli-
cilglicina-mida, (100 ug), que se preparé seglin se expuso
anteriormente, en 500 pl de buffer fosfato de sodio (0,1 M,
pHa 8,5). Luego de agregar 37 MBg de eluatc generador de
mrc, se agregaron 5 pl de solucién de cloruro de estafo(II)
y se calentS la mezcla durante 10 min. a 100°C. El andliseis
HPLC mostré un pico principal indicando que el producto de-
seado, complejo de tecnecio-99m de N”-(mercaptoet-1-il)-N"-
(5-mercapto-3-aza-2-oxo-pent-1-il)-N-{5-cloro-2-[2-[4- (4-
fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-
il}glicilglicinamida, se sintetizé con una RCP> 950%.

Ejemplo 6

Preparacién de 1-{(2-{2-[(2R)-4- (4-fluorobencil)-2-metilpipe-

rasin-1-1l1] -2-oxocetoxi}-5-yodofenil)urea



UOH HNGQ3/ AcOH
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A. A una solucién de p-yodofenol (2,2 g, 10 mmol) en 18
ml de &cildo acético se le agregd gota a gota una soluciédn de
HNO; (0,7 ml, 70%) en 5 ml de &cido acético durante el
transcursc de 10 minutos. La mezcla resultante se agité a
temperatura ambiente. Luego de 30 minutos, se diluyé la mez-
cla de reaccién con 100 ml mezcla de agua-hielo. Se recolec-
té el precipitado y se lavd con 100 ml de agua.

La purificacién utilizando cromatografia instant&nea en
columna rindié 1,2 g de 2-nitro-4-yodofenol.

B. A una solucién del compuesto de £6rmula (g) (0,3 g,

1,05 mmol) (eegfin se preparé aqui) en 10 ml de DMF se le
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agregé KzCO; (0,45 g, 32 mmol), Nal (0,01 g) y 2-nitro-4-
yodofenol (0,28 g, 1,05 mmol) .La mezcla resultante se calen-
t6 a 70-80°C. Luego de 1 hora,la mezcla se concentrd al va-
cio, luego se recogid en acetato de etilo (150 ml) y se lavd
con agua (3x100 ml) y luego salmuera. Se separd la fase or-
génica, se secd sobre Naz;S0O,, se filtrdé y Bse concentrd al
vacio para rendir un acelite. La purificacién utilizando cro-
matografia en flash en columna rindié 0,28 del compuesto de
f6rmula (1) .

C. A una solucién del compuesto de férmula (1) (0,28 g,
0,55 mmol) en 5 ml de etanol se le agregd una solucién de
dihidrato de cloruro de estafio(II) (0,616 g, 2,73 mmol) en 5
ml de etanol. La mezcla resultante se calenté a 75°C. Luego
de 1 hora, la reaccisn se concentr6 al vaclio, luego se reco-
glé en acetato de etilo (100 ml), se lavé con solucién 1N de
NaOH en agua (3x100 wml) y salmuera. Se separd la fase orgéi-
nica, se Bec6 sobre Na;$0,, se filtré y se concentré al va-
cio para rendir un aceite. La purificacién utilizando croma-
tografia inatanténea en columna rindié el compuesto de fér-
mula {(m) (0,25 g).

D. A una solucién del compuesto de f6rmula (m) (0,25 g,
0,52 mmol) en 3 ml de AcOH se le agregd agua (6 ml). La mez-
cla resultante se agit6 a temperatura ambiente durante 10
minutos, luego ee agregé gota a gota una solucién de KOCN

(0,085 g, 1,0 mmol) en 1 ml de agua. La mezcla de reaccién
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se agité a temperatura ambiente durante 10 minutos, luego se
calentd a 55°C durante 5 minutos.Luego de completar la reac-
cién,la mezcla de reaccidSn se concentr$ al vacio,luego Be
recogldé en CH;Cl; (50 ml), Be lavd con solucién 2N de NaOH
en agua (2x100 ml) y salmuera. Se separd la fase orgdnica,
ge secd sobre NapSO,, se filtrd y se concentr6 al vacio para
rendlr un aceite. La purificacién utilizando cromatografia
en flash en columna rindid el compuesto de f£&6rmula (n) (0,16
g} en forma de un s6lidc blanco; RMN (CDCI;) 9,0 (8, 1), 8,6
(s, 1), 7,3 (m, 2), 7,0 (£, 3), 6,6 {d, 1), 4,9 (B, 2), 4,7
(m, 2), 4,4 (m, 1), 3,4-3,6 (m, 3), 3,0 (m, 1) 2,8 (m,1),
2,6 (4, 1), 2,2 {m, 1), 2,0 (m, 1), 1,2-1,4 (m, 3) ppm.
Ejemplo 7
Preparacién de 1-(2-{2-[(2R)-4-(4-fluorcbencil)-2-metilpipe-
razin-1-i1] -2-oxoetoxi}-5-yodo-3'I-fenil)urea

A. A una solucién del compuesto de f6rmula (n) (1 wmg),
que se prepard seglin se expuso anteriormente, y 10 ug de
sulfato de cobre(II) en 300 pul de DMF sBe le agregé 1 mCi so-
lucién de yoduro ['¥*I] de sodio. La mezcla de reaccién re-
sultante se calent6 durante toda la noche a 100°C. Luego de
agregar 1 ml de soluci6n acuosa semi-saturada de NaHCO, se
extrajo el producto con 2 ml de CH;Cl,. La fase orgdnica se
evaporé a sequedad en una corriente de gas nitrSgeno. Se pu-
rific6 el producto deseado, 1-(2-{2-[(2R)-4-(4-fluorcben-

cil)-2-metilpiperazin-1-il] -2-oxoetoxi}-5-yodo-181-fe-

793
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nil)urea, usando un Cartucho RP [eluyente: EtOH/agua (2:1)]).

B. Otros compuestos de féxrmula (1) se preparan en una
forma similar a la que se describi6 anteriormente.

Ejemplo 8

Complejo de tecnecio-99m de N“-(2-mercaptoet-1l-1il)-N”-(5-
mercapto-3-asza-2-oxopent-1-il) -N-{5-cloro-2-[2-[4- (4-£fluo-
roben-cil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-
il}gli-cinamida

A. A una soluclén agitada de 156,7 mg (0,4 wmol) 5-
cloro-2-[2-[4- (4-fluorcbencil) -2- (2R) -metilpiperazin-1-11] -
2-oxoetoxilanilina (compuesto de f&rmula (i)) (291,4 mg, 0,4
mmol), N-(S-tritil-2-mercaptoet-1-il)-N-(S-tritil-5-mercap-
to-3-aza-2-oxopent-1-il)glicina (sintetizada de acuerdo con
A. Mahmood et al., "“Un quelato tetradentado de N;S; para
sintesls en fase s6lida: Tecnecio, Renio en Quimica y Medi-
cina Nuclear” (A N;8;-Tetradentate Chelate for Solid-Phase
Synthesis: Technetium, Rhenium in Chemistry and Nuclear Me-
dicine) (1599), Vol. 5, p. 71) y N-hidroxisuccinimida (45,5
mg, 0,4 mmol) en 5 ml de diclorometano se le agregd gota a
gota una soluci6n de diciclohexilcarbodiimida (81,4 mg, 0,4
mmol) en 3 ml de diclorometano. Se agité la suspensién re-
sultante durante toda la noche a temperatura ambilente.

Luego de filtrar, se evapor6 la solucién resultante ba-
jo presién reducida. El1 producto deseado, N“-(S-tritil-2-

mercaptoet-1-il) -N“- (S-tritil-5-mercapto-3-aza-2-oxopent-1-
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11) -N-{5-cloro-2-[2- [4- (4-fluorobencil) -2- (2R) -metilpipera-
zin-1-il] -2-oxoetoxi) fen-1-il}glicinamida (352mg, 79,2%), se
alslé luego de una cromatografia socbre gel de silice (elu-
yente: diclorometano/metanol, 98:2) como un pelvo blanco.
Anilieis elemental:
Calc.: C 71,36 H 5,90 N 6,30 05,76 8 5,77
Encontrado: C 71,08 H6,13 N 6,05 O 8§ 5,52

B. Se dieolvié N°-(S-tritil-2-mercaptoet-1-il)-N"-(S-
tritil-S-mercapto-3-aza-2-oxopent-1-il)-N-{5-cloro-2-[2-[4-
(4-fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-
1l-il}glicinamida (111,1 mg, 0,1 mmol) en 5 ml de &cido tri-
fluorcacético. Luego de agregar 48 pul (0,3 mmol) de trietil-
silano la suspensién resultante se agité durante 15 min. a
temperatura ambiente. El filtrado se evaporé bajo presién
reducida y el residuo se triturd con 7 ml de éter dietilico.
El precipitado se agitd durante 1 hora a temperatura ambien-
te y se elimind por filtracién, rindiendo el producto desea-
do, sal de &cido bis-trifluvoracético de N-Ez-mercaptoet-l-
il) -N- (5-mercapto-3-aza-2-oxopent-1-il) -N-{5-cloro-2- [2- [4-
(4-fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxocetoxi] fen-
1-il}glicinamida, (75mg, 87,8%) en forma de un sélido blanco.
Andlisis elemental:
Calc.: C 44,99 H 4,60 N B,20 O 14,98 8§ 7,51
Encontrado: C 44,71 H 4,89 N B8,03 O 8 7,22

C. Tartrato disédico (1 mg) tartrato disSdico y sal de
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dcide bis-triflucoracético de N-{(2-mercaptoet-1-il)-N- (S5-mer-
capto-3-aza-2-oxopent-1-il) -N-{5-cloro-2- [2- [4- (4-fluorcben-
cil) -2-(2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-il}glici-
namida, (100 ug) se dieolvieron en 500 pl de buffer fosfato
de sodio (0,1M, pH= 8,5). Luego de agregar 37,5 mBg de elua-
to generador de **™Tc, se agregaron 5 pl de solucién de clo-
ruro de estafio(II) y se calentd la mezcla durante 10 minutos
a 100°C. El andlieis por HPLC mostr$ un pico principal indi-
cando que el producto deseado,Complejo de tecnecio-99m de
N”-(2-mercaptoet-1-il) -N“ - (5-mercapto-3-aza-2-oxopent-1-1il) -
N- (5-cloro-2-[2-[4- (4-fluorobencil) -2- (2R) -metilpiperazin-1-
il] -2-oxcetoxi] fen~1-il)glicinamida,se sintetizé con una
RCP> 91 %.
Ejemplo 9

Camplejo de tacnecio-99m de N-(2-mercaptoet-1-il)-N-(5-mer-
capto-3-azapent-1-il)-N-{5-cloro-2-[2-[4- (4-fluorobencil) -2-
(2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-il}glicinamida

A. A una soluci6n agitada de 5-cloro-2-[2-[4-(4-fluoro-
bencil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] anilina
(156,7 mg, 0,4 mmol) y trietilamina (40,5 mg, 0,4 mmol) en 5
ml de diclorometano se le agregf gota a gota una solucién de
cloruro de a-bromoacetilo (63 mg, 0,4 mmol) en 3 ml de di-
clorometano. La solucién resultante se agit6 durante toda la
noche a temperatura ambiente. Se evapor6 el solvente bajo

presién reducida. El producto deseado, N-{5-cloro-2-[2-[4-
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{4-fluorobencil)-2- (2R) -metilpiperazin-1-il] -2-oxcetoxi] fen-
1-il}-2-bromoacetamida (175 mg, B85,3%), se aisld luego de
una cromatograffa sobre gel de silice (eluyente: diclorome-
tano/metanol, 99:1) como un polve blanco.
Andlisis elemental:
Calc.: C51,53 H 4,72 N 8,19 O 5,76
Encontrado: C51,28 H 4,99 N 7,92 O

B. Una solucién agitada de N-{5-cloro-2-[2-[4-(4-
fluorobencil) -2- (2R) -metilpiperazinl-il] -2-oxoetoxi] fen-1-
il}-2-bromoacetamida {165 mg, 0,42 mmol) y N,N-bis-[S-(4-
metoxi-bencil)-2-mercaptoet-l-il]letilendiamina (841,3mg, 2
mmol) (ein-tetizada de acuerdo con Z.P. Zhuang et al., Bio-
conjugate Chem. (1999), Vol. 10, p. 159) en 1,4-dlioxano(5
ml) se calenté bajo reflujo durante 24 horas. La mezcla de
reaccién resultante se evapor$ bajo presién reducida. El re-
siduo se disolvié en 15 ml de diclorometano y se lavd con
solucién acuosa saturada de carbonato de sodio. Luego de se-
car sobre MgSO, e evaporé el solvente bajo presién reduci-
da. El producto deseado, N-(S-(4-metoxibencil)-2-mercaptoet-
1-11) -N- (S- (4" -me-toxibencil) -5-mercapto-3-azapent-1-il) -N-
{s-cloro-2-[2-[4 (4-fluorobencil)-2- (2R) -metilpiperazin-1-
il] -2-oxoetoxi] fen-1-il}glicinamida (154 mg, 43%), se aisld
luego de una cromatografia sobre gel de silice (eluyente:
diclorometano/metanol, 9:1) como un polvo blanco.

Andlisis elemental:
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Calc.: C 61,99 H 6,50 NB,22 0 9,38 § 7,52
Encontrado: C61,71 H 6,58 NB8,03 O S 7,28

C. 8Se disolvi6 N-(S8-(4-metoxibencil)-2-mercaptoet-1-
il) -N- (S (4~ -metoxibencil) -5-mercapto-3-azapent-1-il) -N-{5-
cloro-2-[2-[4- (4-fluorobencil)-2- (2R} -metilpiperazin-1-il] -
2-oxoetoxi] fen-1-il}glicinamida (140 mg, 0,164 mmol) a 0°C
en S ml de Acido trifluoroacético. Luego de agregar Hg(OAc),
(104,5 mg, 0,328 mmol) la mezcla resultante se agité durante
30 minutos a 0°C y se saturd con H;6 durante 15 min. Luego
de filtrar se evaporf el solvente bajo presién reducida. Se
tritur6 el aceite amarillo resultante con 3 ml de é&ter di-
etfilico. Luego de filtrar se aislé el producto deseado, sal
de &cido tris-trifluoracético de N”-(2-mercaptoet-1-il)-N--
{5-mercapto-3-azapentl-il) -N-{5-cloro-2- [2- [4- (4-fluoroben-
cil)-2-(2R) -metilpiperazin-1-11] -2-oxoetoxi] fen-1-il}gli-
.cinamida, {126 mg (80,5%), como un polvo blanco.
Anilisis elemental:
Calc.: C 42,79 H 4,44 N 7,34 O 15,09 § 6,72
Encontrado: C 42,48 H 4,73 N 7,02 O 8§ 6,76

D. Se disolvieron tartrato disédico (1 mg) y sal de
dcido tris-trifluoracético de N°"-(2-mercaptoet-1-il)-N“-({(5-
mercapto-3-azapent-1-il) -N-{5-cloro-2-[2-[4- (4-fluoroben-
cil) -2- (2R) -metilpiperazin-1-il] -2-oxoetoxi] fen-1-1l}glici-
namida, (100 pg) en 500 pl de buffer fosfato de sodio (0,1M,

pH= 8,5). Luego de agregar 37,5 mBg de eluato generador de
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¥trc, se agregaron 5 pl de solucién de cloruro de estafio{(II)
y 8e calent§ la mezcla durante 10 minutos a 100°C. El an&li-
8is por HPLC mostré un pico principal indicando que el pro-
ducto deseado, complejo de tecnecio-95m de N- (2-mercaptoet-
1-il)-N- (5-mercapto-3-azapent-1-11) -N-{5-cloro-2-[2-[4- (4-
fluorobencil) -2- (2R) -metilpiperazin-1-il] -2-oxocetoxi] fen-1-
il}gli-cinamida, se sintetizé con una RCP> 95%.
Ejemplo 10
Localizacién inmunchistoquimicea de CCR1l en cerebros humanos

Materiales y métodos

Un primer grupo de muestras de tejido provenientes de
cerebros obtenidos por autopsia dentro de las 12 horas de la
muerte se utilizaron para la tinci6n inmunohistoquimica del
receptor CCR1 de quimioguina en la enfermedad de Alzheimer y
cerebros para control. Para todas las tiniciones inmunohia-
toquimicas e histogquimicas se utilizaron secciones de 5 um
de espesor ein tefiir provenientes de la corteza frontal y
del hipocampo, incluidas en parafina.

Las preparaciones se desparafinaron en xileno y se hi-
drataron en solucién salina al buffer fosfato con Triton
X100 al 0,005% (PBS-T). Para la microscopia &6ptica (usando
DAB como croméSgeno) se bloqued la actividad peroxidasa end6-
gena incubando las preparacioneas con H;0; al 0,0l% en meta-
nol durante 30 minutos. Se redujo la unién no especifica

bloqueando con suerco normal de cabra al 10% (NGS) en PBS du-
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rante 30 minutos. Se diluyeron los anticuerpos primarios
[Anti-CCR1 de conejo, (péptido N-terminal); anti-neurofila-
mento de ratdn; anti-GFAP de ratdn; anti-Tau de ratén (ATS);
anti-CD68 de ratén (clon KPl); anti-P-amiloide de ratém
(Boehringer Mannheim, #1 381 431); anti-CCR8 de conejo,
(péptido N-terminal)] en PBS-T y laB preparaciones se incu-
baron durante toda la noche a temperatura ambiente. Se com-
pletd la tincién usando un kit Biogenex ABC™. Todos los la-
vados utilizaron PBS-T. luego de completar la reaccién DAB,
las preparaciones se contratifieron ligeramente con Hematoxi-
lina de Gill, se deshidrataron y se montaron los cubreobje-
tos con Permount. Antes de montar los cubreobjetos, algunas
preparaciones se re-tifleron con anticuerpos contra péptido
AB usando métodos idénticos excepto que el cromSgeno fue
True Blue™. Para los estudios de inmunofluorescencia de
marcado doble se desparafinaron las preparacicnes, se blo-
quearon con NGS al 10%, y se incubarcn durante toda la noche
con un céctel de ambos anticuerpos primarios. Las prepara-
ciones se lavaron con PBS-T y luego se incubaron con un céc-
tel de anticuerpos secundarios de cabra, cada uno a una di-
lucién 1/50. Para evitar la confusién proveniente de 1la
fluoreacencia endégena del tejido {amarillo verdosa),se con-
jugaron los anticuerpos secundarios tanto con Cy3 (€mex=
565nm; cabra-anti-ratén, Amersham) como con Cy5 (€max=700 nm;

cabra-anti-conejo, Amersham). Se observaron las preparacio-
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nes en un microscopic confocal con un léser criptén-argén
(modelo 2010, Molecular Dynamics, Sunnyvale, CA).

Subsiguientemente, Be obtuvo un segundo grupo de teji-
dos cerebrales compuesto de 10 casos de edad avanzada cognil-
tivamente normales y 40 casos provenientes de pacientes de
enfermedad de Alzheimer para quienes se hizo una estimacién
de puntaje de demencia clinica (CDR) y ee evalué su expre-
8i6n inmunohistoquimica de CCR1. Las muestras se tifieron pa-
ra CCR1 y otros marcadores segfin se deacribif anteriormente
excepto que los anticuerpos monoclonales {clon #6D5) especi-
ficos para A% (un marcador para depéeitos amiloides difu-
808, tempranos asi como para placas neuriticas mAs maduras)
ge obtuvieron de la Dra. Ursula Moenning. Dichos anticuerpos
se visualizaron con Vector Red™ (Vector Labs). La Dra.
Moenning también proporcioné anticuerpos monoclonales espe-
cificos para A" (clon #13E9),un marcador para placas en-
contrado en etapas tardias de enfermedad, que se visualizé
con True Blue™®.
Resultados

En ambos conjuntos de cerebros, &reas con patologia de
la enfermedad de Alzheimer mostraron un patrém de tincidén
caracteristico. Se encontr$ inmunorreactividad CCR1 asociada
con placas neuriticas (es decir, seniles) tanto en la forma-
cién del hipocampo como en la corteza cerebral.

Las estructuras inmunotefiidas eran redondas a ovaladas
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y usualmente no se asociaban con cuerpos celulares. Las mis-
mas variaban de tamafio y parecfan estar llenas de un mate-
rial granulado punteado. Se encontrd que dichas estructuras
formaban “coronas” alrededor de los depSsitos amiloides en
placas seniles, pero eran distintos de los Af en si (Figuras
1-4). La parte superior de la figura 1 muestra una placa
neuritica con una corona de procesoe positivos ante CCR1.
Algunas veces los cuerpos celularee neuronales de algunas
neurcnas CAl y CA3 en casos de la enfermedad de Alzheimer
resultaron tefiidas por anticuerpecs CCR1. La Gltima parte de
la figura 1 ilustra dicho descubrimiento. Dicha tincién era
diferente de las redes neurofibrilares (NFT) o cuerpos gra-
nulovacuolares, aunque normalmente estaba presente en las
seomas de neuronas con dichos cambios degenerativos.

Segin see ilustra en la figura 2, la pre-incubaclén de
anticuerpos con un polipéptido 16-mer de la regién extrace-
lular (N-terminal) de la proteina receptora de CCR1 blogqued
completamente toda la tincién de tejido. En particular, la
imagen superior en la figura 2 muestra una falta de tincién
en cerebro con la enfermedad de Alzheimer con anticuerpos
CCR1 pre-incubados con el polipéptido mientras que la imagen
inferior de la figura 2 muestra muchas estructuras CCR1-po-
sitivas en una seccifn con las mismas caracteristicas tefiida
con anticuerpos no incubados.

Los estudios de marcado doble mostraron que casi todas
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Seqglin se muestra en la figqura 4, las estructuras CCR1l-
positivae se asociaban con placas neuriticas que contenian
AP'"*3, En placas difusas (Figura 5) ABP'™? no se asociaba tI-
picamente con CCR1 nl con ninguna respuesta celular signifi-
cativa.En casos mis avanzadoe de enfermedad de Alzheimer, se
vieron muchas mie placas AB'*°-positivas. Seglin se muestra
en la figura 3,algunas de las mismas,aunque no todas se aso-
claban con tincién CCR1. En alguncos casos las placas CCR1-
positivas se hallaban completamente libres de tincién Af*™1°.

En casos severos de enfermedad de Alzheimer donde se
vieron pérdida neuronal y gliosis significativas, los astro-
citos reactivos en el subiculo y la corteza entorrinal tam-
bién resultaron CCRl-positivos. En casos menos geveros, no
eran comunes los astrocitos reactivos CCRl-positivos.

La microscopia confocal de secciones doblemente marca-
das mostré que la inmunorreactividad CCR1 se co-localizaba
con procesos positivos ante neurofilamentos. El1l marcador ma-
créfago/microglial, CD6B, no se asocié con la tincién CCR1,
ni tampoco el anticuerpo ATS contra proteina Tau fosforilada
anormalmente. SegGn se esperaba de los estudios de microsco-
pla 6ptica, la imnmunorreactividad CCR1 se co-localizé con
GFAP en &reas de astrogliosis.

Los leucocitos presentes dentro de los vasos cerebrales
fueron fuertemente positivos ante CCR1 tanto en enfermedad

de Alzheimer como en tejidos cerebrales de control, sirvien-
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do como controlese internos positivos para los métodos de
tincién. N&6tese la tincién CCRl-positiva de dos células
intravasculares en la figura 5 (flechas). Alg(in material
CCRl-positivo también se muestra con un asterisco, pero en
general, las placas difusas no se asocian con CCR1.

Se emprendié una evaluacién cuantitativa de la cantidad
de estructuras similares a placas CCRl-positivas en el hipo-
campo, usando tejido del hipocampo del segundo estudio (don-
de se agruparon los paclentes en categorias clinicas conoci-
das mediante puntaje CDR). Se llevaron a cabo evaluaciones
histolégicas de secciones individualees bajo condiciones cie-
gas con respecto al estado clinico (CDR). Loa anilisis de
volumen se llevaron a cabo usando métodos de computacién im-
parciales.

La figura 3 muestra la relaciém histolégica entre neu-
ritas distrSficas CCR1l-positivas (teflidas en marr6n) y una
placa neurftica que contiene AP'™® (tefiida en azul). N6tese
que en la figura 3 los procesos CCRl-positivos difieren de
los amiloides. Las placas con AB'™*° eran discretas y se con-
taron f&cilmente, asfi como los grupos de neuritas CCR1-
positivas. Se evaluaron las placas de hipocampo para estimar
la cantidad de coronas CCRl-positivas,la cantidad de placas
Ap"*°-positivas,y la cantidad de placas que contienen ambos
marcadorea.

Se contaron las estructuras por regién (por ejemplo,
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CA3, CAl, y subiculo) dentro de la formacién completa del
hipocampo, incluyende la corteza entorrinal y luego se tota-
lizaron. Los valores son estimaciones relativas de la canti-
dad de estructuras en el hipocampo sBeqin lc representado por
secciones transversales de la formacién del hipocampo de 5BPm
de espesor. La figura 6 muestra la relacién entre CCRl y
AP*® por puntaje CDR.

La cuantificaci6én de la cantidad de AP'™? requirié una
técnica diferente porgque AP'™*? era més abundante y formaba
placas “difusas” gue no se podrian enumerar facilmente (véa-
se la figura 5). Para dichas placas se utilizé un método
asistido por computadora (C.A.S.T. sistema de estereologia)
para estimar el &rea de corteza entorrinal ocupada por AB'"
43 Be expresé dicha 4rea como un porcentaje del &rea total
de corteza sobre la placa. Las aréas ocupadas por placas
neuriticas y difusas se contaron por separado. La platina de
microscopio manejada por computadora asegurd la evaluacién
al azar (imparcial) de las secciones de tejido. En la figura
7 se compara el volumen % de corteza entorrinal ocupada por
AP**? (tanto difusa como neuritica) con la cantidad de pla-
cas CCRl-positivas en una seccién de corteza entorrinal con
las mismas caracteristicas.

La figura 6 muestra que en la enfermedad de Alzheimer
la cantidad promedio de neuritas distréficas CCRl-positivas

en el hipocampo aumenta como una funcién del puntaje CDR. La

9,08
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cantidad de estructuras positivas en la etapa temprana de la
enfermedad de Alzheimer (CDR 0,5) aumenta sobre los niveles
de control (CDR 0). Aunque las diferencias entre los grupos
de control y de enfermedad de Alzheimer no se hizo estadis-
ticamente significativa hasta el grupo CDR 2, dichos patro-
nes de expresién apoyan la conclusién que CCR1 est& regulado
en forma ascendente en procesos neuronales distré6ficos afin
en etapas muy tempranas de la enfermedad de Alzheimer. N&te-
se que la cantidad de placas AP'™*? no aumenta hasta etapas
mie tardias de la enfermedad. De esa manera, la expresién
CCR1 en tejido cerebral se puede considerar un indicador re-
lativamente temprano de la enfermedad de Alzheimer.

En la figura 7 se muestra la correlacidén entre la can-
tidad de placas CCRl-positivas en la corteza entorrina y la
cantidad de AP, En general, los niveles de CCRl1 en la
corteza entorrina aumentan a medida que aumenta el estado de
enfermedad; sin embargo, el Area mostrada es mucho més pe-
quefia que el drea que se muestra en la figura 6. Sin embar-
go, nétese que los niveles de AB'™*? aumentan en las primeras
etapas de la enfermedad.

Ejemplo 11
Estimacién de la disponibilidad cerebral, usando un trazador
marcado con ¢

Se prepar6 un anflogo de *C de 1-(5-cloro-2-{2-[(2R)-

4-{(4-fluorobencil) -2-metilpiperazin-1-1il]-2-
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oxoetoxi}fenil)urea y se utilizé para estudios farmacociné-
ticoe de dieponibilidad cerebral. Se inyectaron ratones en
forma i.v. a través de venas yugulares encanuladas con el
andlogo a 36 mg/kg conteniendo 334.000 dpm por doeis. Se sa-
crificaron los ratones {(en grupos de cuatro) a 1, 15, 30,
120, y 1440 minutos luego de la inyeccién mediante inhala-
cién de CO; seguido de puncibén intracardiaca para eliminar
la sangre completa. Luego se les abri6 el pecho y los rato-
nes se perfundiercn a través del corazén con solucién salina
al buffer fosfato durante cinco minutos para eliminar la
droga radiocactiva repidual del compartimento de la sangre.
Luego Be extrajeron los cerebros, se pesaron, y Se muestred
la cantidad de radiocactividad en dos partes separadas de la
corteza cerebral. Se promediaron los niveles radiocactividad
por mg de tejido en las dos muestras y los datos se normali-
zaron al peso total del cerebro, segfin se ilustra en la fi-
gura 8. Las barras representan la desviacién esténdar (ne4
ratones por punto de tiempo). En particular, el gr&fico de
la figura 8 muestra que dos horas después de la inyeccién,
el total de la cantidad de desintegraciones por minuto (DPM)
para el anflogo de *C en cerebro completo de ratén disminu-
ye hasta niveles despreciables. En el punto de tiempo de un
minuto, los cdlculos mueetran que, en promedio, en el cere-
bro completo de ratém (pesoc promedio de 450g) se encuentra

aproximadamente un 3% de la dosis inyectada.
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Tamblén se analizé el contenido radiocactivo de las
muestras de plasma preparadas con la sangre completa extraf-
da de los ratones. Seglin se l1lustra en la figura 9 se compa-
ré a través del tiempo la cantidad de radioactividad en vo-
lGmenes iguales de cerebro y plasma como un porcentaje de la
dosis inyectada. El % de dosls inyectada (i.d.) que se en-
contrd por ml de plasma también disminuy5 a través del tiem-
po, alcanzando niveles despreciables luego de dos horas. Pa-
ra una comparacién con los niveles cerebrales, se normalizd
la cantidad total de DPM por cerebro a un pesc cerebral de
un gramo y e expresé como un porcentaje de la i.d. por gra-
mo de tejido cerebral. N&6tese que los cerebros ratém pesan
un promedio de aproximadamente 450 mg de tal manera que el %
de la i.d. en 1g de cerebro de ratén que se muestra en el
grifico sobrestima el valor real en aproximadamente el do-
ble. Es claro que los niveles del andlogo en el cerebro caen
junto con los niveles en plasma. Aunque el andlogo es lipo-
filico, el cerebro de rat6n normal no parece ser un sitio de
depSsito para el antagonista de CCR1.

Ejemplo 12
Expresién de CCR1l en otras Enfermedades Neurodegenerativas

Materialeas y Mé&todos

Se obtuvieron muestras histolégicas de tejido cerebral
de autopsia de un total de 29 cascs provenientes de siete

enfermedades neurodegenerativas diferentes (distintas de la

20F
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enfermedad de Alzheimer pura) y se estudié el contenido de
CCR1. Se inmunotifiieron las placas con anticuerpos contra
CCR1 seglin se describe en el ejemplo 10 citado anteriormente
Y se revisaron con respecto a la enfermedad neurodegenerati-
va especifica bajo condiciones ciegas. Subsiguientemente,
secciones con las mismas caracteristicas se marcaron doble-
mente con anticuerpos contra CCR1 (DAB como cromégeno) y
Ap*? (vVector Red™ como cromégeno) .

La enfermedades examinadas se mencionan abajo:

Enfermedad de Parkineon (PD) 6 casos
Demencia parkinsoniana de Guam 3 casos
Angiopatia congofilica 4 casos
Demencia multi-infarto (MID) 4 casos

Demencia con cuerpos de Lewy difusos (DLBD) 4 casos
Enfermedad de Pick ; 4 casos
Pardlisis progresiva supranuclear (PSP) 4 casos

Se clasific6é el contenido de CCR1 y AB*? de las placas
tefildas usando una escala histolégica de 0 a 4, con 0 como
ausencia de tincién, 0,5 indicando expresién rara, y grados
1 hasta 4 indicando niveles de expresién en aumento con 4
como muy abundante.
Resultados

Los Beis casos de enfermedad de Parkinson y los trea
cagos de demencia parkinsoniana de Guam fueron negativoe pa-

ra CCRl1. En los 4 casos de angiopatia congofilica, en 3 de
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los 4 casoB de DLBD, en 2 de los 4 cascs de PBP, y en 1 de
los 4 casos tanto de MID como de enfermedad de Pick, se ob-
servaron estructuras similares a placas positivas ante CCR1,
similares a las encontradas en la enfermedad de Alzheimer.
Los estudios de marcado doble confirmaron la suposicién que
dichas estructuras similares a placas positivas ante CCR1 se
asociaban con AP‘*?, seglin se encontr® en casos puros de en-
fermedad de Alzheimer (Ejemplp 10). La figura 10 muestra los
regultados de las evaluaclones patolégicas en forma grifica
para todas las enfermedades excepto para la de Parkinson
(que es negativa ante CCR1 en cerebro). Bésicamente, nunca
se encontré expreesién CCR1 en muestras de tejido cerebral a
no ser que también resultaran presentes placas neuriticas
positivas ante AB*-3.

Después de la ruptura del cédigo, se descubrié que el
caso de enfermedad de Pick que mostraba expresiém CCR1 tam-
bién llevaba el diagnéstico de enfermedad de Alzheimer. Los
dos casoe de PSP con CCR1 también resultarocn diagnosticados
con enfermedad de Alzheimer concurrente. La angiopatfa con-
gofilica y DLBD son enfermedades que se asocian estrechamen-
te con la patologia de la enfermedad de Alzheimer.

Por lo tanto, no es sorprendente que también podrian
tener altos niveles de expresiém CCR1 asociados con ABR*?. En
poblaciones de edad avanzada frecuentemente se da el caso

que la patologia de la enfermedad de Alzheimer enmascara
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otros procesos de enfermedad. Se encontrd que esto sucedia
en uno de cada cuatro casos de MID. Dichos resultadoe sugie-
ren que CCR1 es un marcador que se asocia estrechamente con
la patologia de la enfermedad de Alzheimer (especificamente,
placas neurfticas AP*?-positivas) dejando de lado otros pro-
cesos patolégicos concurrentes que pueden estar presentes en
el cerebro. Como tal, es probable que sea altamente especi-
fico para la patologia de la enfermedad de Alzheimer y por
lo tanto puede ser 1til como un marcador sustituto para
diagnosticar el progreso de la enfermedad.

Como se ha deacrito la presente invencin con referen-
cia a las formas de realizacién especificas de las mismas,
aquellos experimentados en el arte deberlian comprender que
se pueden hacer diferentes cambios y Bse pueden sustituir
equivalentes sin apartarse del verdadero espiritu y alcance
de la invencién. Ademéds, se pueden hacer muchas modificacio-
nes para adaptar una situacif6n en particular, material, com-
poeicién de materia, proceso, paso o pasos de proceso, al
objetivo, espiritu y alcance de la presente invencién. Todas
dichas modificaciones se encuentran dentrc del alcance de

las reivindicacionesa anexas.

g H



REIVINDICACIONES

1.Un compuesto, CARACTERIZADO PORQUE es de férmula

O

X' y X* pon cada uno; independientemente entre si, halo;

{I):

donde:

R! y R? son cada uno, independientemente entre sf, hidrégeno
o algquilo; ¥y

R? es hidrégeno, amina, monoalquilamina, dialquilamina,
monoaralquilamina, alquilcarbonilamina, alquenilcar-
bonilamina, haloalquilcarbonilamina, arilcarbonilami-
na, alcoxialquilcarbonilamina, alcoxicarbonilalquil-
carbonilamina, glicinamida, monoalquilglicinamida,
arilcarbonilglicinamida, aminocarbonilglicinamida,
(aminocarbeonil) (alquil)glicinamida, (alcoxialquilcar-
bonil)glicinamida, ureido, monocalquilureido, monoari-
lureido, monoaralquilureido o alaninamida;

y donde cualquiera de X' o X? se selecciona del grupo forma-

do por ¥y, 1a5p, 1281 1311 7y, Mpr, "pr'y ®r; o donde uno

de los atomos de carbono en el compuesto es !C; o una sal

aceptable para uso farmacéutico de los miamos.

2.Un compuesto, CARACTERIZADO PORQUE es de férmula

949
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(II):

m{,./—O’ "’
x\{}c\_{ R .

N(RYR®
donde
X! y X? son cada uno, independientemente entre si, halo;
R! vy R? son cada uno, independientemente entre sf, hidrégeno
o alquilo; y
R* es hidrégeno; y
R® comprende un quelante capaz de unirse a un dtomo de
metal radioactivo seleccionado del grupo formado por
99npc, 1%Re y !°Re; o como un complejo con **™Tc, %Re
y ®Re; o una sal aceptable para uso farmacéutico de
los mismos.
3.El compuesto de la reivindicacién 1 o la reivindi-
cacibén 2, CARACTERIZADO PORQUE dicho compuesto se une al re-
ceptor de la quimioquina CCR1 y atraviesa la barrera hema-
toencefélica.
4 .El compuesto de la reivindicacién 1 o la reivindi-
cacién 2, CARACTERIZADO PORQUE R' es metilo en la posicién 2
del radical piperazinilo y R? es metilo en la posicién 5 del
radical piperazinilo.

5.El compuesto de la reivindicacién 1 o la reivindi-



A

cacién 2, CARACTERIZADO PORQUE R! es metilo en la posicién 2
del radical piperazinilo y R? es hidrégeno.
6.El compuesto de la reivindicacién 1, CARACTERIZADO
PORQUE X' es cloro en la posicién 4 del radical fenilo y X?
es un dtomo de 18 F en la posicién 4 del radical fenilo.
7.El compuesto de la reivindicacién 2, CARACTERIZADO

PORQUE R® es un quelante de f6rmula (III):
H
N
\“/\N/\“/ \/\SH
()
o) (o

SH
8.E1l compuesto de la reivindicacién 2, CARACTERIZADO

PORQUE R®° es un quelante de f6rmula (IV):
H

o

SH

9.E1 compuesto de la reivindicacién 7 o de la rei-
vindicacién 8, CARACTERIZADO PORQUE R* adem&s comprende un
grupo ligador que comprende un radical alquilo que tiene uno
a diez atomos de carbono, donde el radical alquilo contiene
optativamente uno a diez grupos -C(0)-, uno a diez grupos -
C(O)N(R)-, uno a diez grupos -N(R)C(0)-, uno a diez grupos -
N(R)-, uno a diez grupos -N(R)z, uno a diez grupos hidroxi,
uno a diez grupos -C(0)0O-, uno a diez atomos de oxIgeno, uno

a dlez dtomos de azufre, uno a diez &tomos de nitrégeno, uno
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a diez &tomos de halégeno, uno a diez grupos arilo y uno a
diez anillos heterociclicos saturados o insaturados, donde R
e8 hidrégenoc o alguilo.

. 10. El compuesto de la reivindicacién 9, CARACTE-
RIZADO PORQUE el grupo ligador es -C(Q)-CH;-N(H).

11. Una sal monoclorhidrato, CARACTERIZADA PORQUE
es de un compuesto de la reivindicaci6n 1 a la reivindica-
cién 10.

12, Una sal diclorhidrato, CARACTERIZADA PORQUE es
de un compuesto de la reivindicacién 1 a la reivindicacién
10.

@13. Un método de diagnéstico de la enfermedad de
Alzheimer en un ser humano, CARACTERIZADO PORQUE comprende
la administracifén a un ser humano que necesita dicho dia-
gnéstico de una compuesto acorde con la reivindicacién 1 a
12 y la medicifn de la radicactividad producida por la admi-
nistracién del compuesto a dicho ser humanos, ya sea median-
te camara gamma o tomografia de emisién de positrones (PET).

(P 14. Un método para usar un compuesto acorde con la

Jeivindicaci6n 1 a 12, CARACTERIZADO PORQUE es para la ela-
qﬁ}é .boracidn de un producto radiofarmacéutico destinado al dia-
gnéstico de la enfermedad de Alzheimer en un ser humano.

15. Un proceso para producir un compuesto de fér-
mula (I) acorde con la reivindicaciém 1, CARACTERIZADO POR-

QUE comprende hacer reaccionar un compuesto de f&6rmula (f):



: R‘?/—-N§
x‘\—- y S
Al

("
donde R!, R?, R}, y X! son como se definieron en la reivindi-

cacién 1, con un compuesto de férmula (b):
0

1'F
(b)

en presencia de un agente reductor.
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v

PRODUCTOS RADIOFARMACEUTICOS PARA EL DIAGNOSTICO DE LA EN-

FERMEDAD DE ALZHEIMER

RESUMEN
Usc de productos radiofarmacéuticos en el dilagnéetico
—— - p— . - — e —"
de la enfermedad de Alzheimer. En particular, los productos
— =

radiofarmacéuticos de la invencién tienen la capacidad para
atravesar la barrera hematoencefdlica y unirse al receptor
CCR1 presente en el tejido del cerebro de pacientes que pa-

decen la enfermedad de Alzheimer.
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Figura 6

CCR1 y amllokie1-40 en el hipocampo
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Cantidad de sstructuras positivas para CCR1

Figura 7

CCR1 y amliolde1-42 en la cortera entorrinal
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Figura 8

Disminucién de DPM total en cerebro en el tiempo

P

LRI TR -—.-;—------'-J-. . = -

U S

KL
cper - '.._ S

B QRN RS | LA
e S R % it

Cwrm o et o o et s s & e s eeed




ntaje de dosis

Figura 9

Porce
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Figura 10
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ABSTRACT

This invention is directed to the use of radiopharmaceuticals in diagnosing Alzheimer's disease. in
particular the radiopharmaceuticals of the invention are able to pass through the biood-brain barrier
and bind to the CCR1 receptor present in brain tissue of patients having Alzhelmer's disease.
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From the o
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 030/ Y4890 S 9
To:
PCT
SCHERING AKTIENGEBELSCHAFT F
Mallersirasse 178
NOTIFICATION OF TRANSMITTAL OF
D-13342 Bertn THE INTERNATIONAL PRELIMINARY
EXAMINATION REPORT
(PCT Rule 71.1)
Duie of maling
(dapimorthiyos)  11.02.2003
Appicant's or agant's fiia refereios
517B3AWOM1XXD0-P INFORTANT NOTIFICATION
PCT/EP01/126807 0171172001 06/11/2000
pr—

SCHERING AKTIENGESELLSCHAFT

1. The applicant Ia heraby notifled that thia Intemational Prefiminary Examining Authority transmiis herewith the

2. Ampyafmonportmdhmﬂw.bbelmtwsmlﬂndhhlnhmmmhmmunhaﬂm
to all the electad Offices.

Where requirad by any of the elected Offices, the InhnulhnalBumauMllplqnmunErglinhtruullﬂonuﬂha
(hutnotofnnym)nndvﬂllnnmutmhnmluﬂonbmomm '

The appficant must entar the national phase bejore each electad Office by performing certain acts (fling
translations and paying national fses) within 30 months from the priority date (or tater in some Offfoas) {Artiale
36(1)) (sae aiao the reminder sant by tha intemational Bureau with Form PCT/1B/301). .

Whears a frangiation of the Internatione! epplicaiion must be fumished to an elected Office, that transiatfon must
conialn a translation of any annexaa io the Inlemational preliminary examination report. It Is the applicant’s
responalbility to prepare and furnish such transiation directly to each electad Office concernad.

For furthar details on the appiicable ime limits and requirements of the elected Offices, see Volums Il of the
PCT Applicant’a Guide.

For the purpose of deciding whether the claimed invention ia patantable or not, the electad Offices may apply
criterin additional to or different from the criteria on which the international preimingry examination report is
based (see Articles 27(5), 33(5)). Additional criterla may include e.g. mﬂompmnhblltvwm
requiramants of enabliing disclosure and of clarily and support of claime.

 ——

P ————
Nane svxl raling sidresy of the IPEA/

|

— Eropesn Patent Ofice

D-80298 Ahmich

Tal. +48 80 2300 - 0 T 522056 epmu ¢
Fax: +48 80 2500 - 4468

Internationa! preiminary examinafion raport and s annexas, ¥ any, establishad on tha Intemational application.

Form PGTAPEA/MAS (July 1062)
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PCT
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INTERNATIONAL PRELIMINARY EXAMINATION REPGRT
(PCT Article 36 and Rule 70)

Appicarts or sga's i relerance -
51783AWOM1XX00-P FOR FURTHER ACTION :-!lrlmh:mlm Hlm:IFun PCTAPEA416)
Inemational appiation No. irbernasionsl fling dele (deyinanthyeer) Priorty e (daytmontyyaas)
PCT/EPO1M2607 01/ 1/2001 08/11/2000

irawrmationsl Patant Class¥fication (IPG) or netiorsl claasificaion and |PC

Co70295M18

Applicant

SCHERING AKTIENQESELLSCHAFT

2. Thia REPORT conelsts of a iotal of TMIWMHEMM

These annaxas consist of n ioial of shesbs.

1. This intamational preliminary examination report has bean prapared by this Intermational Pre¥minary Examining mw‘
and is transmitted to the epplicant scconding to Articla 28.

O This report e slsc accompaniad by ANNEXES, i.e. shests of the description, clalms snd/or drawings which have
unwwmmmwmhupmmu-uummwmmﬁummmw
(eee Rulde 70.18 and Saclion 807 of tha Administrative instructions under the PCT).

|
]
m
v
v

Bagls of the eport
Priority

vi
i
Viii

OO0 eOoRQ0O®

3. This repmrt containe Indications rolating i the fullowing fhema:

Non-saimblishment of oplnion with regard to novelly, Invarﬂnuqur:l Mﬂlupplblbllw
Lack of unity of invention

Aessonad stalement under Arliols with o invaniiva industrial
e m regard m =imp or lpplul:llly

Cantaln documenis ched
Cartain defecis in the international applioatian
Cartain observations an the inlsmational spplioation

®

Date of submission of the demend Dane of complation of this rapart
0RMS2002 11.02.2009
Name an maling sk of thy nisrraiionsl Aultevicsd ollioer
preliminary esxamining authorty:
D-areps Aunich rassi
Tal. +40 90 5300 - 0 Ty: 523608 apmu d G D . .
Fec +40 89 7300 - 4488 Telaphons No. +40 80 2300 8430

Form PCTAPEA/4DS (covar shast) (eruary 1954)
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INTERNATIONAL PRELIMINARY .
EXAMINATION REPORT imemational appiication No. .PCT/EP01/12807

I. Basals of the report

1. With regard to the alsments of the Internations! application {Replacemeant sheets which have been fumished o -
tha recalving Office in response [0 an invitalion under Article 14 are referred io in this report as “originally fled”
and are not annexed o this raport since they do not contain amendments (Rules 70.16 and 70.17)): .

Description, pages:

1-45 an onginally filed
Claimsg, No.:

1-15 as odginally filed
Drawings, sheels:

1-10 as ofiginally filad

2. With regard to the language, all the elements marked above were avallable or fumishad to this Autharity in the
language in which the kmernational application was flled, unlass ctherwise indicated under thia llem. -

Thess elemenis ware avallable or furnished io this Authority in the following language: , which le:

O the language of a transiation fumished for the purposes of the iInemational search {(under Rule 23.1{)).
O the language of publication of the Intemational application (under Rula 48.3(b)).

O the language of a iranslation fumished for the purposss of intemational preliminary examination (under Rule
552 and/or 55.3).

3. With regard to any nucleotide and/or amino acid aaquence disciozad In the Intemational application, the
International preliminary examination waa carried out on the basis of the sequence fsting::

contained in the intamational appiication in wiitten form.

fllad together with the international application In computar raadable form.
fumnishad subsequently to this Authorlty in written form.

fumnished subsequantly to this Authortty In computer readabile form.

mmmmmﬂmewwmmlhﬂmmmeMdbdmmh
the intamational application as filed has been fumiahed.

The stztemant that the Information mhmmmumbmmnmm
listing hae been jumished.

O Ooogoo

4. The amendments have resultad in the cancelledion of: .

£ the description, pages:
O the claims, Noa.:

Form PCTAPEA/MOD (Boxes |-V1], Shast 1) (huly 1508)
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INTERNATI NAL PRELIMINARY _ .
EXAMINATION REPORT Interngtional applicetion No: PGT/EP01/12607

O the drawings, sheets:

5. [0 This report hes been estabfiahed as if (some of) the amendments had not been made, since they have bean
considered i go beyond the diaciosure as fled (Rule 70.2{c)):

{Any replacement shaet containing such amendments must be referrsd to under fem 1 ard annexed 1o ihis
)
8. Addlitional observations, if necessary:

HL Non-esteblishmant af opinion with regard to noveily, iiventive step and indusirial applicabliity

1. The questions whether the claimed invention appsars to be novel, to invoive an Inventive atep (to be. non-
obvious), or to be industrialiy appiicable have not been examined in respect of:

0 the entire intemational application. . . .
B claima Nos. 13.

because:

B the sald International appliaatian, of th said claims Nos. (with respect to Incustrial appilcabliity), relais o the
foliowing subject matter which does not require an Intemational preliminary unmlnaﬂm (speaify):

250 soparate shest

D Ilndnulpllon. claims or drawings (indicate perticulsr elemenis below) or sald clalme Nos. are 80 unciear
that no meaningful opinion could be formed (specify):

O the claima, or saki claims Noa. are »o Inadequately supported by the deacription that.no meaningful opinion
oould ba formed.

O no ntemational saarch report has been established for the saki claims Nos. .
2. A meaningful intermnational prefiminary examination cannct be carried out due to the fallure of the nuciectide

and/or amino acld saguenas Reting 1o comply with the standard provided for In Annex C of the Adminlstrative
Insiructions:

1 the written form has not baen furnished or does not comply with the standard. -
O the computer readable form has not been fumished or does not comply with the standard.

V. Ressonad stalament under Article 35(2) with rogard to novelty, mmwmww
¢itations and explarations supporting auch statemant

1. Statement
Noveity (N) Yea: Claimg 1-15

Farn PCTAPEAMOD (Baxes -V, Shest 2) Ly 1008)
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INTERNATIONAL PRELIMINARY .
EXAMINATION REPORT intamational application No.: PCT/EP0O1/12607
No: Claime

Inventive step (IS) Yes: Claims
. No: Claims 1-15

industria! applicability (IA) Yes: Claims 1-12,14,15
No: Claims

2. Chatlons and explanations
so0 separets sheot |

Form PCTAPEAADD {Bonam VI, Bhast 3) (July 1998)
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INTERNATIONAL PRELIMINARY intemational application No. PCT/EPQ1/12607
EXAMINATION REPORT - SEPARATE SHEET

Claim 13 relates to aubject-matter consaidered by this Authority to ba covered by the
provisions of Rule 67.1(lv) PCT. Consequently, no oplnion wili be formulated with
respect to the industrial applicability of the subject-matter of these claims (Article
34{4)(a)()) PCT).

Re tam V

1) Reference is made to the following documents:
D1: BERGSTROM ET AL.: 'lodine-123 labelled Z-(R,R)-IQNP: a potsntial
radioligand’ EUROP. J. NUCL. MED_, vo!. 26, no. 11, 1999, pages 1482- 1485,
cited in the application
D2: US-A-8207665 (family member of WO-A-9858771)
D3: WO-A-99515984
D4: WO-A-9216239
D5: OYA S ET AL: 'Small and Neutral TcO BAT, Bisaminoethanethiol (N252)
Complexes for Developing New Brain imaging Agents’ NUCLEAR MEDICINE
AND BIOLOGY, ELSEVIER SCIENCE PUBLISHERS, NEW YORK, NY, US, vel.
25, no. 2, 1 February 1998 (1998-02-01), pages 135- 140
D6: US-A-5819797

2) The subject-matter of present claims 1-15 Is new (Article 33(2) PCT).
The state of the art does not comprise radiopharmaceuticals according to claim 1
or2.

3) The subject-matter of claims 1-15 does not involve an inventive step (Article 33(3)
PCT).

D1 discloses radioligands for visualisation of M1 and M2 muscarinic.acetyicholine
receptors (mAChR) in Alzheimer's disease. Reduced dansity of mAChR is a
marker for the degeneration of the cholinergic system In Alzheimer's disease and
therefore radioligands for brain imaging of mAChR with PET and SPET were
developed. The presynaptic M2 mAChR subtype 18 of particular imerest with
respact to the degeneration of the cholinergic ayatem in Alzheimer's disaase (cf.
introduction). For the said purpose the known IQNP having a high affinity for the

Form PCT/Separam Shaet/400 (Shaet 1) (EPO-Apri 1997)
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INTERNATI NAL PRELIMINARY. international application No. * PCT/EP01/12607
EXAMINATION REPORT - SEPARATE SHEET .

M1 and M2 mAChR subtype was prepared in a radiclabeled form.

D1 teaches that Alzhelmer's disease may be diagnosed by PET or SPET using a
radiolabeled compound having a high affinity for a receptor involved in the
development of Alzhelmer's diseass. ,

The technical problem underlying the present application is seen In the prowslon
of aternative agents for the diagnosis of Aizhelmer's disease. .

The compounds according to claim 1 appear {0 solva the problem, because the
unlabeled-counterparts ware shown 1o be GCR1 receptor antngonlsts (cf. D2,
examples 25 and 26).
The compounds according to clalm 2, generically refer to compounds of formula
. (If) containing an additional chelator capable of binding a radioactive metal. Such
a definition of the invention by the result to be achieved cannot be allowed (cf.
guidelines 11I-4.7), because the invention can be defined more precisaly (cf. claims
7-10). However, the compounds according to claims 7-10 were not shown to bind
to the CCR1 receptor, therefore, It can not be decided whather the said
compdunds soive the technical problem or not.

The proposed solutions according to claims 1 does not Involve inventive activity.
D2 diacioses uniabeled compounds corresponding to the formula (I) of claim 1 {cf.
D2, claima 1, 4-6). The sald compounds inhibit the activity of the chemokines MIP-
1 and RANTES by binding to the CCR1 receptor (cf. column 28, lines 31-38) and
are useful for the treatment of Inflammatory disorders as Alzhelimer’s disease (cf.
column 25, lines 35-47).
The combination of D2 with D1 prompis the skilled person faced with the above
. mentioned problem to prepare radiolabeled analogues of the compounds of D2 for
diagnosing Alzheimer's disease. The present claim 1, encompassing such
analoguas, does therefore not involve inventive activity. -

Additionally, D3 disclosas labeled compounds useful in PET and SPECT scanning
to detect, non invasively, neurodegenerative disorders. The said compounda bind
to peripheral benzodlazepine receptors which are used as markers:of
neurodegensration (e.9. Alzheimers disease, cf. pages 1 and 2). Similar to D1,
document D3 teaches that Alzheimer's disease may be diagnosed by PET-or

Form PCT/apuraie Shast'400 (Shaet 2) (EPO-Aprd 1007)
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SPECT using a mdiolabsled compound having a high affinity for a raneptor
involvad in the development of Alzheimer's disease.

in analogy to the combination of D1 with D2, the comblnation of D3 wrth D2 also
prompts the skilled person to the present labelled compounds according to ¢laim
1.

Furthermore, D4 discloses radlopharmaceuticals for the detection of Aizhelmer's
disease. Simllar o D1 and D3 a radiolabeled ligand for a receptor involved in
Alzheimer's disease is used as Indicator of the said (cf. pages 1 and 2). In analogy
to the arguments presented with respect to D1-D3, the combination of D4 with D2.
renders the present ciaim 1 obvious.

®

The document D6 discloses that the ability of analog compounds tq bind to
localized ligands within the body would maks It posalble, in principle, to utilize
such compounds for in sltu imaging of the ligands by PET, SPECT .and similar
Imaging methods. in principie, nothing need be known about the nature of the
igand, as long as binding occurs, and such binding is gpacific for a class of cells,
organs, tissues or raceptors of interest. PET imaging is accomplished with the ald
of tracer compounds labeled with a positron-emitting isotope (cf. column 1). The
isotopes G, ™F, 21, ™"7Br and *Br are proposaed as positron emitters (cf.
column 2). The compunds of D6 are useful for emission tomography, especially so -
whare the same chemical entity can be used for both positron emission

tomography (PET) and for singie photon emission computed tomography

(SPECT). The high in vitro binding affinities for the serotonin transporter also

provide pharmaceutical utility for the dlagnosis, treatment or management of a

variety of psychiatric, pgychomoter and addictive disorders such s depression,
obsessive-compulsive disorder, Parkinson's disease, Alzheimer's disease and .
alcohol abuse (cf. column 4). In analogy to the arguments presented with respect

to D1-D4, the combination of D6 with D2 renders the present claim 1 obvious.

Although the document D5 discloses TcO BAT-complexes for developing
raceptor-specific brain imaging agents (cf. titie). The compounds according to
claim 7-10 could be regarded as involving inventive activity, If the applicant
showed that the said compounds solve the technical problem (l.e. bind to the
CGR1 receptor with high affinity).

Form PCT/Sopuin Shest400 (Shast 3} (EPO-Apill 1997)
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- From the INTERNATIONAL BUREAU

ML I/EFUL 1 ZDU/

PCT Tor
NO'I'IFICA]I'ION OF RECEIPT OF ,
RE D COPY SCHERING AKTIENGESELLSCHAFT
) Millerstrasse 178
(PCT Rule 24.2(a)) 13342 Berlin
m - . ALLEMAGNE
Date of mailing (day/mo n =
06 December 2091 (06.12.01) IMPORTANT NOTIFICATION
Ap]ilunl‘lnrlnml‘lﬁl"m Intornstional spplicetion No.
51783AWOM1IXX ﬂﬂ - 'P PCT/EPO1/12607

‘The applicant is hereby nptiflad that the International Bursau has received the record copy of the international applioation as
detailed below.

Name{s) of the applicant{s) and State(s) for whioh they are applicants:
SCHERING AKTIENGESELLSCHAFT (all designated States)

internationai filing dete 01 Novembaer 2001 {01.11.01)
Priority data(s) clsimed 06 Nt_wamber 2000 (06.11.00)
rd copy

Date of Ipt of th
by the Intornational Bureby . 27 November 2001 (27.11.01)
: \

List cf designatad Offica .

AP :GH,GM,KE, IS, MW,MZ2,SD,SL,SZ,TZ,UG ZW!

EA :AM,AZ,BY KG,KZ,MD,RU,TJ,TM

EP :AT,BE,CH,CY,DE,DK,ES,Fl,FR,GB,GR,IE,IT,LU,MC,NL,PT,SE, TR

OA :BF,BJ4,CF,CG,CI,CM,GA,GN,GQ,GW,ML MR,NE,SN,TD, TG

National :AEA AM,AT,AU,AZ,BA BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DK,DM,DZEC,
EE,ES,Fl,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,
MA,MD,MG,MK,MN,MW,MX,MZ,NO,N2,PH,PL,PT,RO,RU,SD,SE,SG,S!1,SK,SL,TJ,TM,TR,TT,TZ,UA,
UG,UZ,VN,YU W

ATTENTION

The applicant should aarefully check the dets appearing in this Notification. In case of any discrepancy between thess data
and the indications th the international appiication, the applicant should Immediately inform the intermational Bureau.

s gttention is drawn to the information contalnad in the Arnex, relating to:

E tima limits fog entry into the national phase I

precautionary designations i

The intemnational Bureau of WIPO if_"f_:____ /- ifr
34, chorfin des Colombetins Gabriele BAEH
1211 Genwvs 20, Switzerland <+
Faosimtie No. (41-22) 740114.36 Telephone No. (41-22) 338.83.38

Form PCTAB/301 (April 2000) : 004610778,



international application No.
ANNEX TO FORM PCTAB/301 PCT/EPO1/12607

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE

The applicant Is reminded that the "national phasa” must ba entered bafore sach of the designated Offices Indicated In the
Notification of Receipt of Record Copy (Form PCT/IB/301) by paying national fsea and furnishing translations, as prescribed by
the applicable national laws.

The time limk for performing these procadural aats s 20 MONTHS from the priority dats or, for thoss designated States
which the applicant elects in 8 dsmand for international preliminary examination or in a later election, 30 MONTHS from the
priority date, provided that the alectlon is made bafare the expiration of 18 months from the priority date. Some designated (or
elected) Offices have fixed time limits which expire even later than 20 or 30 months from the priority date. In other Offices an
axtension of ime or grace period, in some cases upon payment of an additional fee, Is avsilable.

In addition to theas prooedural acts, the applicant may aiso have to comply with other spesial requiremsnts applicable In
oertain Offices. k is the appicant’s responsibility to ensure that the neosssary steps to entsr the national phase are taken in a
timely fashion. Most designated Offices do not issue reminders to applicants in connection with the entry into the netional

phass.

For detuilsd information about the procedural acts to be perfiormad to enter the national phass before asch designated
Office, the appiicable time Emits and passible extensions of time or graoce periods, and any other requirements, ses the relevant
Chapters of Volume R of tha PCT Applicant’s Guide. information about the requirements for filing a demand for international
preliminary examinstion is set out in Chapter IX of Volume | of the PCT Applicant’s Guide.

GR and ES became bound by PCT Chapter il on 7 September 1888 and 6 September 1887, respactively, and may, tharefore,
be electad in a demand or a later elsction filed on or after 7 September 1886 and 6 September 1887, respactively, regardiess of
the filing date of the international application. (See second paragraph above.)

Note that only an applicant who is a national or resident of a PCT Contracting State whioh Is bound by Chapter Il has
the right to fils 8 desmand for international preliminary axamination.

CONARMATION OF PRECAUTIONARY DESIGNATIONS

This nutification lists ouly spucille Jesignations made under Rule 4.8(a) in the request. it is important to check that these
designations are corredt. Errors in designations can be comrected where precautionary designations have bsen made under
Rule 4.8{b). The appilcant Is hersby reminded that any precautionary designations may be confirmed acoording to Rule 4.9(c}
before the expiration of 16 montha from tha priority date. If it is not confirmed, It will automatically be regarded as withdrawn
by the applicant. There will be no reminder and no Invitation. Confirmation of a designation consists of the filing of a notice
specifying the designated State concerned (with an indication of the kind of protection or treatmaent desired) and the payment
of the designation and confirmation fess. Confirmation must reach ths reosiving Otffice within the 16-month time limit

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
For applicants who have not yet complied with the requirements regarding priority documants, the following is recalled.

Where the priority of an sarlier national, regional or international application Is claimed, the applicant must submit a copy .
of the said earller application, osrtifled by the authority with which it was filed ("the priority document™) to the receiving Office
(which will transmit it to the International Bureau) or dirsctly to the International Bureau, befors the expiration of 18 months from
the priority date, provided that any such priority document may still be submitted to the international Bureau befors that dute of
intarnational publication of the imternational application, In which case that document will be considerad to have been recaived
by the international Bureau on tha last day of the 16-month time limit (Rule 17.1{a)).

Whore the priority documant I Issuad by the receiving Offics, the applicant may, Instead of submitting the priarity
document, request the recelving Offioe to prepare and transmit the priority dooument to the International Bursaw. Such request
must be made before the expiration of the 18-month time limit and may be subjected by the recslving Office to the payment
of a fes (Ruls 17.1()).

H the priority document conoemned is not submitted to the Intemational Bureau or if the raquest to the reocslving Office
to prepare and transmit the priority document has not been made {and the corresponding fee, if any, paid) within the applicable
time limit Indicated unider the pracading paragraphs, any designated State may disregard the priority olaim, provided that no
designsted Office may disregard the priority claim conocerned before glving the applicant an opportunity to fumish the priority
document within a time limit which is reasonable under the ciroumnstances.

Where ssveral priorities ars claimed, tha priority date to be considered for the purposss of computing the 18-month time
limit is the filing date of the eariiast application whosa priority is claimed.

Form PCTAB/301 (Annex) (April 2000) 004510774
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PATENT COOPERATION TREATY

w)
~ From tha INTERNATIONAL BUREAU
PCT [
NOTIFIGATION CONCERNING '
SUBMISSION OR TRANSMITTAL ' SCHERING AKTIENGESELLSCHAFT
OF PRIDRITY DOCUMENT ' Milllerstrasse 178
(PCT Administrative Instructions, Section 411) lLLEM?gll\'l‘E

Date of malling {day: ear)

08 December D 1(06.12.01) 1
Applicant's or agent's filp reference

51783AWOM 1) , IMPORTANT NOTIFICATION
Intamational applicstioniNo. inmtamational flling date (day/month/year)

PCT/EP01/12607, . 01 November 2001 (01.11.01)
International puhllentionihu {day/monthiyear) Priority date (day/month/year)

Not yst published * 06 November 2000 (06.11.00)

Applicant
SCHERING AKTIENGESELLSCHAFT

1. The applicant is he natified of the date of reaeipt (exoept where the letters "NR" appear In the right-hand column) by tha
international Bureau 3f the priority documant(s) relsting to the sarlier application(s) indicatad below. Unless otherwise
indioated by an asterisk appearing next to a date of recaipt. or by the lettars “NR", in the right-hand cotumn, the priority
document concemadiwas submitted or transmitted to the intemational Bureau in complianos with Rule 17.1(s} or {b).

2. This updates and mp!r:u any previously issued natification concerning submission or transmittal of prierity documants.

3. An astarisk(*) appearipg next to a date of reosipt, in the right-hand golumn, dengtes a priarity document submitted
or transmitted to the L mational Bureau but not in compliance with Rule 12.1(s) or (b). In such a case, the sttention
of the applicant is directed to Rule 17.1(c} whisch provides that no deaignatad Offios may disregard the priority olsim
oonocemed before giviﬁg tha applicant an oppartunity, upon entry imto the national phase, to furnish the priarity dooument
within a time limit whith is reasonable under the clrcumstanoces.

4. The lettars "NR" appedring in the right-hand column denote a priority document which was not received by the International
Bureau or which the afplicant did not request the regeiving Office to prepare and tranamit to the Intemnational Bureau,
as provided by Rule 11!1(;) or (b), respectively. In such a case, the sttention of the appioant is directad to Rule 17.1({c) which
provides that no deslg Office may disregard the priority claim concernad before giving the applicant an opportunity,
upon entry into the national phase, to fumnish the priority document within a time limit which is reasonable under the

ciroumstances.
06 Nove 2000 (06.1 1.(#&) 80/246,299 ' us 27 Nave 2001 (27.11.01)
The Burssu of WIPO Authorized officer
1211 Geneva ¢0, Switreriand . /-'
Facsimile No. (41-22) 740.14.3 Telephone No. (41-22) 338.83.38

Form PCT/AB/304 (July 1968) ans
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REQUISITOS NLCESARIOS PARA PRESENTACION Y AGILIZACION DEL

TRAMITE
Usuario
PATENTE DE INVENCION I( MODELO DE u
- indicaclén de que se sollcita la corfcesion de wna pa /
= Daflos de Identificacitn del soljitonte o de Ja personadue se pmscnh 1a solicliv
= Descripclon de la invencidn
C- Olbujos de ser estos pertinentes

- Comprobante dr Pago da las tisas estableclda

COMPLESA | (), INCOMPLETA { )

DISERQINDUSTRIAL { )

Indicacitn de que se solicita el 1egistro de Disefio Industrial { ).
Datos de identficacion del soflcitante o de la personaquepresenta  { )
a solicitud

Represenlacién grafica y fotografica et Diseilo indusiial o muestra del
Material que incorpora el diseho

Comprobante de pago de las tasas csteblecidas

COMPLETA ()

-
-
-
-

()
(S
INCOMPLETA ()

9

ESQUEMA DE TRAZADO ()

- Indicacién de que soficita el registro de un Esquema de trazado.
- Datos de ldentificacién del solcitante o de la persona que presenta
La sofjcitud

__..——

()

()

Represen‘zcion grafica det esquem» de trazado { )}
Comprobante ue page de las tasas establac.das { )
()

COMPLETA

Firma Responsable

P

e e e

- — ——

—-—



