
THIAZOLE DERIVATIVES AND THEIR USE AS P2Y12 RECEPTOR ANTAGONISTS Field of
the invention: The present invention relates to certain thiazole
derivatives and their use as P2Yi2 receptor antagonists in the treatment
and/or prevention of peripheral vascular, of visceral-, hepatic- and
renal-vascular, of cardiovascular and of cerebrovascular diseases or
conditions associated with platelet aggregation, including thrombosis in
humans and other mammals. Background of the invention: Haemostasis is
referred to as the natural balance of maintaining the fluidity of the blood
in the vascular system and preventing excessive blood loss subsequent to
blood vessel injury by rapid formation of a solid blood clot. After
vascular damage, contraction of the vessels and platelet adhesion occur
immediately followed by aggregation of the platelets, activation of the
coagulation cascade and finally also of the fibrinolytic system.
Haemostatic abnormalities can lead to excessive bleeding or thrombosis,
both life-threatening situations. A series of antiplatelet agents have been
developed over the past several years based on different mechanisms of
action. The most widely used agent in antiplatelet therapy is aspirin,
which irreversibly inhibits cyclooxygenase-1 and thereby affecting the
thromboxane pathway. Although not optimally efficacious, treatment with
aspirin remains the standard therapy against which new therapeutics are
compared and judged. Other drugs like the phosphodiesterase inhibitors
dipyridamole and cilostazol, as well as the vitamin K antagonists
(warfarin), are marketed but do not show all desirable features for such
drugs. Three intravenously applicable, potent GPIIb/IIIa receptor
antagonists (abciximab, eptifibatide, and tirofiban) blocking platelet
aggregation are available on the market. Besides,some orally active
GPIIb/IIIa antagonists (e.g. sibrafiban, xemilofiban or orbofiban) have not
been successful in clinical development so far. Adenosine 5'-diphosphate
(ADP) is a key mediator in platelet activation and aggregation interfering
with two platelet ADP receptors P2Yi and P2Yi2. Antagonists of the platelet
ADP receptor have been identified and display inhibition of platelet
aggregation and antithrombotic activity. The most effective antagonists
known so far are the thienopyridines ticlopidine, clopidogrel and CS-747,
which have been used clinically as antithrombotic agents. It could be shown
that these drugs, via their reactive metabolites, irreversibly block the
ADP receptor subtype P2Yi2. Some P2Yi2 antagonists like AR-C69931MX
(Cangrelor) or AZD6140 have reached clinical studies. These inhibitors are
selective platelet ADP receptor antagonists, which inhibit ADPdependent
platelet aggregation, and are effective in vivo.
Piperazino-carbonylmethylaminocarbonyl-naphtyl or -quinolyl derivatives
have been described as ADP receptor antagonists in WO 02/098856 and WO
04/052366. WO 06/1 14774 describes
2-phenyl-4-(carbonylmethylaminocarbonyl)-pyrimidine derivatives as P2Yi2
receptor antagonists. 2-Aminocarbonyl-pyridine derivatives are described in
WO 08/044217. Description of the invention: Various embodiments of the
invention are presented hereafter: 1) The present invention firstly relates
to the compounds of formula Iformula I wherein R1 represents (Ci-Ce)alkoxy;
Y represents a bond and Z represents hydrogen; or Y represents
(Ci-C3)alkandiyl and Z represents hydrogen, hydroxy, -COOH, -COOR5,
-P(O)(OH)2, -P(O)(OR6)2, -P(O)(NHR7)2 or phenyl, wherein the phenyl is
substituted with -P(O)(OH)2 or -P(O)(OR8)2; W represents a group selected
from (Gl) (G2) R represents hydrogen; halogen; (Ci-C4)alkyl which is
monosubstituted with (Ci-C4)alkoxy, -COOH or -COOR9; (C2-C4)alkenyl which
is monosubstituted with (Ci-C4)alkoxy, -COOH or -COOR9; phenyl which is
unsubstituted or monosubstituted with halogen; (Ci-C4)alkyl-amino, wherein
the alkyl-group is monosubstituted with hydroxy, (Ci-C4)alkoxy, -COOH or
-COOR9; di-(Ci-C4)alkyl-amino; heterocyclyl which is unsubstituted or
monosubstituted with (C1- C4)alkyl or (Ci-C4)alkoxy; or
2-methoxymethyl-cycloprop-l-yl (notably (lS,2S)-2- methoxymethyl-cycloprop-
1-yl) ;- AR represents aryl which is unsubstituted or mono- or
di-substituted, wherein the substituents are independently selected from
the group consisting of halogen, (Ci-C4)alkyl, (Ci-C4)alkoxy and phenoxy; R
represents halogen; (Ci-C4)alkyl which is monosubstituted with
(Ci-C4)alkoxy, -COOH, or -COOR9; (C2-C4)alkenyl which is monosubstituted
with (Cr C4)alkoxy or -COOR9; phenyl; or di-(Ci-C6)alkyl-amino; R5
represents (Ci-C4)alkyl; R6 represents (Ci-C4)alkyl,
(Ci-C4)alkyl-C(O)-OCH2- or (Ci-C4)alkoxy-C(O)-OCH 2-; R7 represents
(Ci-C4)alkoxy-C(O)-(Ci-C 4)alkyl-; R8 represents (Ci-C4)alkyl; R9
represents (Ci-C4)alkyl; and to the salts (in particular pharmaceutically
acceptable salts) of such compounds. The compounds of formula I may contain
one or more stereogenic or asymmetric centers, such as one or more
asymmetric carbon atoms. The compounds of formula I may thus be present as
mixtures of stereoisomers or preferably as pure stereoisomers. Mixtures of
stereoisomers may be separated in a manner known to a person skilled in the
art. Substituents at a double bond may be present in the (Z)- or
(^-configuration (preferably in (^-configuration) unless indicated
otherwise. The compounds of formula I are P2Yi2 receptor antagonists.
Accordingly, they are useful in therapy (including combination therapy),
where they can be widely used as inhibitors of platelet activation,
aggregation and degranulation, as promoters of platelet disaggregation or
as anti-thrombotic agents. The following paragraphs provide definitions of
the various chemical moieties for the compounds according to the invention.
Said definitions are intended to apply uniformly throughout the
specification and claims unless an otherwise expressly set out definition
provides a broader or narrower definition.  The term "halogen" refers to
fluorine, chlorine, bromine or iodine.In case R represents halogen, the
term preferably refers to chlorine or bromine and more preferably to
chlorine. 



In case R4 represents halogen, the term preferably refers to chlorine or
bromine and more preferably to bromine. In case the halogen is attached to
a phenyl or to an aryl group the term preferably refers to fluorine,
chlorine or bromine and more preferably to fluorine.  The term "alkyl",
used alone or in combination, refers to a saturated straight or branched
chain alkyl group containing one to six carbon atoms. The term
"(Cx-Cy)alkyl" (x and y each being an integer) refers to an alkyl group as
defined before containing x to y carbon atoms. For example a (Ci-Ce)alkyl
group contains from one to six carbon atoms. Representative examples of
alkyl groups include methyl, ethyl, -propyl, o-propyl, nbutyl, /so-butyl,
sec-butyl, r -butyl, "-pentyl, 1-methyl-butyl, 2-methyl-butyl,
3-methylbutyl, 1,1-dimethyl-propyl, 1,2-dimethyl-propyl,
2,2-dimethyl-propyl, 1-ethyl-propyl, nhexyl, 1-methyl-pentyl,
2-methyl-pentyl, 3-methyl-pentyl, 4-methyl-pentyl, 1-ethyl-butyl,
2-ethyl-butyl, 1,1 -dimethyl-butyl, 1,2-dimethyl-butyl, 2,2-dimethyl-butyl,
1,3-dimethylbutyl, 2,3-dimethyl-butyl, 3,3-dimethyl-butyl,
1,1,2-trimethyl-propyl, 1,2,2-trimethylpropyl, 1-ethyl- 1-methyl-propyl and
l-ethyl-2-methyl-propyl. The alkyl group may be unsubstituted or
substituted as explicitly defined. In case R2 represents "(Ci -Chalky 1"
the term refers to an (Ci-C4)alkyl group as defined above. Preferred
examples are methyl, ethyl and ^-propyl. More preferred are ethyl and
npropyl. The above-mentioned (Ci-C4)alkyl groups are monosubstituted with
(Ci- C4)alkoxy, -COOH or -COOR9 (and preferably with methoxy and -COOH). In
case R2 represents "heterocyclyl which is monosubstituted with
(Ci-C4)alkyl" the term "(Ci-C4)alkyl" refers to an (Ci-C4)alkyl group as
defined above. Preferred examples are methyl and ethyl. More preferred is
methyl. In case R3 represents "aryl which is substituted with (Ci-C4)alkyl"
the term "(Ci-C 4)alkyl" refers to an (Ci-C4)alkyl group as defined above.
Preferred examples are methyl and ethyl. More preferred is methyl. In case
R4 represents "(Ci-C4)alkyl" the term refers to an (Ci-C4)alkyl group as
defined above. Preferred examples are methyl, ethyl and ^-propyl. More
preferred are ethyl and npropyl. The above-mentioned (Ci-C4)alkyl groups
are monosubstituted with (C1- C4)alkoxy, -COOH or -COOR9 (and preferably
with methoxy and -COOH). In case R5 represents "(Ci -Chalky 1" the term
refers to an (Ci-C4)alkyl group as defined above. Preferred examples are
methyl, ethyl, ^-propyl, o-propyl and tert-butyl. More preferred is
tert-butyl. In case R6 represents "(Ci -Chalky 1" the term refers to an
(Ci-C4)alkyl group as defined above. Preferred examples are methyl and
ethyl. More preferred is ethyl. In case R6 represents "(Ci-C
4)alkyl-C(O)-OCH 2-" the term (Ci-C4)alkyl refers to an (Ci- C4)alkyl group
as defined above. Preferred examples are methyl and ethyl. More preferred
is methyl. In case R8 represents "(Ci -Chalky 1" the term refers to an
(Ci-C4)alkyl group as defined above. Preferred examples are methyl and
ethyl. More preferred is ethyl. In case R9 represents "(Ci-C4)alkyl" the
term refers to an (Ci-C4)alkyl group as defined above. Preferred examples
are methyl and ethyl.  The term "(Ci-C3)alkandiyl" as used in Y refers to a
carbon chain containing from one to three carbon atoms, which is attached
to the substituent Z and to the a-carbon atom of the amino acid part of the
rest of the molecule as depicted in formula I . The respective two residues
may be attached to the same or to different carbon atoms of the alkandiyl
group. Preferred examples of (Ci-C3)alkandiyl groups are methandiyl,
ethan-l,2-diyl and propan- 2,2-diyl. More preferred are methandiyl and
ethan-1 ,2-diyl. Most preferred is methandiyl.  The term "alkenyl", used
alone or in combination, refers to a straight or branched chain alkenyl
group containing two to four carbon atoms. The term "(Cx-Cy)alkenyl" (x and
y each being an integer) refers to an alkenyl group as defined before
containing x to y carbon atoms. For example a (C2-C4)alkenyl group contains
from two to four carbon atoms. Representative examples of alkenyl groups
include vinyl, allyl, 2-methyl-propenyl and butenyl. The alkenyl group may
be unsubstituted or substituted as explicitly defined. In case R represents
"(C2-C4)alkenyl" the term refers to an (C2-C4)alkenyl group as defined
above. Preferred examples are vinyl and allyl. The above-mentioned (C2-
C4)alkenyl groups are monosubstituted with (Ci-C4)alkoxy, -COOH or -COOR9
(and preferably with methoxy and -COOH). Vinyl groups are most preferably
substituted in 2-position with -COOH; allyl groups are most preferably
substituted in 3-position with methoxy. In case R4 represents
"(C2-C4)alkenyl" the term refers to an (C2-C4)alkenyl group as defined
above. Preferred examples are vinyl and allyl. The above-mentioned (C2-
C4)alkenyl groups are monosubstituted with (Ci-C4)alkoxy or -COOR9 (and
preferably with methoxy). Vinyl groups are most preferably substituted in
2-position with -COOR9; allyl groups are most preferably substituted in
3-position with methoxy.  The term "alkoxy", used alone or in combination,
refers to a saturated straight or branched chain alkoxy group containing
one to four carbon atoms. The term "(Cx-Cy)alkoxy" (x and y each being an
integer) refers to an alkoxy group as defined before containing x to y
carbon atoms. For example a (Ci-Ce)alkoxy group contains from one to six
carbon atoms. Representative examples of alkoxy groups include methoxy,
ethoxy, "-propoxy, o-propoxy, "-butoxy, o-butoxy, sec-butoxy, tert-butoxy,
"-pentoxy, 1-methyl-butoxy, 2-methyl-butoxy, 3-methyl-butoxy,
1,1-dimethyl-propoxy, 1,2-dimethyl-propoxy, 2,2- dimethyl-propoxy and
"-hexyloxy (notably methoxy, ethoxy, "-propoxy, o-propoxy, nbutoxy,
o-butoxy, sec-butoxy and tert-butoxy). In case R1 represents
"(Ci-Ce)alkoxy" the term refers to an (Ci-Ce)alkoxy group as defined above.
Preferred examples are methoxy, ethoxy, "-propoxy, "-butoxy, "-pentoxy and
nhexyloxy. More preferred are ethoxy and "-butoxy and most preferred is
"-butoxy. In case R1 represents "(Ci-C4)alkoxy" the term refers to an
(Ci-C4)alkoxy group as defined above. Preferred examples are ethoxy and
"-butoxy. More preferred is "-butoxy. In case R2 represents "(Ci-C4)alkyl
which is monosubstituted with (Ci-C4)alkoxy" the term "(Ci-C4)alkoxy"
refers to an (Ci-C4)alkoxy group as defined above. Preferred examples are
methoxy and ethoxy. More preferred is methoxy. In case R2 represents
"(C2-C4)alkenyl which is monosubstituted with (Ci-C4)alkoxy" the term
"(Ci-C4)alkoxy" refers to an (Ci-C4)alkoxy group as defined above.
Preferred examples are methoxy and ethoxy. More preferred is methoxy. In
case R2 represents "(Ci-C4)alkyl-amino which is monosubstituted with
(Ci-C4)alkoxy" 



the term "(Ci-C4)alkoxy" refers to an (Ci-C4)alkoxy group as defined above.
Preferred examples are methoxy and ethoxy. More preferred is methoxy.In
case R represents "heterocyclyl which is monosubstituted with
(Ci-C4)alkoxy" the term "(Ci-C4)alkoxy" refers to an (Ci-C4)alkoxy group as
defined above. Preferred examples are methoxy and ethoxy. More preferred is
methoxy. In case R3 represents "aryl which is substituted with
(Ci-C4)alkoxy" the term "(C1- C4)alkoxy" refers to an (Ci-C4)alkoxy group
as defined above. Preferred examples are methoxy and ethoxy. More preferred
is methoxy. In case R4 represents "(Ci-C4)alkyl which is monosubstituted
with (Ci-C4)alkoxy" the term "(Ci-C4)alkoxy" refers to an (Ci-C4)alkoxy
group as defined above. Preferred examples are methoxy and ethoxy. More
preferred is methoxy. In case R4 represents "(C2-C4)alkenyl which is
monosubstituted with (Ci-C4)alkoxy" the term "(Ci-C4)alkoxy" refers to an
(Ci-C4)alkoxy group as defined above. Preferred examples are methoxy and
ethoxy. More preferred is methoxy. In case R6 represents "(Ci-C
4)alkoxy-C(O)-OCH 2-" the term (Ci-C4)alkoxy refers to an (Ci-C4)alkoxy
group as defined above. Preferred examples are methoxy and ethoxy. More
preferred is ethoxy.  The term "(Ci-C4)alkyl-amino", used alone or in
combination, refers to an amino group which is monoubstituted with a
(Ci-C4)alkyl group as defined above. Representative examples of
(Ci-C4)alkyl-amino groups include methyl-amino, ethyl-amino, "-propylamino,
-propyl-amino, "-butyl-amino, -butyl-amino, sec-butyl-amino and
tert-butylamino. The (Ci-C4)alkyl-amino group may be unsubstituted or
monosubstituted in the (C1- C4)alkyl part as explicitly defined. In case R2
represents "(Ci-C4)alkyl-amino" the term refers to a (Ci-C4)alkyl-amino
group as defined above. Preferred examples are methyl-amino, ethyl-amino
and -propyl-amino. More preferred are ethyl-amino and -propyl-amino. The
(Ci-C4)alkyl group of the abovementioned (Ci-C4)alkyl-amino groups is
monosubstituted with hydroxy, (Ci-C4)alkoxy, -COOH or -COOR9 (and
preferably with hydroxy, methoxy or -COOH).  The term "di-alkyl-amino",
used alone or in combination, refers to an amino group which is substituted
by two alkyl groups as defined above, wherein the two alkyl groups are each
containing one to six carbon atoms and may be the same or different. The
term "di-(Cx- Cy)alkyl-amino" (x and y each being an integer) refers to an
amino group which issubstituted by two (Cx-Cy)alkyl groups as defined
above, wherein the two (Cx-Cy)alkyl groups may be the same or different.
Representative examples of di-alkyl-amino groups include di-methyl-amino,
ethyl-methyl-amino, methyl-"-propyl-amino, methyl- o-propylamino,
"-butyl-methyl-amino, o-butyl-methyl-amino, sec-butyl-methyl-amino,
tertbutyl- methyl-amino, methyl-"-pentyl-amino, "-hexyl-methyl-amino,
di-ethyl-amino, ethyl-"-propyl-amino, ethyl- o-propyl-amino,
"-butyl-ethyl-amino, o-butyl-ethyl-amino, sec-butyl-ethyl-amino, r
-butyl-ethyl-amino, ethyl-"-pentyl-amino and "-hexyl-ethylamino. In case R2
represents "di-(Ci-C4)alkyl-amino" the term refers to an amino group which
is substituted by two (Ci-C4)alkyl groups as defined above, wherein the two
(Ci-C4)alkyl groups may be the same or different. Preferred examples are
di-methyl-amino, ethylmethyl- amino, methyl-"-propyl-amino and
"-butyl-methyl-amino. More preferred is nbutyl- methyl-amino . In case R
represents "di-(Ci-C6)alkyl-amino" the term refers to an amino group which
is substituted by two (Ci-Ce)alkyl groups as defined above, wherein the two
(Ci-Ce)alkyl groups may be the same or different. Preferred examples are
di-methyl-amino, ethylmethyl- amino, methyl-"-propyl-amino,
"-butyl-methyl-amino, methyl-"-pentyl-amino and "-hexyl-methyl- amino. More
preferred is "-hexyl-methyl-amino. . The term "(Ci-C 4)alkoxy-C(O)-(Ci-C
4)alkyl-" as used in R7 refers to an (d-C 4)alkylgroup as defined above,
wherein one hydrogen atom has been replaced by a "(C1- C4)alkoxy-C(O)-"
group, wherein the term "(Ci-C4)alkoxy" refers to an (Ci-C4)alkoxygroup as
defined above. Preferably the (Ci-C4)alkoxy-C(O)- group is attached to the
same carbon atom of the (Ci-C4)alkyl-group as the nitrogen atom of the
-P(O)(NHR7)2 group. Preferred examples of (Ci-C4)alkoxy-C(O)-(Ci-C 4)alkyl-
groups are methoxycarbonylmethyl, 1-methoxycarbonyl-ethyl,
ethoxycarbonyl-methyl and 1-ethoxycarbonyl-ethyl. More preferred is
1-ethoxycarbonyl-ethyl.  The term "aryl", used alone or in any combination,
refers to phenyl (preferred) or naphthyl. The aryl group is unsubstituted
or mono- or di-substituted (preferably unsubstituted or mono-substituted),
wherein the substituents are independently selected from the group
consisting of halogen (preferred), (Ci-C4)alkyl, (Ci-C4)alkoxy andphenoxy.
Examples are phenyl, 2-methylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-
fluorophenyl and 2-phenoxyphenyl. Preferred examples are phenyl and
4-fluorophenyl. Most preferred is phenyl.  The term "heterocyclyl", alone
or in combination, refers to a 4- to 6-membered saturated monocyclic ring
containing 1 or 2 heteroatoms independently selected from the group
consisting of sulfur, oxygen and nitrogen (preferably oxygen and nitrogen).
Examples of such heterocyclyl groups are azetidinyl, oxetanyl,
pyrrolidinyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl and
dioxanyl. The heterocyclyl group may be unsubstituted or substituted as
explicitly defined. In case R2 represents "heterocyclyl" the term refers to
a heterocyclyl group as defined above. The heterocyclyl group is
unsubstituted or monosubstituted with (Ci-C4)alkyl or (Ci-C4)alkoxy.
Preferred examples are pyrrolidinyl, 3-methoxy-pyrrolidinyl (notably (S)-
3-methoxy-pyrrolidinyl), 4-methyl-piperazinyl and morpholinyl. More
preferred are pyrrolidinyl and (S)-3-methoxy-pyrrolidinyl. In this patent
application, a dotted line shows the point of attachment of the radical
drawn. For example, the radical drawn below is the 2-phenyl-thiazol-4-yl
group. Besides, the following paragraphs provide definitions of various
other terms. Said definitions are intended to apply uniformly throughout
the specification and claims unless an otherwise expressly set out
definition provides a broader or narrower definition.- i i - The term
"pharmaceutically acceptable salts" refers to non-toxic, inorganic or
organic acid and/or base addition salts. Reference can be made to "Salt
selection for basic drugs", Int. J. Pharm. (1986), 33, 201-217. The term
"room temperature" as used herein refers to a temperature of around 25C.
Unless used regarding temperatures, the term "about" (or alternatively the
term "around") 



placed before a numerical value "X" refers in the current application to an
interval extending from X minus 10% of X to X plus 10% of X, and preferably
to an interval extending from X minus 5% of X to X plus 5% of X. In the
particular case of temperatures, the term "about" (or alternatively the
term "around") placed before a temperature "Y" refers in the current
application to an interval extending from the temperature Y minus 10 0C to
Y plus 10 0C, and preferably to an interval extending from Y minus 5 0C to
Y plus 5 0C. 2) A further embodiment of the invention relates to thiazole
derivatives of formula I according to embodiment 1) which are also
compounds of formula Ip, formula IP wherein R1 represents (Ci-C4)alkoxy; Y
represents a bond and Z represents hydrogen; or Y represents
(Ci-C3)alkandiyl and Z represents hydrogen, hydroxy, -COOH, -COOR5,
-P(O)(OH)2, -P(O)(OR6)2, -P(O)(NHR7)2 or phenyl, wherein the phenyl is
substituted with -P(O)(OH)2 or -P(O)(OR8)2;W represents a group selected
from (Gl) (G2) R2 represents hydrogen; halogen; (Ci-C4)alkyl which is
monosubstituted with (Ci-C4)alkoxy, -COOH or -COOR9; (C2-C4)alkenyl which
is monosubstituted with (Ci-C4)alkoxy, -COOH or -COOR9; phenyl which is
unsubstituted or monosubstituted with halogen; (Ci-C4)alkyl-amino, wherein
the alkyl-group is monosubstituted with hydroxy, (Ci-C4)alkoxy, -COOH or
-COOR9; di-(Ci-C4)alkyl-amino; heterocyclyl which is unsubstituted or
monosubstituted with (C1- C4)alkyl or (Ci-C4)alkoxy; or
2-methoxymethyl-cycloprop-l-yl (notably (lS,2S)-2- methoxymethyl-cycloprop-
1-yl) ; R represents aryl which is unsubstituted or mono- or
di-substituted, wherein the substituents are independently selected from
the group consisting of halogen, (Ci-C4)alkyl, (Ci-C4)alkoxy and phenoxy;
R4 represents halogen; (Ci-C4)alkyl which is monosubstituted with
(Ci-C4)alkoxy, -COOH, or -COOR9; (C2-C4)alkenyl which is monosubstituted
with (Ci-C4)alkoxy or -COOR9; phenyl; or di-(Ci-C6)alkyl-amino; R5
represents (d-C 4)alkyl; R6 represents (Ci-C4)alkyl, (Ci-C4)alkyl-C(O)-OCH
2- or (Ci-C4)alkoxy-C(O)-OCH 2-; R7 represents (Ci-C4)alkoxy-C(O)-(Ci-C
4)alkyl-; R8 represents (Ci-C4)alkyl; R9 represents (Ci-C4)alkyl; and to
the salts (in particular pharmaceutically acceptable salts) of such
compounds.3) A further embodiment of the invention relates to thiazole
derivatives of formula I according to any one of embodiments 1) or 2),
wherein R1 represents (Ci-C4)alkoxy; Y represents a bond and Z represents
hydrogen; or Y represents (Ci-C3)alkandiyl and Z represents hydrogen,
hydroxy, -COOH or -COOR5; W represents a group selected from Gl or G2; R2
represents hydrogen; halogen; (Ci-C4)alkyl which is monosubstituted with
(Ci-C4)alkoxy, -COOH or -COOR9; (C2-C4)alkenyl which is monosubstituted
with (Ci-C4)alkoxy, -COOH or -COOR ; phenyl which is unsubstituted or
monosubstituted with halogen; (Ci-C4)alkyl-amino, wherein the alkyl-group
is monosubstituted with hydroxy, (Ci-C4)alkoxy, -COOH or -COOR ;
di-(Ci-C4)alkyl-amino; heterocyclyl which is unsubstituted or
monosubstituted with (C1- C4)alkyl or (Ci-C4)alkoxy; or
2-methoxymethyl-cycloprop- 1-yl (notably (lS,2S)-2-
methoxymethyl-cycloprop- 1-yl); R represents aryl which is unsubstituted or
mono- or di-substituted, wherein the substituents are independently
selected from the group consisting of halogen, (Ci-C4)alkyl, (Ci-C4)alkoxy
and phenoxy; R represents halogen; (Ci-C4)alkyl which is monosubstituted
with (Ci-C4)alkoxy, -COOH, or -COOR9; (C2-C4)alkenyl which is
monosubstituted with (Ci-C4)alkoxy or -COOR9; phenyl; or
di-(Ci-C6)alkyl-amino; R5 represents (Cr C4)alkyl; R9 represents
(Ci-C4)alkyl; and to the salts (in particular pharmaceutically acceptable
salts) of such compounds. 4) A further embodiment of the invention relates
to thiazole derivatives of formula I according to any one of embodiments 1)
or 2), wherein R1 represents (Ci-C4)alkoxy; Y represents (Ci-C3)alkandiyl
and Z represents -P(O)(OH)2, -P(O)(OR6)2, -P(O)(NHR7)2 or phenyl, wherein
the phenyl is substituted with -P(O)(OH)2 or -P(O)(OR8)2;W represents a
group selected from Gl or G2; R2 represents hydrogen; halogen; (Ci-C4)alkyl
which is monosubstituted with (Ci-C4)alkoxy, -COOH or -COOR9;
(C2-C4)alkenyl which is monosubstituted with (Ci-C 4)alkoxy, -COOH or -COOR
; phenyl which is unsubstituted or monosubstituted with halogen;
(Ci-C4)alkyl-amino, wherein the alkyl-group is monosubstituted with
hydroxy, -COOH or -COOR9; di-(Ci -Chalky 1-amino; heterocyclyl which is
unsubstituted or monosubstituted with (C1- C4)alkyl or (Ci-C4)alkoxy; or
2-methoxymethyl-cycloprop-l-yl (notably (lS,2S)-2- methoxymethyl-cycloprop-
1-yl) ; R3 represents aryl which is unsubstituted or mono- or
di-substituted, wherein the substituents are independently selected from
the group consisting of halogen, (Ci-C 4)alkyl, (Ci-C4)alkoxy and phenoxy;
R4 represents halogen; (Ci-C4)alkyl which is monosubstituted with
(Ci-C4)alkoxy, -COOH, or -COOR9; (C2-C4)alkenyl which is monosubstituted
with (Ci-C4)alkoxy or -COOR9; phenyl; or di-(Ci-C6)alkyl-amino; R6
represents (Ci-C4)alkyl, (Ci-C 4)alkyl-C(O)-OCH 2- or (Ci-C
4)alkoxy-C(O)-OCH 2-; R7 represents (Ci-C4)alkoxy-C(O)-(Ci-C 4)alkyl-; R8
represents (d-C 4)alkyl; R9 represents (d-C 4)alkyl; and to the salts (in
particular pharmaceutically acceptable salts) of such compounds. 5) A
further embodiment of the invention relates to thiazole derivatives of
formula I according to any one of embodiments 1) or 2), wherein R1
represents (Ci-C4)alkoxy; Y represents (d-C 3)alkandiyl and Z represents
-P(O)(OH)2, -P(O)(OR6)2, -P(O)(NHR7)2 or phenyl, wherein the phenyl is
substituted with -P(O)(OH) 2 or -P(O)(OR 8)2; 



W represents a group selected from Gl or G2;R2 represents hydrogen; phenyl;
di-(Ci -Chalky 1-amino; or heterocyclyl which is monosubstituted with (Ci-C
4)alkyl; R represents aryl which is unsubstituted or mono-substituted with
halogen; R4 represents halogen or phenyl; R6 represents (Ci-C4)alkyl, (Ci-C
4)alkyl-C(O)-OCH 2- or (Ci-C 4)alkoxy-C(O)-OCH 2-; R7 represents
(Ci-C4)alkoxy-C(O)-(Ci-C 4)alkyl-; R8 represents (Ci-C4)alkyl; and to the
salts (in particular pharmaceutically acceptable salts) of such compounds.
6) A further embodiment of the invention relates to thiazole derivatives of
formula I according to any one of embodiments 1) or 2), wherein R1
represents (Ci-C4)alkoxy; Y represents (Ci-C3)alkandiyl (preferably
methandiyl) and Z represents -P(O)(OH) 2 or phenyl, wherein the phenyl is
substituted with -P(O)(OH) 2; W represents a group Gl; R2 represents
hydrogen; phenyl; or di-(Ci-C 4)alkyl-amino; R3 represents phenyl which is
unsubstituted or mono-substituted with halogen; and to the salts (in
particular pharmaceutically acceptable salts) of such compounds. 7) A
further embodiment of the invention relates to thiazole derivatives of
formula I according to any one of embodiments 1) to 6) and to the salts (in
particular pharmaceutically acceptable salts) of such compounds, which have
a configuration as depicted in formula ISTIformula ISTI 8) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1) to 7), wherein R1 represents ethoxy
or "-butoxy (preferably "-butoxy); and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. 9) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1), 2), 3), 7) or 8), wherein Y
represents a bond and Z represents hydrogen; and to the salts (in
particular pharmaceutically acceptable salts) of such compounds. 10) A
further embodiment of the invention relates to thiazole derivatives of
formula I according to any one of embodiments 1), 2), 3), 7) or 8)),
wherein Y represents (Ci-C3)alkandiyl and Z represents hydroxy or -COOH;
and to the salts (in particular pharmaceutically acceptable salts) of such
compounds. 11) A further embodiment of the invention relates to thiazole
derivatives of formula I according to any one of embodiments 1), 2), 3), 7)
or 8), wherein Y represents methandiyl and Z represents hydroxy; and to the
salts (in particular pharmaceutically acceptable salts) of such compounds.
12) A further embodiment of the invention relates to thiazole derivatives
of formula I according to any one of embodiments 1), 2), 3), 7) or 8),
wherein Y represents ethan-l,2-diyl and Z represents -COOH; and to the
salts (in particular pharmaceutically acceptable salts) of such
compounds.13) A further embodiment of the invention relates to thiazole
derivatives of formula I according to any one of embodiments 1), 2), 4),
5), 7) or 8), wherein Y represents (Ci-C3)alkandiyl and Z represents
-P(O)(OH)2, -P(O)(OR6)2, -P(O)(NHR7)2 or phenyl, wherein the phenyl is
substituted with -P(O)(OH)2 or -P(O)(OR8)2; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. 14) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1), 2), 4), 5), 7) or 8), wherein Y
represents (Ci-C3)alkandiyl (preferably methandiyl) and Z represents
-P(O)(OR6)2, -P(O)(NHR7)2 or phenyl, wherein the phenyl is substituted with
-P(O)(OR8)2; and to the salts (in particular pharmaceutically acceptable
salts) of such compounds. 15) A further embodiment of the invention relates
to thiazole derivatives of formula I according to any one of embodiments
1), 2) or 4) to 8), wherein Y represents (Ci-C3)alkandiyl (preferably
methandiyl) and Z represents -P(O)(OH)2 or phenyl, wherein the phenyl is
substituted with -P(O)(OH)2; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. 16) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1), 2) or 4) to 8), wherein Y
represents methandiyl and Z represents -P(O)(OH)2; and to the salts (in
particular pharmaceutically acceptable salts) of such compounds. 17) A
further embodiment of the invention relates to thiazole derivatives of
formula I according to any one of embodiments 1), 2) or 4) to 8), wherein Y
represents methandiyl and Z represents phenyl, wherein the phenyl is
substituted with -P(O)(OH)2 (preferably attached to the phenyl group in
ara-position); and to the salts (in particular pharmaceutically acceptable
salts) of such compounds. 18) A further embodiment of the invention relates
to thiazole derivatives of formula I according to any one of embodiments 1)
to 17), wherein W represents the group Gl; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds.19) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1) to 5) or 7) to 17), wherein W
represents the group G2; and to the salts (in particular pharmaceutically
acceptable salts) of such compounds. 20) A further embodiment of the
invention relates to thiazole derivatives of formula I according to any one
of embodiments 1) to 4) or 7) to 18), wherein R2 represents hydrogen;
halogen; (Ci-C4)alkyl which is monosubstituted with (Ci-C4)alkoxy or -COOH;
(C2-C4)alkenyl which is monosubstituted with (Ci-C4)alkoxy or -COOH;
phenyl; (Ci-C4)alkyl-amino, wherein the alkyl-group is monosubstituted with
hydroxy, (Ci-C4)alkoxy or -COOH; di-(Ci-C4)alkyl-amino; heterocyclyl which
is unsubstituted or monosubstituted with (Ci-C4)alkyl or (Ci-C4)alkoxy; or
(i5',25)-2-methoxymethyl-cycloprop- 1-yl; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. 21) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1) to 4) or 7) to 18), wherein R2
represents hydrogen; halogen (preferably chlorine or bromine); (Ci-C4)alkyl
(preferably ethyl or ^-propyl) which is monosubstituted with methoxy or
-COOH; (C2-C4)alkenyl (preferably vinyl) which is monosubstituted with
methoxy or -COOH; phenyl; (Ci-C4)alkylamino, wherein the alkyl-group is
monosubstituted with hydroxy, methoxy or -COOH 



(preferably hydroxy or methoxy); di-(Ci-C4)alkyl-amino (preferably
"-butyl-methyl-amino); heterocyclyl (preferably pyrrolidinyl, piperazinyl
or morpholinyl) which is unsubstituted or monosubstituted with (Ci-C4)alkyl
(preferably methyl) or (Ci-C4)alkoxy (preferably methoxy); or
(i5',25)-2-methoxymethyl-cycloprop-l-yl; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. 22) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1) to 5) or 7) to 18), wherein R2
represents hydrogen; phenyl; di-(Ci-C4)alkyl-amino; or heterocyclyl which
is monosubstituted with (Ci-C4)alkyl; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds.23) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1) to 18), wherein R2 represents
hydrogen; phenyl; or di-(Ci-C4)alkyl-amino; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. 24) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1) to 18), wherein R2 represents
hydrogen; and to the salts (in particular pharmaceutically acceptable
salts) of such compounds. 25) A further embodiment of the invention relates
to thiazole derivatives of formula I according to any one of embodiments 1)
to 24), wherein R3 represents aryl (preferably phenyl) which is
unsubstituted or mono-substituted with halogen (preferably fluorine); and
to the salts (in particular pharmaceutically acceptable salts) of such
compounds. 26) A further embodiment of the invention relates to thiazole
derivatives of formula I according to any one of embodiments 1) to 24),
wherein R3 represents phenyl; and to the salts (in particular
pharmaceutically acceptable salts) of such compounds. 27) A further
embodiment of the invention relates to thiazole derivatives of formula I
according to any one of embodiments 1) to 5), 7) to 17), 19), 25) or 26),
wherein R4 represents halogen (preferably bromine) or phenyl; and to the
salts (in particular pharmaceutically acceptable salts) of such compounds.
28) A further embodiment of the invention relates to thiazole derivatives
of formula I according to any one of embodiments 1), 2), 4), 5), 7), 8),
13), 14) or 18) to 27), wherein R6 represents (Ci-C4)alkyl (preferably
ethyl), CH3-C(O)-OCH2- or CH3CH2O-C(O)-OCH2-; and to the salts (in
particular pharmaceutically acceptable salts) of such compounds. 29) A
further embodiment of the invention relates to thiazole derivatives of
formula I according to any one of embodiments 1), 2), 4), 5), 7), 8), 13),
14) or 18) to 27), wherein R7 represents CH3CH2O-C(O)-CH(CH3)-; and to the
salts (in particular pharmaceutically acceptable salts) of such
compounds.30) A further embodiment of the invention relates to thiazole
derivatives of formula I according to any one of embodiments 1), 2), 4),
5), 7), 8), 13), 14) or 18) to 27), wherein R8 represents ethyl; and to the
salts (in particular pharmaceutically acceptable salts) of such compounds.
31) Preferred compounds of formula (I) as defined in embodiment 1) are
selected from the group consisting of:
4-{2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-acetyl}-piperazine-l-carboxylic
acid ethyl ester; 4-
{(S)-4-Carboxy-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}
-piperazine- 1-carboxylic acid ethyl ester;
4-((S)-4-Carboxy-2-{[2-(2-phenoxy-phenyl)-thiazole-4-carbonyl]-amino}-butyr
yl)-piperazine- 1-carboxylic acid butyl ester; 4-((S)-4-Carboxy-2-
{[2-(3-methoxy-phenyl)-thiazole-4-carbonyl]-amino} -butyryl)- piperazine-1
-carboxylic acid butyl ester; 4-((S)-4-Carboxy-2-
{[2-(2-methoxy-phenyl)-thiazole-4-carbonyl]-amino} -butyryl)- piperazine-
1-carboxylic acid butyl ester; 4-
{(S)-4-Carboxy-2-[(2-o-tolyl-thiazole-4-carbonyl)-amino]-butyryl}
-piperazine- 1-carboxylic acid butyl ester; 4-
{(S)-4-Carboxy-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}
-piperazine- 1-carboxylic acid butyl ester; 4-
{(R)-3-(Diethoxy-phosphoryl)-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-propi
onyl} - piperazine- 1-carboxylic acid butyl ester; 4-
{(R)-2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-3-phosphono-propionyl}
-piperazine- 1- carboxylic acid butyl ester;
4-{(S)-3-[4-(Diethoxy-phosphoryl)-phenyl]-2-[(2-phenyl-thiazole-4-carbonyl)
-amino]- propionyl} -piperazine- 1-carboxylic acid butyl ester;
4-[(S)-2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-3-(4-phosphono-phenyl)-prop
ionyl]- piperazine-1 -carboxylic acid butyl ester;
4-{(S)-3-[4-(Diethoxy-phosphoryl)-phenyl]-2-[(2-phenyl-thiazole-4-carbonyl)
-amino]- propionyl} -piperazine- 1-carboxylic acid ethyl ester;
4-[(S)-2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-3-(4-phosphono-phenyl)-prop
ionyl]- piperazine- 1-carboxylic acid ethyl ester;
4-{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-4-tert-butoxycarbon
yl-butyryl}- piperazine-1 -carboxylic acid butyl ester; 4-
{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-4-carboxy-butyryl}
-piperazine-1- carboxylic acid butyl ester; 4-
{(S)-4-Carboxy-2-[(5-chloro-2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}
-piperazine-1- carboxylic acid butyl ester; 4-
{(S)-4-Carboxy-2-[(2,5-diphenyl-thiazole-4-carbonyl)-amino]-butyryl}
-piperazine- 1- carboxylic acid butyl ester;
4-((S)-4-Carboxy-2-{[5-((lS,2S)-2-methoxymethyl-cyclopropyl)-2-phenyl-thiaz
ole-4- carbonyl]-amino}-butyryl)-piperazine-l-carboxylic acid butyl ester;
4-((S)-4-Carboxy-2-{[5-((E)-2-carboxy-vinyl)-2-phenyl-thiazole-4-carbonyl]-
amino}- butyryl)-piperazine-l -carboxylic acid butyl ester;
4-((S)-4-Carboxy-2-{[5-(2-carboxy-ethyl)-2-phenyl-thiazole-4-carbonyl]-amin
o}-butyryl)- piperazine-1 -carboxylic acid butyl ester;
4-((S)-4-Carboxy-2-{[5-((E)-3-methoxy-propenyl)-2-phenyl-thiazole-4-carbony
l]-amino}- butyryl)-piperazine-l -carboxylic acid butyl ester;
4-((S)-4-Carboxy-2-{[5-(3-methoxy-propyl)-2-phenyl-thiazole-4-carbonyl]-ami
no}-butyryl)- 



piperazine- 1-carboxylic acid butyl ester;
4-{(S)-4-Carboxy-2-[(5-morpholin-4-yl-2-phenyl-thiazole-4-carbonyl)-amino]-
butyryl}- piperazine-1 -carboxylic acid butyl ester; 4-
{(S)-4-Carboxy-2-[(2-phenyl-5-pyrrolidin-
1-yl-thiazole-4-carbonyl)-amino]-butyryl} - piperazine-1 -carboxylic acid
butyl ester;
4-((S)-4-Carboxy-2-{[5-((S)-3-methoxy-pyrrolidin-l-yl)-2-phenyl-thiazole-4-
carbonyl]- amino}-butyryl)-piperazine-l -carboxylic acid butyl ester; 4-
{2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-acetyl} -piperazine-1 -carboxylic
acid butyl ester;
4-(2-{[5-(3-Hydroxy-propylamino)-2-phenyl-thiazole-4-carbonyl]-amino}-acety
l)-piperazine- 1-carboxylic acid butyl ester;
4-(2-{[5-(3-Methoxy-propylamino)-2-phenyl-thiazole-4-carbonyl]-amino}-acety
l)-piperazine- 1-carboxylic acid butyl ester;
4-(2-{[5-(3-Fluoro-phenyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)-pip
erazine-lcarboxylic acid butyl ester;
4-(2-{[5-((E)-2-Ethoxycarbonyl-vinyl)-2-phenyl-thiazole-4-carbonyl]-amino}-
acetyl)- piperazine-1-carboxylic acid butyl ester;
4-(2-{[5-((E)-2-Carboxy-vinyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)
-piperazine-lcarboxylic acid butyl ester;
4-(2-{[5-(2-Ethoxycarbonyl-ethyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acet
yl)-piperazine- 1-carboxylic acid butyl ester;
4-(2-{[5-(2-Carboxy-ethyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)-pip
erazine-lcarboxylic acid butyl ester;
4-(2-{[5-(3-Methoxy-propenyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)-
piperazine-lcarboxylic acid butyl ester;
4-(2-{[5-(3-Methoxy-propyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)-pi
perazine-lcarboxylic acid butyl ester; 4-
{(S)-3-Methyl-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}
-piperazine- 1-carboxylic acid butyl ester; 4-
{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-3-hydroxy-propionyl}
-piperazine- 1-carboxylic acid butyl ester; 4-
{(S)-3-Hydroxy-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-propionyl}
-piperazine- 1- carboxylic acid butyl ester;
4-((S)-2-{[5-((E)-2-Carboxy-vinyl)-2-phenyl-thiazole-4-carbonyl]-amino}-3-h
ydroxypropionyl)- piperazine-l -carboxylic acid butyl ester; 4-((S)-2-
{[5-(2-Carboxy-ethyl)-2-phenyl-thiazole-4-carbonyl]-amino}
-3-hydroxy-propionyl)- piperazine-1 -carboxylic acid butyl ester;
4-((R)-2-{[2-(4-Fluoro-phenyl)-thiazole-4-carbonyl]-amino}-3-phosphono-prop
ionyl)- piperazine-1 -carboxylic acid butyl ester;
4-{(R)-3-(Diethoxy-phosphoryl)-2-[(2,5-diphenyl-thiazole-4-carbonyl)-amino]
-propionyl}- piperazine- 1-carboxylic acid butyl ester; 4-
{(R)-2-[(2,5-Diphenyl-thiazole-4-carbonyl)-amino]-3-phosphono-propionyl}
-piperazine- 1- carboxylic acid butyl ester;
4-((R)-3-(Diethoxy-phosphoryl)-2-{[5-(4-methyl-piperazin-l-yl)-2-phenyl-thi
azole-4- carbonyl]-amino}-propionyl)-piperazine- 1-carboxylie acid butyl
ester;
4-((R)-2-{[5-(4-Methyl-piperazin-l-yl)-2-phenyl-thiazole-4-carbonyl]-amino}
-3-phosphonopropionyl)- piperazine-l-carboxylic acid butyl ester;
4-[(R)-2-{[5-(Butyl-methyl-amino)-2-phenyl-thiazole-4-carbonyl]-amino}-3-(d
iethoxyphosphoryl)- propionyl]-piperazine-l-carboxylic acid butyl ester;
4-((R)-2- {[5-(Butyl-methyl-amino)-2-phenyl-thiazole-4-carbonyl]-amino}
-3-phosphonopropionyl)- piperazine-l-carboxylic acid butyl ester;
4-{(R)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-3-phosphono-propion
yl}- piperazine- 1-carboxylic acid butyl ester;
4-{(R)-2-[(4,5-Diphenyl-thiazole-2-carbonyl)-amino]-3-phosphono-propionyl}-
piperazine-lcarboxylic acid butyl ester; 4-
{2-[(4,5-Diphenyl-thiazole-2-carbonyl)-amino]-acetyl} -piperazine-
1-carboxylic acid butyl ester;
4-(2-{[5-((E)-3-Methoxy-propenyl)-4-phenyl-thiazole-2-carbonyl]-amino}-acet
yl)-piperazine- 1-carboxylic acid butyl ester;
4-(2-{[5-(3-Methoxy-propyl)-4-phenyl-thiazole-2-carbonyl]-amino}-acetyl)-pi
perazine-lcarboxylic acid butyl ester;
4-(2-{[5-((E)-2-Ethoxycarbonyl-vinyl)-4-phenyl-thiazole-2-carbonyl]-amino}-
acetyl)- piperazine- 1-carboxylic acid butyl ester;
4-(2-{[5-(2-Methoxycarbonyl-ethyl)-4-phenyl-thiazole-2-carbonyl]-amino}
-acetyl)- piperazine- 1-carboxylic acid butyl ester;
4-(2-{[5-(2-Carboxy-ethyl)-4-phenyl-thiazole-2-carbonyl]-amino}-acetyl)-pip
erazine-lcarboxylic acid butyl ester; 4-
{(S)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-4-carboxy-butyryl}
-piperazine- 1- carboxylic acid butyl ester;
4-{(R)-3-[Bis-(acetoxymethoxy)-phosphoryl]-2-[(2-phenyl-thiazole-4-carbonyl
)-amino]- propionyl} -piperazine- 1-carboxylic acid butyl ester;
N,N'-Bis-((S)-l-Ethoxycarbonylethyl)-(R)-2-[(2-phenyl-thiazole-4-carbonyl)-
amino]-3-oxo-3- (4-butoxy-carbonyl-piperazin-l-yl)-propyl-phosphonic acid
diamide;
4-{(R)-3-[Bis-(ethoxycarbonyloxymethoxy)-phosphoryl]-2-[(2-phenyl-thiazole-
4-carbonyl)- amino]-propionyl} -piperazine- 1-carboxylie acid butyl ester;
4-(2-{[5-(Hexyl-methyl-amino)-4-phenyl-thiazole-2-carbonyl]-amino}-acetyl)-
piperazine-lcarboxylic acid butyl ester;
4-(2-{[5-(2-Carboxy-ethylamino)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl
)-piperazine-lcarboxylic acid butyl ester; and
4-(2-{[5-(2-Ethoxycarbonyl-ethylamino)-2-phenyl-thiazole-4-carbonyl]-amino}
-acetyl)- piperazine- 1-carboxylic acid butyl ester; or a salt (in
particular a pharmaceutically acceptable salt) of such a compound; wherein
it is well understood that any stereogenic center of any above listed
compound, which is not explicitly assigned, may be in absolute (R)- or
(^-configuration; if not explicitly assigned, any double bond of any above
listed compound may be in (E)- or (^-configuration. 32) A further object of
the invention is the compounds of formula I as defined in one of
embodiments 1) to 31) above, or their pharmaceutically acceptable salts, as
medicaments. The compounds of formula I and their pharmaceutically
acceptable salts can be used as 



medicaments, e.g. in the form of pharmaceutical compositions for enteral or
parenteral administration. 33) The invention thus also relates to
pharmaceutical compositions containing at least one compound according to
one of embodiments 1) to 31) above, or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier, diluent or excipient.
In particular, the invention relates to pharmaceutical compositions
containing at least one compound of formula I and one or more
pharmaceutically acceptable carriers, diluents or excipients. The
production of the pharmaceutical compositions can be effected in a manner
which will be familiar to any person skilled in the art (see for example
Remington, The Science and Practice of Pharmacy, 21st Edition (2005), Part
5, "Pharmaceutical Manufacturing" [published by Lippincott Williams &
Wilkins]) by bringing the described compounds of formula I or their
pharmaceutically acceptable salts, optionally in combination with other
therapeutically valuable substances, into a galenical administration form
together with suitable, non-toxic,inert, therapeutically compatible solid
or liquid carrier materials and, if desired, usual pharmaceutical
adjuvants. 34) The compounds according to formula I as defined in
embodiments 1) to 31) above and the pharmaceutically acceptable salts
thereof may be used for the preparation of a medicament, and are suitable:
for the treatment or prophylaxis of diseases including stable angina,
unstable angina, myocardial infarction, embolism (including complications
of atherosclerosis, notably embolic stroke), arterial thrombosis (including
primary arterial thrombotic complications of atherosclerosis, notably
thrombotic stroke), venous thrombosis (notably deep vein thrombosis),
thrombosis secondary to vascular damage or to inflammation (including
vasculitis, arteritis and glomerulonephritis), venoocclusive diseases,
transient ischaemic attacks, peripheral vascular diseases, myocardial
infarction with or without thrombolysis, myeloproliferative disease,
thrombocythaemia, sickle cell disease, inflammatory bowel disease,
thrombotic thrombocytopaenic purpura, haemolytic uraemic syndrome;  for
preventing thrombotic complications of septicaemia, adult respiratory
distress syndrome, anti-phospholipid syndrome, heparin-induced
thrombocytopaenia and preeclampsia/ eclampsia;  for preventing
cardiovascular complications after certain surgery procedures (notably
coronary revascularisation like angioplasty (PTCA), other vascular graft
surgery, endarterectomy or stent placement) or after accidental trauma;
for preventing organ graft rejection;  for preventing complications in
conditions in which vasospasms lead to vasoconstriction and thus
tissue-ischemia or tissue-death (necrosis). 35) Therefore, a particular
object of this invention is the use of a compound of formula I as defined
in one of embodiments 1) to 31) above, or of a pharmaceutically acceptable
salt thereof, for the manufacture of a medicament for the uses listed in
embodiment 34) above, and for the manufacture of a medicament for the
treatment of occlusive vascular disorders in general.36) More generally,
the invention relates to the use of a compound of formula I as defined in
one of embodiments 1) to 31) above, or of a pharmaceutically acceptable
salt thereof, for the manufacture of a medicament for the treatment and/or
prevention of occlusive vascular disorders as well as to the use of a
compound of formula I for the manufacture of a medicament for the treatment
and/or prevention of peripheral vascular, of visceral-, hepaticand
renal-vascular, of cardiovascular and of cerebrovascular diseases or
conditions associated with platelet aggregation, including thrombosis in
humans and other mammals. 37) Among the above-mentioned uses of compounds
of formula I or of pharmaceutically acceptable salts thereof for the
manufacture of medicaments according to embodiment 35) above, the uses for
manufacturing medicaments for the treatment or prophylaxis of myocardial
infarction, arterial thrombosis (notably thrombotic stroke), transient
ischaemic attacks, peripheral vascular disease and stable and unstable
angina will be preferred. 38) The invention further relates to the use of a
compound of formula I according to one of embodiments 1) to 31) above, or
of a pharmaceutically acceptable salt thereof, for the preservation of
blood products in vitro (e.g. the preservation of platelet concentrates),
or for the prevention of occlusion in extra-corporeal blood or blood
product treatment machines (such as renal dialysis machines or
plasmapheresis machines). 39) The invention also relates to methods of
treatment for the disorders mentioned in embodiment 34) above, said methods
comprising the administration to a patient in need thereof of an effective
amount of a compound of formula I according to one of embodiments 1) to
31), or of a pharmaceutically acceptable salt of such a compound. The
present invention also includes isotopically labelled, especially 2H
(deuterium) labelled compounds of formula I, which compounds are identical
to the compounds of formula I except that one or more atoms have each been
replaced by an atom having the same atomic number but an atomic mass
different from the atomic mass usually found in nature. Isotopically
labelled, especially 2H (deuterium) labelled compounds of formula I and
salts thereof are within the scope of the present invention. Substitution
of hydrogen with the heavier isotope 2H (deuterium) may lead to greater
metabolic stability, resulting e.g. in increased in-vivo half-lifeor
reduced dosage requirements, or may lead to reduced inhibition of
cytochrome P450 enzymes, resulting e.g. in an improved safety profile. In
one embodiment of the invention, the compounds of formula I are not
isotopically labelled, or they are labelled only with one or more deuterium
atoms. In a sub-embodiment, the compounds of formula I are not isotopically
labelled at all. Isotopically labelled compounds of formula I may be
prepared in analogy to the methods described hereinafter, but using the
appropriate isotopic variation of suitable reagents or starting materials.
Any reference to a compound of formula I, IP or I STI in this text is to be
understood as referring also to the salts (and especially the
pharmaceutically acceptable salts) of such compounds, as appropriate and
expedient. The preferences indicated for the compounds of formula I of
course apply mutatis mutandis to the compounds of formula IP and to the
compounds of formula ISTI , as well as to the salts and pharmaceutically
acceptable salts of the compounds of formula I, of formula IP or of formula
ISTI . The same applies to these compounds as medicaments, to
pharmaceutical compositions containing these compounds as active principles
or to the uses of these compounds for the manufacture of a medicament for
the treatment of the diseases according to this invention. PREPARATION OF
THE COMPOUNDS OF FORMULA I Abbreviations; 



The following abbreviations are used throughout the specification and the
examples: Ac acetyl ADP adenosine diphosphate anh. anhydrous aq. aqueous
Boc te/t-butoxycarbonyl BSA bovine serum albuminBu butyl Cbz
benzyloxycarbonyl CC column chromatography CV column volume DIPEA
diisopropylethylamine DME 1,2-dimethoxyethane DMF N,N-dimethylformamide
DMPU NJ -dimethylpropyleneurea DMSO dimethyl sulfoxide dpm decays per
minute EDCI 7V-(3-dimethylaminopropyl)-7V-ethylcarbodiimide EDTA
ethylenediaminetetraacetic acid Et ethyl EtOAc ethyl acetate eq. equivalent
HATU 2-(7-aza-lH-benzotriazole-l-yl)-l,l,3,3-tetramethyluronium
hexafluorophosphate Hept heptane HOBT 1-hydroxybenzotriazole HPLC
High-performance liquid chromatography HV high vacuum iPr isopropyl LC-MS
Liquid Chromatography - Mass Spectrometry MCPBA met-chloroperbenzoic acid
Me methyl NBS -bromosuccinimide NMP 7V-methylpyrrolidone org. organic Pd/C
palladium on carbon Ph phenyl PyBOP benzotriazole-
1-yl-oxy-tris-pyrrolidino-phosphonium hexafluorophosphateRT room
temperature sat. saturated SDS sodium dodecyl sulfate TBAF
tetrabutylammonium fluoride TBTU N,N,N',N -Tetramethyl-O-(benzotriazol-
1-yl)uronium tetrafluoroborate TEMPO 2,2,6,6-tetramethylpiperidine- 1-oxyl
TFA trifluoroacetic acid THF tetrahydrofuran TLC thin layer chromatography
tR retention time Tris tris(hydroxymethyl)aminomethane General preparation.
routes (Part I): A further aspect of the invention is a process for the
preparation of compounds of formula (I). Compounds of formula (I) of the
present invention can be prepared according to the general sequence of
reactions outlined in the schemes below wherein Gl, G2, W, Y, Z, R1, R2,
R3, R , R5, R , R7, R and R are as defined for formula (I). The compounds
obtained may also be converted into pharmaceutically acceptable salts
thereof in a manner known r se. In general, all chemical transformations
can be performed according to well-known standard methodologies as
described in the literature or as described in the procedures below or in
the experimental part. It is to be understood that any chiral starting
material used in any procedure described below may also be used in
enantiopure form. The various compounds of formula I, wherein W represents
the group Gl, can be for instance prepared using the general routes
summarized in Scheme 1 hereafter. The compounds of formula I.I can be
obtained by hydrolysis of the corresponding compounds of formula II wherein
Z' is -COOR 5 either under basic conditions using standard reagents such as
NaOH or LiOH in a mixture of water and a suitable organic solvent such as
THF,MeOH or EtOH, or under acidic conditions using standard reagents such
as TFA in a suitable organic solvent such as CH Cl . The compounds of
formula 1.2 can be prepared by treating the compounds of formula II wherein
Z' is -P(O)(OR 6)2, wherein R6 represents (d-C 4)alkyl, with HCl optionally
in the presence of H2O, in a suitable organic solvent such as THF, EtOAc,
dioxane or Et2O and preferably at a temperature around RT, or with
trimethylsilyl bromide or trimethylsilyl iodide in a suitable solvent such
as CH2Cl2 or CH3CN and preferably at a temperature around RT. Compounds of
formula I, wherein Z represents phenyl, wherein the phenyl is substituted
with P(O)(OH)2, can be prepared from compounds of formula II, wherein Z' is
phenyl, wherein the phenyl is substituted with P(O)(OR8)2 in analogy to the
compounds of formula 1.2. The compounds of formula 1.3, wherein R6
represents (Ci-C4)alkyl-C(O)-OCH 2- or (Ci- C4)alkoxy-C(O)-OCH 2-, can be
prepared by the reaction between a phosphonic acid of formula 1.2 and an
appropriate compound of formula (Ci-C4)alkyl-C(O)-OCH 2-X or (Ci-
C4)alkoxy-C(O)-OCH 2-X, X being a leaving group such as chloride, bromide
or iodide, in the presence of a suitable base (e.g. NEt , DIPEA) in a
suitable solvent such as DMF, NMP or DMPU, optionally in the presence of
NaI and preferably at a temperature between 45 and 900C. The compounds of
formula 1.4 can be prepared by the reaction between a phosphonic acid of
formula 1.2 and an appropriate amino acid alkyl ester (preferably an
a-amino acid alkyl ester) of formula (Ci-C4)alkoxy-C(O)-(Ci-C 4)alkyl-NH2
in the presence of a suitable base (e.g. NEt ) and an activating mixture of
reagents such as a combination of 2,2'-dipyridyl disulfide and PPh in a
suitable solvent such as anhydrous pyridine and preferably at a temperature
of about 6O0C.Scheme 1 



Furthermore, the compounds of formula I or II, wherein R represents
(C2-C4)alkenyl which is monosubstituted with (Ci-C4)alkoxy, -COOH or -COOR
, can be hydrogenated to lead to the compounds of formula I or II, wherein
R represents (C2-C4)alkyl which is monosubstituted with (Ci-C4)alkoxy,
-COOH or -COOR , using standard conditions for the hydrogenation of a
double bond such as palladium on charcoal in a suitable solvent such as
EtOH or MeOH, at a temperature preferably around RT and under hydrogen. In
addition, the compounds of formula I or II wherein R contains a carboxylic
ester function can lead to compounds of formula I or II wherein R contains
an carboxylic acid function by hydrolysis of the ester, using standard
conditions as those already described above. Compounds of formula I, which
are also compounds of formula II, wherein Y represents a bond and Z'
represents hydrogen; or Y represents (Ci-C3)alkandiyl and Z' represents
hydrogen, hydroxy, -COOR5, -P(O)(OR6)2 [R6 being (Ci-C4)alkyl] or phenyl,
wherein the phenyl is substituted with -P(O)(OR8)2, can be prepared
according to Scheme 2, Scheme 2a or Scheme 2b below.Preparation of the
compounds of formula II The compounds of formula II wherein R represents
Ra, Ra being hydrogen or halogen (notably hydrogen, chlorine or bromine)
can be prepared (Scheme 2) by coupling a compound of formula III with a
compound of formula IV wherein Ra represents hydrogen or halogen (notably
hydrogen, chlorine or bromine) using standard peptide coupling reagents
such as TBTU, HOBT, EDCI hydrochloride, HATU, PyBOP, in the presence of a
suitable base such as NEt3 or DIPEA and in a suitable solvent such as CH Cl
, THF or DMF, preferably at a temperature around RT. (ill) (IV) (ii.i)
Scheme 2 The compounds of formula II wherein R is different from hydrogen
or halogen can be prepared from compounds of formula ILl, wherein Ra
represents bromine, using the general route summarized in Scheme 2a
hereafter. (11.1) (H) Scheme 2a The compounds of formula ILl can be
converted into compounds of formula II wherein R2 is an amino group by
aromatic substitution reaction with the respective amine in the presence of
a suitable base such as cesium carbonate, optionally in a suitable solvent
such as THF or CH3CN and preferably heating between 6O0C and 8O0C; said
amino groups are defined by di- (Ci-C4)alkyl-amino; or heterocyclyl which
is unsubstituted or mono substituted with (CiC4)alkyl or (Ci-C4)alkoxy.
Alternatively, compounds of formula II, wherein R represents (Ci-
C4)alkyl-amino wherein the alkyl group is monosubstituted with hydroxy or
(Ci-C4)alkoxy, can be obtained by heating compounds of formula ILl, wherein
Ra represents bromine, at a temperature of around 80 to 1200C in the
respective amine as solvent. Compounds of formula II, wherein R2 represents
(Ci-C4)alkyl-amino wherein the alkyl group is monosubstituted with -COOH,
can be prepared from the respective primary alcohols (obtained as described
above) by oxidation using conditions known to one skilled in the art such
as diacetoxyiodobenzene and TEMPO in a solvent mixture like water/CHsCN.
The obtained carboxylic acids can be transferred to the respective esters
in an acid-catalyzed esterification. The intermediates of formula ILl,
wherein Ra represents bromine, can furthermore be converted into compounds
of formula II, wherein R2 represents (C2-C4)alkenyl which is
monosubstituted with (Ci-C4)alkoxy or -COOR9; or phenyl which is
unsubstituted or monosubstituted with halogen, using a reagent of formula
R2-B(ORb)2, wherein ORb represents hydroxy or (Ci-C4)alkoxy or the group
B(ORb)2 represents a dioxaborolane ring which ring is unsubstituted or
substituted with up to four methyl groups. The reaction is performed using
standard conditions for a Suzuki reaction, and preferably with a boronic
acid or ester derivative as mentioned above in the presence of a suitable
base such as K2CO3, in the presence of a suitable palladium catalyst such
as Pd(PPli3)4, in a suitable solvent such as a DME, dioxane/L^O,
EtOH/toluene/L^O or CH3CN/H2O mixture, and preferably heating between 8O0C
and 1000C. Besides, the intermediate of formula ILl can also be converted
into a compound of formula II wherein R represents for instance
2-methoxymethyl-cycloprop- 1-yl using a reagent of formula R -SnBu , using
standard conditions for a Stille reaction, and preferably a tributylstannyl
derivative, in presence of a suitable catalyst such as
tetrakis(triphenylphosphine)palladium in a suitable solvent such as
toluene, and preferably heating at about 1200C. Alternatively, the
compounds of formula II, wherein R represents hydrogen, can be prepared
(Scheme 2b) from intermediates of formula II.2, wherein R represents
hydrogen, using a reagent of formula R -B(OR )2, wherein B(OR )2 has the
meaning as defined above, using standard conditions for a Suzuki reaction,
and preferably a boronic acid derivative asmentioned above in the presence
of a suitable base such as Na CO , in the presence of a suitable palladium
catalyst such as Pd(PPh ) in a suitable solvent such as a toluene/EtOH
mixture, and preferably heating around 75C. Scheme 2b Compounds of formula
II.2 can be prepared in analogy to compounds of formula ILl as described
for Scheme 2 using 2-bromo-thiazole-4-carboxylic acid which is commercially
available. Preparation of the compounds of formula III The compounds of
formula III, wherein Y represents a bond and Z' represents hydrogen; or Y
represents (Ci-C3)alkandiyl and Z' represents hydrogen, hydroxy, -COOH or
-COOR5 can be prepared using the route described in WO061 14774
(preparation of compounds of formula III, Scheme 3). The compounds of
formula III wherein Y represents -CH - and Z' is -P(O)(OR )2, R being
(Ci-C4)alkyl and preferably ethyl, can be prepared using the route
summarized in Scheme 3 hereafter.Scheme 3 The compounds of formula VIII can
be obtained in three steps starting from commercially available
Boc-3-iodo-Ala-OMe IX in an Arbuzov reaction e.g. using P(OR6)3, R6 being
(C1- C4)alkyl and preferably ethyl, at reflux to give compound X followed
by a saponification reaction using standard basic conditions such as those
already described for Scheme 1 to give XI, which finally is coupled with a
compound of formula VII using standard peptide coupling methods such as
those described for the synthesis of compounds of formula II (see Scheme
2). The compounds of formula III. 1 can then be obtained by standard acidic
conditions for the removal of a Boc group that are well known to one
skilled in the art. The compounds of formula VII can be prepared using the
route described in WO061 14774 (preparation of the 



compounds of formula V, Schemes 5 and 5a). The compounds of formula III
wherein Y represents -CH - and Z' represents phenyl, wherein the phenyl is
substituted with -P(O)(OR )2 can be prepared using the route summarized in
Scheme 3a hereafter.(VII) (XIV) (111.2) Scheme 3a The Boc protected
iodophenylalanine derivatives (XII), if not commercially available, can be
prepared starting from the iodophenylalanine compounds using standard
conditions for Boc protections known to one skilled in the art. The
compounds XII thus obtained can then be coupled with compounds of formula
VII using conditions already described in Scheme 3. The iodinated
intermediates XIII can be converted into the phosphonic ester derivatives
XIV using HP(O)(OR8)2 (preferably HP(O)(OEt)2), in the presence of a
suitable base such as NEt3 and of a suitable palladium catalyst such as
Pd(PPh ) in a suitable solvent such as CH CN or toluene, and preferably
heating around reflux temperature. The compounds of formula III.2 can then
be obtained by standard acidic conditions for the removal of a Boc group
that are well known to one skilled in the art. The compounds of formula III
wherein Y represents -CH -CH - can be prepared using the route summarized
in Scheme 3b hereafter.Scheme 3b Homoserine is first protected on the
nitrogen atom with a Cbz group using standard conditions known to one
skilled in the art (eg. Cbz-Cl, aq. NaOH in dioxane). The dicyclohexylamine
salt of the obtained molecule is prepared and the methyl ester is formed
using MeI in DMF at a temperature around RT. The hydroxy function is then
substituted by a bromide using standard conditions such as PPI13 and CBr4,
in a suitable solvent such as CH Cl , preferably between O0C and RT. The
next three steps are performed using conditions such as those already
described for the synthesis of the compounds of formula VIII (see Scheme
3). The compounds of formula III. 3 can then be obtained by cleaving the
Cbz protecting group using standard conditions known to one skilled in the
art (e.g. hydrogen, Pd/C in MeOH). The compounds of formula III wherein Y
represents -CH -CH -CH - can be prepared using the route summarized in
Scheme 3c hereafter.(VII) (111.4) Scheme 3c The hydroxy compound can be
obtained by forming the mixed anhydride on the acid function of Cbz-Glu-OMe
using a chloroformate reagent, in the presence of a suitable base such as
-methylmorpholine, in a suitable solvent such as THF, and preferably at
about -15C. The mixed anhydride is reduced by using a suitable reducing
agent such as NaBH4 in presence of MeOH, at a temperature around -15C. The
hydroxy function can then be substituted by an iodide using standard
conditions such as imidazole, PPI13 and I , in a suitable solvent such as
THF, preferably between 00C and RT. The next three steps can be performed
using conditions such as those already described for the synthesis of the
compounds of formula VIII (see Scheme 3). The compounds of formula III.4
can then be obtained by standard conditions for the removal of a Cbz group
that are well known to one skilled in the art (e.g. hydrogen, Pd/C in
MeOH).Preparation of the compounds of formula I V The compounds of formula
IV wherein Ra represents halogen (notably chlorine or bromine) can be
prepared using the route summarized in Scheme 4 hereafter. For Ra
representing bromine, direct bromination of commercially available
compounds XV using a base such as n- BuLi and a brominating agent such as
NBS in a solvent like THF, preferably at a temperature around -78C gives
access to compounds IV. 1. (XV) (IV.1) (XIX) Scheme 4 The compounds of
formula IV.2 can be synthesized by chlorination of compound XVI using a
chlorinating agent such as -chlorosuccinimide in a solvent like CH3CN. The
conversion to the brominated intermediate XVIII can be achieved through a
CuBr2-mediated reaction in a solvent like CH3CN in the presence of e.g.
isopentyl nitrite at a temperature of around 65C. Compounds of formula XIX
can be prepared from the bromide XVIII using a reagent of formula
R3-B(ORb)2, wherein ORb represents hydroxy or (Ci-C4)alkoxy or the group
B(ORb)2 represents a dioxaborolane ring which ring is unsubstituted or
substituted with up to four methyl groups. The reaction may be performed
using standard conditions for a Suzuki reaction, and preferably with a
boronic acid or ester derivative as mentioned above in thepresence of a
suitable base such as K2CO3, in the presence of a suitable palladium
catalyst such as Pd(PPli3)4, in a suitable solvent such as a DME/H2O
mixture, and preferably heating between RT and 8O0C. The compounds of
formula IV.2 can be prepared by saponification of the compounds of formula
XIX using standard basic conditions such as those already described for
Scheme 1. General.preparati on routes.(Part .II): The various compounds of
formula I, wherein W represents the group G2, can be for instance prepared
using the general routes summarized in Scheme 5 hereafter. Scheme 5
Compounds of formula 1.5 to 1.8 can be prepared from compounds of formula
XX in analogy to compounds of formula I.I to 1.4 as described in Scheme 1
and in the general preparation routes .(Part I). Preparation of the
compounds of formula XX The compounds of formula XX (Scheme 6) can be
prepared through amide coupling followed by aromatic substitution or
metal-catalyzed cross-coupling reactions using conditions analogous to
those already described for Scheme 2a.(XX) Scheme 6 Preparation of the
compounds of formula XXI Compounds of formula XXIII (R3 = aryl) can be
prepared (Scheme 7) by condensation of ethyl thiooxamate and a
phenacylbromide derivative and heating around reflux in a solvent such as
dioxane. Subsequently, the compounds of formula XXIV can be prepared by
bromination of XXIII using NBS in a solvent like AcOH and at a temperature
around 65C. Saponification of XXIV using standard conditions like e.g. aq.
KOH in MeOH at around 600C gives the acid derivatives XXI. Scheme 7
Whenever the compounds of formula (I) are obtained in the form of mixtures
of enantiomers, the enantiomers can be separated using methods known to one
skilled in the art: e.g. byformation and separation of diastereomeric salts
or by HPLC over a chiral stationary phase 



such as a Regis Whelk-0 1(R,R) (10 mm) column, a Daicel ChiralCel OD-H
(5-10 mm) column, or a Daicel ChiralPak IA (10 mm) or AD-H (5 mm) column.
Typical conditions of chiral HPLC are an isocratic mixture of eluent A
(EtOH, in presence or absence of an amine such as triethylamine or
diethylamine) and eluent B (hexane), at a flow rate of 0.8 to 150 mL/min.
Particular embodiments of the invention are described in the following
Examples, which serve to illustrate the invention in more detail without
limiting its scope in any way. EXAMPLES Compounds are characterized by:
1H-NMR (300 MHz, 400 MHz) (Varian/Bruker; chemical shifts are given in ppm
relative to the solvent used; multiplicities: s = singlet, d = doublet, t =
triplet, q = quartet, m = multiplet, br = broad, coupling constants are
given in Hz).  Optical rotation was measured on a Jasco P-1030 polarimeter.
LC-MS: Thermo Finnigan MSQ or Dionex MSQPlus with HP 1100 Binary Pump and
DAD, column: 4.6x50 mm, Zorbax SB-AQ, 5 mm, gradient: 5-95% CH3CN in H2O,
runtime: 1.45 min, with 0.04% TFA, flow: 4.5 mL/min. LC-MS marked with
refer to an LC run under basic conditions: Waters XBridge Cl 8 5mm, 4.6 x
50 mm with a gradient of 5-95% CH3CN in H2O, runtime: 1.45 min, with 13 mM
OfNH 4OH, flow: 4.5 mL/min. Compounds are purified by preparative HPLC
using following methods/columns: I) Phenomenex (r) column (Gemini 1Ou Cl 8
HOA Ax 50x21.2 mm); eluent: solvent A = H2O + 1% HCO2H; solvent B = CH3CN +
1% HCO2H; flow: 50 mL/min; The characteristics of the eluting mixture
proportion in function of the time t from startof the elution are
summarized in the tables below (a linear gradient being used between two
consecutive time points): t (min) 0 0.4 2 6 3 3.4 3.8 3.9 5 Solvent A (%)
75.1 75. 1 55. 1 55.1 4.5 4.5 75. 1 75. 1 Solvent B (%) 24.9 24.9 44.9 44.9
95.5 95.5 24.9 24.9 III) Phenomenex (r) column (Luna Cl 8 1Ou 22.5x5 cm);
eluent: solvent A = H2O + 0.5% HCO2H; solvent B = CH3CN + 0.5% HCO2H; flow:
50 mL/min; IV) XTerra RP 18 (30x19 mm), 5 mm, gradient: 10-95% CH3CN in H2O
with 0.5% NH4OH (25%) V) XBridge Cl 8 (50x19 mm), 5 mm, gradient: 10-95%
CH3CN in H2O with 0.5% NH4OH (25%) VI) As IV), but with a 5-95% gradient
VII) XBridge Cl 8 (75x30 mm), 5 mm, gradient: 10-95% CH3CN in H2O with 0.5%
NH4OH (25%) VIII) XBridge Cl 8 (30x19 mm), 5 mm, gradient: 10-95% CH3CN in
H2O with 0.5% NH4OH (25%)IX) Phenomenex(r) column (Luna Cl 8 1Ou 30x7.5
cm); eluent: solvent A = H2O + 0.5% HCO2H; solvent B = CH3CN + 0.5% HCO2H;
flow: 100 mL/min; Stationary phases usedfor CC: The purifications by CC
have been performed using silica gel unless otherwise specified. Example 1:
4-{2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-acetyl}-piperazine-l-carboxylic
acid ethyl ester To a solution of 2-phenyl-l,3-thiazole-4-carboxylic acid
(5.1 mg) and DIPEA (3 eq) in DMF (0.4 mL) was added TBTU (1.2 eq) in DMF
(0.2 mL). Then, a solution of 4-(2-amino-acetyl)- piperazine-1-carboxylic
acid ethyl ester (5.4 mg, prepared as described in WO20061 14774) in DMF
(0.2 mL) was added. After stirring overnight at RT, the reaction mixture
was directly purified by preparative HPLC (IV) to give 4.9 mg of the
desired product. LC-MS*: tR = 0.82 min; [M+H]+: 403.01. Example 2:
4-{(S)-4-Carboxy-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}-
piperazine-1-carboxylic acid ethyl ester 2.1.
4-((S)-2-Amino-4-carboxy-butyryl)-piperazine-l-carboxylic acid ethyl ester
trifluoroacetate salt To a solution of 4-((5)-2-amino-4-ter
-butoxycarbonyl-butyryl)-piperazine-l-carboxylic acid ethyl ester (0.8 g,
prepared as described in WO20061 14774) in CH2Cl2 (15 mL) was added TFA (15
mL) and the reaction mixture stirred for 2 h at RT. The solution was
evaporated to dryness to give 0.9 g of the desired product as clear oil.
LC-MS: tR = 0.50 min; [M+H]+: 288.09.2.2.
4-{(S)-4-Carboxy-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}-piperazi
ne-lcarboxylic acid ethyl ester To a solution of
2-phenyl-l,3-thiazole-4-carboxylic acid (5.1 mg) and DIPEA (3 eq) in DMF
(0.5 mL) was added TBTU (1.2 eq) in DMF (0.2 mL). Then, a solution of
intermediate 2.1 (7.2 mg) in DMF (0.2 mL) was added. After stirring
overnight at RT, 10 eq of aq. NaOH (2M) were added and the reaction mixture
heated for 3 h at 55C. The mixture was directly purified by preparative
HPLC (VI) to give 5.7 mg of the desired product. LC-MS*: tR = 0.59 min;
[M+H]+: 474.74. Example 3:
4-((S)-4-Carboxy-2-{[2-(2-phenoxy-phenyl)-thiazole-4-carbonyl]-amino}-
butyryl)-piperazine-l-carboxylic acid butyl ester 3.1.
(S)-2-tQxt-Butoxycarbonylamino-pentanedioic acid 5-ethyl ester To a
solution of L-glutamic acid 5-ethyl ester (26.45 g) in dioxane (300 mL) was
added sat. aq. NaHCO (200 mL), followed by BoC O (34.6 g), and the reaction
mixture was stirred overnight at RT. The reaction mixture was acidified
with an ice-cold aq. citric acid solution (5%), and the aq phase extracted
with EtOAc (4x100 mL). The combined org. layers were washed with brine
(2x), dried over MgSO4 and evaporated to give 45.8 g of the crude product,
which was used without further purification. LC-MS*: tR = 0.54 min; 3.2.
4-((S)-2-tert-Butoxycarbonylamino-4-ethoxycarbonyl-butyryl)-piperazine-l-ca
rboxylic acid butyl ester To a solution of intermediate 3.1 (8.75 g) in
CH2Cl2 (50 mL) / THF (20 mL) was added HOBT (4.94 g). After 15 min, was
added EDCI-HCl (6.70 g) and the reaction mixture further stirred for 20
min. Piperazine-1-carboxylic acid butyl ester (6.22 g, prepared as
described in WO2008044217) was added and the reaction mixture stirred until
reaction completion at RT. The mixture was poured onto an ice-cold aq.
citric acid solution (5%), and the precipitate filtered off. The filtrate
was extracted with Et O (3x200 mL), the org. phase washed with aq.citric
acid (5%, 4x50 niL), sat. aq. Na CO solution and brine. The combined org.
layers were dried over MgSO4 and evaporated to give 13.O g of the desired
product. 



LC-MS: tR = 1.01 min; [M+H] +: 444.49. 3.3.
4-((S)-2-Amino-4-ethoxycarbonyl-butyryl)-piperazine-l-carboxylic acid butyl
ester hydrochloride salt To a solution of intermediate 3.2 (13 g) in iPrOH
(50 mL) was added HCl in dioxane (4M, 15 mL) and the reaction mixture
stirred at 500C until completion. The mixture was evaporated to dryness and
the oily residue taken up in toluene and evaporated again to give 10.8 g of
the desired product as a white solid. LC-MS: tR = 0.74 min; [M+H] +:
344.41. 3.4
4-{(S)-2-[(2-Bromo-thiazole-4-carbonyl)-amino]-4-ethoxycarbonyl-butyryl}-pi
perazine-lcarboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 1, 2-bromothiazole- 4-carboxylic acid
replacing 2-phenyl-l,3-thiazole-4-carboxylic acid and intermediate 3.3
replacing 4-(2-amino-acetyl)-piperazine-l -carboxylic acid ethyl ester.
Preparative HPLC (VII) gave the desired product. LC-MS*: tR = 0.90 min;
[M+H] +: 532.82. 3.5.
4-((S)-4-Carboxy-2-{[2-(2-phenoxy-phenyl)-thiazole-4-carbonyl]-amino}-butyr
yl)- piperazine-1-carboxylic acid butyl ester Intermediate 3.4 (15.2 mg)
and 2-phenoxyphenylboronic acid (6.4 mg, 1.2 eq) were dissolved at 400C in
a degassed mixture of EtOH/toluene (0.5 mL, 1:1) and aq. Na2CO3 (2M, 0.35
mL). Next, [Pd(PPh 3)4] (0.05 eq) was added and the reaction mixture heated
to 75C for 18 h . After cooling to RT, the crude product was subjected to
saponification with aq. LiOH (2M, 0.3 mL) for 3 h at RT. The reaction
mixture was directly purified by preparative HPLC (V) to give 15.9 mg of
the desired product. LC-MS*: tR = 0.70 min; [M+H] +: 594.87.Example 4 :
4-((S)-4-Carboxy-2-{[2-(3-methoxy-phenyl)-thiazole-4-carbonyl]-amino}-
butyryl)-piperazine-l-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 3, step 3.5, 3-
methoxyphenylboronic acid replacing 2-phenoxyphenylboronic acid. LC-MS*: tR
= 0.64 min; [M+H]+: 532.78. Example 5:
4-((S)-4-Carboxy-2-{[2-(2-methoxy-phenyl)-thiazole-4-carbonyl]-amino}-
butyryl)-piperazine-l-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 3, step 3.5, 2-
methoxyphenylboronic acid replacing 2-phenoxyphenylboronic acid. LC-MS*: tR
= 0.65 min; [M+H]+: 532.91. Example 6:
4-{(S)-4-Carboxy-2-[(2--tolyl-thiazole-4-carbonyl)-amino]-butyryl}-
piperazine-1-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 3, step 3.5, 2- methylphenylboronic
acid replacing 2-phenoxyphenylboronic acid. LC-MS*: tR = 0.66 min; [M+H]+:
516.89. Example 7:
4-{(S)-4-Carboxy-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}-
piperazine-1-carboxylic acid butyl ester To a solution of
2-phenyl-l,3-thiazole-4-carboxylic acid (163 mg) in DMF ( 1 mL) and DIPEA
(0.31 mL) was added TBTU (216 mg), followed by intermediate 3.3 (210 mg) in
CH3CN solution ( 1 mL). After completion of the amide coupling were added
to the reaction mixture LiOH (2M, 0.3 mL) and DMSO (0.25 mL). After 1 h at
RT the crude product was directly purified by preparative HPLC (VIII). The
product-containing fractions were concentrated in vacuo, the residue dilute
with H O and extracted with CH Cl (3x50 mL), dried over MgSO4 and
evaporated to give 120 mg of the desired product as a yellowish foam.
LC-MS: tR = 0.97 min; [M+H]+: 503.40.Example 8:
4-{(R)-3-(Diethoxy-phosphoryl)-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-
propionyl}-piperazine-l-carboxylic acid butyl ester 8.1.
(R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid
methyl ester Boc-3-iodo-L- AIa-OMe (9.4 g) was dissolved in triethyl
phosphite (100 mL). The mixture was heated at 1300C overnight and
evaporated to dryness to give a yellow oil (8.37 g). The compound was used
in the next step without further purification. LC-MS: tR = 0.85 min;
[M+H]+: 340.09. 8.2.
(R)-2-tert-butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionic acid An
aq. solution of lithium hydroxide hydrate (2.07 g in 5 mL) was added to a
solution of intermediate 8.1 (8.37 g) in THF (99 mL). The reaction mixture
was stirred at RT overnight and CH2CI2 and an aq. HCl solution (IM, 60 mL)
was added. The phases were separated and the aq. phase was extracted with
CH Cl (3x). The org. phases were combined, dried (Na2SO and evaporated off
to give 5.8 g of the desired product as a white powder. LC-MS: tR = 0.77
min; [M+H]+: 326.13. 8.3.
4-[(R)-2-tert-Butoxycarbonylamino-3-(diethoxy-phosphoryl)-propionyl]-pipera
zine-lcarboxylic acid butyl ester To a solution of intermediate 8.2 (7.37
g) in CH2Cl2 (95 mL), THF (24 mL) and DIPEA (16.3 mL) were added HOBT (3.83
g) and EDCI-HCl (4.78 g), and the reaction mixture was stirred at RT for 10
min. Subsequently, piperazine- 1-carboxylic acid butyl ester (5.31 g) was
added and the mixture stirred at RT for 2.5 h. The reaction mixture was
diluted with CH2Cl2, the org. phase washed with sat. aq. NaHCO and the aq.
phase re-extracted with CH2Cl2. The combined org. phases were washed with
brine, dried over Na2SO and concentrated to dryness. Purification by CC
(EtOAc/MeOH 1:0 to 9 :1) gave 7.66 g of the desired product. LC-MS: tR =
0.94 min; [M+H]+: 494.00. 8.4
4-[(R)-2-Amino-3-(diethoxy-phosphoryl)-propionyl]-piperazine-l-carboxylic
acid butyl ester hydrochloride saltTo a solution of intermediate 8.3 (7.66
g) in EtOAc (7.75 mL) was added HCl (15.5 mL, 4M in dioxane) and the
reaction mixture stirred at RT until reaction completion. The mixture was
concentrated to dryness and the residue dried overnight to give 6.59 g of
the desired product, which was used without further purification. LC-MS: tR
= 0.73 min; [M+H]+: 394.43. 8.5.
4-{(R)-3-(Diethoxy-phosphoryl)-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-pro
pionyl}-piperazine- 1-carboxylic acid butyl ester To a solution of
intermediate 8.4 (500 mg) in CH2Cl2 (3 mL), THF (0.9 mL) and DIPEA (0.8 mL)
was added 2-phenyl-l,3-thiazole-4-carboxylic acid (231.2 mg) followed by
HATU (1070.9 mg) and the reaction mixture was stirred at RT until reaction
completion. The reaction mixture was diluted with CH Cl , washed with IM
aq. NaHSq 4 (2x5 mL). and the aq. layers were extracted with CH2Cl2 (Ix).
The combined org. layers were washed with brine, dried 



over MgSO4 evaporated to dryness. CC (EtOAc /Hept 1:1, then CH2Cl2MeOH 9:1)
gave 495 mg of the desired product. LC-MS: tR = 1.00 min; [M+H]+: 581.56.
Example 9: 4-{(R)-2-[(2-Phenyl-thiazole-4-carbonyl)-amino]
-3-phosphono-propionyl}- piperazine-1-carboxylic acid butyl ester To a
solution of intermediate 8.5 (424 mg) in CH3CN (14 mL) was added at 00C
TMSBr (1.9 mL) and the mixture stirred at RT until completion of the
reaction. H2O was added and the mixture further stirred up to 60 min. The
org. solvent was evaporated and the aq. layer extracted with EtOAc (2x).
The combined org. layers were evaporated to give 193 mg of the desired
product. A pure analytical sample was obtained by purification with
preparative HPLC (I). LC-MS: tR = 0.85 min; [M+H]+: 525.17. Example 10:
4-{(S)-3-[4-(Diethoxy-phosphoryl)-phenyl]-2-[(2-phenyl-thiazole-4-
carbony^-aminol-propionylj-piperazine-l-carboxylic acid butyl ester10.1.
4-[(S)-2-tert-Butoxycarbonylamino-3-(4-iodo-phenyl)-propionyl]-piperazine-l
carboxylic acid butyl ester This compound was prepared using a method
analogous to that of Example 8, step 8.5 Boc- Phe(4-I)-OH replacing
2-phenoxyphenylboronic acid and piperazine- 1-carboxylic acid butyl ester
replacing intermediate 8.4. LC-MS: tR = 1.1 1 min; [M+H]+: 560.45. 10.2.
4-{2-tert-Butoxycarbonylamino-3-[4-(diethoxy-phosphoryl)-phenyl]-propionyl}
- piperazine-1 -carboxylic acid butyl ester To a solution of intermediate
10.1 (6.16 g) in CH3CN (120 mL) was added [Pd(PPh 3)4] (1.31 g) followed by
Et N (3.08 mL) and diethyl phosphite (2.15 mL). After heating the resulting
suspension overnight at reflux under argon, the reaction mixture was
allowed to cool down to RT and evaporated. The residue was taken up in
EtOAc (100 mL) and washed with citric acid 10% (60 mL), aq. sat. NaHCO 3
(60 mL), H2O (60 mL) and brine (60 mL). The org. phase was dried over MgSO
, filtrated off over celite, and the filtrate evaporated. The crude mixture
was purified three times with CC (CH2Cl2Z[CH2Cl2MeOH 8:2] 95:5 to 75:25) to
give 4.21 g of the desired product. LC-MS: tR = 1.00 min; [M+H]+: 570.65.
10.3.
4-{(S)-2-Amino-3-[4-(diethoxy-phosphoryl)-phenyl]-propionyl}-piperazine-l
-carboxylic acid butyl ester This compound was prepared using a method
analogous to that of Example 8, step 8.3, intermediate 10.2 replacing
intermediate 8.3. The crude was purified by CC (eluent: CH2Cl2MeOH + 0.1%
NEt 3 18:1 then 9:1) to give 3.9 g of the desired product as a pale yellow
foam. LC-MS: tR = 0.75 min; [M+H]+: 470.54. 10.4.
4-{(S)-3-[4-(Diethoxy-phosphoryl)-phenyl]-2-[(2-phenyl-thiazole-4-carbonyl)
-amino]- propionyl}-piperazine-l -carboxylic acid butyl esterThis compound
was prepared using a method analogous to that of Example 8, step 8.3,
intermediate 10.3 replacing intermediate 8.4 and using preparative HPLC
(II) instead of CC. LC-MS: tR = 1.07 min; [M+H]+: 657.10. Example 11:
4-[(S)-2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-3-(4-phosphono-phenyl)-
propionyl]-piperazine-l-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 9, intermediate 10.4
replacing intermediate 8.5. LC-MS: tR = 0.91 min; [M+H]+: 601.63. Example
12 : 4-{(S)-3- [4-(Diethoxy-phosphoryl)-phenyl] -2- [(2-phenyl-thiazole-4-
carbony^-aminol-propionylj-piperazine-l-carboxylic acid ethyl ester 12.1.
4-[(S)-2-tert-Butoxycarbonylamino-3-(4-iodo-phenyl)-propionyl] -piperazine-
1- carboxylic acid ethyl ester This compound was prepared using a method
analogous to that of Example 8, step 8.3, piperazine- 1-carboxylic acid
ethyl ester replacing piperazine- 1-carboxylic acid butyl ester and
Boc-Phe(4-I)-OH replacing intermediate 8.2. LC-MS: tR = 1.04 min; [M+H]+:
532.44. 12.2.
4-{(S)-2-tert-Butoxycarbonylamino-3-[4-(diethoxy-phosphoryl)-phenyl]-propio
nyl}- piperazine-1 -carboxylic acid ethyl ester This compound was prepared
using a method analogous to that of Example 10, step 10.2, intermediate
12.1 replacing intermediate 10.1. LC-MS: tR = 0.94 min; [M+H]+: 542.38.
12.3.
4-{(S)-2-Amino-3-[4-(diethoxy-phosphoryl)-phenyl]-propionyl}-piperazine-l
-carboxylic acid ethyl ester hydrochloride salt This compound was prepared
using a method analogous to that of Example 8, step 8.4, intermediate 12.2
replacing intermediate 8.3. LC-MS: tR = 0.68 min; [M+H]+: 442.34.12.4.
4-{(S)-3-[4-(Diethoxy-phosphoryl)-phenyl]-2-[(2-phenyl-thiazole-4-carbonyl)
-amino]- propionyl}-piperazine-l-carboxylic acid ethyl ester This compound
was prepared using a method analogous to that of Example 8, step 8.3,
intermediate 12.3 replacing intermediate 8.4 and using preparative HPLC
(II) instead of CC. LC-MS: tR = 1.01 min; [M+H]+: 629.68. Example 13 :
4-[(S)-2- [(2-Phenyl-thiazole-4-carbonyl)-amino] -3-(4-phosphono-phenyl)-
propionyl]-piperazine-l-carboxylic acid ethyl ester This compound was
prepared using a method analogous to that of Example 9, intermediate 12.4
replacing intermediate 8.5. LC-MS: tR = 0.84 min; [M+H]+: 573.51. Example
14:
4-{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-4-tertbutoxycarbony
l- butyrylj-piperazine-l-carboxylic acid butyl ester 14.1.
5-Bromo-2-phenyl-thiazole-4-carboxylic acid To a solution of
2-phenyl-l,3-thiazole-4-carboxylic acid (3.2 g) in abs. THF (190 mL) was
added at -78C over 10 min n-BuLi (25 mL, 1.6M in hexanes). After addition,
Br ( 1.3 mL) in cyclohexane (7.4 mL) was added over 10 min. The reaction
mixture was allowed to warm up to RT and was stirred at this temperature
for 3 h . The reaction mixture was then cooled to 00C, carefully quenched
with HCl (IM, 32 mL) and extracted with EtOAc (2x). The combined org.
phases were washed with aq. sodium thiosulfate (20%), dried over MgSq 4 and
evaporated to dryness to give 4.5 g of the desired product. The crude was
used without further purification. LC-MS: tR = 0.92 min; [M+H]+: 284.09. 



14.2. 4-((S)-2-Amino-4-tert-butoxycarbonyl-butyryl)-piperazine-l-carboxylic
acid butyl ester A suspension of
4-((S)-2-benzyloxycarbonylamino-4-tert-butoxycarbonyl-butyryl)-piperazine-
1-carboxylic acid butyl ester (4.00 g, prepared as described in
WO2008050301) and Pd/C (5%, 0.42 g) in EtOH (15 mL) was hydrogenated at RT
overnight. The reaction mixture wasthen stirred under H overnight. The
mixture was filtered through celite and evaporated off. HV drying afforded
the desired compound as light brown oil (2.79 g). LC-MS: tR = 0.79 min;
[M+H]+: 372.45. 14.3.
4-{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-4-tert-butoxycarbon
ylbutyryl}- piperazine-1-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 8, step 8.3,
intermediate 14.1 replacing intermediate 8.2, intermediate 14.2 replacing
piperazine- 1- carboxylic acid butyl ester and using CH Cl instead of
CH2CI2/THF. The compound was however purified by CC (EtOAc/Hept 0 :1 to
EtOAc/Hept 1:0). LC-MS: tR = 1.17 min; [M+H]+: 637.03. Example 15:
4-{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amiiio]-4-carboxybutyryl}-
piperazine-l-carboxylic acid butyl ester To a solution of intermediate 14.3
(22.0 mg) in CH2Cl2 (0.25 mL) was added TFA (0.25 mL) and the reaction
mixture stirred for 30 min at RT. The reaction mixture was diluted with
toluene and evaporated to dryness. The residue was taken up in H2O/sat. aq.
NaHCO and EtOAc and the aq. phase extracted with EtOAc (2x). The combined
org. phases were dried over MgSq 4 and evaporated to dryness. Preparative
HPLC (I) gave the desired product (10 mg) as yellow oil. LC-MS: tR = 1.03
min; [M+H]+: 581.09. Example 16:
4-{(S)-4-Carboxy-2-[(5-chloro-2-phenyl-thiazole-4-carbonyl)-amino]-
butyryl}-piperazine-l-carboxylic acid butyl ester 16.1.
2-Amino-5-chloro-thiazole-4-carboxylic acid ethyl ester To a solution of
ethyl 2-aminothiazole-5-carboxylate (500.0 mg) in CH CN (6 mL) was added
N-chlorosuccinimide (388 mg). The reaction mixture was stirred at 900C for
2.75 h Again, Nchlorosuccinimide (44.1 mg) was added and the reaction
mixture stirred for further 2 h at reflux, and overnight at RT. The
reaction mixture was cooled to 00C, the precipitate filtrated and washed
with cold iPrOH (2x12 mL). The HCl salt was taken up in H2O (10 mL) and
IMNaOH, and the aq. phase extracted with CH Cl . The combined org. layers
were dried over MgSO4 and evaporated to dryness to give 635 mg of the
desired product. LC-MS: tR = 0.77 min; [M+H]+: 207.40. 16.2.
2-Bromo-5-chloro-thiazole-4-carboxylic acid ethyl ester To a suspension of
CuBr (250.8 mg) in CH3CN (4 mL) was added at 5C isopentyl nitrite (0.23
mL). After stirring for 5 min was added in portions at 5C intermediate
16.1. ELN145- 0048.2. (281.8 mg) and the reaction mixture was carefully
heated to 65C for 1.5 h. The reaction mixture was evaporated to dryness,
the residue diluted with H2O and stirred at RT for I h. The precipitate was
filtrated and washed with H2O, CH2Cl2 (5x1.5 mL). The filtrate was
evaporated, the residue taken up in Et2O (4 mL) and stirred at RT
overnight. The mixture was filtrated, taken up in Hept ( 1.5 mL), stirred
for 1 h again, filtrated and evaporated to dryness to give 224 mg of the
desired product. 1H NMR d, 4.46 (q, 2 H), 1.44 (t, 3 H). 16.3.
-Chloro^-phenyl-thiazole-i-carboxylic acid ethyl ester To a solution of
intermediate 16.2 (173 mg) in DME ( 1 mL) was added phenylboronic acid (67
mg), followed by [Pd(PPh3)4] (129 mg) and a solution Of K2CO3 (80.0 mg) in
H2O (0.4 mL). The reaction mixture was heated at reflux for 2 h. The
reaction mixture was allowed to cool down to RT and was extracted with
EtOAc (3x). The combined org. layers were dried over MgSO4 and evaporated
to dryness. CC (EtOAc/Hept 0:1 to EtOAc/Hept 1:0) gave 93 mg of the desired
product as yellowish oil. LC-MS: tR = 1.07 min; [M+H]+: 268.16. 16.4.
5-Chloro-2-phenyl-thiazole-4-carboxylic acid To intermediate 16.3 (90 mg)
in MeOH ( 1 mL) was added IM NaOH (0.5 mL) and the reaction mixture was
stirred at RT until reaction completion. The reaction mixture was acidified
with IN HCl, and the aq. phase extracted with EtOAc (3x). The combined org.
layers were washed with brine, dried over MgSO , and evaporated to dryness
to give 79 mg of the desired product.LC-MS: tR = 0.90 min; [M+H]+: 240.24.
16.5.
4-{(S)-4-tert-Butoxycarbonyl-2-[(5-chloro-2-phenyl-thiazole-4-carbonyl)-ami
no]- butyryl}-piperazine-1-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 14, step 14.3,
intermediate 16.4 replacing intermediate 14.1. LC-MS: tR = 1.16 min;
[M+H]+: 595.1 1. 16.6.
4-{(S)-4-Carboxy-2-[(5-chloro-2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}
- piperazine-1-carboxylic acid butyl ester This compound was prepared using
a method analogous to that of Example 15, intermediate 16.5 replacing
intermediate 14.3. However, no preparative HPLC purification was done.
LC-MS: tR = 1.02 min; [M+H]+: 537.23. Example 17:
4-{(S)-4-Carboxy-2-[(2,5-diphenyl-thiazole-4-carbonyl)-amino]-butyryl}-
piperazine-1-carboxylic acid butyl ester 17.1.
4-{(S)-4-tert-Butoxycarbonyl-2-[(2,
5-diphenyl-thiazole-4-carbonyl)-amino]-butyryl}- piperazine-1-carboxylic
acid butyl ester To a mixture of intermediate 14.3 (51 mg) in DME (0.5 mL)
was added phenylboronic acid (10 mg) followed by [Pd(PPh3)4] (19 mg) and by
a solution Of K2CO3 (12 mg) in H2O (0.2 mL). The reaction mixture was
stirred at 900C for 4 h. Phenylboronic acid (5.4 mg) was added again, and
the mixture was stirred at 900C overnight. The reaction mixture was allowed
to cool to RT, and was extracted with EtOAc (3x). The combined org. layers
were dried over MgSO4 and evaporated to dryness. CC (EtOAc/Hept 0:1 to
EtOAc/Hept 1:0) gave 4 1 mg of the desired product as yellowish oil. LC-MS:
tR = 1.22 min; [M+H]+: 635.48. 17.2.
4-{(S)-4-Carboxy-2-[(2,5-diphenyl-thiazole-4-carbonyl)-amino]-butyryl}-pipe
razine-lcarboxylic acid butyl esterTo a solution of intermediate 17.1 (40
mg) in CH2Cl2 (0.45 mL) was added TFA (0.45 mL). After stirring for 1 h at
RT, the reaction mixture was diluted with toluene and concentrated to
dryness. LC-MS: tR = 1.08 min; [M+H]+: 579.45. Example 18:
4-((S)-4-Carboxy-2-{[5-((lS,2S)-2-methoxymethyl-cyclopropyl)-2-phenylthiazo
le^- 



carbonylj-aminoj-butyry^-piperazine-l-carboxylic acid butyl ester 18.1.
(E)-S-tributylstannanyl-prop-2-en-l-ol To neat propargyl alcohol (1.77 mL)
were added tributyltin hydride (10.3 mL) followed by l,l
'-azobis(cyclohexanecarbonitrile) (378 mg). The mixture was heated for 2.5
h at 800C, cooled to RT and directly purified by CC (EtOAc/Hept 5:95) to
afford the desired compound (5-4 g). 1H-NMR (CDCl 3) : 6.22 (m, 2H); 4.20
(m, 2H); 1.57-1.28 (m, 18H); 0.92 (t, 9H). 18.2.
((lR,2S)-2-tributylstannanyl-cyclopropyl)-methanol To a solution of DME
(1.8 mL) in anh. CH Cl (70 mL) cooled at -13C under argon was slowly added
Et2Zn (18.5 mL), followed by CH2I2 (3 mL) in CH2Cl2 (20 mL) over a 30 min
period while keeping the internal temperature around -12.5C. After
completion of the addition, the resulting solution was stirred for 30 min
at -100C. A solution of (4R,5R)-2-butyl- , ,
yV'-tetramethyl-l,3,2-dioxaborolane-4,5-dicarboxamide in CH2Cl2 (25 mL) was
added slowly to keep internal temperature below -100C, immediately followed
by a solution of intermediate 18.1 (3.2 g) in CH2Cl2 (25 mL) dropwise
(internal temperature between -100C and -8C). The cooling bath was removed,
and the reaction mixture was allowed to warm to RT and was stirred
overnight at RT. The reaction was quenched with an aq. NH4CI solution (10
mL), and a IM aq. HCl solution (10 mL). The mixture was diluted with H2O,
the org. phase separated and the aq. phase was extracted with CH2Cl2 and
Et2O. The combined org. phases were dried over MgSO4 and evaporated off. CC
(Hept/EtOAc 100:0 to 95:5) gave 3.18 g of the desired compound.1H-NMR
(CDCl3) : 3.55 (m, IH); 3.39 (m, IH); 1.54-1.44 (m, 6H); 1.36-1.24 (m, 6H);
1.14-1.03 (m, IH); 0.90 (t, 9H); 0.83-0.78 (m, 6H); 0.75-0.69 (m, IH);
0.55-0.50 (m, 2H); -0.20 - -0.30 (m, IH). Optical rotation (589 nm, CHCl3,
26.6C, 1 = 10 cm, 99.6 mg in 10 mL, c = 1.0): specific optical rotation =
+14.74. 18.3. Tributyl-((lS,2R)-2-methoxymethyl-cyclopropyl)-stannane To a
solution of intermediate 18.2 (9.5 g) in THF (200 mL) was added NaH (2.27
g, 60% in mineral oil) at RT, and the mixture stirred 30 min at RT. MeI
(7.55 mL) was added and stirring was continued at RT overnight. The
reaction mixture was diluted with H O and extracted with CH Cl . The
combined org. phases were dried over MgSO4 and evaporated off to afford the
desired compound as pale yellow oil (10.49 g). 1H-NMR (CDCl3) : 3.45 (dd,
IH); 3.38 (s, 3 H); 3.12 (dd, IH); 1.55-1.47 (m, 6H); 1.37-1.28 (m, 6H);
1.05 (m, IH); 0.91 (t, 9H); 0.83 (m, 6H); 0.56 (m, 2H); -0.30 (m, IH).
18.4.
4-((S)-4-tert-Butoxycarbonyl-2-{[5-((lS,2S)-2-methoxymethyl-cyclopropyl)-2-
phenylthiazole- 4-carbonylJ-amino}-butyryl)-piperazine-l-carboxylic acid
butyl ester A degassed mixture of intermediate 14.3 (50 mg), intermediate
18.3 (30 mg) and [Pd(PPh3) (5.1 mg) in toluene (2.0 mL) was heated to
reflux overnight. To drive the reaction to completion, intermediate 18.3
(13.4 mg and 30 mg after 40 h) and after 18 h [Pd(PPh3)4] (0.05 eq) were
added. After 48 h at reflux the reaction mixture was evaporated and the
crude mixture purified by CC (EtOAc/Hept 0:1 to EtOAc/Hept 1:0). LC-MS: tR
= 1.18 min; [M+H]+: 643.13. 18.5.
4-((S)-4-Carboxy-2-{[5-((lS,2S)-2-methoxymethyl-cyclopropyl)-2-phenyl-thiaz
ole-4- carbonyl]-amino}-butyryl)-piperazine-l-carboxylic acid butyl ester
This compound was prepared using a method analogous to that of Example 17,
intermediate 18.4 replacing intermediate 17.1. In addition, a preparative
TLC purification (CH2Cl2 /MeOH 9:1) was done. LC-MS: tR = 1.04 min; [M+H]+:
587.53.Example 19: 4-((S)-4-Carboxy-2-{
[5-((E)-2-carboxy-vinyl)-2-phenyl-thiazole-4-carbonyl]-
amino}-butyryl)-piperazine-l-carboxylic acid butyl ester To a mixture of
Example 15 (152 mg) in dioxane (1.5 mL) was added 2-
ethoxycarbonylvinylboronic acid pinacol ester (64 mg) followed by
[Pd(PPri3)4] (32 mg) and a solution OfK COs (50 mg) in H O (1.0 mL) and the
reaction mixture was stirred at 900C for 1.5 h. The crude mixture was
evaporated and the residue taken up in EtOH (2 mL). LiOH (50 mg) in MeOHZH
O (7:3, 1 mL) was added and the reaction mixture stirred at RT for 1 h. The
reaction mixture was acidified to pH 3 with IN HCl and extracted with
CH2Cl2 (3x). The combined org. phase were evaporated to dryness and
purified by CC (EtOAc, then CH2Cl2MeOH 9 :1) to give 9 1 mg of the desired
product. LC-MS: tR = 0.98 min; [M+H]+: 573.29. Example 20:
4-((S)-4-Carboxy-2-{[5-(2-carboxy-ethyl)-2-phenyl-thiazole-4-carbonyl]-
amino}-butyryl)-piperazine-l-carboxylic acid butyl ester A suspension of
Example 19 (53 mg) and Pd/C (10%, 62 mg) in MeOH (2 mL) was stirred at RT
under H2 atmosphere until reaction completion. The reaction mixture was
filtrated over celite and the filtrate evaporated to dryness. Preparative
HPLC (I) gave 18 mg of the desired product as yellow foam. LC-MS: tR = 0.96
min; [M+H]+: 574.92. Example 21:
4-((S)-4-Carboxy-2-{[5-((E)-3-methoxy-propenyl)-2-phenyl-thiazole-4-
carbonyl]-amino}-butyryl)-piperazine-l-carboxylic acid butyl ester 21.1.
4-((S)-4-tert-Butoxycarbonyl-2-{[5-((E)-3-methoxy-propenyl)-2-phenyl-thiazo
le-4- carbonylj-aminoj-butyryfy-piperazine-l-carboxylic acid butyl ester
This compound was prepared using a method analogous to that of Example 17,
step 17.1, (E)- 2-(3-methoxy- 1-propen- 1-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane replacing phenylboronic acid. LC-MS: tR = 1.19 min;
[M+H]+: 629.96.21.2.
4-((S)-4-Carboxy-2-{[5-((E)-3-methoxy-propenyl)-2-phenyl-thiazole-4-carbony
l]- amino}-butyryl)-piperazine-l-carboxylic acid butyl ester This compound
was prepared using a method analogous to that of Example 17, step 17.1,
intermediate 21.1 replacing intermediate 17.1. However, a preparative HPLC
(I) purification was carried out instead of CC. LC-MS: tR = 1.05 min;
[M+H]+: 573.39. Example 22:
4-((S)-4-Carboxy-2-{[5-(3-methoxy-propyl)-2-phenyl-thiazole-4-carboiiyl]-
amino}-butyryl)-piperazine-l-carboxylic acid butyl ester 22. 1.
4-((S)-4-tert-Butoxycarbonyl-2-{[5-(3-methoxy-propyl)-2-phenyl-thiazole-4-c
arbonyl]- amino}-butyryl)-piperazine-l-carboxylic acid butyl ester A
suspension of intermediate 21.1 (52 mg), Pd/C (10%, 44 mg) and DIPEA (0.05
mL) in MeOH (1.5 mL) was stirred at RT under H atmosphere for 1 h. The
reaction mixture was filtrated over celite and the filtrate evaporated to
dryness. The desired compound (49 mg) was 



used without further purification. LC-MS: tR = 1.18 min; [M+H]+: 631.94.
22.2.
4-((S)-4-Carboxy-2-{[5-(3-methoxy-propyl)-2-phenyl-thiazole-4-carbonyl]
-amino}- butyryl)-piperazine-l-carboxylic acid butyl ester This compound
was prepared using a method analogous to that of Example 15, intermediate
22.1 replacing intermediate 14.3. LC-MS: tR = 1.04 min; [M+H]+: 575.1 1.
Example 23:
4-{(S)-4-Carboxy-2-[(5-morpholin-4-yl-2-phenyl-thiazole-4-carbonyl)-
amino]-butyryl}-piperazine-l-carboxylic acid butyl ester 23.1.
4-{(S)-4-tert-Butoxycarbonyl-2-[(5-morpholin-4-yl-2-phenyl-thiazole-4-carbo
nyl)- amino]-butyryl}-piperazine-l-carboxylic acid butyl ester To a
solution of intermediate 14.3 in morpholine (0.7 mL) was added CS2CO3 (36
mg), and the reaction mixture stirred at 6O0C overnight, and at 900C for
additional 6 h. The reactionmixture was diluted with H O extracted with
EtOAc (3x). The combined org. phases were dried over MgSO4, filtrated,
evaporated to dryness and used without further purification. LC-MS: tR =
1.14 min; [M+H]+: 644.43. 23.2.
4-{(S)-4-Carboxy-2-[(5-morpholin-4-yl-2-phenyl-thiazole-4-carbonyl)-amino]-
butyryl}- piperazine-1-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 17, intermediate 23.1
replacing intermediate 17.1. However, a preparative HPLC (I) purification
was carried out instead of CC. LC-MS: tR = 0.99 min; [M+H]+: 588.66.
Example 24:
4-{(S)-4-Carboxy-2-[(2-phenyl-5-pyrrolidin-l-yl-thiazole-4-carbonyl)-
amino]-butyryl}-piperazine-l-carboxylic acid butyl ester 24.1.
4-{(S)-4-tert-Butoxycarbonyl-2-[(2-phenyl-5-pyrrolidin-l-yl-thiazole-4-carb
onyl)- amino]-butyryl}-piperazine-l-carboxylic acid butyl ester This
compound was prepared using a method analogous to that of Example 23,
pyrrolidine replacing morpholine. LC-MS: tR = 1.20 min; [M+H]+: 628.95.
24.2.
4-{(S)-4-Carboxy-2-[(2-phenyl-5-pyrrolidin-l-yl-thiazole-4-carbonyl)-amino]
-butyryl}- piperazine-1-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 15, intermediate 24.1
replacing intermediate 14.3. LC-MS: tR = 1.05 min; [M+H]+: 572.5 1. Example
25:
4-((S)-4-Carboxy-2-{[5-((S)-3-methoxy-pyrrolidin-l-yl)-2-phenyl-thiazole-4-
carbonyl]-amino}-butyryl)-piperazine-l-carboxylic acid butyl ester To a
solution of Example 15 (50 mg) in CH3CN ( 1 mL) was added
(S)-3-methoxypyrrolidine hydrochloride (WO2008044217, 103 mg) and Cs2CO3
(70 mg), and the reaction mixture was stirred at 8O0C for 24 h. To the
reaction mixture was added H O and EtOAc, the phases wereseparated and the
aq. phase was extracted with EtOAc (2x). The org. phases were dried over
MgSO4, filtrated and evaporated to dryness. Preparative TLC (EtOAc + 0.1%
AcOH) gave 11 mg of the desired product. LC-MS: tR = 1.02 min; [M+H]+:
602.53. Example 26:
4-{2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-acetyl}-piperazine-lcarboxylic
acid butyl ester 26.1.
4-(2-tert-Butoxycarbonylamino-acetyl)-piperazine-l-carboxylic acid butyl
ester This compound was prepared using a method analogous to that of
Example 3, step 3.2, Boc- Glycine replacing intermediate 3.1 and using CH
Cl instead of CH CVTHF. LC-MS: tR = 0.92 min; [M+H]+: 344.27. 26.2.
4-(2-Amino-acetyl)-piperazine-l-carboxylic acid butyl ester To a solution
of intermediate 26.1 (4620 mg) in CH2Cl2 (20 mL) was added TFA (20 mL). The
reaction mixture was stirred at RT for 2 h and the solvents were evaporated
off. The crude was redissolved in CH2Cl2 (20 mL) and washed with IN NaOH
and brine, dried (MgSO^ and evaporated off to afford 3120 mg of the desired
compound as yellowish oil. LC-MS: tR = 0.63 min; [M+H]+: 243.49. 26.3.
4-{2-[(2-Phenyl-thiazole-4-carbonyl)-amino]-acetyl}-piperazine-l-carboxylic
acid butyl ester This compound was prepared using a method analogous to
that of Example 3, step 3.2, 2- phenyl-1.3-thiazole-4-carboxylic acid
replacing intermediate 3.1 and intermediate 26.2 replacing
piperazine-1-carboxylic acid butyl ester. LC-MS: tR = 1.03 min; [M+H]+:
431.58. Example 27:
4-(2-{[5-(3-Hydroxy-propylamino)-2-phenyl-thiazole-4-carbonyl]-amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester27.1.
4-{2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-acetyl}-piperazine-l-ca
rboxylic acid butyl ester This compound was prepared using a method
analogous to that of Example 14, step 14.3, intermediate 26.3 replacing
(S)-4-(2-Amino-4-ter -butoxycarbonyl-butyryl)-piperazine-lcarboxylic acid
butyl ester. LC-MS: tR = 1.08 min; [M+H]+: 509.03. 27.2.
4-(2-{[5-(S-Hydroxy-propylamino)-2-phenyl-thiazole-4-carbonyl]-amino}-acety
l)- piperazine-1 -carboxylic acid butyl ester Intermediate 27.1 (500 mg)
was stirred in 3-aminopropanol (3 mL) at 1200C for 1 h. The reaction
mixture was allowed to cool to RT and was diluted with CH Cl . The org.
phase was washed with HCl (IM, 3x) and brine. The org. phase was then dried
over Na SC and concentrated in vacuo. Purification by CC (CH2Cl2/Me0H 95:5)
gave 285 mg of the desired product. LC-MS: tR = 1.01 min; [M+H]+: 504.45.
Example 28:
4-(2-{[5-(3-Methoxy-propylamino)-2-phenyl-thiazole-4-carbonyl]-amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester This compound was prepared
using a method analogous to that of Example 27, step 27.2, 3-
methoxypropylamine replacing 3-aminopropanol. However, the reaction mixture
was stirred at 800C overnight. LC-MS: tR = 1.06 min; [M+H]+: 518.21.
Example 29:
4-(2-{[5-(3-Fluoro-phenyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)-
piperazine-1-carboxylic acid butyl ester A mixture of intermediate 27.1 (25
mg), 3-fluorophenylboronic acid ( 11 mg), [Pd(PPli3)4] (3 mg) in IN NaHCO 3
(0.5 mL) and CH3CN (0.5 mL) was heated to reflux overnight. The org. 



phase was separated, filtrated and directly purified by preparative HPLC
(IV) to give 12 mg of the desired product. LC-MS: tR = 1.15 min; [M+H]+:
525.29.Example 30:
4-(2-{[5-((E)-2-Ethoxycarbonyl-vinyl)-2-phenyl-thiazole-4-carboiiyl]-
amino}-acetyl)-piperazine-l-carboxylic acid butyl ester To a mixture of
intermediate 27.1 (300 mg) in DME (3 mL) was added 2-
ethoxycarbonylvinylboronic acid pinacol ester (133 mg) followed by
[Pd(PPri3)4] (34 mg) and a solution of K2CO3 (81 mg) in H O (1.5 mL). The
flask was evacuated and backfilled with argon and the mixture was stirred
at 900C for 40 h . To drive the reaction to completion the boronic ester
(3x 1 eq) was added at different interval, as well as an additional portion
of cat. (Ix 0.05 eq). The reaction mixture was allowed to cool to RT and
was extracted with EtOAc (3x). The combined org. layers were dried over
MgSO4 evaporated to dryness. Purification by CC (EtOAc/Hept 0 :1 to
EtOAc/Hept 7:3) followed by preparative HPLC (I) gave 66 mg of the desired
product. LC-MS: tR = 1.15 min; [M+H]+: 529.35. Example 31: 4-(2-{
[5-((E)-2-Carboxy-vinyl)-2-phenyl-thiazole-4-carbonyl] -amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester This compound was prepared
using a method analogous to that of Example 28, Example 30 replacing
intermediate 27.2. In addition, preparative TLC with CH CVMeOH 95:5 + 1%
AcOH was carried out. LC-MS: tR = 1.02 min; [M+H]+: 501.30. Example 32:
4-(2-{[5-(2-Ethoxycarbonyl-ethyl)-2-phenyl-thiazole-4-carbonyl]-amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester This compound was prepared
using a method analogous to that of Example 20, Example 30 replacing
Example 19. Purification by preparative TLC (EtOAc/Hept 7:3) instead of
preparative HPLC (I) was carried out. LC-MS: tR = 1.10 min; [M+H]+: 531.53.
Example 33:
4-(2-{[5-(2-Carboxy-ethyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)-
piperazine-1-carboxylic acid butyl esterThis compound was prepared using a
method analogous to that of Example 28, Example 32 replacing intermediate
27.2. LC-MS: tR = 0.99 min; [M+H]+: 503.60. Example 34:
4-(2-{[5-(3-Methoxy-propenyl)-2-phenyl-thiazole-4-carbonyl]-amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester This compound was prepared
using a method analogous to that of Example 16, step 16.3, intermediate
27.1 replacing intermediate 16.2, (E)-2-(3-methoxy-l-propen-l-yl)-4,4,5,5-
tetramethyl-l,3,2-dioxaborolane replacing phenylboronic acid. LC-MS: tR =
1.1 1 min; [M+H]+: 501.44. Example 35:
4-(2-{[5-(3-Methoxy-propyl)-2-phenyl-thiazole-4-carbonyl]-amino}-acetyl)-
piperazine-1-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 22, step 22.1, Example 34 replacing
intermediate 21.1. In addition, a purification by preparative TLC
(CH2Cl2ZMeOH 95:5) was carried out. LC-MS: tR = 1.09 min; [M+H]+: 503.54.
Example 36:
4-{(S)-3-Methyl-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-butyryl}-
piperazine-1-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 8, step 8.3, 4-((S)-
2-amino-3-methyl-butyryl)-piperazine-l-carboxylic acid butyl ester
(prepared as described in WO2008044217) replacing piperazine-1-carboxylic
acid butyl ester, phenyl- 1,3 -thiazole-4- carboxylic acid replacing
intermediate 8.2 and using CH Cl instead of CH2C 12/THF. The compound was
however purified by CC (EtOAc/Hept 0 :1 to EtOAc/Hept 1:0). LC-MS: tR =
1.09 min; [M+H]+: 473.25. Example 37:
4-{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-3-hydroxypropionyl}
- piperazine-l-carboxylic acid butyl ester37.1.
4-(2-Amino-3-hydroxy-propionyl)-piperazine-l-carboxylic acid butyl ester
hydrochloride To a solution of
4-((5)-2-tert-butoxycarbonylamino-3-hydroxy-propionyl)-piperazine-lcarboxyl
ic acid butyl ester (1.79 g, as described in WO2008044217) in CH2Cl2 (22
mL) was added HCl (4M in dioxane, 8.3 mL) and the reaction mixture was
stirred for 2 h at RT. The suspension was diluted with Et O (1000 mL) and
the white cake was filtered, washed with Et2O and dried at HV overnight.
The crude ( 1.19 g) was used without purification. LC-MS: tR = 0.63 min;
[M+H]+: 274.40. 37.2.
4-{(S)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-3-hydroxy-propionyl
}- piperazine-1-carboxylic acid butyl ester A solution of intermediate 14.1
(310 mg) in CH2Cl2 (20 mL) and DIPEA (0.43 mL) was treated with PyBOP (632
mg) and the reaction mixture stirred for 10 min at RT. Then intermediate
37.1 (354 mg) was added and the mixture stirred for 3 h at RT. The mixture
was evaporated to dryness and directly purified by CC (EtOAc/Hept 6:4) to
give 400 mg of the desired product. LC-MS: tR = 1.02 min; [M+H]+: 538.99.
Example 38:
4-{(S)-3-Hydroxy-2-[(2-phenyl-thiazole-4-carbonyl)-amino]-propionyl}-
piperazine-1-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 37, 2-phenyl- 1,3-
thiazole-4-carboxylic acid replacing intermediate 14.1 and using
preparative HPLC (III) instead of CC. LC-MS: tR = 0.92 min; [M+H]+: 461.01.
Example 39:
4-((S)-2-{[5-((E)-2-Carboxy-vinyl)-2-phenyl-thiazole-4-carbonyl]-amino}-3-
hydroxy-propionyl)-piperazine-l-carboxylic acid butyl esterTo a mixture of
intermediate 37.2 (295 mg), ethoxycarbonylvinylboronic acid pinacol ester
(148 mg) and [Pd(PPh3)4] (32 mg) was added aq. K2CO2 (2M, 0.38 mL) and DME
(3 mL) and the reaction mixture stirred overnight at 900C. The mixture was
evaporated to dryness and directly purified by CC (EtOAc/Hept 1:1, then
EtOAc, 1% HOAc) to give two fractions: The first eluting fraction gave
after evaporation 196 mg of a yellow solid. This corresponded to the
desired ethyl ester (Intermediate 39.1). A second eluting fraction was
repurified by preparative TLC (CH2Cl2ZMeOH 9:1) to give 9 mg of the desired
acid (Example 39). LC-MS: tR = 1.09 min; [M+H]+: 559.44 (ester). LC-MS: tR
= 0.92 min; [M+H]+: 531.03 (acid). Example 40:
4-((S)-2-{[5-(2-Carboxy-ethyl)-2-phenyl-thiazole-4-carbonyl]-amino}-3- 



hydroxy-propionyl)-piperazine-l-carboxylic acid butyl ester This compound
was prepared using a method analogous to that of Example 16, step 16.4,
intermediate 39.1 replacing intermediate 16.3. In addition, a preparative
HPLC (III) was carried out. LC-MS: tR = 0.94 min; [M+H]+: 533.73. Example
41:
4-((R)-2-{[2-(4-Fluoro-phenyl)-thiazole-4-carbonyl]-amino}-3-phosphonopropi
onyl)- piperazine-l-carboxylic acid butyl ester 41.1.
4-[(R)-2-[(2-Bromo-thiazole-4-carbonyl)-amino]-3-(diethoxy-phosphoryl)-prop
ionyl]- piperazine-1-carboxylic acid butyl ester This compound was prepared
using a method analogous to that of Example 8, step 8.5, 2-
bromo-4-thiazolecarboxylic acid replacing
2-phenyl-l,3-thiazole-4-carboxylic acid.LC-MS: tR = 0.93 min; [M+H]+:
583.43. 41.2.
4-((R)-3-(Diethoxy-phosphoryl)-2-{[2-(4-fluoro-phenyl)-thiazole-4-carbonyl]
-amino}- propionyl)-piperazine-l-carboxylic acid butyl ester To a mixture
of intermediate 41.1 ( 117 mg) in CH3CN (1.1 mL) was added
Afluorobenzeneboronic acid (29 mg) and PdCl (PPlIs) (8.3 mg) followed by
aq. Na CO (IN, 1.1 mL). After stirring the reaction mixture at 85C
overnight, 4-fluorobenzeneboronic acid (3.1 mg) and PdCl2(PPhS)2 (1.5 mg)
were added again the reaction mixture stirred for additional 24 h . After
evaporation, the residue was extracted with EtOAc (3x) and the combined
org. layers were evaporated to dryness. Purification by CC (CH2Cl2/Me0H
97:3 to 95:5) gave 77 mg of the desired product. LC-MS: tR = 1.01 min;
[M+H]+: 599.86. 41.3. 4-((R)-2-
{[2-(4-Fluoro-phenyl)-thiazole-4-carbonyl]-amino}-3-phosphono-propionyl)-
piperazine-1-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 9, intermediate 41.2 replacing
intermediate 8.5. However, the reaction mixture was stirred first 1 h at
00C, then 2 h at RT and the crude was purified by preparative HPLC (III)
instead of (I). LC-MS: tR = 0.86 min; [M+H]+: 542.82. Example 42:
4-{(R)-3-(Diethoxy-phosphoryl)-2-[(2,5-diphenyl-thiazole-4-carbonyl)-
amino]-propionyl}-piperazine-l-carboxylic acid butyl ester 42. 1.
4-[(R)-2-[(5-Bromo-2-phenyl-thiazole-4-carbonyl)-amino]-3-(diethoxy-phospho
ryl)- propionyl] -piperazine-1-carboxylic acid butyl ester This compound
was prepared using a method analogous to that of Example 8, step 8.5,
intermediate 14.1 replacing 2-phenyl-l,3-thiazole-4-carboxylic acid. LC-MS:
tR = 1.06 min; [M+H]+: 658.95. 42.2. 4-{(R)-3-(Diethoxy-phosphoryl)-2-[(2,
5-diphenyl-thiazole-4-carbonyl)-amino]- propionyl}-piperazine-l-carboxylic
acid butyl esterA mixture of intermediate 42.1 (122 mg), phenylboronic acid
(34 mg), [Pd(PPh3)4] ( 11 mg), CH3CN (1.0 mL) and aq. Na2CO3 (IN, 1 mL) was
heated at 800C for 2.5 h. The org. solvent was evaporated and the residue
diluted with H O and extracted with EtOAc (3x). The org. phase was dried
over MgSO , and evaporated. CC (EtOAc/Hept 1:1 to 1:0) gave 121 mg of the
desired product. LC-MS: tR = 1.1 1 min; [M+H]+: 656.80. Example 43:
4-{(R)-2-[(2,5-Diphenyl-thiazole-4-carbonyl)-amino] -3-phosphonopropionyl}-
piperazine-l-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 9, intermediate 42.2 replacing
intermediate 8.5. Purification with preparative HPLC (III) instead of (I)
gave the desired compound. LC-MS: tR = 0.96 min; [M+H]+: 601.13. Example
44:
4-((R)-3-(Diethoxy-phosphoryl)-2-{[5-(4-methyl-piperazin-l-yl)-2-phenylthia
zole^- carbonylj-aminoj-propiony^-piperazine-l-carboxylic acid butyl ester
A mixture of intermediate 42.1 (100 mg), N-methylmorpholine (1.5 mL) and Cs
CO3 (67 mg) was heated at 700C until reaction completion. The reaction
mixture was diluted with sat. aq. Na2CO3 and extracted with EtOAc. The
combined org. phases were dried over MgSO and evaporated. Purification by
CC (Hept to Hept/EtOAc 8:2) gave 42 mg of the desired product. LC-MS: tR =
0.84 min; [M+H]+: 679.79. Example 45:
4-((R)-2-{[5-(4-Methyl-piperazin-l-yl)-2-phenyl-thiazole-4-carbonyl]-
amino}-3-phosphono-propionyl)-piperazine-l-carboxylic acid butyl ester;
hydrochloride This compound was prepared using a method analogous to that
of Example 9, Example 44 replacing intermediate 8.5. Purification with
preparative HPLC (III) instead of (I) gave the desired compound. The
residue was taken up in HCl (4M in dioxane) and evaporated to dryness to
give the corresponding HCl salt. LC-MS: tR = 0.75 min; [M+H]+:
622.86.Example 46:
4-[(R)-2-{[5-(Butyl-methyl-amino)-2-phenyl-thiazole-4-carbonyl]-amino}-3-
(diethoxy-phosphoryl)-propionyl]-piperazine-l-carboxylic acid butyl ester
This compound was prepared using a method analogous to that of Example 44,
methylbutylamine replacing N-methylmorpholine. Purification by preparative
HPLC (I) instead of CC gave the desired product. LC-MS: tR = 1.12 min;
[M+H]+: 666.83. Example 47:
4-((R)-2-{[5-(Butyl-methyl-amino)-2-phenyl-thiazole-4-carbonyl]-amino}-3-
phosphono-propionyl)-piperazine-l-carboxylic acid butyl ester This compound
was prepared using a method analogous to that of Example 9, Example 46
replacing intermediate 8.5. Purification with preparative HPLC (III)
instead of (I) gave the desired compound. LC-MS: tR = 0.98 min; [M+H]+:
610.65. Example 48:
4-{(R)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-3-phosphonopropiony
l}- piperazine-l-carboxylic acid butyl ester 48.1.
4-Phenyl-thiazole-2-carboxylic acid ethyl ester A solution of ethyl
thiooxamate (1.30 g) and phenacylbromide (1.94 g) in dioxane (25 mL) was
heated to reflux for 1 h. The reaction mixture was evaporated, diluted with
H O, and the aq. phase extracted with 3x CH Cl and washed with 2x aq. sat.
NaHCO . The combined org. layers were dried over MgSO4, filtrated off,
evaporated and dried at HV. Purification by CC (Hept/EtOAc 9:1 to 1:1) gave
802 mg of the desired product. LC-MS: tR = 1.06 min; [M+H]+: 234.55. 48.2.
5-Bromo-4-phenyl-thiazole-2-carboxylic acid ethyl ester To a solution of
intermediate 48.1 (982 mg) in AcOH (20 mL) was added NBS (1577 mg) at RT.
The resulting suspension was heated to 65C for 23h30. The reaction mixture
was 



evaporated and diluted with H2O. The aq. phase was extracted with EtOAc
(3x) and washed with aq. sat. NaHCO and brine. The combined org. layers
were dried over MgSq 4, filtrated off, evaporated and dried at HV. The
crude was triturated with diethyl ether and filtrated off,washed with
diethyl ether, evaporated and dried at HV. CC (Hept/EtOAc 95:5 to 7:3)
followed by additional triturations with Hept gave 512 mg of the desired
product. LC-MS: tR = 1.19 min; [M+H]+: 3 11.96. 48.3.
5-Bromo-4-phenyl-thiazole-2-carboxylic acid To a solution of intermediate
48.2 (200 mg) in MeOH (10 mL) was added aq. KOH (IM, 1.9 mL), and the
reaction mixture was stirred at 600C for 15 min. The reaction mixture was
evaporated and the residue diluted with water and acidified (pH 2) with aq.
HCl (IM, 2 mL) under ice-bath cooling. The resulting precipitate was
filtrated off, washed with water and dried at HV to give 119 mg of the
desired product. LC-MS: tR = 0.96 min; [M+H]+: 284.10. 48.4.
4-[(R)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-S-(diethoxy-phospho
ryl)- propionyl] -piperazine-1-carboxylic acid butyl ester This compound
was prepared using a method analogous to that of Example 8, step 8.5,
intermediate 48.3 replacing 5-bromo-4-phenyl-thiazole-2-carboxylic acid.
LC-MS: tR = 1.14 min; [M+H]+: 658.82. 48.5.
4-{(R)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-3-phosphono-propion
yl}- piperazine-1-carboxylic acid butyl ester This compound was prepared
using a method analogous to that of Example 9, intermediate 48.4 replacing
intermediate 8.5. Purification with preparative HPLC (III) instead of (I)
gave the desired compound. LC-MS: tR = 0.96 min; [M+H]+: 602.70. Example
49: 4-{(R)-2-[(4,5-Diphenyl-thiazole-2-carbonyl)-amino]
-3-phosphonopropionyl}- piperazine-l-carboxylic acid butyl ester This
compound was prepared using a method analogous to that of Example 9,
Example 48 replacing intermediate 8.5. Purification with preparative HPLC
(III) instead of (I) gave the desired compound. LC-MS: tR = 1.01 min;
[M+H]+: 600.89.Example 50:
4-{2-[(4,5-Diphenyl-thiazole-2-carbonyl)-amino]-acetyl}-piperazine-lcarboxy
lic acid butyl ester 50.1.
4-{2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-acetyl}-piperazine-l-ca
rboxylic acid butyl ester This compound was prepared using a method
analogous to that of Example 8, step 8.5, intermediate 48.3 replacing
5-bromo-4-phenyl-thiazole-2-carboxylic acid and intermediate 26.2 replacing
intermediate 8.4. LC-MS: tR = 1.15 min; [M+H]+: 509.01. 50.2.
4-{2-[(4,5-Diphenyl-thiazole-2-carbonyl)-amino]-acetyl}-piperazine-l-carbox
ylic acid butyl ester This compound was prepared using a method analogous
to that of Example 42, step 42.2, intermediate 50.1 replacing intermediate
42.1. Purification with preparative HPLC (III) instead of CC gave the
desired compound. LC-MS: tR = 1.20 min; [M+H]+: 507.53. Example 51:
4-(2-{[5-((E)-3-Methoxy-propenyl)-4-phenyl-thiazole-2-carbonyl]-amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester To a solution of
intermediate 50.1 (100 mg) in EtOH/toluene (2 mL, 1:1) was added (E)-2-(3-
methoxy-l-propen-l-yl)-4,4,5,5-tetramethyl-l,3,2-dioxaborolane (41 mg)
followed by [Pd(PPh3)4] (H mg) and a solution Of K2CO3 (41 mg) in H2O (0.5
mL) at RT. The reaction mixture was stirred for 2hl5 at 800C under argon
and evaporated to dryness. Purification by preparative HPLC (III) gave 44
mg of the desired product LC-MS: tR = 1.1 1 min; [M+H]+: 501.08. Example
52:
4-(2-{[5-(3-Methoxy-propyl)-4-phenyl-thiazole-2-carbonyl]-amino}-acetyl)-
piperazine-1-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 20, Example 5 1 replacing Example 19.
No preparative HPLC was carried out.LC-MS: tR = 1.1 1 min; [M+H]+: 503.70.
Example 53: 4-(2-{
[5-((E)-2-Ethoxycarbonyl-vinyl)-4-phenyl-thiazole-2-carbonyl] -
amino}-acetyl)-piperazine-l-carboxylic acid butyl ester This compound was
prepared using a method analogous to that of Example 51, 2-
ethoxycarbonylvinylboronic acid pinacol ester replacing
(E)-2-(3-methoxy-l-propen-l-yl)- 4,4,5,5-tetramethyl-l,3,2-dioxaborolane.
LC-MS: tR = 1.16 min; [M+H]+: 529.53. Example 54:
4-(2-{[5-(2-Methoxycarbonyl-ethyl)-4-phenyl-thiazole-2-carbonyl]-amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester This compound was prepared
using a method analogous to that of Example 52, Example 53 replacing
Example 51. In addition, the crude was dissolved in MeOH (ca 0.1 mM) and
stirred at 500C for 30 min. The reaction mixture was evaporated to dryness
to give the desired product. LC-MS: tR = 1.07 min; [M+H]+: 517.46. Example
55:
4-(2-{[5-(2-Carboxy-ethyl)-4-phenyl-thiazole-2-carbonyl]-amino}-acetyl)-
piperazine-1-carboxylic acid butyl ester To a solution of Example 54 (59
mg) in MeOH (3 mL) was added aq. NaOH (IM, 2 mL) and the reaction mixture
stirred at RT for Ih25. The reaction mixture was diluted with H O and
extracted with 3x EtOAc. The combined org layers were dried over MgSO4, and
concentrated to dryness. Purification by preparative TLC (CH CVMeOH 7:3)
gave 13 mg of the desired product. LC-MS: tR = 0.98 min; [M+H]+: 503.3 1.
Example 56:
4-{(S)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-4-carboxybutyryl}-
piperazine-l-carboxylic acid butyl ester 56.1.
4-{(S)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-4-tQrt-butoxycarbon
ylbutyryl}- piperazine-1-carboxylic acid butyl esterThis compound was
prepared using a method analogous to that of Example 8, step 8.5,
intermediate 48.3 replacing 5-bromo-4-phenyl-thiazole-2-carboxylic acid and
(S)-4-(2-amino- 4-tert-butoxycarbonyl-butyryl)-piperazine-l-carboxylic acid
butyl ester replacing intermediate 8.4. LC-MS: tR = 1.33 min; [M+H]+:
638.75. 56.2.
4-{(S)-2-[(5-Bromo-4-phenyl-thiazole-2-carbonyl)-amino]-4-carboxy-butyryl}-



piperazine-1-carboxylic acid butyl ester This compound was prepared using a
method analogous to that of Example 15, intermediate 56.1 replacing Example
15. Purification by preparative HPLC (III) instead of (I) gave the desired
product. LC-MS: tR = 1.10 min; [M+H]+: 581.15. Example 57:
4-{(R)-3-[Bis-(acetoxymethoxy)-phosphoryl]-2-[(2-phenyl-thiazole-4-
carbony^-aminol-propionylj-piperazine-l-carboxylic acid butyl ester A
solution of Example 9 (145 mg) in anh. NMP (0.8 mL) and NEt (0.15 mL) was
stirred for 20 min at RT. Then, bromomethyl acetate (0.3 mL) followed by
NaI (50 mg) was added and the reaction mixture stirred at 45C overnight.
The reaction mixture was diluted with toluene and washed with H2O (5x). The
organic phase was dried over MgSC>4 and evaporated to dryness. Purification
by CC (EtOAc/Hept 0:1 to 1:0, then EtOAc/MeOH 9:1) gave 54 mg of the
desired product. LC-MS: tR = 1.00 min; [M+H]+: 669.38. Example 58:
N,N'-Bis-((S)-l-Ethoxycarbonylethyl)-(R)-2-[(2-phenyl-thiazole-4-
carbonyl)-amino]-3-oxo-3-(4-butoxy-carbonyl-piperazin-l-yl)-propyl-phosphon
ic acid diamide A mixture of Example 9 (100 mg), L-alanine ethyl ester
hydrochloride (88 mg), NEt (0.159 mL) in anh. pyridine (0.57 mL) was heated
to 600C for 10 min. A freshly prepared yellow solution of 2,2'-dipyridyl
disulfide (147 mg) and triphenylphosphine (175 mg) in anh. pyridine (0.57
mL) was added to the above mixture. The reaction mixture was stirred at
600C overnight, cooled to RT and concentrated. The residue was partitioned
between CH Cl andsat. aq. NaHCO . The organic phase was washed with brine,
dried over Na2Sq 4 and evaporated to dryness. The crude was purified by CC
(CH CVMeOH 0:1 to 94:6) gave 23 mg of the desired product. LC-MS: tR = 1.00
min; [M+H]+: 723.02. Example 59:
4-{(R)-3-[Bis-(ethoxycarbonyloxymethoxy)-phosphoryl]-2-[(2-pheiiylthiazole^
- carbony^-aminoj-propionylj-piperaziiie-l-carboxylic acid butyl ester A
solution of Example 9 (100 mg) and NEt3 (0.08 mL) in DMPU (0.35 mL) was
stirred for 10 min at RT. Then, NaI (35 mg) and carbonic acid chloromethyl
ester ethyl ester (0.76 mg, prepared as described in WO2004092189) were
added. The mixture was stirred overnight at 500C under argon. The reaction
mixture was washed with H O and the aq. phase extracted with toluene (3x).
The combined org. phases were dried over Na2Sq 4 and concentrated to
dryness. CC purification (EA/[CH2Cl2/Me0H 8:2] 1:0 to 3:1) gave 55 mg of
the desired product. LC-MS: tR = 1.07 min; [M+H]+: 729.28. Example 60:
4-(2-{ [5-(Hexyl-methyl-amino)-4-phenyl-thiazole-2-carbonyl] -amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester To a solution of
intermediate 50.1 (76 mg) in N-hexylmethylamine (0.5 mL) was added Cs2CO3
(58 mg) at RT and the reaction mixture was stirred at 1300C for 4 d. The
reaction mixture was diluted with EtOAc (3x) and washed with aq. sat.
Na2CO3, H2O and brine. The combined org. layers were dried over MgSO4 and
evaporated to dryness. Preparative HPLC (IX) to give 4 mg of the desired
product. LC-MS: tR = 1.35 min; [M+H]+: 544.68. Example 61:
4-(2-{[5-(2-Carboxy-ethylamino)-2-phenyl-thiazole-4-carbonyl]-amino}-
acetyl)-piperazine-l-carboxylic acid butyl ester To a suspension of Example
27 (25 mg) in H2O/CH3CN (0.2 mL, 1:1) was added at 00C diacetoxyiodobenzene
(35 mg) and 2,2,6,6-tetramethylpiperidine-l-oxyl (3 mg), and the reaction
mixture was stirred at 0 0C for 2 h. The reaction mixture was diluted with
H2O, acified with aq. HCl (IM, 0.5 mL) and extracted with EtOAc (3x5 mL)
The combined organiclayers were dried over Na2Sq 4 and concentrated to
dryness. Purification by CC (CH2Cl2ZMeOH 97:3) gave 8 mg of the desired
product. LC-MS: tR = 0.59 min; [M+H]+: 518.26. Example 62:
4-(2-{[5-(2-Ethoxycarbonyl-ethylamino)-2-phenyl-thiazole-4-carbonyl]-
amino}-acetyl)-piperazine-l-carboxylic acid butyl ester To a solution of
Example 6 1 (6 mg) in EtOH (0.2 mL) was added concentrated H2SO4 (20 mL),
and the reaction mixture was stirred at RT for 1 h. The reaction mixture
was diluted with H O and extracted with EtOAc (2x). The combined org.
layers were dried over Na2Sq 4 and concentrated to dryness. Purification by
CC (CH2CWMeOH 97:3) gave 3 mg of the desired product. LC-MS: tR = 1.1 1
min; [M+H]+: 546.61. BIOLOGICAL TESTS P2Yi2 receptor binding assay
Procedure Chinese Hamster Ovary (CHO) cells with recombinant expression of
the human P2Yi 2 receptor were cultured in 24 well cell-culture plates.
Cells were washed three times with binding buffer (50 mM Tris pH 7.4, 100
mM NaCl, 1 mM EDTA, 0.5 % BSA). The cells were then incubated with 0.5 ml
per well binding buffer containing tritium-labeled 2-methylthio- adenosine
5'-diphosphate (2-methyl-S-ADP) (between 100'0OO and 300O00 dpm per well)
and various concentrations of test compounds. After incubation at RT for 2
hours, cells were washed three times with binding buffer. Then, cells were
solubilized by addition of 0.5 ml solubilization buffer (SDS, NaOH, EDTA).
The content of each well was then transferred into beta-counter vials and
2.0 ml of Ultima Gold Scintillation liquid was added. After quantification
of the cell-associated signal, extent of inhibition was calculated relative
to maximal possible inhibition demonstrated by addition of excess of cold
2-methyl-S-ADP. b.ulM.obtained for the compound^ offormula_ I The following
results could be obtained for the Example compounds of formula I using the
procedure described above for the P2Yi 2 receptor binding assay:LUNG TISSUE
MODEL FIELD OF THE INVENTION The present invention provides for an
engineered three dimensional pulmonary model tissue culture which is free
of any artificial scaffold. Three dimensional models of healthy lung tissue
as well as disease tissues are available. The product according to the
invention can be marketed e.g. in the form of tissue cultures, plates or
arrays comprising such cultures or kits. The invention is applicable in
medical and scientific research, for testing compounds for their effect on
lung tissue, for screening, testing and/or evaluating drugs, and in certain
cases in diagnostics of lung diseases. BACKGROUND ART 



Tissue engineering is a rapidly developing field of biomedical research
that aims to repair, replace or regenerate damaged tissues. Due to the
latest events of disastrous phase II clinical drug trials (e.g. TGN1412),
further goals of tissue engineering include generation of human tissue
models for safety and efficacy testing of pharmaceutical compounds. Tissue
engineering in general and our model in particular exploits biological
morphogenesis, which is an example of self-assembly. Cell and tissue
engineering is pursued nowadays from several perspectives. In one aspect,
it is used to gain deeper insight into cell biology and physiology. Two
main directions are being developed in tissue engineering research: tissue
scaffold based and tissue scaffold free systems. While scaffold based
systems use mostly biodegradable scaffold material to provide an artificial
3D structure to facilitate cellular interactions, a scaffold free system
allows direct cell to cell interactions, and allows cells to grow on their
secreted scaffold material in the model. In US 2001/0055804 Al (,,Three
dimensional in vitro model of human preneoplastic breast disease")
discloses a three dimensional in vitro cell culture system useful as a
model of a preneoplastic breast disease for screening drugs. Said model is
prepared by co-culturing preneoplastic epithelial cells of breast origin,
endothelial cells and breast fibroblasts on a reconstituted base membrane
in a medium comprising further additives like growth factors, estrogens
etc. Thus, in this solution a base membrane, preferably Matrigel(r) is used
as a tissue scaffold. According to the description a network of branching
ductal alveolar units vasculature is formed within about 3-7 days in this
system. The system relates to breast and not lung and there is no
suggestion to make a lung culture by that method. In US 2003/0109920
(,,Engineered animal tissue") microvascular endothelial cells were obtained
from adult lung and placed between two layers of human dermal fibroblasts
present in a three dimensional collagen gel. Thus, a sandwich structure was
formed. Though the vascular endothelial cells were obtained from human
lung, the artificial tissue prepared by this method was similar to human
skin, therefore, it can not be actually considered as a pulmonary tissue
model. In US 2008/01 12890 (,,Fetal pulmonary cells and uses thereof) a 3D
tissue-like preparation is taught which is based on fetal mouse epithelial,
endothelial and mesenchymal cells. The authors used mouse embryonic lung
cells to the preparation in order to obtain lung prosthesis and perform
screening on the 3D tissue-like preparation. As a matrix, a hydrogel,
MATRIGEL(tm) was used to establish appropriate cell-cell interactions. It
appears from the description that a fibroblast overgrowth was experienced
upon coculturing epithelial cells and fibroblasts. WO2008/100555
(,,Engineered lung tissue construction for high throughput toxicity
screening and drug discovery")relates to a lung tissue model preparation
comprising fetal pulmonary cells and a tissue scaffold made of a
biocompatible material and preferably a fibroblast growth factor. Fetal
pulmonary cells comprise epithelial, endothelial and mesenchymal cells. A
number of applicable biocompatible materials are listed. WO2004/046322
("Replication of biological tissue") preparation of an artificial 3-D
tissue is proposed under microgravity environment. The tissue is based on
human breast cancer cells and is useful as a breast cancer model. In a
rotating bioreactor chamber at first connective tissue cells are cultured
till the formation of a 3-D spheroid structure, then sequentially
endothelial and epithelial cells are added to the culture. It is to be
noted that the teaching is theoretical and while protocols are provided to
culture the cells and to handle to cultures, no actual results of the
experiments are disclosed. Vertrees, RA, Zwischenberger, JB et al. (2008)
used a well documented normal immortalized lung cell line to grow as a
traditional monolayer (ML) in culture flasks and as 3-D cultures in
rotating walled vessels. Comparison for presence of differentiation and
marker expression between these cultures and control tissue collected from
surgical patient specimens was studied. The purpose of the authors was to
develop both traditional monolayer and 3-D cell cultures of a known cell
line. Recently, Kelly BeruBe and her co-workers developed a 3D tissue
engineering model of the human lung epithelium for safety testing. They
used normal human bronchial epithelial cells [NHBE]. Primary cells,
obtained from humans, were grown on a microporous membrane to form a
3-dimensional (3D) cell culture. The 3D cultures formed tight junctions
between cells, cells with active cilia, and others producing and secreting
mucus. These characteristics closely resemble those found in the native
human respiratory epithelial tissue and were supposed to accurately mimic
the human responses to tissue damage. The culture in fact forms a thick
layer of cells modeling the mucous membrane surface [Hughes Tracy et al.
2007]. Despite the extensive literature of lung models, it appears that the
prior art discloses only tissue scaffold based three dimensional models and
no simple, tissue scaffold free lung tissue model, comprising at least
epithelial cells and fibroblasts, is disclosed in the prior art. The
present Inventors have surprisingly found that by simple biochemical
methods a tissue scaffold free lung tissue model system can be rapidly
created which is in several aspects more favorable than two dimensional
systems or systems based on a matrix. The present invention provides a
model tissue which is ready for use in various tests. The model is suitable
to study cell-cell interactions in various lung tissues to mimic normal
function and disease development. BRIEF DESCRIPTION OF THE INVENTION The
invention provides for an engineered three dimensional pulmonary model
tissue culture, said model tissue culture a) being free of any artificial
tissue scaffold, b) being composed of cultured cells or having a cultured
cellular material wherein the cells are in direct cell-cell interaction
with cells of one or more other cell types of the tissue material, c)
comprising at least pulmonary epithelial and mesenchymal cells, preferably
pulmonary mesenchymal cells, preferably fibroblasts. Wherein preferably the
ratio of the pulmonary epithelial cells and the mesenchymal cells in the
model tissue is at least 1:6, preferably at least 1:3, and at most 6:1,
preferably at most 3:1, d) having a morphology of one ore more cellular
aggregate(s) wherein the surface of the aggregates is enriched in the
pulmonary epithelial cells, or wherein the pulmonary epithelial cells and
the mesenchymal cells, preferably fibroblasts are at least partially
segregated in said aggregates, and e) wherein the epithelial cells express
epithelial differentiation markers.a) In a preferred embodiment said model
tissue culture is free of an artificial matrix material for providing a
three dimensional environment to the cells. In an embodiment said model
tissue culture is free of any artificial tissue scaffold material, either
biodegradable or non-biodegradable tissue scaffold material, e.g. a porous
three dimensional matrix; a three dimensional gel matrix. In an embodiment
said model tissue culture is free of or does not comprise a microporous
membrane support. b) In a preferred embodiment said model tissue culture
also comprises an extracellular matrix, the extracellular matrix proteins
of which are secreted by at least one of the cell types comprising the
tissue, preferably by fibroblasts. c) In further preferred embodiments the
pulmonary epithelial cells comprise at least one of the following cell
types: - type I pneumocytes, [alveolar type I cells (ATI)] - type II
pneumocytes, [alveolar type II cells (ATII)]. Preferably, said type II
pneumocytes (alveolar epithelial cells with ATII characteristics) express
one or more of the following markers: TTFl transcription factor, surfactant
protein A (SFPA), surfactant protein C (SFPC) and aquaporin 3 (AQP 3). 



Preferably, said type I pneumocytes (alveolar epithelial cells with ATI
characteristics) express one or more of the following markers: TTFl
transcription factor, aquaporin 3 (AQP 3), aquaporin 4 (AQP 4) and
aquaporin 5 (AQP 5). In various further embodiments at least one of
pulmonary epithelial cells and pulmonary mesenchymal cells are present in
the model. Preferably, the cells are amphibian, reptilian, avian or, more
preferably mammalian cells. Preferred avian cells are poultry pulmonary
cells. Preferred mammalian cells are cells of herbivorous animals,
preferably livestock animals like cells of e.g. sheep, goat, bovine cells,
or rodent cells, e.g. rabbit or murine cells. Further preferred mammalian
cells are those of omnivorous animals like pig cells. Highly preferred
cells are human cells. In further embodiments the pulmonary epithelial
cells and/or the mesenchymal cells are obtained from - established cell
lines, preferably from commercial sources, - healthy donors - patient
donors. In a preferred embodiment the cells are primary cells. In a
preferred embodiment the cells are not de-differentiated cells or only
partially de-differentiated cells. In a further preferred embodiment the
cells are de-differentiated cells or the cells are de-differentiated before
culturing them to 3D model tissue culture. In a preferred embodiment the
pulmonary epithelial cells comprise small airways epithelial cells,
preferably small airways epithelial cells with ATII characteristics. In a
further preferred embodiment the model tissue culture of the invention also
comprises endothelial cells. In a preferred embodiment the endothelial
cells are HMVEC or HUVEC cells. Optionally, the model tissue culture of the
invention may further comprise cells of further type selected from
macrophages, mast cells, smooth muscle cells. d) In a preferred embodiment
the average diameter or the typical diameter of the aggregate is at least
10 mm, 40 mm, 60 mm. 80 mm, 100 mm or 120 mm and the average diameter or
typical diameter of the aggregate is at most 1000 mm, 800 mm, 600 mm, 500
mm, 400 mm or 300 mm. Highly advantageously the average diameter or typical
diameter of the aggregate is 100-300 mm, in a preferred embodiment it is
about 200 mm.Average size of the aggregates can be assessed and calculated
or estimated by any experimentally and mathematically correct means. While
the aggregates are essentially spherical in shape, it is evident that
diameters for each aggregate multiple diameters can be determined due to a
deviation from the exact sphere and depending on the position of the
aggregate during measurement and on the measurement method. For example,
smallest and largest diameter can be measured directly in the microscope
measuring the size of several aggregates and averaged. Expediently, a
microscope is used for this purpose. In a preferred embodiment the majority
of the aggregates, preferably at least the 60%, 70%, 80% or 90% of the
aggregates has a diameter of at least 10 mm, 40 mm, 60 mm. 80 mm, 100 mm or
120 mm and a diameter of at most 1000 mm, 800 mm, 600 mm, 500 mm, 400 mm or
300 mm, highly advantageously the diameter of the above ratio of the
aggregates is 100-300 mm, in a preferred embodiment it is about 200 mm. In
a preferred embodiment, the culture samples in each aggregate or each
container of a kit comprise cells in an amount of at least 103, preferably
at least 104, more preferably at least 2*104, 3*104, 4*104, 5*104 cells,
and at most 106, more preferably at most 5*105, 4*105, 3*105, 2*105 or at
most 105 cells. In a preferred embodiment the pulmonary epithelial cells
and the fibroblasts are segregated based on a difference in their surface
tension. Preferably, the majority of the pulmonary epithelial cells are
located on the surface of the aggregate. Preferably, the majority of the
pulmonary epithelial cells form a pulmonary epithelial cell lining on the
surface of the aggregate, preferably said pulmonary epithelial cell lining
covering, at least partly, the surface of the aggregate. In a further
preferred embodiment the aggregates also comprise endothelial cells. In a
preferred embodiment the ratio of the endothelial cells, in comparison with
the epithelial and fibroblast cells is higher in the center or central
region of the aggregates that in the surface of the aggregates, or the
ratio of the endothelial cells is increasing from the surface of the
aggregates towards the center of the aggregates. In a preferred embodiment
the aggregates have a layered structure wherein the core or central region
of the aggregates comprises the maximum ratio of endothelial cells, the
intermediate layer or region of the aggregates comprises the maximum ratio
of fibroblasts and the outer layer or surface layer of the aggregates
comprises the maximum layer of epithelial cells. e) In a preferred
embodiment the epithelial differentiation markers expressed by the tissue
cells of the engineered three dimensional pulmonary model tissue are at
least one or more markers selected from the following group: - ATII type
differentiation markers, preferably TTFl transcription factor, cytokeratin
7, (KRT7), surfactant protein A (SFPA), surfactant protein C (SFPC) and
aquaporin 3 (AQP 3). and/or markers - ATI type differentiation markers,
preferably aquaporin 4 (AQP 4) and aquaporin 5 (AQP 5). The markers
expressed also depend on the cell type used in the tissue culture. The
level of any of the markers can be detected at mRNA or a protein level.
Thus, the level of the marker may be mRNA level and/or protein level.
Preferably, the model tissue culture of the present invention at least one
of the level of AQP3 and SFTPA is increased, i.e. they are up-reguated in
comparison with a control 2D culture. Preferably, the model tissue culture
of the present invention at least one inflammatory marker selected from
ILIb, IL6 and CXCL8 is down-regulated, i.e. their level is decreased in 3D
culture conditions in comparison with a control 2D culture. Preferably, the
model tissue culture of the present invention the level of at least one of
de-differentiation markers S100A4 and N-cadherin is decreased in comparison
with purified primary cells in 2D culture conditions or in acontrol 2D
tissue culture. In various further embodiments at least one of pulmonary
epithelial cells and pulmonary mesenchymal cells are present in the model
and, in analogy with embryonic lung development, - pulmonary epithelial
cells secrete one or more fibroblast growth factors selected from FGF4,
FGF8, FGF9. - pulmonary epithelial cells express on the cell surface FGFR2b
receptors. - pulmonary mesenchymal cells, preferably fibroblasts secrete
FGF7 and FGFlO and expresses FGFRIc and FGFR2c receptors. In a preferred
embodiment of the tissue culture of the present invention the ATII type
differentiation markers and/or ATI type differentiation markers are
expressed at a level higher, more preferably at a level of at least 10%, at
least 20%, or at least 30% higher than that measured in a two dimensional
tissue culture used as a reference. Preferably, mRNA level(s) and/or
protein level(s) of said epithelial marker(s) in the model tissue is higher
than one or more or each of the following reference cultures - a two
dimensional culture of the same cell types, - a culture of only pulmonary
epithelial cells, - a culture of only primary fibroblast cells, preferably
human fibroblast cells. Preferably, the level of at least two of said
markers is elevated. 



In a preferred embodiment small airways epithelial cells are applied. In a
further preferred embodiment small airways epithelial cells showing at
least some ATII type characteristics are applied. In this case the model
tissue shows increased mRNA level(s) and/or protein level(s) of at least
one or more markers selected from the following group of ATII type
differentiation markers, e.g. those listed above. The engineered three
dimensional pulmonary model tissue of the invention preferably shows a
reduced expression of one or more pro-inflammatory cytokine and or one or
more EMT markers. Preferably, mRNA level(s) and/or protein level(s) of said
on or more pro-inflammatory cytokine in the model tissue is lower than one
or more or each of the following reference cultures - a two dimensional
culture of the same composition of cells, - a culture of only pulmonary
epithelial cells, wherein said pulmonary epithelial cells are treated
analogously to the model tissue culture. Preferably, the pro-inflammatory
cytokine(s) are selected from the following group: CXCL-8 pro-inflammatory
cytokine, IL6, ILIa, ILIb, TNFalpha. In a highly preferred embodiment the
pro-inflammatory chemokine is CXCL-8 chemoattractant. In a preferred
embodiment the model tissue culture comprises pulmonary epithelial cells
and pulmonary mesenchymal cells and does not comprise endothelial cells,
wherein - the level of one or more of the following markers is increased
relative to a control comprising non-cultured cells: E-cad, IL-Ib and/or
IL6, - the level of E-cad is increased relative to a control 2 dimensional
culture, - the level of one or more of the following markers is decreased
relative to a control 2 dimensional culture: IL-Ib, CXCL8, IL6. In a
preferred embodiment the model tissue culture comprises pulmonary
epithelial cells, pulmonary mesenchymal cells and endothelial cells,
wherein the level of one or more of the following markers is decreased
relative to a control comprising non-cultured cells: Ecad, N-cad. - the
level of E-cad is increased relative to a control 2 dimensional culture,-
the level of one or more of the following markers is decreased relative to
a control 2 dimensional culture: N-cad, S100A4. In a preferred embodiment
the three dimensional pulmonary model tissue culture further comprises
cells selected from the following group: - endothelial cells, e.g. to mimic
vasculature, macrophages, mast cells. At later stages the model can be
extended using cell types: smooth muscle cells, - nerve cells. Disease
Models The invention also relates to an engineered three dimensional
pulmonary model tissue culture as defined above wherein said epithelial
and/or fibroblast cells comprise affected cells having a pathologic feature
of a diseased lung tissue so that said model tissue culture is a pulmonary
disease model tissue culture. In preferred embodiments the disease involves
a condition selected from inflammation, tumor, fibrosis, injury of a tissue
and the model tissue culture is to be considered as an inflammatory model,
a tumor model, a fibrosis model or a regeneration model, respectively.
Affected cells of the disease model can be but are not limited to cells
obtained from patients (patient cells), cell lines which have a disease
feature, e.g. tumor cell lines; cells exposed to an environmental effect,
e.g. pro-inflammatory material, causing a disease feature; cells exposed to
the effect of a mutagen and selected for a disease feature; or genetically
modified cells transformed to express a protein or in which a gene is
silenced so as to have a diseased feature. In a preferred embodiment the
cells are obtained from healthy subjects and disease state is induced
therein. In this embodiment for example signaling of tumor induction or
potential drug targets can be determined. In an other embodiment tumor
model tissue is prepared from immortal cells, e.g. from malignously
transformed or tumorous cells or cell lines. While in this embodiment no
"healthy" control is present, this system is useful in drug testing as a
sample contacted with a placebo drug provides a control for drug treatment
samples. In an embodiment tumorous cells are obtained from a patient, and
efficiency of a projected therapy can be tested. Thus, the model tissue
culture can be used for establishing personalized therapy. Methodfor
preparation The invention also provides for a methodfor the preparation of
the engineered three dimensional pulmonary model tissue culture as defined
herein, said method comprising the steps of - preparing a mixed suspension
of at least primary fibroblast cells and pulmonary epithelial cells, -
placing the mixed suspension or an aliquot thereof in a container suitable
for pelleting the cells of the suspension, - pelleting the cells, -
incubating the pelleted suspension in the presence of CO2 for a time
sufficient to the cells to form a three dimensional pulmonary model tissue
comprising cellular aggregate(s), - optionally assaying the model tissue
for a) expression of one or more epithelial differentiation markers
characteristic to lung tissue, and an increased expression level as
compared to a suitable reference culture e.g. as disclosed herein, is
considered as indicative of the formation of a three dimensional pulmonary
model tissue culture; and/orb) expression of one or more pro-inflammatory
cytokine, and a decreased expression level as compared to any suitable
reference culture e.g. as disclosed herein, is considered as indicative of
the formation of a three dimensional pulmonary model tissue culture.
Preferably, the container is a non-tissue culture treated container.
Preferably, multiple aliquots are placed into multiple containers,
Preferably, the containers are wells of a plate, e.g. a 96 well plate or a
384 well plate, Preferably, pelleting is carried out at 20Og to 60Og, 1 to
20 minutes, preferably 2 to 10 minutes. Preferably, the cells are supplied
with a reporter molecule, e.g. are stained with a biocompatible dye to
report on cellular features as disclosed herein. The containers can be
V-bottom, flat-bottom or U-bottom containers, depending on the purpose they
are used for. Upon preparation of a mixed suspension one or more type of
cells are added to a container within 18 hours, preferably within 16 hours,
14 hours, 12 hours, 10 hours, 8 hours, 6 hours, more preferably within 4
hours, 3 hours, 2 hours, highly preferably within 1 hour or 0.5 hours.
Preferably each type of cell used is added within the period defined above.
In a preferred embodiment the pelleted suspension is incubated in the
presence of CO2 for a period not longer than 50 hours, 40 hours, 30 hours,
24 hours, 22 hours, 20 hours, 18 hours, 16 hours, 14 hours, 12 hours or 10
hours. In a preferred embodiment the pelleted suspension is incubated in
the presence of CO2 for a period not less than 2 hours, 4 hours, 6 hours, 8
hours, 10 hours, 12 hours. 



In an embodiment of the invention further type of cells are added to the
mixed suspension of the cells. In an embodiment of the invention further
type of cells are at least endothelial cells. In an embodiment of the
invention further type of cells are selected from endothelial cells, smooth
muscle cells, nerve cells, granulocytes, dendritic cells, mast cells, T/B
lymphocytes, macrophages. Granulocytes, dendritic cells, mast cells, T/B
lymphocytes and macrophages can be added to the cultures either in inactive
or in immunologically active state. Optionally, the method according to the
invention comprises de-differentiation of one or more type of cells prior
to preparation of a mixed suspension. Optionally, the method according to
the invention comprises a propagation of one or more type of cells prior to
preparation of a mixed suspension. This step is particularly required if
parallel testing of a large number of samples are required, for example in
HTS (High Throughput Screening) solutions. Methodfor screening The
invention also relates to a methodfor screening of a drug for its effect on
lung tissue, said method comprising the steps of - providing an engineered
three dimensional pulmonary model tissue culture as defined herein, -
taking at least a test sample and a reference sample of said model tissue
culture, - contacting the test sample with a drug while maintaining the
test sample and the reference sample under the same conditions, - detecting
any alteration or modification of the test sample in comparison with the
reference sample wherein if any alteration or modification of the test
sample is detected it is considered as an indication of the effect of the
drug. In certain variant of the method only the direction of an alteration
or modification is observed and no physiological values are calculated. In
certain variants a predetermined threshold value is defined based on a
calibration curve and comparison is made with this value. In a preferred
embodiment the model tissue culture is the model of a healthy lung tissue
and an adverse effect of adrug is tested, wherein alteration or
modification which is detrimental to the cells of test sample is considered
as a toxic or adverse effect of said drug. In a preferred embodiment the
model tissue culture is a pulmonary disease model tissue culture comprising
affected cells having a pathologic feature and the beneficial effect of a
drug is tested, wherein - an assay to measure or assess said pathologic
feature is provided for said model tissue culture to obtain a measure of
disease, - a reference sample of a healthy lung tissue (healthy reference
sample) and/or a reference sample of a diseased lung tissue (diseased
reference sample) is provided, - the pathologic feature is measured or
assessed in the healthy reference sample and/or in the diseased reference
sample and in said at least one test sample before and after contacting it
with the drug, wherein any alteration or modification in the test sample
which shifts the measure of disease in the test sample towards the measure
of disease in the healthy reference sample and or away from the measure of
disease in the diseased reference sample is considered as a beneficial
effect of said drug. In other words, it is more similar to the state of the
healthy reference sample than to the diseased reference sample. In a
preferred embodiment primary cells obtained from a patient are applied. In
a preferred embodiment primary cells from a given patient are not or only
partly de-differentiated and used within 5, 4, 3. 2 or 1 day(s) or within
12, 10, 8, 6, 4, 3, 2, 1 hour(s) after obtaining them from said patient to
prepare the mixed suspension of the cells. In a model tissue culture made
of primary cells, features of the disease state of the given patient can be
studied and therapeutic drugs and/or regimens can be tested. Kits The
invention also relates to an engineered three dimensional pulmonary model
tissue kit comprising a test plate having an array of containers wherein at
least two containers contain - samples of one or more types of engineered
three dimensional pulmonary model tissue cultures as defined in any of the
previous claims, each sample placed in separate containers of said plate, -
an appropriate medium for culturing cells of the model tissue cultures.
Preferably a subset of the containers comprises one or more control
samples. Control samples can be pure cultures of certain cell types, e.g.
cultures of epithelium and fibroblasts only, and/or two dimensional (2D)
cultures. In disease models controls can be cultures of healthy cells.
Preferably, the engineered three dimensional pulmonary model tissue kit has
one or more of the following characteristics: - the plate is a 96 well
plate. - the plate is a V-bottom plate or a flat bottom plate or a plate
comprising both V-bottom and flat-bottom wells. Ubottom plates also can be
applied. - the culture samples in each container comprise cells in an
amount of at least 103, preferably at least 104, more preferably at least
2*104, 3*104, 4*104, 5*104 cells, and at most 106, preferably at most
5*105, 4*105, 3*105, 2*105, or at most 105 cells, - the containers are
sealed, either separately or together and contain a CO2 enriched
environment or atmosphere suitable for a lung tissue culture. - the CO2
enriched environment or atmosphere comprises at least 2%, 3%, 4% CO2
environment, at most 10%, 9%, 8% or 7% CO2 environment, highly preferably
about 5% CO2.In preferred embodiments the samples comprise test sample(s)
and corresponding control sample(s). In preferred embodiments the test
samples are present on a V-bottom plate or in V-bottom wells on a plate and
the control samples are present on a flat-bottom plate or in flat-bottom
wells on a plate. DEFINITIONS The meaning of an "artificial tissue
scaffold" in the context of the present description is a solid support
material having a structure specially designed for and useful for cell
attachment and/or for assisting the structural three dimensional
arrangement of cells, in tissue or cell culture. Preferably, said
artificial tissue scaffold is manufactured prior to culturing of the tissue
or cells and contacted with the tissue or the cells before or during
culturing said tissue or cells. Thus, an artificial tissue scaffold is
typically a cell growth support structure or material which contributes to
the structure, e.g. the three dimensional structure of the tissue or cell
culture by affecting at least a part of cellular interactions (e.g. the
cell-cell interactions) or the cellular environment itself. As a
consequence, if a tissue scaffold is removed from the tissue or cell
culture, the tissue or cell culture will disintegrate or become
disorganized. A skilled person will understand, however, that if the
artificial tissue scaffold is made of a biodegradable material and it is
degraded gradually, allowing cell-cell interactions to be formed, this is
not to be considered as a removal of the tissue scaffold and in this
process the tissue or cell culture may not become disintegrated or
disorganized. In a version the artificial tissue scaffold is a three
dimensional matrix, preferably a three dimensional gel matrix or a porous
three dimensional matrix, said matrix preferably having microspaces or
pores in which the cells are located. In a version the artificial tissue
scaffold itself is a support on the surface of which the cells are
attached, preferably a porous membrane support. In this version of the
scaffold it has a structure specially designed for and useful for cell
attachment, e.g. a porous or curved or engrailed or grooved surface to
which the cells are attached so that this 



facilitates the formation of a 3 dimensional structure. Preferably, an
artificial tissue scaffold - has a defined three dimensional structure - is
a porous, preferably a highly porous material or matrix, - is a porous
membrane, - is a porous three dimensional matrix - is made of a
biocompatible material, and/or - is made of a polymer. Optionally, the
"artificial tissue scaffold" is a polysaccharide -based matrix, e.g. it is
a cellulose-based matrix, e.g. a methyl-cellulose matrix. Optionally, the
"artificial tissue scaffold" has a bead structure, e.g. it is a cytodex
bead. A "three dimensional tissue culture free of any artificial tissue
scaffold" is understood herein as a tissue culture having a three
dimensional structure wherein the three dimensional structure of said
tissue culture is formed or contributed by inherent cell-cell interactions
and is not assisted by an artificial tissue scaffold. Thus, a three
dimensional tissue culture free of any artificial tissue scaffold does not
disintegrate or become disorganized in lack of an artificial tissue
scaffold but maintains its three dimensional structure. Even if said three
dimensional tissue culture free of any artificial tissue scaffold is
cultured and formed on a solid support material, the formation of the three
dimensional structure is not assisted by and is not due to attachment of
cells to this solid support and it can be separated without destruction of
the three dimensional structure. "Segregation of cells " as used herein
relates to the spatial separation of at least two types of cells of a
tissue or cell culture, whereby after this spatial separation i.e.
segregation, a region of the culture, e.g. a (partial) volume orsurface,
can be defined or found in which the ratio of the two types of cells is
different from both the ratio of the same types of cells in the same region
of the culture before segregation and the ratio of the same types of cells
in an other region of the culture. Preferably, a difference in the surface
tension of at least two types of cells significantly contributes to their
segregation in vitro. "Enrichment" of a region, e.g. a volume or partial
volume or surface or partial surface of a culture in a certain cell type is
to be understood as a phenomenon when the ratio of a certain cell type is
higher in that region than in a reference region, e.g. an other region of
said culture. Typically "enrichment" of a region of a culture is the result
of segregation of cells. "Inflammation " is an adaptive response that is
triggered by noxious stimuli and conditions, such as infection and tissue
injury. A number of cytokines, known collectively as "pro-inflammatory
cytokines " because they accelerate inflammation, also regulate
inflammatory reactions either directly or by their ability to induce the
synthesis of cellular adhesion molecules or other cytokines in certain cell
types. The major pro-inflammatory cytokines that are responsible for early
responses are ILl -alpha, ILl -beta, IL6, and TNF-alpha. Other
pro-inflammatory mediators include IFNgamma, CNTF, TGF-beta, IL12, IL17,
IL18, IL8 (CXCL8) and a variety of other chemokines that chemoattract
inflammatory cells, and various neuromodulatory factors. The net effect of
an inflammatory response is determined by the balance between
pro-inflammatory cytokines and anti-inflammatory cytokines (for example
IL4, ILlO, and IL13, IL16, IFN-alpha, TGF-beta, ILlra, G-CSF, soluble
receptors for TNF or IL6). Activation of ILl-beta by various caspases
proceeds in a large multiprotein complex that has been termed inflammasome.
LIF, GM-CSF, ILl 1 and OSM are further cytokines affecting inflammation
processes and which are possibly useful in the preparation of disease
models of the invention. To the contrary, "anti-inflammatory cytokines",
like ILlO, regulate inflammation processes so that they are inhibited or
alleviated. The "average diameter" of three dimensional tissues is taken as
the aritmetic mean of several measurements of three dimensional tissue
diameters generated by the above described method. The "typical diameter"
(median diameter) is the diameter which marks the division of a given
sediment sample into two equal parts by weight, one part containing all
aggregates larger than that diameter and the other part containing all
aggregates smaller. An "array " of containers is to be understood as an
arrangement of multiple containers of the same size, shape and material.
The arrangement can be for example a sequence of container or a two
dimensional matrix of the containers. Viruses are obligate intra-cellular
pathogens that infect cells, often with great specificity to a particular
cell type. In "recombinant virus vectors" genes that are needed for the
replication phase of the viral life cycle are deleted and genes of interest
added to the viral genome. The recombinant viral vectors can transduce the
cell type it would normally infect. To produce such recombinant viral
vectors the non-essential genes are provided in trans, either integrated
into the genome of the packaging cell line or on a plasmid. A number of
viruses have been developed, interest has centred on four types;
retroviruses (including lentiviruses), adenoviruses, adeno-associated
viruses & herpes simplex virus type 1. "Cancer" is a class of diseases in
which a group of cells display uncontrolled growth, invasion (intrusion on
and destruction of adjacent tissues), and sometimes metastasis (spread to
other locations in the body via lymph or blood). These three malignant
properties of cancers differentiate them from benign tumors, which are
self-limited, do not invade or metastasize. 95% of lung tumors are
bronchogenic carcinoma; also bronchial carcinoids,mesenchymal,
miscellaneous neoplasms. "Fibrosis" is the formation or development of
excess fibrous connective tissue in an organ or tissue as a reparative or
reactive process, as opposed to a formation of fibrous tissue as a normal
constituent of an organ or tissue. Pulmonary fibrosis is a severe chronic
disease characterized by a loss of elasticity and lung epithelial cells,
replaced by interstitial myofibroblasts and deposition of extracellular
matrix proteins in the lung interstitium leading to pulmonary structural
remodelling. BRIEF DESCRIPTION OF THE FIGURES Figure 1. Structure of 3D
two-cell type microcultures. SAEC and NHLF cells were stained with the
vital dyes of CFSE or DiI, respectively. Cell populations either pure or
mixed at various ratios were pelleted and aggregates were formed after 24
hour incubation, then transferred into 24 well cell culture plates for
imaging. Top row: phase contrast microscopic images; Middle row:
fluorescent microscopic images; Bottom row: confocal images. SAEC: green
channel; NHLF: red channel. Figure 2. Matrigel based culture of 50%SAEC and
50%NHLF mix. Figure 3. Pelleted micro-tissue cultures containing different
ratios of SAEC and NHLF. Due to physiological fluorescent markers SAEC
cells are green or light grey on black and white copies whereas NHLF cells
are red or dark gray. Figure 4a. mRNA levels of TTF-I in 3D human lung
micro-tissues. TTFl transcription factor is a characteristic marker of
alveolar epithelial cells. While 3D fibroblast cultures show no TTFl
expression, TTFl is present in 3D SAEC monocultures and increased in 2D
SAEC/NHLF co-cultures indicating the beneficial effect of fibroblasts. The
highest level of TTl expression was reached in 3D SAEC/NHLF tissues. Figure
4b. mRNA levels of AQP-3 water transporter in 3D human lung micro-tissues.
AQ3 is an ATII epithelial type marker in the lung. While 3D fibroblast
cultures show no AQ3 expression, AQ3 is present in 3D SAEC monocultures and
increased in 2D SAEC/NHLF co-cultures indicating the beneficial effect of
fibroblasts, but the 



highest level of AQ3 was still observed in 3D SAEC/NHLF tissue cultures.
Figure 5. Gene expression changes in SAEC differentiation markers. Panel A:
Relative mRNA levels of AQP3 water transporter in 2D and 3D human lung
micro-tissues. Relative AQP3 expression levels increased in mixed cell
cultures to that of SAEC-only cultures while no difference was detectable
between 2D and 3D culture conditions. Panel B: Relative level of KRT7 mRNA
expression was increased in mixed cell cultures compared to SAEC-only
cultures. (Independent experiments: n=3) Panel C: RT-PCR analysis of SFTPAl
and beta-actin expression in 2D and 3D cultures. SFTPAl expression was only
detected in SAEC+NHLF co-cultures. The expression of SFTPAl were
consistently higher in 3D cultures than in 2D cultures. A representative
image of 3 independent experiments is shown. Panel D: After 72h 2D or 3D
co-culturing with NHLF cells, gene expression changes in FACS-sorted SAEC
were examined. The levels of differentiation markers AQP3 and TTF-I in
re-purified SAEC were significantly upregulated in 3D co-cultures compared
to 2D co-cultures. Data shown are means of two independent experiments.
(Purified primary lung cells used in all our experiments originated from
random donors). Figure 6. EMT markers in the 3D lung tissue model. Panel A:
Relative mRNA levels of S100A4 in 2D and 3D cocultures. The presence of
fibroblasts significantly decreased the level of S100A4 in SAEC-NHLF
co-cultures compared to SAEC-only cultures while 2D or 3D culture
conditions did not alter S100A4 expression significantly. Panel B: Relative
mRNA levels of E-cadherin (E-cad) is increased in 3D cultures in the
presence of NHLF. Panel C: Relative mRNA levels of N-cadherin (N-cad) in 2D
and 3D human lung micro-tissues. Panel D: After 72h 2D or 3D co-culturing
with NHLF cells, gene expression changes in FACS-sorted SAEC were examined.
The levels of EMTmarkers S100A4 and E-cad in sorted lung epithelial cells
were increased in 3D two-cell co-cultures compared to 2D co-cultures, while
N-cad was expressed at much lower levels in 3D mixed cultures. Purified
primary lung cells used in our experiments originated from random donors.
Data shown are means of three (Panels A-C) or two (Panel D) independent
experiments. Purified primary lung cells used in all our experiments
originated from random donors. Figure 7. Inflammatory cytokine and
chemokine secretion in human primary lung cell cultures. Panel A: CXCL-8
secretion of 2D and 3D NHLF monocultures was barely detectable in cell
culture supernatants. 3D SAEC cultures still produced CXCL8, although to a
lesser degree than 2D SAEC cultures. 2D co-cultures didn't significantly
alter CXCL-8 expression, indicating, that the presence of fibroblasts
cannot influence cytokine expression. CXCL-8 expression levels were
significantly reduced in 3D tissue systems in both pure SAEC and SAEC-NHLF
co-cultures. Panel A and B: Expression levels of IL-Ib and IL-6 mRNA in
human primary lung cell cultures, respectively. Compared to 2D cultures,
inflammatory mRNA levels of inflammatory cytokines IL-Ib and IL-6 are
consistently lower in 3D cultures. In pure fibroblast cultures IL-Ib mRNA
expression was not detectable, while IL-6 levels were much lower and the
expression changes were also less prominent. (See also Table 2) Panel D:
Similarly to mixed cell culture samples, inflammatory cytokines IL-Ib and
IL-6 levels also decreased markedly in SAEC purified from 3D cultures, than
that of 2D cultures. Data shown are means of three (Panels A-C) or two
(Panel D) independent experiments. Purified primary lung cells used in all
our experiments originated from random donors. Figure 8. Structure of 3D
three-cell type microcultures consisting of SAEC, NHLF, and HMVECs. SAEC,
NHLF and HMVECs were stained with the vital dyes CFSE, DiI, or DiD,
respectively, then aggregated. After 24 hour incubation, the spontaneously
rearranged two- or three-cell type microcultures were carefully transferred
into 24 well cell culture plates for imaging. Panel A: two-cell type
cultures; Panel B: three-cell type cultures. Top row: phase contrast
microscopic images; Middle row: fluorescent microscopic images; Bottom row:
confocal images. SAEC: green channel; NHLF: red channel; HMVEC: blue
channel. Figure 9. Gene expression changes in three-cell type cultures.
Panel A: The expression levels of AQP3 and KRT7 increased, S100A4 and N-cad
decreased in 3D cultures compared to 2D cultures. Panel B: Comparison of
expression changes of molecular markers in 3D SAEC-NHLF two-cell type
cultures and SAEC-NHLF-HMVEC three-cell type cultures. AQP3 and E-cad mRNA
levels are increased, S100A4 and N-cad are decreased in indicating that
differentiation of the tissue was maintained in the three-cell type model.
Purified primary lung cells used in all our experiments originated from
random donors. Figure 10. Flow chart of the preparation of a test-ready
lung tissue kit delivered in a 96 well plate. Figrue 11. Adenoviral gene
delivery into SAEC in the two-cell type model. Panel A.: SAEC appear green
in the surface of the 3D tissue model due to GFP expression. Fibroblasts
were prestained red with a physiological dye prior to the aggregation.
Panel B: RT-PCR reaction proves effective GFP gene delivery into the model.
GFP can be detected in adenovirally transduced model cultures. DETAILED
DESCRIPTION OF THE INVENTION The present inventors created a simple
engineered three dimensional pulmonary model tissue culture, useful as a
lung tissue model and ready for use in various test methods. During the
generation of the model, several aspects of tissue characteristics
including main characteristics of tissue types of the lung, interaction of
cell types during embryonic lung development and technological advances in
tissue engineering were considered. Both scaffold based and scaffold free
systems were tested as described herein. Analysis of lung tissue specific
markers surprisingly showed that the three dimensional scaffold free system
showed striking similarities with nativelung tissue. In the prior art
fibroblast overgrowth was usual experience during attempts of utilizing
these type cells in model tissues (US2008/01 12890). In light of the
results presented herein it can be assumed that the cause of such
overgrowth could have been a lack of formation of aggregates. Cells left
out from the aggregates might have attached to the surface of the vessel,
start propagation till contact inhibition is achieved by them. Hitherto
developed lung tissue models used specialized scaffold materials and were
kept in culture lengthily [Nichols, J.E. and Cortiella J . 2008]. In
contrast, the model presented herein allows easy handling, uses a simple
experimental setup and a relatively short culturing time. Moreover, no
special laboratory equipment is required. The present system is appropriate
for use with human cells, including human primary cells and non-transformed
human cells. It is to be understood that in certain systems the scaffold
e.g. a matrix is biodegradable. However, these systems are not be
considered as scaffold free systems even after the scaffold is degraded
because and if the scaffold affected or defined the structure or shape of
the tissue culture. Besides, in in vitro systems like in the present
invention generally it can not be expected that a degradable membrane will
be dissolved. Moreover, dissolution of a biodegradable scaffold takes a
long time, much longer that the time for preparation and usage of the
tissue culture of the present invention. Cell which are not
de-differentiated cells can also be applied in the present invention,
however, the number of cells will be small. Therefore, this embodiment is
useful mainly in cases when a small number of cells is sufficient to a
projected test, e.g. when the test is sensitive enough. In a rapid test it
is possible to start the preparation of the model tissue culture of the
invention from purified, differentiated cells. Such cells can be freshly
prepared from a subject. This version of the method is particularly useful
e.g. in patient-specific testing of drugs or compounds or if the effect of
an active agent is to be tested in a specific disease setting (for example
for a potential manufacturer). Primary cells can be obtained from
commercial sources, too. For example Lonza Venders, S.p.r.l. Pare
Industriel de Petit-Rechain B-4800 Venders, Belgium; Biocenter Ltd.,
Temesvari krt. 62 H-6726 Szeged, Invitrogen Corporation (part of Life
Technologies Corporation 579 1Van Allen Way, Carlsbad, California 92008
USA) If large number of samples are needed, cells are to be propagated
before preparing the model tissue culture samples. During this process
de-differentiation may occur. This is the case in screening (e.g. HTS)
applications. In patientspecific 



testing a smaller number of samples is sufficient. When the cells are
differentiated in an aggregate, propagation is slowed down or stopped and
thereafter the aggregates do not increase significantly If a small number
of samples are sufficient no preliminary propagation is needed. Typically,
this may occur in patient sample testing for a few drugs or if certain
phenomena, e.g. signaling processes are to be observed. However, in
screening processes a large number of samples are needed and propagation of
cells before the preparation of the model tissue culture should be
performed. In preferred embodiment of the invention adult, dedifferentiated
epithelial cells are used. It was not known in the art that in adult,
dedifferentiated epithelial cells, simply co-cultured in the presence of
fibroblasts are capable of effecting differentiation that would further
increase in 3D conditions, in particular in conditions appropriate for
formation of 3D aggregates. Thus, in a preferred embodiment the model
tissue culture preparation is started from de-differentiated cells. Primary
cells, kept in a culture, e.g. in a 2D tissue culture will exhibit certain
dedifferentiation markers. Thus, such cell can be applied in the present
invention, as well. Dedifferentiation markers include S100A4, N-cadherin
and inflammatory markers. Thereby a larger number of cells can be
applied.Pluripotent or undifferentiated cells can be rendered capable of
differentiation after addition of tissue component and/or factors. Cellular
interactions within pulmonary tissue Cellular de-differentiation and
re-differentiation Both stem cells and tissue specific progenitor cells can
undergo directed steps of tissue specific differentiation and therefore
represent an ideal source for generating organ specific tissue culture
material. Unfortunately, both cell types are only available in limited
numbers in differentiated tissues. As tissue models need to be set up on a
regular basis according to experimental and/or testing requirements, tissue
specific differentiated cells represent a better source of primary
material, simply as there are more of them. The present model system
utilizes, at least in part, the phenomenon that differentiated cells in two
dimensional culture conditions can de-differentiate and can be forced to
re-differentiate using the right culture conditions. Cellular interactions
Lung development, as well as epithelial injury repair, is tightly
coordinated by a fine balance between stimulatory versus inhibitory genes
that appear to co-regulate the function of stem and adult progenitor cells
in the lung. For example, FGF receptor tyrosine kinase signaling is
essential for respiratory organogenesis and is negatively regulated by a
family of inducible FGF pathway inhibitors (Zhang, Stappenbeck et al.
2005). Additionally, FGF signaling is required for formation of new
alveoli, protection of alveolar epithelial cells from injury, as well as
migration and proliferation of putative alveolar stem/progenitor cells
during lung repair. Conversely, TGF beta receptor serine-threonine kinase
signaling via Smads 2, 3 and 4 inhibits lung morphogenesis and can inhibit
postnatal alveolar development, while excessive TGF beta signaling via
Smad3 causes interstitial fibrosis. Thus, there is a requirement for
reciprocal, albeit rather complex system of interactions between the
mesenchyme and the epithelium. The present inventors hypothesized that a
basic lung model can be created by using a mix of purified alveolar
epithelium and fibroblasts. Therefore, initially only two cell types were
used: primary human fibroblasts (NHLF) and small airways epithelial cells
(SAEC with ATII characteristics) that are both commercially available
(Lonza). It has been surprisingly found that this two cell type
sufficiently provides the necessary factors to form a three dimensional
pulmonary tissue model. The skilled person will understand that by addition
of further cell types, for example of cell types listed herein, the model
can be further developed. Segregation of cell types in mixed culture
(sorting) Our microscopic examinations demonstrate that spontaneous tissue
reorganization - "sorting" - occurs in 3D lung primary cell cultures. The
present inventors used herein a simple centrifugation method to aggregate
cells similarly to that of the preparation of fetal thymic organ cultures.
[Hare, K.J. et al. (1999)] Evidence is provided herein that 3D co-culturing
of primary pulmonary epithelial cells with fibroblasts is more advantageous
for SAEC to maintain a more differentiated status than in either 2D or 3D
in vitro monocultures. Inclusion of NHLFs not only facilitated epithelial
differentiation but the cohesion and structure of the 3D micro-tissues were
much more firm and compact compared to SAEC-only (Figure 3) or SAEC-HMVEC
(Figure 8.a) cultures. The present two-cell type co-culture system,
consisting of human small airway epithelial cells (SAEC) and normal human
lung fibroblasts (NHLF) did not require the presence of externally added
ECM for the formation and maintenance of 3D structure (Figure 3). Pelleting
SAEC and NHLF cell suspensions of single cell type and cell mixtures of
various ratios revealed that creation of pulmonary micro-tissues require
the presence of fibroblasts to maintain a compact and stable 3D structure
(Figure 3). Morphologic examinations of 3D micro-tissues revealed that
segregation of the two cell types in mixed cultures was a feature of 3D
micro-tissues, fibroblasts forming the inner,core part, while epithelial
cells were covering the outer layer (Figure 3). The phenomenon of
segregation or "sorting" is based on different adhesive energy
characteristics of cell types and has not been described for primary human
pulmonary tissue before. The spontaneous cell "sorting" is based upon the
disparity of the cohesive forces between different cell types: the most
cohesive core or central region of the pulmonary micro-tissue is formed by
the NHLF population being surrounded by the less cohesive SAEC. The process
of segregation in primary, differentiated human pulmonary tissues is
particularly interesting, as underlies the notion that even differentiated,
human adult cells maintain their ability to actively explore their own
microenvironment. The cells in the 3D cocultures are capable of exchanging
position with adjacent cells thus structurally reorganizing the tissue.
This process also requires reorganization of the extracellular matrix.
Studies of the models of various SAEC/NHLF ratios in the 3D micro-tissue
models revealed that 1:1 ratio is sufficient for the epithelial cells to
cover the inner core of fibroblasts therefore further analysis of the model
was performed using the 1:1 setting. The model can be useful, however, at
other epithelial-mesenchymal cell ratios. The ratio sufficient for full
coverage may vary to some extent depending on cell type. Without being
bound by theory, the present Inventors think that segregation of cells in
the present model is due to different cohesivity of the cell types in which
a difference in their surface tension plays a major role. Any cell would
actively explore its own microenvironment, are able to exchange position
with adjacent cells or to reorganize the extracellular matrix in their
vicinity. The latter process is known to involve both mechanical traction
forces and enzymatic activity by matrix metalloproteases (MMPs). Based on
different adhesive energy characteristics, it is a known experimental fact
that certain cell compositions of mixed cell types can segregate in an
aggregate. In segregated cell aggregates of hanging drop cultures the most
cohesive population occupies the central region, being surrounded by the
less cohesive one. A measure of tissue cohesivity is the surface tension of
the cells. Thus, surface tension, which is an experimentally detectable
quantity, can predict the sorting hierarchy. Therefore there early attempts
have been made in the art to by this sorting hierarchy can be predicted to
a certain extent if a new cell type is to be involved (Neagu 2006).
However, surface tension factors are not known for specific cell types of
the human lung. The prior art was fully silent as to whether the phenomenon
of tissue sorting would happen in other cultures or only in hanging drop
cultures. The present inventors experimentally determined show herein for
the first time that, surprisingly, segregation of epithelial and fibroblast
cells happens in pelleted mixed alveolar epithelium and fibroblast
cultures. 



Size and structure of the microaggregates It was unexpectedly found by the
present inventors that even very small but structured aggregates exhibit
tissue features and thus are appropriate for studying interactions, and
testing compounds or environmental effects. Small aggregates have several
advantages, for example, no special reaction vessels are needed, their size
and ratio of different cell types are reproducible and thereby interactions
are more easyly controlled. In small aggregates practically no
necrotization of the inner parts of the tissue aggregates can be expected.
Furthermore, a surprisingly uniform size distribution can be achieved which
renders them quite appropriate for parallel testing. Thus, preferably,
according to the invention the size of the aggregates should be kept small
provided that tissue features appear and thereby interactions can be
examined. If the aggregates are too small, a correct morphology as
disclosed herein may not take form and the aggregate may not have a tissue
like characteristic. If the aggregates are too large, their size may
largely deviate from the average. Moreover, necrotization may occur inside
the aggregates, due to a longer culturing time and less perfusion of
theaggregates. In lack of special additives, for example receiving only
cell culture media the growth of aggregates is controlled by contact
inhibition of the cells. The size depends, however, on the number of cells
in an aggregate. The skilled person will understand that the size and cell
number of the aggregates can vary within the limits given herein provided
that the above-described requirements are met. It has been found that
addition of endothelial cell did not change significantly the size of the
aggregates. Cell types useful in the present invention Fibroblast cells
Fibroblasts are the most versatile of the connective tissue cell family and
they are in fact the most ubiquitous cell type. Fibroblasts are important
structural elements of tissue integrity. They participate in repair and
regenerative processes in almost every human tissue and organ, including
the lung. Their primary function is to secrete extra cellular matrix (ECM)
proteins that provide a tissue scaffold for normal repair events such as
epithelial cell migration. Fibroblasts, or distinct subpopulations thereof,
perform tissue-specific functions as immunoregulatory cell, secrete
chemokines and cytokines, which are able to trigger immune responses by
attracting inflammatory cells and immune cells. Fibroblasts from different
anatomical locations show an array of common phenotypic attributes.
Fibroblasts, however, show distinct phenotypes in different anatomical
locations. Characteristic expression of fibroblast growth factors and
receptors are also a feature of pulmonary fibroblasts [De Moerlooze,
Spencer-Dene et al (2000)]. The present inventors have found that it is
possible to rely on fibroblast physiology to create an artificial tissue
scaffold-free tissue system to mimic some aspects of distal pulmonary
tissue and an artificial matrix based model not necessarily the only way to
create three dimensional pulmonary cultures. Without being bound by theory,
the present inventors assume that the fact that fibroblasts in the lung
secrete ECM significantly contributes to this result. Pulmonary epithelial
cells (Pneuomocytes) Pneumocytes (pulmonary or alveolar epithelial cells or
AECs) are epithelial cells that line the normal alveolar basement membrane,
i.e. the peripheral gas exchange region within the distal airways of the
lungs. Pneumocytes or AECs can be subdivided into type I and type II
pneumocytes. Characteristic markers for the two alveolar epithelial cell
types are easily traceable and can be monitored during experiments e.g.
using RT-PCR reactions or immuno-histochemistry. Type 1pneumocytes Type 1
pneumocytes [alveolar type 1 pneumocytes, type 1 alveolocytes, alveolar
type 1 cells (abbr. ATI cells), also called small alveolar cells, squamous
alveolar cells, membranous pneumocytes, or type 1 alveolar epithelial
cells], are complex branched cells with multiple cytoplasmic plates that
represent the gas exchange surface in the alveolus of the lung. These cells
are metabolically active and harbour cell surface receptors for a variety
of substances, including extracellular matrix (ECM) proteins, growth
factors, and cytokines. About ninety-five per cent of the alveolar surface
is covered with type I pneumocytes. Type 2pneumocytes Type 2 pneumocytes
(alveolar type 2 pneumocytes, alveolar type 2 cells; abbr. ATII cells, T2P)
are cuboidal epithelial cells also being referred to as type 2 alveolar
epithelial cells (abbr. AEC, also EPII cells), type 2 granular pneumocytes,
type 2 cells, type 2 alveolocytes, septal cells, or great alveolar cells,
large alveolar cells, or granular pneumocytes. These cells arise from
immature epithelial cell progenitors. Alveolar type 2 pneumocytes are
thought to be progenitor cells of the alveolar epithelium. They are capable
of self-renewal and differentiation into squamoustype 1 pneumocytes. Type
II cells are cuboidal cell, which comprise only 4 % of the alveolar surface
area, but constitute 60 % of alveolar epithelial cells and 10-15 % of all
lung cells (Crapo et al, 1982). Type 3 alveolar epithelial cells Type 3
alveolar epithelial cells differ from flat type 1 cells and cuboidal type 2
cells by the presence of an apical tuft of microvilli and the absence of
lamellar type secretory granules. These cells are being referred to also as
alveolar brush cells. Endothelial cells Endothelial cells are oblong shaped
cells that line the lumen of all blood vessels as a single squamous
epithelial cell layer. They are derived from angioblasts and
hemangioblasts. Macrophages Macrophages are cells derived from bone
marrow-derived monocytes (bone marrow-derived macrophages) that have homed
in to tissues. The differentiation of macrophages from uni- and bipotential
progenitor cells in the bone marrow is controlled by a variety of
cytokines. Further differentiation takes place in tissues and the resulting
macrophage populations are being referred to as resident macrophages. Mast
cells Mast cells arise from a multipotent CD34(+) precursor in the bone
marrow (Nakahata and Toru 2002; Austen and Boyce, 2001). Immature mast
cells assume their typical granular morphology when they have migrated into
tissues. These cells also express Fc-epsilon Rl and stop expressing CD34
and Fc-gamma R2. Most mast cells in the lung and intestinal mucosa produce
only tryptase (designated MCT) or only chymase. Mast cells play a central
role in immediate allergic reactions by releasing potent mediators. Smooth
muscle cells Smooth muscle cells are highly specialized multifunctional
contractile cells that regulate the lumen of hollow organs transiently
(reversible contraction), or chronically (due to fibrosis and muscle
hypertrophy). Smooth muscle cells play an important role in vasculogenesis
and shape the wall of blood vessels and maintain vascular tone.
Observations with further cells Addition of endothelial cells resulted in
stable aggregates comprising differentiated cells. The degree of
differentiation is not reduced if endothelial cells are included into the
model tissue culture, as found based on the markers expressed. It appears
that these aggregates maintain a layered structure, wherein the endothelial
cells are located inside. EMBODIMENTS Preparation of a three dimensional
model tissue culture In the method of the present invention at least
pulmonary epithelial cells and mesenchymal cells, preferably 



fibroblasts are used. The cells are cultured separately in order to obtain
viable cultures, then mixed in an appropriate ratio and cocultured in the
presence of CO2 under appropriate conditions as will be understood based on
the present disclosure and art methods. By setting ratio of the cells and
selecting conditions overgrowth of one cell type by another can be avoided.
In a preferred embodiment said cells are obtained from human subject as
primary cells and either de-differentiated or used immediately.
De-differentiation can be carried out e.g. by known methods (passages,
removing other type of cells, addition of growth factors). If the cells are
capable of confluence, they are considered as dedifferentiated. Pelleting
the cocultured cell mixture is an important step to establish cell-cell
contacts and to result in an appropriatedistance between the cells. The
most convenient way to pellet the cells is to apply centrifugation. To
select suitable means for pelleting is well within the skills of a skilled
person based on the teaching provided herein. In the present models in
principle any of the cells listed above can be used to obtain a lung model
tissue close to a native lung tissue. Each cell type applied have to be
capable of growth under conditions useful to obtain the three dimensional
model tissue as disclosed herein and being capable of association with
other cell types of the model. These factors should be tested in
preliminary experiments. Expediently a relatively small ratio of further
cells should be initially applied then the ratio of the further cell type
can be increased, typically till a ratio similar to in vivo ratios is
achieved. In preferred embodiments additional cell types that can be
included in the model are e.g. endothelial cells and smooth muscle cells.
Disease models Based on the above model and using various gene delivery
methods and variable target genes, the above system is easily adaptable to
study genetic changes during pulmonary diseases that can lead to
identification of novel drug targets and development of novel therapies:
wherein the disease involves inflammation, the affected cells, preferably
the epithelial cells, express inflammatory cytokines (above normal level)
and the model is an inflammatory model, wherein the disease is a tumor, the
cells are transformed, e.g. malignantly transformed or immortal cells and
the model is a tumor model, wherein the disease involves fibrosis and the
model is a fibrosis model, wherein the disease involves injury of the
tissue and the model is a regeneration model. Disease models can be
utilized in drug testing. Cells obtained from patients In an embodiment,
pulmonary cells are obtained from patients and cultured in accordance with
the present invention. In this embodiment preferably no or only partial
de-differentiation is allowed. Thereafter, in a rapid preparation method 3D
model tissue culture is formed and drugs proposed for treating said patient
are tested or a projected therapeutic regime can be tested. The advantage
of this embodiment among others is that pure and parallel sample cultures
with uniform composition and size can be prepared. Said samples are also
free of any pathogens and may be purified as needed. Models prepared from
healthy cells In a preferred embodiment, disease models are prepared by
starting from healthy cells and factors effecting disease features
(symptoms) in the cells are added later. For example, tumor models are
prepared from healthy cells and factors effecting malignous transformation
are added and/or genes causing malignous transformation are expressed
therein. It has been observed that the level of Wnt proteins, e.g. Wnt5 has
increased in a pulmonary tumor tissue. It is thus contemplated that tumor
models can be prepared by addition of tumorogenic factors, like EGF
(epithelial growth factor), IGF (insulin-like growth factor), insulin, Wnt
factors e.g. Wnt5 or a cocktail thereof to the cell mixture or culture of
the invention. In an alternative of this method tumorous cells are added to
the medium in which the model culture according to the invention is present
but are separated by a semi-permeable membrane. Thereby the factors
produced by the tumorous cell induce tumorous (malignus) transition of the
cultured cells of the invention.Lung tumor models made of lung tumor cell
lines Lung tumor models can be prepared from lung tumor cell lines. Such
cell lines are readily available at the American Type Culture Collection
(ATCC; Rockville, MD), upon searching for tumor cell lines. Advisably,
experiments are to be performed to find appropriate conditions for
culturing the cells and optimize the ratio of the cell types used in a cell
mixture. Inflammation models For inflammation models monocytes and/or
macrophages can be added to the model culture of the invention preferably
during the preparation process. In this model pretreatment with LPS or
WNT5A is advisable. Cytokine production of activated macrophages as well as
production of other factors like Wnt5 affects the tissue culture and enable
an inflammation model. If an inflammation model system is to be examined,
neutrophyl cells can be provided separated from the pulmonary aggregates by
a membrane in an appropriate chamber. In this case neutrophyl migration and
MMP production can be measured as well. In an alternative embodiment
disease model pulmonary cell lines a cultured in accordance with the
invention. In this embodiment drugs can be tested for efficiency against
said disease. In the disease models use of an overexpressing gene is to be
avoided, rather an inducible promoter is to be applied. Inflammatory
modelsfrom native three dimensional pulmonary cell aggregates To mimic
inflammatory conditions, native three dimensional pulmonary cell aggregates
can be treated with various materials eliciting inflammatory reactions.
Such materials are for example: chemical substances causing acute
inflammation, such as vasoactive amines, eicosanoids, etc. proinflammatory
polypeptides, such as growth factors, hydrolytic enzymes etc. reactive
oxygen species, proinflammatory cytokines, e.g. IFN-g and other cytokines,
bacterial cell wall extracts. Inflammatory conditions are tested by
detecting cytokine expression e.g. by biochemical assays, immunological
assays, such as ELISA, by a PCR-based method, e.g. real time PCR, or by
expression analysis e.g. by applying a gene chip. Genetic modification of
primary cells Both epithelial and mesenchymal cells can be genetically
modified using recombinant viral delivery vectors (rAdenoviral and
rLentiviral vectors) and these gene delivery methods do not harm the
ability of cells to aggregate. Characteristic genes for inflammation,
tumor, fibrosis and regeneration can be constitutively or inducibly
overexpressed or silenced and tissue morphology, cellular responses, gene
and protein expression changes can be studied in a three dimensional
microenvironment. For example, one or more genes known to promote tumor
formation can be introduced into a pulmonary cell line, e.g. an alveolar
type I or type II cell line, preferably type II cell line or into a
fibroblast cell line. Such a gene can be e.g. an oncogene, e.g. a ras gene
or a gene or a set of genes typical of expression pattern of a tumor, e.g.
a COX-2 gene It may happen that the expression of a ras gene alone is
insufficient to transform the cells, preferably immortal 



cells, but proliferation is likely to be increased [Wang, XQ, Li, H et al.
(2009)], which may provide a disease feature for the model.Modification of
secreted factor composition in primary cell aggregates using genetically
modified and sub-lethally irradiated cell lines In this embodiment all cell
types are left non-infected, gene expressions therefore are as normal as in
any given three dimensional lung tissue model. Cellular composition of the
aggregates however contains sub-lethally irradiated cells (5-10% of total
cell number of the aggregate), either fibroblast (WI-38) or alveolar
epithelial (A549) cell lines or both, that are genetically modified and
produce secreted factors (Wnt-s, Bone Morphogenic Protein (BMP)-s,
inflammatory and pro-inflammatory cytokines, growth factors, etc) that
modify the cellular microenvironment within the aggregates. Sub-lethal
irradiation can reduce propagation of cells and prevent overgrowth of one
cell type by the other. Products The invention also provides for a kit
comprising multiple samples of a 3D model tissue culture. Preferably, the
containers are wells of a plate, e.g. a 96 well plate or a 384 well plate.
The 3D model tissue can be a model of a healthy tissue or a disease model
(disease model kit). The plate expediently comprises an array of containers
or wells wherein a multiplicity of containers contain samples of one or
more types of engineered three dimensional pulmonary model tissue cultures
in an appropriate medium. The container can be e.g. flat bottom, an
U-bottom or, preferably, a V-bottom container, on a plate allowing parallel
testing of multiple samples. Preferably, the containers are non-tissue
culture treated containers so as to avoid sticking of the cells to the
container wall. In a preferred embodiment, each container comprises a
single aggregate. In a preferred embodiment, the culture samples in each
container comprise cells in an amount as defined in the brief description
of the invention. Preferably, the containers are sealed, either separately
or together and contain a CO2 enriched environment or atmosphere suitable
for a lung tissue culture as defined in the brief description of the
invention. Typically, disease models require the same environment.
Preferably, the cells are stained with a biocompatible dye suitable to
report on one or more of the following cellular features: cellular state
for example cell phase, cellular viability, apoptosis or moribund state of
the cell; cell type; cell location; malignous transformation; inflammation.
Controls As control samples the kit contains cultures of epithelium and
fibroblasts only. On a plate, preferably at least 3-3 wells of controls
(epithelium and fibroblasts, respectively) are present. Preferably, a
further control which is a 2D lung tissue is used to identify or assess
features specific to the 3D tissue. Thus, on request, a 2D control plate
(preferably a flat-bottom, adhesive tissue culture plate) can be included
to accompany the 3D tissue. Alternatively, the plate may also contains
wells of 2D lung tissue as a control, preferably in a flat bottom wells.
Thus, in an embodiment of the invention a plate is used which contains both
V-bottom wells for 3D tissue and flat or U-bottom wells for 2D tissue.
EXAMPLES Example 1 Materials and methods Primary SAEC, NHLF and pulmonary
HMVEC cells were purchased from Lonza. AU cell types were isolated from the
lungs of multiple random donors of different sexes and ages. We used SAGM,
FGM or EGM-2 medium for theinitial expansion of SAEC, NHLF or pulmonary
HMVEC, respectively, as recommended by the manufacturer. All types of cell
cultures were incubated in an atmosphere containing 5% CO2 at 370C. For 2D
and 3D culturing, pure or mixed cell populations were cultured in a 50-50%
mixture of SAGM (Small Airway Growth Medium, Lonza) and complete DMEM. For
two and three-cell cultures containing HMVEC cells, the appropriate growth
factor supplements for HMVEC cells were added to the 50-50% mixture of SAGM
and DMEM. The compositions of cell culture media were prepared in
accordance with instructions of the manufacturer. For 2D and 3D culturing,
cells were mixed at the indicated ratios and dispensed onto flat-bottom 6
well plates or 96-well V-bottom plates (Sarstedt), respectively. V-bottom
plates were immediately centrifuged after cell seeding at 600xg for 10
minutes at room temperature. SAECs and NHLFs were stained with the
following fluorescent physiological dyes: DiI [Honig, M. G. and R. I . Hume
(1989)] and CFSE [Wang, X. Q., X. M. Duan, et al. (2005)] to be able to
follow cellular movements in culture. Cells with or without matrigel were
pipetted into V-bottom, 96-well, non-tissue culture treated plates and were
incubated for one hour in a CO incubator at 370C. Following incubation,
cells were pelleted with 2000 rpm, 5 min, room temperature, then the
resulting cell pellets were incubated overnight (5% CO2, 370C). The A549
line was initiated in 1972 by D. J . Giard et al. (1973) through explant
culture of lung carcinomatous tissue from a 58-year-old male. A549 cells
are adenocarcinomic human alveolar basal epithelial cells. A549 cells fall
under the squamous subdivision of epithelial cells. Cells seeded at a
concentration of 2x1 04 cells/cm 2 in the above culture medium will be 100%
confluent in 5 days. A549 cells are available at the American Type Culture
Collection (ATCC; Rockville, MD) as CCL-1 85 and can be grown in Ham's F-12
medium (GIBCO BRL, Grand Island, NY) with 10% fetal calf serum (FCS; GIBCO
BRL) or according to recommendations of the supplier. The WI-38 cell line
was developed in 1962 from lung tissue taken from a therapeutically aborted
fetus of about 3 months gestational age. Cells released by trypsin
digestion of the lung tissue were used for the primary culture. The cell
morphology is fibroblast-like. The karyotype is 46,XX; normal diploid
female. A maximum lifespan of 50 population doublings for this culture was
obtained at the Repository. A thymidine labelling index of 86% was obtained
after recovery. G6PD is isoenzyme type B. This culture of WI-38 is an
expansion from passage 9 frozen cells obtained from the submitter. WI-38
cells available at
http://www.atcc.org/ATCCAdvancedCatalogSearch/tabid/112/Default.aspx
American Type Culture Collection (ATCC; Rockville, MD) as CCL-75 are grown
according to recommendations of the supplier. CL13 or CL30 cells (Wardlaw
et al., 2002) were cultured in Dulbecco's modified Eagles/F12 medium
containing 5% fetal calf serum and 25% microg/ml gentamicin. Human cells
are preferably maintained at 37C in a humid atmosphere containing CO2 as
needed. Fluorescent and confocal microscopy Prior to 2D and 3D culturing,
SAECs, NHLFs and HMVECs were stained with fluorescent physiological dyes
CFSE, DiI and DiD, respectively (all from Molecular Probes). Cells were
washed twice in PBS and incubated with CFSE, DiI or DiD at the
concentration of 0,5 mg/ml at 370C for 10 minutes. The excess dyes were
removed by washing the cells with DMEM+10%FCS. 2D and 3D cultures were
prepared using the fluorescent-labeled cells, as indicated before. After
overnight incubation, 3D cell cultures were removed carefully from the
V-bottom plates and transferred to coverslip-bottom dishes (MatTek). Lung
tissue microcultures were investigated by fluorescent microscopy (Olympus
IX-81 microscope) or confocal microscopy (Olympus FVlOOO confocal imaging
system)Cell sorting SAEC and NHLF were stained with CFSE and DiI according
to manufacturers instructions (Molecular probes). Cells were mixed and
cultured for 72 hours in 2D and 3D systems. Stained cells were dissociated
by mild trypsin treatment followed by PBS+EDTA treatment. Dissociated cells
were sorted using a BD FACSVantage cell sorter into tubes with lysis buffer
for mRNA preparation (Miltenyi Biotech). 



cDNA synthesis and quantitative RT-PCR Total RNA was prepared from 2D and
3D cell cultures using NucleoSpin RNAII kit (Machery-Nagel) with oncolumn
DNase digestion. Messenger RNA was prepared from sorted SAEC samples with
mMACS mRNA isolation system (Miltenyi Biotech). cDNA was prepared from RNA
samples with a MMuLV reverse transcriptase kit (Thermo Scientific).
Real-time quantitative PCR examinations were carried out using ABsolute
QPCR SYBR Green Low ROX master mix (ABGene) and an Applied Biosystems 7500
thermal cycler system. Primers are listed in Table 1. Recombinant
adenoviral vectors The full gene-of-interest or GFP only sequence was
amplified by PCR reaction using Forward (5'): 5'- -3', Reverse (3'): 5'-
-3' primer sequences and cloned into the Shuttle vector, then by homologous
recombination into the adenoviral vector. Adenovirus was produced by
transfecting the linearised plasmid DNA into the 293 packaging cell line
(American Type Culture Collection, Rockville, MD) using Lipofectamine 2000
(Invitrogen). The resulting plaques were amplified, the adenovirus purified
and concentrated using the adenoviral purification kit (BD Biosciences).
Adenoviral Infection of epithelial cells Adenovirus containing GFP or
gene-of-interest-GFP were added to SAEC in 2D or 3D. IxIO6 cells were
resuspended in 250 ml of cell culture medium and 50ml of virus for 90
minutes at 370C.Table 1 Abbrevi Accesion Product ation Official gene name
number Forward primer sequence Reverse primer sequence length AQP3 Homo
sapiens aquaporin 3 NM_004925 AGCCCCTTCAGGATTTCCA GACCCAAATTCCGGTTCCA 86
AQP4 Homo sapiens aquaporin 4 NM_001650 GCGAGGACAGCTCCTATGAT
ACTGGTGCCAGCATGAATC 110 AQP5 Homo sapiens aquaporin 5 NM_001651
CCTTGCGGTGGTCATGA ATGGGGCCCTACCCAGAAAAC 6 1 E-cad Homo sapiens cadherin 1
NM_004360 GACCGGTGCAATCTTCAAA TTGACGCCGAGAGCTACAC 93 IL-Ib Homo sapiens
interleukin 1, beta NM_000576 TCAGCCAATCTTCATTGCTCAA TGGCGAGCTCAGGTACTTCTG
62 IL-6 Homo sapiens interleukin 6 NM_000600 AGGGCTCTTCGGCAAATGTA
GAAGGAATGCCCATTAACAACAA 62 KRT7 Homo sapiens keratin 7 NM_005556
CCACCCACAATCACAAGAAGATT TCACTTTCCAGACTGTCTCACTGTCT 78 N-cad Homo sapiens
cadherin 2 NM_001792 AGCTTCTCACGGCATACACC GTGCATGAAGGACAGCCTCT 133 S100A4
Homo sapiens SlOO calcium binding protein A4 NM_002961 TGGAGAAGGCCCTG
CCCTCTTTGCCCGAGTACTTG 58 SFTPAl Homo sapiens surfactant protein Al
NM_005411 CCCCTTGTCTGCAGGATTT ATCCCTGGAGAGTGTGGAGA 128 SFTPB Homo sapiens
surfactant protein B NM_198843 GCACTTTAAAGGACGGTGTCTT GATGCCCACACCACCTG 128
SFTPC Homo sapiens surfactant protein C NM_003018 AAAGTCCACAACTTCCAGATGGA
CCTGGCCCAGCTTAGACGTA 73 TTF-I Homo sapiens NK2 homeobox 1 (NKX2.1),
NM_003317 CATGTCGATGAGTCCAAAGCA GCCCACTTTCTTGTAGCTTTCC 85CXCL-8 assay
CXCL-8 (IL-8) content of 2D and 3D cell culture supernatants was measured
with Quantikine CXCL-8/IL-8 ELISA kit (R&D Systems). The sandwich ELISA
assay was performed according to the manufacturer's instructions. Briefly,
identically diluted cell culture supernatant samples and CXCL-8 standards
were dispensed onto the wells pre-coated with anti-CXCL-8 monoclonal
antibody. After 2 hours incubation at room temperature, the plate was
washed 4 times with the provided washing buffer. Then HRPO-conjugated
polyclonal anti-CXCL-8 antibody was added for one hour. After a final
washing step, TMB substrate solution was added to the wells. The optical
density was determined with an iEMS Reader MF (Thermo Labsystems) at 450
and 570nm and data were analyzed using Ascent software. Data quantitation
Quantitative real-time RT-PCR data were analyzed by the delta Ct (dCt) and
Relative Quantity (RQ) methods as suggested by Applied Biosystems using
7500 System SDS Software. All samples were set up in duplicates. Briefly,
Ct values were determined for each sample using an automatic threshold
level determined by the 7500 System SDS Software. Delta Ct (dCt) values
were determined according to the following formula: dCt(target gene) =
Ct(target gene)- Ct(housekeeping gene). Changes in gene expression are
shown as RQ values calculated using the next formula: RQ = 2 ddc t , where
ddCt values were calculated as ddCt = dCt(sample) - dCt(reference sample).
CXCL-8 content of the cell culture supernatants were determinded by
comparing the OD to a standard curve calculated from 7 different
concentrations in the range of 31.2 - 2000 pg/ml CXCL-8. Samples were
dispensed in duplicates and the means were used for further data analysis.
EXAMPLE 2 Experiments for development of a three dimensional lung tissue
model Hanging drop model To simulate human lung structure, we started with
a 3D cell aggregate of 100 000 cells, in roughly equal amounts of distinct
fibroblast (NHLF) and small airway epithelial cell populations (SAEC),
randomly intermixed. Within a day of incubation in a hanging drop assay,
the cells generated loose tissue structures. On Figure 1 a hanging drop
culture of 50%SAEC and 50% NHLF mix is shown. The formation, however, was
not stable and was not possible to transfer the generated micro-tissues
from the initial culture conditions to another test plate without
irrecoverable damage to the tissue structure. Pelleted, matrigel containing
model To improve the stability of mixed lung micro-tissues, 1:1 ratio of
SAEC and NHLF were pelleted and grown in the presence of matrigel. Many 3D
lung and other tissue models use matrigel to create a three dimensional
structure where various cell types can grow and interact with one another.
SAECs and NHLFs were stained with a fluorescent physiological dyes DiI
(Honig and Hume 1989) and CFSE (Wang, Duan et al. 2005) to be able to
follow cellular movements in culture. Cells and matrigel were pipetted into
V-bottom, 96-well, non-tissue culture treated plates and left for one hour
in a CO2 incubator at 370C. Following incubation, cells were pelleted with
2000 rpm, 5 min, room temperature, then the resulting cell pellets were
incubated overnight (5% CO , 370C). On Figure 2 a matrigel based culture of
50%SAEC and 50%NHLF mix is shown. It is apparent that, despite the presence
of matrigel, SAEC and NHLF were unable to form stable 3D structures.
Furthermore, it appeared that small spherical tissue structures containing
mostly epithelial cells were leaving the tissue/matrigel mass. EXAMPLE 3 -
Pelleted, artificial tissue scaffold free model As a next step in
simulating 3D culture conditions of the human lung, the random mix of equal
number of epithelial cells (SAEC) and fibroblasts (NHLF) were pelleted
without matrigel in two stages. Cells werepipetted into V-bottom, 96-well,
non-tissue culture treated plates and left for one hour in a CO2 incubator
at 370C. Following incubation, cells were pelleted with 2000 rpm, 5 min,
room temperature, then the resulting cell pellets were incubated overnight
(5% CO , 370C). Cells prior to mixed culturing were stained using 1:1000
dilutions in PBS (phosphate buffer saline pH 7.2) of physiological
fluorescent dyes of DiI (lmg/ml stock in DMSO) and CFSE (lmg/ml stock in
DMSO). In these culture conditions cells formed a stable aggregate, where
the most adhesive fibroblast (red or dark gray) were surrounded by those of
the less adhesive epithelial cell type (green or light grey) (Figure 3).
The aggregate diameter is about 200 mm. In a further experiment, the ratio
of SAEC and NHLF cells was systematically changed and cultures were
prepared using the following SAEC:NHLF ratios, respectively: 0/100%;
25/75%, 50/50%, 75/25, 100/0%, otherwise as described above. On Figure 3
the pelleted micro-tissue cultures containing different ratios of SAEC and
NHLF are shown. As evidenced by the figure, the most pronounced 3D
structure aggregates with a surface epithelial cell lining were formed when
equal amount of epithelial and fibroblasts cells were applied, aggregates 



have a fair epithelial cell lining albeit are somewhat smaller and less
convincing in morphology at a ratio of 25/75%, whereas a much more even
epithelial lining is formed at an excess of SAEC cells, i.e. when the ratio
of cell epithelial cells and fibroblasts is 75/25%. Pure cultures either do
not form aggregates of 3D structure (epithelial cells) or the aggregates
are much smaller in size (fibroblast cells). EXAMPLE 4 - Characterization
of the two cell type tissue scaffold-free 3D pulmonary tissue model
Differentiation markers Molecular characterization of the model was based
on epithelial differentiation markers using real-time PCR analysis. mRNA
was purified from the cell aggregates and cDNA was generated. Using TTFl
(Figure 4a), AQ3 (Figure 4b) and AQ5 specific primers, results were
analysed relative to beta-actin as internal control. On Figure 4 a. mRNA
levels of TTF-I in 3D human lung micro-tissues are indicated. TTFl
transcription factor is a characteristic marker of alveolar epithelial
cells. While 3D fibroblast cultures show no TTFl expression, TTFl is
present in 3D SAEC monocultures and increased in 2D SAEC/NHLF co-cultures
indicating the beneficial effect of fibroblasts. The highest level of TTl
expression was reached in 3D SAEC/NHLF tissues. Figure 4b. shows mRNA
levels of AQP-3 water transporter in 3D human lung micro-tissues. AQ3 is an
ATII epithelial type marker in the lung. While 3D fibroblast cultures show
no AQ3 expression, AQ3 is present in 3D SAEC monocultures and increased in
2D SAEC/NHLF co-cultures indicating the beneficial effect of fibroblasts,
but the highest level of AQ3 was still observed in 3D SAEC/NHLF tissue
cultures. Thus, the above markers indicated an inducible increase in ATII
type differentiation that was further supported by no increase in ATI type
marker expressions. The purified differentiated cell types we used in the
experiments were obtained from commercial sources. Although these cell
types originated from differentiated tissues, once they were purified and
kept in 2D culture conditions the cells have shown almost immediate signs
of dedifferentiation indicated by increased level of S100A4 (Figure 6 and
Table 2). Once SAEC was co-cultured with NHLF, S100A4 and N-cadherin levels
decreased significantly, while the E-cadherin levels increased. The
"cadherin-switch" [Zeisberg M and E.G. Neilson (2009)]was more prominent in
3D than in 2D culture conditions (Figure 6) indicating that apart from the
presence of NHLF, the 3D structure was also necessary to decrease
dedifferentiation of SAEC. These changes are also a feature of
epithelial-mesenchymal transition (EMT), characteristic for the epithelial
dedifferentiation process. Pro-inflammatory cytokine expression As
triggered by pulmonary infection or alveolar epithelial injury (disruption
of continuous epithelial cell layer) pro-inflammatory cytokines are
produced by the alveolar epithelium to attract inflammatory cells,
including neutrophils. To test CXCL-8 pro-inflammatory cytokine expression,
CXCL-8 protein levels were tested fromcellular supernatants of 2D mono and
co-cultures and 3D tissue co-cultures, set up as seen in Figure 3. Using a
commercially available ELISA test kit (R&D Laboratories) it has become
apparent that CXCL-8 expression levels were significantly reduced in 3D
tissue systems compared to conventional 2D tissue cultures (Figure 7.a) and
the lowest levels were detected where epithelial cell ratios were the
highest, implicating that CXCL-8 expression is triggered by discontinuation
in epithelial cell layers. On the diagram on Figure 7.a CXCL-8 secretion is
shown in a human, in vitro, 3D lung model. It was found that 3D
monocultures of fibroblasts secreted no CXCL-8, while 3D SAEC still
produced the cytokine, (although to a lesser degree than 2D SAEC cultures -
data not shown). 2D co-cultures didn't significantly alter CXCL-8
expression, indicating, that the presence of fibroblasts cannot influence
cytokine expression. CXCL-8 expression levels were significantly reduced in
3D tissue system where 75/25 % was the epithelial-fibroblast ratio, where
epithelial cells essentially fully covered the fibroblast sphere,
implicating that CXCL-8 expression can be triggered by discontinuation in
the alveolar epithelial cell layer. This reduction in CXCL-8 expression was
somewhat less pronounced at a ration of 50/50% and 25/75%. Inflammatory
cytokines IL-lbeta and IL-6 mRNA levels were also investigated using
quantitative real time RTPCR analysis. In 3D cultures compared to the
respective 2D cultures, both IL-lbeta and IL-6 mRNA levels were
significantly down-regulated (Figure 7B and 7C, respectively), when the PCR
was performed from the mix of SAEC-NHLF mRNA. Once SAEC cells were sorted
out from 2D and 3D NHLF co-cultures, decreased expression of IL-lbeta and
IL-6 in SAEC cultured in 3D conditions was even more striking (Figure 7D).
EXAMPLE 5 - Three-cell type model with epithelial, endothelial and
fibroblast components To further improve the complexity our lung tissue
culture model we added primary human lung-derived microvascular endothelial
cells (HMVEC) to SAEC and NHLF cells and set up 2D and 3D tissue
micro-cultures similarly to the SAEC and NHLF co-cultures. Morphological
examination of the micro-tissues by fluorescent and confocal microscopy
revealed, that HMVECs could successfully be co-cultured with both SAEC and
NHLF cells in 3D conditions (Figure 8.a). Interestingly, in co-cultures
with either SAEC or NHLF, HMVECs formed the inner, compact core of the
micro-cultures. When the three cell types (1:1:1) were cultured together in
3D conditions, they adhered together and formed a markedly compact and
stable 3D structure (Figure 8.b). Molecular characterization of three-cell
cultures revealed that the level of AQP3 and KRT7 expression increased
remarkably in 3D cultures compared to that of measured in 2D culture
conditions (Figure 9.a and Table 2). The level of EMT markers S100A4 and
N-cad were increasing when cells were kept in 2D cultures, but stabilized
in 3D cultures. The slight decrease of E-cad in 3D cultures was less than
detected in 2D culture conditions (Figure 9.a and Table 2). As the
quantitative RT-PCR was performed from the mixed mRNA of the three cell
types, further analysis of the three cell type 3D cultures is required,
however, to discover the optimal proportions of the three cell types that
would aid tissue building from purified tissue elements. Table 2 shows gene
expression changes in human primary lung cell cultures. Numbers are RQ
values, calculated according to the formula RQ = 2 ddc t , where ddCt
values were calculated as ddCt = dCt(sample) - dCt(reference sample).
Except for Sorted SAEC**, where data are presented as dCt values,
calculated as follows: dCt= Ct(target gene) - Ct(housekeeping gene). A part
of collected cells before the set-up of the various cultures were used
always as reference samples. Delta Ct (dCt) values were calculated as
follows: dCt(target gene) = Ct(target gene)- Ct(housekeeping gene). 18S
ribosomal RNA was used as housekeeping gene, except in case of Sorted
SAEC** saples, where actin was used as housekeeping gene.33 1
Abbreviations: N.A.: data are not available, expression level was not
determined. N.D.: No specific PCR product was detected with real-time QPCR.
N.D.*: No specific P product was detected with conventional PCR. N.C:
Specific expression levels were not consequent in parallel wells or samples
with real-time QPCR. Low*: Relatively l expression levels were detected by
conventional PCR. High*: Relatively high expression levels were detected
with conventional PCR.Summary of results with cellular markers and factors
secreted by the cells Here we provide evidence that 3D co-culturing of
primary pulmonary epithelial cells with fibroblasts is more advantageous
for SAEC to maintain a more differentiated status than in either 2D or 3D
in vitro monocultures. Inclusion of NHLFs not only facilitated epithelial
differentiation but the cohesion and structure of the 3D microtissues were
much more firm and compact compared to SAEC-only (Figure 3) or SAEC-HMVEC
(Figure 8.a) cultures. TTFl transcription factor is a characteristic
general marker of alveolar epithelial cells during embryonic development
and after birth in ATII cells. Cytokeratins are components of the
intermediate filaments of the cytoskeleton and their expression patterns
are important in cell lineage identification. In our experiments, lung
epithelial markers TTF-I and cytokeratin 7 KRT7 showed elevated expression
levels in 3D co-cultures. 



Type II pneumocytes facilitate transepithelial movement of water (via
members of the aquaporin protein (AQP) family). ATII marker Aquaporin 3
show elevated levels in the presence of fibroblasts (Figure 5) Secretion of
surfactant proteins is a unique feature of ATII lung epithelial cells.
[Dobbs, L.G. (1989), Alcorn, J.L., et al., (1997) ] In our experiments,
SAEC cells in monocultures failed to express surfactant proteins, while
surfactant protein Al mRNA was consequently expressed in 3D and at a lesser
amount in 2D co-cultures.(Figure 5.c) However, surfactant proteins B and C
were not consequently detectable in our 3D co-culture systems (data not
shown). We also examined the expression of ATI markers Aquaporin 4 and 5 in
both 2-cell and 3-cell cultures, but the expression of these molecules was
not consequently detectable, either, presumably because the cells (SAEC)
used herein are rather of the ATII type. Moreover, a considerable amount of
time is needed for ATI differentiation (data not shown). During a somewhat
longer culturing time, if cells with ATI type characteristics are used, ATI
markers would appear. Thus, except of SFPC, differentiation markers AQP3,
KRT7, TTFl and SFPA were up-regulated in the presence of fibroblasts.
Levels of AQP3 and SFTPA but not KRT7 or TTFl differentiation markers were
further increased in 3D culture conditions. S100A4 is a well-known
molecular marker for epithelial-mesenchymal transition and the level of its
expression is often high in metastatic carcinomas [Sherbet, G.V et al.
2009] as well as in lung fibrosis [Guarino, M. et al., 2009]. Up-regulation
of S100A4 and N-cadherin and parallel down-regulation of E-cadherin
[Zeisberg, M. and E.G. Neilson, (2009), Seike, M., et al., (2009)] are also
features of epithelial-mesenchymal transition (EMT), that is characteristic
for the epithelial dedifferentiation process and is characterized by loss
of cell adhesion, repression of E-cadherin expression, and increased cell
mobility. De-differentiation markers S100A4 and N-cadherin appeared in
purified primary cells in 2D culture conditions. The above
de-differentiation markers decreased in the presence of fibroblasts and
further decreased in 3D conditions. Decrease of inflammatory markers
including ILIb, IL6 and CXCL8 could be observed in 3D cultures in
comparison with 2D cultures. Said markers were significantly down-regulated
in 3D culture conditions; the mere presence of fibroblasts, e.g. in 2D
cultures, were not sufficient to decrease their levels. SFTPAl expression
was observed in 2-cell but not in 3-cell cultures. (Figure 5.c and data not
shown). EXAMPLE 6 - Disease models Lung tumor models from lung tumor cell
lines. Artificial three dimensional lung tissue culture is prepared as
described in Example 3 with the following modification.Instead of
epithelial cells (SAEC) a combination of type II alveolar epithelial cells
(A549) and 5-20% of CL13 or CL30 cells (Wardlaw et al, Molecular
Pharmacology, 62, 326-333 2002), derived from NNK [4-
(methylnitrosamino)-l-(3-pyridal)-l-butanone] treated A/J mouse, a model of
lung adenocarcinoma [Belinsky et al. (1992)] is used. CL13 or CL30 cells
carry mutations of the Ki-ras gene. A series of experiment is performed to
find appropriate ratio of A549 cells and CL13 or CL30 cells. A ratio when
tumor is spontaneously formed is used to prepare a 3D lung model tissue,
which is used as a lung tumor disease model. In an alternative of the above
method patient tumor cells are used. Modification of secreted factor
composition in primary cell aggregates using genetically modified and
sublethally irradiated cell lines All cell types are left non-infected,
gene expressions therefore are as normal as in any given three dimensional
lung tissue model. Cellular composition of the aggregates however contains
sub-lethally irradiated cells (5-10% of total cell number of the aggregate)
-either fibroblast (WI-38) or alveolar epithelial (A549) cell lines that
are genetically modified and produce secreted factors (Wnt-s, Bone
Morphogenic Protein (BMP)-s, inflammatory and pro-inflammatory cytokines,
growth factors, etc) that modify the cellular microenvironment within the
aggregates. Native three dimensionalpulmonary cell aggregates To mimic
inflammatory conditions, native three dimensional pulmonary cell aggregates
are treated with various concentrations of bacterial cell wall extracts.
Cytokine production is determined using cytokine specific ELISA techniques
from tissue culture media, gene expression changes both in epithelial and
fibroblasts can be quantified by real-time PCR reactions. EXAMPLE 7 - 3D
Lung tissue kit In this example a test-ready 3C lung tissue kit of the
following features is prepared: 1. Test-ready lung tissue is delivered in
96 well plates. 2. Small (80 000 cells/well) samples of lung model tissue,
ready for experiments or tests, are present in the wells. 3. Each tissue
consists of a mixed culture of human primary alveolar epithelium and
fibroblasts (25, 50 and 75 % epithelium respectively). 4. The plate
contains 3-3 wells of controls (epithelium and fibroblasts only). 5. The
plates are sealed with a transparent, preferably adhesive, plastic foil,
e.g. with Saranrap. The quality of tissue is guaranteed for three days,
including delivery. The plate itself is a 96, V-bottom well, non-adhesive
tissue culture plate. The model tissue is prepared as described in EXAMPLE
3. Each tissue is submerged in 200 1of tissue culture medium, optimal for
lung culture in 5% CO2 environment, sealed and delivered at room
temperature or on ice. Quality control: one tissue is taken from each well
and viability is tested. The differentiation markers are tested by
real-time PCR. On request, a 2D control plate (tissue grown in 96-well,
flat-bottom, adhesive tissue culture plate) can be included to accompany
the 3D tissue. INDUSTRIAL APPLICABILITY Above, basic parameters and culture
conditions are established for an ATII-type tissue scaffold free lung
model, where spontaneous self-assembly of cells and cellular interactions
can be studied. The model allows easyhandling and genetic manipulation of
complex tissue systems in both theoretical and applied research and in
pharmaceutical testing. The model is also easily expanded by additional
cell types to include endothelial cell for vascularization and even smooth
muscle cells, where further reciprocal tissue and cellular interactions can
be studied. The scaffold-free 3D culturing allows trouble-free genetic
manipulation of simple or more complex tissue systems in either theoretical
or applied research and in pharmaceutical testing. This pulmonary tissue
model is especially suitable for studying spontaneous self-assembly of
cells and cellular interactions. Both biomedical research and
pharmaceutical corporations are in need for in vitro models to enhance the
effectiveness of the prediction for toxicity or efficacy of drug candidate
molecules in the preclinical stage. [Kramer, J .A. et al. 2007] The newly
set guidelines also put emphasis on the replacement of animal models and
urge the development of new preclinical testing methods. [Innovative
Medicine Research Initiative Strategic Research Agenda. 2008, European
Technology Platform.] Based on the above model and using various gene
delivery methods and variable target genes, our 3D human pulmonary
micro-tissue model system is easily adaptable to study genetic changes
during pulmonary diseases 



that can lead to identification of novel drug targets and development of
novel therapies. These disease models may include inflammatory models,
tumor model, lung fibrosis model, or a regeneration model. Three
dimensional models of healthy lung tissue as well as disease tissues are
available. The product according to the invention can be marketed e.g. in
the form of tissue cultures, plates or arrays comprising such cultures or
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tissue scaffold wherein said artificial tissue scaffold is a porous three
dimensional matrix; a three dimensional gel matrix or a porous membrane
support, b) is composed of cultured cells, 



c) comprises at least pulmonary epithelial cells and mesenchymal cells
preferably fibroblasts, d) has a morphology of one or more cellular
aggregate(s), wherein the surface of the aggregate(s) is enriched in the
pulmonary epithelial cells, and e) wherein the epithelial cells express
epithelial differentiation markers. 2) The engineered three dimensional
pulmonary model tissue culture according to claim 1) wherein - the size or
the average size of the one or more aggregate(s) is at least 80 mm and at
most 600 mm, preferably the size or the average size of the aggregate(s) is
between 100 mm and 300 mm and/or, - the one or more aggregates comprise
cells in an amount of at least 2*104 cells, preferably at least 4*104
cells, and at most 5*105 cells, preferably at most 2*105 or at most 105
cells. 3) The engineered three dimensional pulmonary model tissue culture
according to claim 1) or 2) wherein - said model tissue culture is free of
any artificial tissue scaffold and/or - said model tissue culture further
comprises an extracellular matrix the extracellular matrix proteins of
which are secreted by at least one of the cell types comprised in the
tissue culture; preferably by the fibroblast cells, and/or - epithelial
cells form a pulmonary epithelial cell lining on at least a part of the
surface of the aggregate, preferably said pulmonary epithelial cell lining
covering, at least partly, the surface of the aggregate. 4) The engineered
three dimensional pulmonary model tissue culture according to any of claims
1) to 3), wherein - said model tissue culture comprises cultured primary
cells obtained from a subject, and/or - said model tissue culture comprises
cells de-differentiated before culturing and re-differentiated upon
culturing, and/or - said model tissue culture comprises cells of
established cell lines. 5) The engineered three dimensional pulmonary model
tissue culture according to any of the previous claims additionally
comprising endothelial cells. 6) The engineered three dimensional pulmonary
model tissue culture according to any of the previous claims, wherein the
pulmonary epithelial cells comprise at least one of the following cell
types: - type I pneumocytes (ATI cells), - type II pneumocytes (ATII
cells), wherein preferably the epithelial differentiation markers expressed
by the tissue cells of the engineered three dimensional pulmonary model
tissue are selected from the following group:- ATII type differentiation
markers, - ATI type differentiation markers. 7) The engineered three
dimensional pulmonary model tissue culture according to any of the previous
claims, wherein - the levels of the following markers are increased
relative to a control comprising non-cultured cells, preferably purified
primary cells: TTFl, AQP3, SFTPA, SFTPC, KRT7, - the levels of the
following markers are decreased relative to a control comprising
non-cultured cells: CXCL8 ILIb, S100A4, - the levels of the following
markers are increased relative to a control 2 dimensional culture: AQP3,
SFTPA, - the levels of the following markers are decreased relative to a
control 2 dimensional culture: CXCL8, ILIb, IL6, S100A4, N-cadherin. 8) The
engineered three dimensional pulmonary model tissue culture as defined in
any of the previous claims wherein said cultured cells, preferably said
pulmonary epithelial and/or mesenchymal cells, comprise affected cells
having a pathologic feature of a diseased lung tissue so that said model
tissue culture is a pulmonary disease model tissue culture, preferably -
wherein the disease involves inflammation and the affected cells express
inflammatory cytokines above normal level and the model is an inflammatory
model, - wherein the disease is a tumor and the cells are transformed, e.g.
malignantly transformed or immortal cells and the model is a tumor model, -
wherein the disease involves fibrosis and the model is a fibrosis model, -
wherein the disease involves injury of the tissue and the model is a
regeneration model. 9) A method for the preparation of an engineered three
dimensional pulmonary model tissue culture, said method comprising the
steps of - preparing a mixed suspension of at least pulmonary epithelial
cells and mesenchymal cells, preferably fibroblast cells, more preferably
primary fibroblast cells, - pelleting the cells of the suspension, -
pelleting the cells, - incubating the pelleted suspension in the presence
of CO2, for a time sufficient to the cells to form a three dimensional
pulmonary model tissue comprising one or more cellular aggregate(s) -
optionally assaying the model tissue for a) expression of one or more
epithelial differentiation markers characteristic to model tissue culture,
and an increased expression level as compared to a reference culture is
considered as indicative of the formation of a three dimensional pulmonary
model tissue culture; and/or b) expression of one or more pro-inflammatory
cytokine as defined above, and a decreased expression level as compared to
a suitable reference culture (as defined above) is considered as indicative
of the formation of a three dimensional pulmonary model tissue culture c)
size and morphology of the one or more aggregate(s).10) The method
according to claim 9) wherein - the average size of the cellular aggregates
is at least 80 mm and at most 600 mm, preferably is between 100 mm and 300
mm and/or, - the one or more aggregates comprise cells in an amount of at
least 2*104 cells, preferably at least 4*104 cells, and at most 5*105
cells, preferably at most 2*105 or at most 105 cells. 11) The method
according to claim 9) or 10) wherein the pelleted suspension is incubated
in the presence of CO2 for a time -period not more than two weeks,
preferably not more than 12, 10, 8, 7, 6 or 5 days and for a period not
less than 10 hours, preferably not less than 12 or 14 hours. 12) The method
according to any of claims 9) to 11) wherein upon preparation of a mixed
suspension one or more type of cells are added to a container within 18
hours, preferably within, 12 hours, more preferably within 4 hours, highly
preferably within 1 hour or simultaneously, highly preferably each type of
cell used is added within said time -period. 13) The method according to
any of claims 9) to 12), 



- wherein the container is a V-bottom, non-tissue culture treated container
and/or - wherein pelleting is carried out at 20Og to 60Og for 1 to 20
minutes, preferably 2 to 10 minutes, and/or - wherein the cells are stained
with a biocompatible dye suitable to report on one or more of the following
cellular features: cellular state for example cell phase, cellular
viability, apoptosis or moribund state of the cell; cell type; cell
location; malignous transformation; inflammation. 14) The method according
to any of claims 9) to 13), wherein - said mixed suspension of at least
pulmonary epithelial cells and pulmonary mesenchymal cells comprises
cultured primary cells obtained from a subject, and/or - said mixed
suspension of at least pulmonary epithelial cells and pulmonary mesenchymal
cells comprises cells de-differentiated before culturing and the cells are
re-differentiated upon culturing, and/or - said mixed suspension of at
least pulmonary epithelial cells and pulmonary mesenchymal cells comprises
cells of established cell lines. 15) The method according to any of claims
9) to 14), wherein said cultured cells, preferably said pulmonary
epithelial and/or mesenchymal cells comprise affected cells having a
pathologic feature of a diseased lung tissue so that said model tissue
culture is a pulmonary disease model tissue culture. 16) The engineered
three dimensional pulmonary model tissue culture, preferably as defined in
any of claims 1) to 7), obtainable by any of the methods claimed in any of
claims 9 to 15. 17) A method for screening a drug for its effect on lung
tissue, said method comprising the steps of - providing an engineered three
dimensional pulmonary model tissue culture as defined in any of the
previous claims, - taking at least a test sample and a reference sample of
said model tissue culture,- contacting the test sample with a drug while
maintaining the test sample and the reference sample under the same
conditions, - detecting any alteration or modification of the test sample
in comparison with the reference sample wherein if any alteration or
modification of the test sample is detected it is considered as an
indication of the effect of the drug. 18) The method of claim 17) wherein
the model tissue culture is the model of a healthy lung tissue and an
adverse effect of a drug is tested, wherein alteration or modification
which is detrimental to the cells of test sample is considered as a toxic
or adverse effect of said drug. 19) The method of claim 17) wherein the
model tissue culture is a pulmonary disease model tissue culture comprising
affected cells having a pathologic feature and the beneficial effect of a
drug is tested, wherein - an assay to measure or assess said pathologic
feature is provided for said model tissue culture to obtain a measure of
disease, - a reference sample of a healthy lung tissue (healthy reference
sample) and/or a reference sample of a diseased lung tissue (diseased
reference sample) is provided, - the pathologic feature is measured or
assessed in the healthy reference sample and/or in the diseased reference
sample and in said at least one test sample before and after contacting it
with the drug, wherein any alteration or modification in the test sample
which shifts the measure of disease in the test sample towards the measure
of disease in the healthy reference sample and or away from the measure of
disease in the diseased reference sample is considered as a beneficial
effect of said drug. 20) An engineered three dimensional pulmonary model
tissue kit comprising a test plate having an array of containers wherein at
least two containers contain - samples of one or more types of engineered
three dimensional pulmonary model tissue cultures as defined in any of the
previous claims, each sample placed in separate containers of said plate, -
an appropriate medium for culturing cells of the model tissue cultures. 21)
The engineered three dimensional pulmonary model tissue kit according to
claim 20 having one or more of the following characteristics: - wherein the
plate is a 96 well plate. - wherein the plate is a V-bottom plate. - the
culture samples in each container comprise cells in an amount of at least
103, preferably at least 104, more preferably at least 2*104, 3*104, 4*104,
5*104 cells, and at most 107, preferably at most 106, more preferably at
most cells to 5*105, 4*105, 3*105, 2*105, or at most 10 5. - wherein the
containers are sealed, either separately or together and contain a CO2
enriched environment or atmosphere suitable for a lung tissue culture. -
wherein, the CO2 enriched environment or atmosphere comprises at least 2%,
3%, 4% CO2 environment, at most 10%, 9%, 8% or 7% CO2 environment, highly
preferably about 5% CO2.22) The use of a three dimensional pulmonary model
tissue culture as defined in any of claims 1 to 7 for - parallel screening
of compounds for their effect on pulmonary tissue, e.g. toxicity testing,
searching for candidate compounds, etc. - patient specific testing of
compounds for their therapeutic potential, provided that the model tissue
culture is obtained from primary patient pulmonary cells, - studying
cellular interaction in the pulmonary tissue, - studying genetic changes
during pulmonary diseases etc. 


