
ADENOSINE DERIVATIVES AS A2A RECEPTOR AGONISTS This
invention relates to organic compounds, their
preparation and use as pharmaceuticals. An aspect of
the invention provides compounds of formula (I), or
stereoisomers or pharmaceutically acceptable salts
thereof, wherein Ui and U2 are independently selected
from CH2 and O with the proviso that when U1 is O then
R1a is not a N-bonded substituent, and when U2 is O
then R1b is not a N-bonded substituent; R1 and R1b are
independently selected from a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by oxo, O-CrC 8-alkyl, C6-Ci 0-aryl, R1c
or by CrC 8-alkyl optionally substituted by OH, or R1
and R1b are independently selected from -NR4R4,
-NR5-Cr C8-alkylcarbonyl, -NR5-C3-
Cs-cycloalkylcarbonyl, -NR5SO2-C1-C8-alkyl,
-NR5-C7-C14-aralkylcarbonyl and -NR5C(=O)-C(=O)-NR
5-CrC 8-alkyl optionally substituted by R1c , or R1a
and R1b are independently selected from NR4-CrC
8-alkyl, NR5C(O)C 1-C8- hydroxyalkyl, NR5CO2CrC
8-alkyl, and NR5CO2C2-C8-hydroxyalkyl, orR1a and R1b
are independently selected from Ci-C 8-hydroxyalkyl,
CH2-O-Ci -C8-alkyl, C(O)-O-C r C8-alkyl, C(O)NR 5R5
and C(O)-NH-C r C8-alkyl; R1c is a 3- or 12-membered
heterocyclic ring containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, said 3- or 12-membered
heterocyclic ring being optionally substituted by
halo, cyano, oxo, OH, carboxy, amino, nitro, C
C8-alkyl, Cr C8-alkylsulfonyl, aminocarbonyl, CVC8-
alkylcarbonyl or O-Cr C8-alkyl optionally substituted
by aminocarbonyl; R2 is Cr C8-alkyl optionally
substituted by OH; halogen; C6-Ci 0-aryl optionally
substituted by OH, SO2R10 , SCr C8-alkyl, CN, halogen,
0-C 7-C14-aralkyl or O-Cr C8-alkyl; a
C3-Ci5-carbocyclic group optionally substituted by 0-C
7-Cu aralkyl, C3-Ci 5- carbocyclic group, O-Ci-C
8-alkyl, C2-C8-alkenyl, C2-C8-alkynyl or Cr C8-alkyl;
O-d- C8-alkyl; -SO2-Cr C8-alkyl; a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by a 3- to 12-membered heterocyclic group
containing from 1-4 ring nitrogen atoms and optionally
containing from 1-4 other heteroatoms selected from
the group consisting of oxygen and sulfur,
C7-Cu-aralkyl or C6-C -aryl optionally substituted by
O-C7-C -aralkyl; or R2 is C3-Ci5-carbocyclic group
optionally substituted by O-C7-C -aralkyl, C3-Ci 5-
carbocyclic group, O-Ci-C 8-alkyl, or Ci-C 8-alkyl; or
R2 is a 3- to 12-membered heterocyclic group
containing from 1-4 ring nitrogen atoms and optionally
containing from 1-4 other heteroatoms selected from
the group consisting of oxygen and sulfur, that group
being optionally substituted by 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, C7-C -aralkyl, or C6-Cu-aryl
optionally substituted by 0-C 7- 



Cu-aralkyl; R3 is hydrogen, halo, C2-C8-alkenyl,
C2-C8-alkynyl or Ci-C 8-alkoxycarbonyl, or R3 is amino
optionally substituted by C3-C8-cycloalkyl optionally
substituted by amino, hydroxy, C7-C -aralkyloxy,
-SO2-C6-Ci 0-aryl or -NH-C(=O)-NH-R 3c , or R3 is
amino substituted by R3a, -R3a-C7-Cu-aralkyl or a
C5-Ci 5-carbocyclic group optionally substituted by
OH, Ci-C 8-alkyl or Ci-C 8-alkoxycarbonyl, or R3 is
aminocarbonyl optionally substituted by R3b, orR3 is
d-Cs-alkylamino optionally substituted by OH, R3b,
amino, di(CrC 8-alkyl)amino, -NH-C(=O)-C r C8-alkyl,
-NH-SO2-C1-C8-alkyl, -NH-C(=O)-NH-R 3c ,
-NH-C(=O)-NH-C r C8-alkyl-R3b , a C5-Ci 5-carbocyclic
group or by C6-Ci 0-aryl optionally substituted by
C6-Cio-aryloxy, or R3 is CrCs-alkylaminocarbonyl or
C3-C8-cycloalkylamino-carbonyl optionally substituted
by amino, Cr C8-alkylamino, di(Cr C8-alkyl)amino or
-NH-C(=O)-NH-R 3d , or R3 is a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by 0-3R4; R3a and R3b are each
independently a 3- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
optionally substituted by halo, cyano, oxo, OH,
carboxy, nitro, d-C 8-alkyl, d-Cs-alkylcarbonyl,
OH-CrC 8-alkyl, Ci-C 8-haloalkyl, amino-CrC 8-alkyl,
amino(OH)Ci-C 8-alkyl or d-C 8-alkoxy optionally
substituted by aminocarbonyl; R3c is a 5- or
6-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, which is optionally
substituted by a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
R3d are independently a 5- or 6-membered heterocyclic
ring containing at least one ring heteroatom selected
from the group consisting of nitrogen, oxygen and
sulfur, said 5- or 6-membered heterocyclic ring being
optionally substituted by halo, cyano, oxo, OH,
carboxy, amino, nitro, Ci-C 8-alkyl, Ci-C
8-alkylsulfonyl, aminocarbonyl, C1-C8- alkylcarbonyl,
d-C 8-alkoxy optionally substituted by aminocarbonyl,
or a 5- or 6-membered heterocyclic ring containing at
least one ring heteroatom selected from the group
consisting of nitrogen, oxygen and sulfur, said ring
also being optionally substituted by halo, cyano, oxo,
OH, carboxy, amino, nitro, Ci-C 8-alkyl, C1-C8-
alkylsulfonyl, aminocarbonyl, d-C 8-alkylcarbonyl, or
d-C 8-alkoxy optionally substituted by aminocarbonyl;
R4 is selected from OH, d-C 8-alkyl optionally
substituted by OH, d-C 8-alkoxy, d-Cu-aralkyl
optionally substituted with OH, O-d-C 8-alkyl, halogen
C6-Ci 0-aryl, or O-d-Cio-aryl, d-C 8-alkoxy,
d-Cio-aryl optionally substituted by OH, d-C 8-alkyl,
O-Ci-C 8-alkyl or -halogen, O-C6-Ci 0-aryl optionally
substituted by OH, d-C 8-alkyl, O-d-C 8-alkyl or
-halogen, NR4aR4b, NHC(O)R4c , NHS(O)2R4d , NHS(O)2R4
, NR4f C(O)NR4eR4h, NR4 C(O)NR49R4 , NR4lC(O)OR 4j ,
Cr C8-alkylcarbonyl, C1-C8--Aalkoxycarbonyl,
CJi(C1-C8-alkyl)aminocarbonyl, COOR 4k , C(O)R 4',
NHC(O)R 4q , NHC(=NR 4m)N(R 4p)R40 , and a 3- to
12-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur optionally substituted by
COOR 4p; 



R4a, R4c , R R4h and R4' are, independently, H, or Cr
C8-alkyl; R4b is H, Ci-C 8-alkyl a 3- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, optionally substituted by
0-3R 5 or C6-Ci 0-aryl; R4d , R4e, and R4j are,
independently, Ci-Cs-alkyl or a 3- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, optionally substituted by
0-3R 5; R49 is Ci-C 8-alkyl optionally substituted by
a 3- to 12-membered heterocyclic group containing at
least one ring heteroatom selected from the group
consisting of nitrogen, oxygen and sulfur, optionally
substituted with SO2R10 , CN, or 0-3R 5, or R49 is a
C6-do-aryl optionally substituted by OH, Cr C8-alkyl,
O-C r C8-alkyl, SO2R10 Or -halogen, or R49 is a
CrCu-aralkyl optionally substituted by OH, O-Ci-C
8-alkyl, halogen, C6-Ci 0-aryl, SO2R10 , CN,
-C(=NH)NH2, or O-C 6-C10-aryl, or R49 is a 3- to
12-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, optionally substituted by
0-3R 5; R4k is H, Ci-C 8-alkyl, C6-Ci 0-aryl or a 3-
to 12-membered heterocyclic group containing at least
one ring heteroatom selected from the group consisting
of nitrogen, oxygen and sulfur; R4' is Ci-C 8-alkyl,
C6-Ci 0-aryl, NHR 6 or a 3- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur; R4m is CN; R4p is H or Cr
C8-alkyl; R40 is H, Ci-C 8-alkyl optionally
substituted by OH or by a 3- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, optionally substituted
with SO2R10 , CN, or 0-3R 5, Cr C8- alkoxy, C7-Cu
-aralkyl optionally substituted with OH, O-C C8-alkyl,
halogen C6-Ci 0-aryl, or O-C6-Ci 0-aryl, CrC 8-alkoxy,
C6-Ci 0-aryl optionally substituted by OH, CrC 8-
alkyl, O-Cr C8-alkyl SO2R10 or -halogen; R4p is H,
CrCs-alkyl or C7-C -aralkyl; R4q is C6-Cio-aryl
optionally substituted by OH, C(=NH)NH 2, or SO2NH2,
or a 3- to 12-membered heterocyclic group containing
at least one ring heteroatom selected from the group
consisting of nitrogen, oxygen and sulfur optionally
substituted by 0-3R5 or a 3- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, optionally substituted by
0-3R5; R5 is selected from OH, Cr C8-alkyl optionally
substituted by OH, CN, SO2R10 or halogen,
C7-Cu-aralkyl optionally substituted with OH, O-CrC
8-alkyl, C6-Ci 0-aryl, or 0-C 6-Ci 0- aryl, CrC
8-alkoxy, C6-Ci 0-aryl optionally substituted by OH,
d-C 8-alkyl, 0-CrC 8- alkyl or -halogen, O-C6-Ci
0-aryl optionally substituted by OH, CrC 8-alkyl,
0-CrC 8- alkyl optionally substituted by halogen,
NR5aR5b, NHC(O) R5c , NHS(O)2R5d , NHS(O)2R5 , NR5f
C(O)NR59R5h, NR5 C(O)OR 5 J, Cr C8-alkylcarbonyl,
C1-C8- alkoxycarbonyl, di(Cr C8-alkyl)aminocarbonyl,
COOR5k , C(O)R5', a C(O)-C 6-C10-aryl 



optionally substituted by OH, -COOH, Cr C8-alkyl, O-Cr
C8-alkyl, -halogen, or SO2R10 , C(O)NHR5m or a
3-12-membered heterocyclic group containing at least
one ring heteroatom selected from the group consisting
of nitrogen, oxygen and sulfur, optionally substituted
by 0-3R7; R5a, R5b, R5C , R5f , R5h and R5' are,
independently, H, Cr C8-alkyl or C6-C10-aryl; R5d ,
R5e, R59 , R5 J and R5m are, independently, Cr
C8-alkyl or a 3- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur,
optionally substituted by COOR8; R5k is H, CrC
8-alkyl, C6-Ci 0-aryl or a 3- to 12-membered
heterocyclic group containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur; R5' is CrC 8-alkyl, C6-Ci
0-aryl or a 3- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur,
optionally substituted by COOR9; R6 is COOR 6a or a 3-
to 12-membered heterocyclic group containing at least
one ring heteroatom selected from the group consisting
of nitrogen, oxygen and sulfur, optionally substituted
by COOR6b ;R6a, R6b, R7, R8 and R9 are selected from
H, Cr C8-alkyl and C7-Cu -aralkyl; and R10 is Ci-C
8-alkyl optionally substituted by halogen, C6-Ci
0-aryl optionally substituted by OH, CrCs-alkyl, O-Cr
C8-alkyl or -halogen, or NR4aR4b ; A is selected from
-E-NR 14- , -E-NR 14-G-NR15 - , -E-NR 14C(O)NR
14-G-NR15- , -ENR14C( O)G-NR 15- , -E-NR 14-G-NR14-Ea-
, -NR 14C(O)-E-NR 14C(O)NR 14- , -NR15-GNR15- ,
-NR15-(CR 16R17)n-NR15- , -NR15-X3-G-X4-NR 15 - ,
-NR14C(O)NR 14- , NR14C(O)NR 14-J-NR15- , NR14C(O)-(CR
16R17)n-C(O)NR 14- , and NR14C(O)NR 14-ENR14C( O)NR14
4- ; E is selected from C3-Ci 5-carbocyclic group
optionally substituted by HO, CrC 8-alkyl, C6-Ci
0-aryl, 3- to 12-membered heterocyclic group, a C6-Ci
0-aryl optionally substituted by HO, Cr C8-alkyl, O-
Cr C8-alkyl, halogen, and -Ea-C(O)NR 14-Eb- NR14C(O)-E
a- ; each Ea is independently selected from a 3- to
12-membered heterocyclic group containing from 1-4
ring nitrogen atoms and optionally containing from 1-4
other heteroatoms selected from the group consisting
of oxygen and sulfur, a C3-Ci 5- carbocyclic group,
and C6-Ci 0-aryl optionally substituted by HO, Ci-C
8-alkyl, O-d- Cs-alkyl, or halogen; Eb is selected
from a 3- to 12-membered heterocyclic group containing
from 1-4 ring nitrogen atoms and optionally containing
from 1-4 other heteroatoms selected from the group
consisting of oxygen and sulfur, a C3-Ci 5-carbocyclic
group, and C6-Ci 0- aryl optionally substituted by HO,
Ci-C 8-alkyl, O-Ci-C 8-alkyl, or halogen; G is
selected from selected from C(O), NR14C(O), C(O)NR 14
, Cr C8-alkyl optionally substituted by OH, halogen or
C6-Ci 0-aryl, a 3- to 12-membered heterocyclic group
containing from 1-4 ring nitrogen atoms and optionally
containing from 1-4 other heteroatoms selected from
the group consisting of oxygen and sulfur optionally
substituted by R18 , a C3-Ci 5-carbocyclic group
optionally substituted by HO, CrC 8- alkyl, and C6-Ci
0-aryl optionally substituted by HO, CrC 8-alkyl,
O-CrC 8-alkyl, or halogen; 



J is selected from C6-Ci 0-aryl, SO2, and C6-Ci
0-aryl-SO 2- ; X3 and X4 are independently selected
from Ci-C 8-alkyl optionally substituted by OH,
halogen or C6-Ci 0-aryl, a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selectedfrom the group consisting of
oxygen and sulfur optionally substituted by R18 , a
C3-Ci 5-carbocyclic group, and C6-Ci 0-aryl; each Ru
is independently selected from H, CrC 8-alkyl, and
C6-Ci 0-aryl; each R15 is independently selected from
H, -CN, CrC 8-alkyl, and C6-Ci 0-aryl; each R16 and
each R17 are independently selected from H, halogen,
OH, d-C 8-alkyl, and R18 is 3- or 12-membered
heterocyclic ring containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, said 3- or 12-membered
heterocyclic ring being optionally substituted by
halo, cyano, oxo, OH, carboxy, amino, nitro, CrC
8-alkyl, CrC 8-alkylsulfonyl, aminocarbonyl, CrC 8-
alkylcarbonyl or O-CrC 8-alkyl optionally substituted
by aminocarbonyl; and n is an integer selected from
1-8. Definitions Terms used in the specification have
the following meanings: "Optionally substituted" means
the group referred to can be substituted at one or
more positions by any one or any combination of the
radicals listed thereafter. "Halo" or "halogen", as
used herein, may be fluorine, chlorine, bromine or
iodine. Preferably halo is chlorine. "Hydroxy", as
used herein, is OH. "Ci-C 8-Alkyl", as used herein,
denotes straight chain or branched alkyl having 1-8
carbon atoms. Preferably CrC 8-alkyl is CrC 4-alkyl.
"CrC 8-Alkoxy", or as used herein, denotes straight
chain or branched alkoxy having 1-8 carbon atoms
(e.g., O-Ci-C 8-alkyl). Preferably, CrC 8-alkoxy is
CrC 4-alkoxy. "C3-C8-Cycloalkyl", as used herein,
denotes cycloalkyl having 3-8 ring carbon atoms, e.g.,
a monocyclic group, such as a cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl,
any of which can be substituted by one or more,
usually one or two, CrC 4-alkyl groups; or a bicyclic
group, such as bicycloheptyl or
bicyclooctyl."d-Cs-Alkylamino" and "di(CrC
8-alkyl)amino", as used herein, denote amino
substituted respectively by one or two CrC 8-alkyl
groups as hereinbefore defined, which may be the same
or different. "d-Cs-Alkylcarbonyl" and "CrC
8-alkoxycarbonyl", as used herein, denote Ci-C 8-alkyl
or Ci-C 8-alkoxy, respectively, as hereinbefore
defined attached by a carbon atom to a carbonyl group.
"C6-Ci 0-Aryl", as used herein, denotes a monovalent
carbocyclic aromatic group that contains 6-10 carbon
atoms and which may be, e.g., a monocyclic group, such
as phenyl; or a bicyclic group, such as naphthyl.
"C7-CH -AralkyI", as used herein, denotes alkyl, e.g.,
d-d-alkyl, as hereinbefore defined, substituted by
C6-Ci 0-aryl as hereinbefore defined. Preferably, C7-C
-aralkyl is C7-Cio-aralkyl, such as phenyl-d-d-alkyl.
"d-Cs-Alkylaminocarbonyl" and
"C3-C8-cycloalkylaminocarbonyl", as used herein,
denote Ci-C 8-alkylamino and C3-C8-cycloalkylamino
respectively as hereinbefore defined attached by a
carbon atom to a carbonyl group. Preferably
d-Cs-alkylaminocarbonyl and
C3-C8-cycloalkyl-aminocarbonyl are
d-d-alkylaminocarbonyl and C3-C8- 



cycloalkylaminocarbonyl, respectively.
"C3-Ci5-Carbocyclic group", as used herein, denotes a
carbocyclic group having 3-1 5 ring carbon atoms,
e.g., a monocyclic group, either aromatic or
non-aromatic, such as a cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl or phenyl; or a bicyclic
group, such as bicyclooctyl, bicyclononyl,
bicyclodecyl, indanyl or indenyl, again any of which
can be substituted by one or more, usually one or two,
d-d-alkyl groups. Preferably the C3-Ci 5- carbocyclic
group is a C5-Ci 0-carbocyclic group, especially
phenyl, cyclohexyl or indanyl. The C5-Ci5-carbocyclic
group can unsubstituted or substituted. Substituents
on the heterocyclic ring include halo, cyano, OH,
carboxy, amino, aminocarbonyl, nitro, d-d o-alkyl,
d-Cio-alkoxy and C3-Ci o-cycloalkyl. "3- to
12-Membered heterocyclic ring containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur", as used herein, may be,
e.g., furan, pyrrole, pyrrolidine, pyrazole,
imidazole, triazole, isotriazole, tetrazole,
thiadiazole, isothiazole, oxadiazole, pyridine,
piperidine, pyrazine, oxazole, isoxazole, pyrazine,
pyridazine, pyrimidine, piperazine, pyrrolidine,
morpholino, triazine, oxazine or thiazole.Preferred
heterocyclic rings include piperazine, pyrrolidine,
morpholino, imidazole, isotriazole, pyrazole,
tetrazole, thiazole, triazole, thiadiazole, pyridine,
piperidine, pyrazine, furan, oxazole, isoxazole,
oxadiazole and azetidine. The 3- to-12-membered
heterocyclic ring can be unsubstituted or substituted.
Throughout this specification and in the claims that
follow, unless the context requires otherwise, the
word "comprise", or variations, such as "comprises" or
"comprising", will be understood to imply the
inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other
integer or step or group of integers or steps. As
understood by one skilled in the art only combinations
of substituents that are chemically possible are
embodiments of the invention. Especially preferred
specific compounds of formula (I) are those described
hereinafter in the Examples. Stereoisomers are those
compounds where there is an asymmetric carbon atom.
The compounds exist in individual optically active
isomeric forms or as mixtures thereof, e.g., as
diastereomeric mixtures. The present invention
embraces both individual optically active R and S
isomers, as well as mixtures thereof. Individual
isomers can be separated by methods well known to
those skilled in the art, e.g., chiral high
performance liquid chromatography (HPLC). Tautomers
are one of two or more structural isomers that exist
in equilibrium and are readily converted from one
isomeric form to another. The compounds of the
invention may exist in both unsolvated and solvated
forms. The term "solvate" is used herein to describe a
molecular complex comprising the compound of the
invention and one or more pharmaceutically acceptable
solvent molecules, for example, ethanol. The term
"hydrate" is employed when said solvent is water.
According to formula (I), R1a and R1b are,
independently, suitably a N-bonded 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by oxo, O-CrC 8-alkyl, C6-Ci 0-aryl, R1c
or by Ci-C 8-alkyl optionally substituted by OH. The
3- to 12-membered heterocyclic groups are preferably
5- to 6-membered heterocyclic groups (e.g., tetrazole
groups, pyrrole groups, 



pyrazole groups, pyridine groups, isoxazole groups,
triazole groups, or hydantoin groups).The R1a and R1b
heterocyclic groups can be N-bonded where possible.
The heterocyclic groups are preferably substituted by
at least one group selected from d-C 8-alkyl
optionally substituted by OH (e.g., an ethyl group, a
hydroxymethyl group or a hydroxyethyl group). These
substitution groups on the heterocyclic groups can be
C- or N-bonded to the heterocyclic group where
possible. According to formula (I), R1a and R1b are
also, independently, suitably -NH-CrC 8- alkylcarbonyl
or -NH-C3-C8-cycloalkylcarbonyl. The - NH-Ci
-C8-alkylcarbonyl group is preferably a acetamide
group or a propionamide group. The -NH-C
3-C8-cycloalkylcarbonyl is preferably a cyclobutane
carboxylic acid amide group. According to formula (I),
R1a and R1b are also, independently suitably Cr
C8-hydroxy alkyl or CH2-O-C r C8-alkyl. According to
formula (I) R1a and R1b are also, independently,
suitably NHC(O)CrC 8- hydroxyalkyl. R1 is preferably
NHC(O)CrC 2 hydroxyalkyl (e.g., a 2-hydroxy-acetamide
group, a 2-hydroxy-propionamide group, or a
3-hydroxy-propionamide group). According to formula
(I), R2 is suitably H, CrC 8-alkyl optionally
substituted by OH, halogen or C6-Ci 0-aryl optionally
substituted by OH or O-d-C 8 alkyl. When substituted,
suitably the CrC 8-alkyl is substituted by OH, phenyl,
napthlene, or preferably by two phenyl groups. When
the CrC 8-alkyl is substituted by two phenyl groups,
either or both phenyl groups are preferably
unsubstituted, or substituted by at least one OCH3,
one OH or one halogen. According to formula (I), R2 is
also suitably CrC 8-alkyl substituted by a phenyl.
This phenyl can be further substituted by a phenyl
where this phenyl is substituted by CN, halogen, or
CrC 8-alkyl. According to formula (I), R2 is also
suitably a C3-Ci 5-carbocyclic group (e.g., a fluorene
group). According to formula (I), R3 is suitably
selected from amino substituted by R3c , -R3c- C7-C
-aralkyl, CrC 8-alkyl optionally substituted by R3c ,
and a C3-Ci 5-carbocyclic group optionally substituted
by OH, CrC 8-alkyl or d-Cs-alkoxycarbonyl. R3c is
suitably a 3- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur
(e.g., a pyrrolidine or a pyrazole)
optionallysubstituted by halo, cyano, oxo, OH,
carboxy, nitro, CrC 8-alkyl, CrC 8-alkylcarbonyl,
OH-d- C8-alkyl, CrC 8-haloalkyl, amino-CrC 8-alkyl,
amino(OH)CrC 8-alkyl and C C8-alkoxy optionally
substituted by aminocarbonyl. Preferably the 3- to
12-membered heterocyclic group is substituted by at
least one d-C 8-alkyl group. According to formula (I),
R3 is also independently suitably a N-bonded 3- to
12-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur. This heterocyclic group
is preferably a pyrrolidine, pyrazole, triazole,
tetrazole or imidazole. The heterocyclic group is
optionally substituted by NR4fC(O)NR4 R4h, NR4aR4b,
NHC(O)R 20q and where R4a and R4b are preferably H or
d-C b-alkyl (e.g., methyl) and R4f and R4h are
preferably H. R4g is preferably a 3- to 12-membered
heterocyclic group, such as pyridine. According to
formula (I), R3 is also suitably C6-Ci 0-aryl
optionally substituted by OH, d-C 8-alkyl, O-d-C
8-alkyl, SO2R10 Or -halogen, where R10 is suitably
NH2. According to formula (I), A is suitably selected
from -E-NR14- , -E-NR14-G-NR14- , -ENR14C( O)NR
14-G-NR14, -E-NR14C(O)G-NR 15- , -E-NR14-G-NR 14-Ea- ,
E is suitably selected 



from 5-6 heterocyclic group, such as pyrrolidine and
piperidine. Ea is suitably C3-Ci 5- carbocyclic group,
such as cyclohexyl. Each R14 is independently suitably
selected from H and Ci-C 8-alkyl, such as methyl. G is
suitably selected a C3-d 5-carbocyclic group
optionally substituted by HO or Ci-C 8-alkyl or G is
suitably selected from 5-6 heterocyclic group, such as
pyrrolidine and piperidine. Preferably the C3-d
5-carbocyclic group is unsubstituted. Another aspect
of the invention provides compounds of formula (Ia),
or stereoisomers or pharmaceutically acceptable salts
thereof,wherein R1 and R1b are independently selected
from a 3- to 12-membered heterocyclic group containing
from 1-4 ring nitrogen atoms and optionally containing
from 1-4 other heteroatoms selected from the group
consisting of oxygen and sulfur, that group being
optionally substituted by oxo, O-CrC 8-alkyl, C6-Ci
0-aryl, R1c or by CrC 8-alkyl optionally substituted
by OH, or R1 and R1b are independently selected from
-NR4R4, and -NR5-d-C 8-alkylcarbonyl; R2 is Ci-C
8-alkyl optionally substituted by OH, halogen C6-Ci
0-aryl optionally substituted by OH, Sd-Cs-alkyl, CN,
halogen, O-C7-C14-aralkyl, or O-Cr C8-alkyl, a C3-C15-
carbocyclic group optionally substituted by 0-C 7-Cu
aralkyl, C3-Ci 5-carbocyclic group, O-d-Cs-alkyl,
C2-C8-alkenyl, C2-C8-alkynyl or Cr C8-alkyl, O-Cr
C8-alkyl, -SO2-CrC 8-alkyl, a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by 3- to 12-membered heterocyclic group
containing from 1-4 ring nitrogen atoms and optionally
containing from 1-4 other heteroatoms selected from
the group consisting of oxygen and sulfur, C7-C
-aralkyl, or C6-C -aryl optionally substituted by 0-C
7- Cu-aralkyl, or R3 is hydrogen, halo, C2-C8-alkenyl,
C2-C8-alkynyl or Ci-C 8-alkoxycarbonyl, or R3 is Ci-C
8-alkylamino optionally substituted by OH, R3b, amino,
di(CrC 8-alkyl)amino, -NH-C(=O)-C r C8-alkyl,
-NH-SO2-C1-C8-alkyl, -NH-C(=O)-NH-R 3c ,
-NH-C(=O)-NH-C rC8-alkyl-R3b , a C3-Ci 5-carbocyclic
group or by C6-Ci 0-aryl optionally substituted by
C6-C10-aryloxy, or R3 is a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by 0-3R4; R3a and R3b are each
independently a 3- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
optionally substituted by halo, cyano, oxo, OH,
carboxy, nitro, CrC 8-alkyl, Ci-C 8-alkylcarbonyl,
OH-CrC 8-alkyl, C C8-haloalkyl, amino-CrC 8-alkyl,
amino(OH)CrC 8-alkyl and d-C 8-alkoxy optionally
substituted by aminocarbonyl; R3c is a 5- or
6-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, which is optionally
substituted by a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
R3d are independently a 5- or 6-membered heterocyclic
ring containing at least one ring heteroatom selected
from the group consisting of nitrogen, oxygen and
sulfur, said 5- or 6-membered heterocyclic ring being
optionally substituted by halo, cyano, oxo, OH,
carboxy, amino, nitro, Ci-C 8-alkyl, Ci-C
8-alkylsulfonyl, aminocarbonyl, CrC 8- 



alkylcarbonyl, d-C 8-alkoxy optionally substituted by
aminocarbonyl, or a 5- or 6-membered heterocyclic ring
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur,
said ring also being optionally substituted by halo,
cyano, oxo, OH, carboxy, amino, nitro, CrC 8-alkyl,
CrC 8- alkylsulfonyl, aminocarbonyl, CrC
8-alkylcarbonyl, or d-C 8-alkoxy optionally
substituted by aminocarbonyl; R4 is selected from OH,
CrC 8-alkyl optionally substituted by OH, CrC
8-alkoxy, C7-Cu-aralkyl optionally substituted with
OH, O-CrC 8-alkyl, halogen C6-Ci 0-aryl, or
O-C6-Cio-aryl, CrC 8-alkoxy, C6-Ci 0-aryl optionally
substituted by OH, CrC 8-alkyl, O-CrC 8-alkyl or
-halogen, O-C6-Ci 0-aryl optionally substituted by OH,
CrC 8-alkyl, O-Ci-C b-alkyl or -halogen, NR4f C(O)NR4
R4h ; R4 , R4h are, independently, H, or Cr C8-alkyl;
R49 is a 3- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulphur;A
is selected from -E-NR 14- , -E-NR 14-G-NR15 - , -E-NR
14C(O)NR 14-G-NR15- , -ENR14C( O)G-NR 15- , -E-NR
14-G-NR14-Ea- , and -NR15-G-NR 15 - ; E is selected
from C3-Ci 5-carbocyclic group optionally substituted
by HO, CrC 8-alkyl, C6-Ci 0-aryl, 3- to 12-membered
heterocyclic group, a C6-Ci 0-aryl optionally
substituted by HO, Cr C8-alkyl, O-C r C8-alkyl,
halogen, or -Ea-C(O)NR 14-Eb- NR14C(O)-E a- ; each Ea
is independently selected from a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, a C3-Ci 5- carbocyclic group, and
C6-Ci 0-aryl optionally substituted by HO, CrC
8-alkyl, O-d- Cs-alkyl, or halogen; Eb is selected
from a 3- to 12-membered heterocyclic group containing
from 1-4 ring nitrogen atoms and optionally containing
from 1-4 other heteroatoms selected from the group
consisting of oxygen and sulfur, a C3-Ci 5-carbocyclic
group, and C6-Ci 0- aryl optionally substituted by HO,
Ci-C 8-alkyl, O-Ci-C 8-alkyl, or halogen; G is
selected from selected from C(O), NR14C(O), C(O)NR 14
, Cr C8-alkyl optionally substituted by OH, halogen or
C6-Ci 0-aryl, a 3- to 12-membered heterocyclic group
containing from 1-4 ring nitrogen atoms and optionally
containing from 1-4 other heteroatoms selected from
the group consisting of oxygen and sulfur optionally
substituted by R18 , a C3-Ci 5-carbocyclic group
optionally substituted by HO, CrC 8- alkyl, and C6-Ci
0-aryl optionally substituted by HO, CrC 8-alkyl, or
O-CrC 8-alkyl, halogen; and R18 is 3- or 12-membered
heterocyclic ring containing at least one ring
heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, said 3- or 12-membered
heterocyclic ring being optionally substituted by
halo, cyano, oxo, OH, carboxy, amino, nitro, Ci-C
8-alkyl, Ci-C 8-alkylsulfonyl, aminocarbonyl, d-C 8-
alkylcarbonyl or O-Ci-C 8-alkyl optionally substituted
by aminocarbonyl. Another aspect of the invention
provides compounds of formula (Ia), or stereoisomers
or pharmaceutically acceptable salts thereof, wherein
R1 and R1b are independently selected from a 3- to
12-membered heterocyclic group 



containing from 1-4 ring nitrogen atoms and optionally
containing from 1-4 other heteroatoms selected from
the group consisting of oxygen and sulfur, that
groupbeing optionally substituted by oxo, O-CrC
8-alkyl, C6-Ci 0-aryl, R1c or by CrC 8-alkyl
optionally substituted by OH, or R1 and R1b are
independently selected from -NR4R4, and -NR5-CrC
8-alkylcarbonyl; R2 is Ci-C 8-alkyl optionally
substituted by OH, halogen C6-Ci 0-aryl optionally
substituted by OH, Sd-Cs-alkyl, CN, halogen,
O-C7-C14-aralkyl, or O-C r C8-alkyl, a C3-C15-
carbocyclic group optionally substituted by 0-C 7-Cu
aralkyl, C3-Ci 5-carbocyclic group, O-d-Cs-alkyl,
C2-C8-alkenyl, C2-C8-alkynyl or Cr C8-alkyl, O-C r
C8-alkyl, -SO2-CrC 8-alkyl, a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by 3- to 12-membered heterocyclic group
containing from 1-4 ring nitrogen atoms and optionally
containing from 1-4 other heteroatoms selected from
the group consisting of oxygen and sulfur, C7-C
-aralkyl, or C6-C -aryl optionally substituted by 0-C
7- Cu-aralkyl, or R3 is hydrogen, halo, C2-C8-alkenyl,
C2-C8-alkynyl or Ci-C 8-alkoxycarbonyl, or R3 is CrC
8-alkylamino optionally substituted by OH, R3b, amino,
di(CrC 8-alkyl)amino, -NH-C(=O)-C r C8-alkyl,
-NH-SO2-C1-C8-alkyl, -NH-C(=O)-NH-R 3c ,
-NH-C(=O)-NH-C r C8-alkyl-R3b , a C3-C15-carbocyclic
group or by C6-C10-aryl optionally substituted by
Cs-do-aryloxy, or R3 is a 3- to 12-membered
heterocyclic group containing from 1-4 ring nitrogen
atoms and optionally containing from 1-4 other
heteroatoms selected from the group consisting of
oxygen and sulfur, that group being optionally
substituted by 0-3R4; R3a and R3b are each
independently a 3- to 12-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
optionally substituted by halo, cyano, oxo, OH,
carboxy, nitro, CrC 8-alkyl, CrCs-alkylcarbonyl,
OH-CrC 8-alkyl, CrC 8-haloalkyl, amino-CrC 8-alkyl,
BmJnO(OH)C1-C8-alkyl or CrC 8-alkoxy optionally
substituted by aminocarbonyl; R3c is a 5- or
6-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulfur, which is optionally
substituted by a 5- or 6-membered heterocyclic group
containing at least one ring heteroatom selected from
the group consisting of nitrogen, oxygen and sulfur;
R3d are independently a 5- or 6-membered heterocyclic
ring containing at least one ring heteroatom selected
from the group consisting of nitrogen, oxygen and
sulfur, said5- or 6-membered heterocyclic ring being
optionally substituted by halo, cyano, oxo, OH,
carboxy, amino, nitro, CrC 8-alkyl, CrC
8-alkylsulfonyl, aminocarbonyl, CrC 8- alkylcarbonyl,
CrC 8-alkoxy optionally substituted by aminocarbonyl,
or a 5- or 6-membered heterocyclic ring containing at
least one ring heteroatom selected from the group
consisting of nitrogen, oxygen and sulfur, said ring
also being optionally substituted by halo, cyano, oxo,
OH, carboxy, amino, nitro, CrC 8-alkyl, CrC 8-
alkylsulfonyl, aminocarbonyl, CrC 8-alkylcarbonyl, CrC
8-alkoxy optionally substituted by aminocarbonyl; R4
is selected from OH, CrC 8-alkyl optionally
substituted by OH, CrC 8-alkoxy, C7-Cu-aralkyl
optionally substituted with OH, O-CrC 8-alkyl, halogen
C6-Ci 0-aryl, or O-C6-Cio-aryl, CrC 8-alkoxy, C6-Ci
0-aryl optionally substituted by OH, CrC 8-alkyl, 



O-CrC 8-alkyl or -halogen, O-C6-Ci 0-aryl optionally
substituted by OH, CrC 8-alkyl, O-d-C b-alkyl or
-halogen, and NR4f C(O)NR4 R4h; R4 , R4h are,
independently, H, or Cr C8-alkyl; R49 is a 3- to
12-membered heterocyclic group containing at least one
ring heteroatom selected from the group consisting of
nitrogen, oxygen and sulphur; and A is selected
fromSYNTHESIS Another embodiment of the present
invention provides a process for the preparation of
compounds of formula (I), in free or pharmaceutically
acceptable salt form, which comprises the steps of:
(i) reacting a compound of formula (II) where R1a ,
R1b, R2, U1, U2 are as defined hereinbefore; and T is
a leaving group with a compound of formula (III) H- FT
(ill) where R3 is as defined hereinbefore; and (ii)
removing any protecting groups and recovering the
resultant compound of formula (II), in free or
pharmaceutically acceptable salt form. The compound of
formula (II) may be prepared by reacting a compound of
formula (IV)wherein R1 is equivalent to R1a and R1b ;
R2 and U is equivalent to U1 and U2, and are as
defined in claim 1; V is H or a protecting group; T is
a leaving group, with a compound of formula H-A-V,
where A is as defined hereinbefore; and V is H or a
protecting group to provide a compound of formula (Vl)
Compound (Vl) can be reacted with a compound of
formula (VII) wherein R1 is equivalent to R1a and R1b
; U is equivalent to U1 and U2; V are defined in claim
1; andT and T2 are halogen. The compound of formula
(VII) may be prepared by reacting a compound of
formula (VIII) wherein R1 is equivalent to R1a and R1b
; U is equivalent to Ui and U>; V are as defined in
claim 1; and Q represents a leaving group or a
protected derivative thereof with a 2,6-dihalopurine,
e.g., 2,6-dichloropurine to provide a compound of
formula (VII) wherein R1 is equivalent to R1a and R1b
; U is equivalent to Ui and 2; V are defined in claim
1; and T and T2 are halogen. The compounds of formula
(I) can be prepared, for example, using the reactions
and 



techniques described below and in the Examples. The
compounds of formula (I) can be prepared analogously
to the preparations described in Applicant's patent
applications PCT/EP2005/01 1344, GB 0500785.1 , and GB
0505219.6. The reactions may be performed in a solvent
appropriate to the reagents and materials employed and
suitable for the transformations being effected. It
will be understood by those skilled in the art of
organic synthesis that the functionality present on
the molecule should be consistent with the
transformations proposed. This will sometimes require
a judgment to modify the order of thesynthetic steps
or to select one particular process scheme over
another in order to obtain a desired compound of the
invention. The various substituents on the synthetic
intermediates and final products shown in the
following reaction schemes can be present in their
fully elaborated forms, with suitable protecting
groups where required as understood by one skilled in
the art, or in precursor forms which can later be
elaborated into their final forms by methods familiar
to one skilled in the art. The substituents can also
be added at various stages throughout the synthetic
sequence or after completion of the synthetic
sequence. In many cases, commonly used functional
group manipulations can be used to transform one
intermediate into another intermediate, or one
compound of formula (I) into another compound of
formula (I) Examples of such manipulations are
conversion of an ester or a ketone to an alcohol;
conversion of an ester to a ketone; interconversions
of esters, acids and amides; alkylation, acylation and
sulfonylation of alcohols and amines; and many others.
Substituents can also be added using common reactions,
such as alkylation, acylation, halogenation or
oxidation. Such manipulations are well-known in the
art, and many reference works summarize procedures and
methods for such manipulations. Some reference works
which gives examples and references to the primary
literature of organic synthesis for many functional
group manipulations, as well as other transformations
commonly used in the art of organic synthesis are
March's Organic Chemistry, 5t h Edition, Wiley and
Chichester, Eds. (2001); Comprehensive Organic
Transformations, Larock, Ed., VCH ( 1 989);
Comprehensive Organic Functional Group
Transformations, Katritzky et al. (series editors),
Pergamon ( 1995); and Comprehensive Organic Synthesis,
Trost and Fleming (series editors), Pergamon (1991).
It will also be recognized that another major
consideration in the planning of any synthetic route
in this field is the judicious choice of the
protecting group used for protection of the reactive
functional groups present in the compounds described
in this invention. Multiple protecting groups within
the same molecule can be chosen such that each of
these protecting groups can either be removed without
removal of other protecting groups in the same
molecule, or several protecting groups can be removed
using the same reaction step, depending upon the
outcome desired. An authoritative account describing
many alternatives to the trained practitioner is
Greene and Wuts, Protective Groups In Organic
Synthesis, Wiley and Sons (1999). It is understood by
those skilled in the art that only combinations of
substituents that are chemically possible are
embodiments of the present invention.Compounds of
formula (I) in free form may be converted into salt
form, and vice versa, in a conventional manner. The
compounds in free or salt form can be obtained in the
form of hydrates or solvates containing a solvent used
for crystallization. Compounds of formula (I) can be
recovered from reaction mixtures and purified in a
conventional manner. Isomers, such as stereoisomers,
may be obtained in a conventional manner, e.g., by
fractional crystallization or asymmetric synthesis
from correspondingly asymmetrically substituted, e.g.,
optically active, starting materials. 



Compounds of formula (I) and their pharmaceutically
acceptable salts are useful as pharmaceuticals. In
particular, they activate the adenosine A2A receptor,
i.e., they act as A2A receptor agonists. Their
properties as A2A agonists may be demonstrated using
the method described by Murphree et al., MoI
Pharmacol, Vol. 6 1, pp. 455-462 (2002). Compounds of
the Examples hereinbelow have K , values below 1.0 mM
in the above assay. For example, the compound of
Example 1 has a K , value of 0.76 mM. Having regard to
their activation of the adenosine A2A receptor,
compounds of formula (I), in free or pharmaceutically
acceptable salt form, hereinafter alternately referred
to as "agents of the invention", are useful in the
treatment of conditions which respond to the
activation of the adenosine A2A receptor, particularly
inflammatory or allergic conditions. Treatment in
accordance with the invention may be symptomatic or
prophylactic. Accordingly, agents of the invention are
useful in the treatment of inflammatory or obstructive
airways diseases, resulting, for example, in reduction
of tissue damage, airways inflammation, bronchial
hyperreactivity, remodelling or disease progression.
Inflammatory or obstructive airways diseases and
conditions to which the present invention is
applicable include acute lung injury (ALI),
adult/acute respiratory distress syndrome (ARDS),
chronic obstructive pulmonary, airways or lung disease
(COPD, COAD or COLD), including chronic bronchitis or
dyspnea associated therewith, emphysema, as well as
exacerbation of airways hyperreactivity consequent to
other drug therapy, in particular, other inhaled drug
therapy. The invention is also applicable to the
treatment of bronchitis of whatever type or genesis
including, e.g., acute, arachidic, catarrhal, croupus,
chronic or phthinoid bronchitis. Further inflammatory
or obstructive airways diseases to which the present
invention is applicable include pneumoconiosis (an
inflammatory, commonly occupational, disease of the
lungs, frequently accompanied by airways obstruction,
whether chronic or acute, and occasioned byrepeated
inhalation of dusts) of whatever type or genesis,
including, for example, aluminosis, anthracosis,
asbestosis, chalicosis, ptilosis, siderosis,
silicosis, tabacosis and byssinosis. Other
inflammatory or obstructive airways diseases to which
the present invention is applicable include asthma of
whatever type or genesis including both intrinsic
(non-allergic) asthma and extrinsic (allergic) asthma,
mild asthma, moderate asthma, severe asthma,
bronchitic asthma, exercise-induced asthma,
occupational asthma and asthma induced following
bacterial infection. Treatment of asthma is also to be
understood as embracing treatment of subjects, e.g.,
of less than 4 or 5 years of age, exhibiting wheezing
symptoms and diagnosed or diagnosable as "wheezy
infants", an established patient category of major
medical concern and now often identified as incipient
or early-phase asthmatics. (For convenience this
particular asthmatic condition is referred to as
"wheezy-infant syndrome".) Prophylactic efficacy in
the treatment of asthma will be evidenced by reduced
frequency or severity of symptomatic attack, e.g., of
acute asthmatic or bronchoconstrictor attack,
improvement in lung function or improved airways
hyperreactivity. It may further be evidenced by
reduced requirement for other, symptomatic therapy,
i.e., therapy for or intended to restrict or abort
symptomatic attack when it occurs, for example, anti
inflammatory (e.g., cortico-steroid) or
bronchodilatory. Prophylactic benefit in asthma may in
particular be apparent in subjects prone to "morning
dipping". "Morning dipping" is a recognised asthmatic
syndrome, common to a substantial percentage of
asthmatics and characterised by asthma attack, e.g.,
between the hours of about 4-6 am, i.e., at a time
normally substantially distant from any previously
administered symptomatic asthma therapy. 



Having regard to their anti-inflammatory activity, in
particular in relation to inhibition of eosinophil
activation, agents of the invention are also useful in
the treatment of eosinophil related disorders, e.g.,
eosinophilia, in particular eosinophil related
disorders of the airways (e.g., involving morbid
eosinophilic infiltration of pulmonary tissues)
including hypereosinophilia as it effects the airways
and/or lungs as well as, for example,
eosinophilrelated disorders of the airways
consequential or concomitant to Lffler's syndrome,
eosinophilic pneumonia, parasitic (in particular,
metazoan) infestation (including tropical
eosinophilia), bronchopulmonary aspergillosis,
polyarteritis nodosa (including Churg-Strauss
syndrome), eosinophilic granuloma and
eosinophil-related disorders affecting the airways
occasioned by drug-reaction.Agents of the invention
are also useful in the treatment of inflammatory or
allergic conditions of the skin, for example,
psoriasis, contact dermatitis, atopic dermatitis,
alopecia areata, erythema multiforma, dermatitis
herpetiformis, scleroderma, vitiligo, hypersensitivity
angiitis, urticaria, bullous pemphigoid, lupus
erythematosus, pemphisus, epidermolysis bullosa
acquisita, and other inflammatory or allergic
conditions of the skin. Agents of the invention may
also be used for the treatment of other diseases or
conditions, in particular, diseases or conditions
having an inflammatory component, for example,
treatment of diseases and conditions of the eye, such
as conjunctivitis, keratoconjunctivitis sicca, and
vernal conjunctivitis, diseases affecting the nose
including allergic rhinitis, and inflammatory disease
in which autoimmune reactions are implicated or having
an autoimmune component or aetiology, including
autoimmune haematological disorders (e.g., hemolytic
anaemia, aplastic anaemia, pure red cell anaemia and
idiopathic thrombocytopenia), systemic lupus
erythematosus, polychondritis, sclerodoma, Wegener
granulamatosis, dermatomyositis, chronic active
hepatitis, myasthenia gravis, Steven- Johnson
syndrome, idiopathic sprue, autoimmune inflammatory
bowel disease (e.g., ulcerative colitis and Crohn's
disease), endocrine opthalmopathy, Grave's disease,
sarcoidosis, alveolitis, chronic hypersensitivity
pneumonitis, multiple sclerosis, primary billiary
cirrhosis, uveitis (anterior and posterior),
keratoconjunct-ivitis sicca and vernal
keratoconjunctivitis, interstitial lung fibrosis,
psoriatic arthritis and glomerulonephritis (with and
without nephrotic syndrome, e.g., including idiopathic
nephrotic syndrome or minimal change nephropathy).
Further, agents of the invention may also be used for
the treatment of cystic fibrosis, pulmonary
hypertension, pulmonary fibrosis, inflammatory bowel
syndrome, wound healing, diabetic nephropathy as
described in WO 05/107463, reduction of inflammation
in transplanted tissue as described in US 2005/1 8201
8, inflammatory diseases caused by pathogenic
organisms as described in WO 03/086408, and
cardiovascular conditions as described in WO
03/029264. Also, the agents of the invention may be
used to assess the severity of coronary artery
stenosis as described in WO 00/078774 and useful in
conjunction with radioactive imaging agents to image
coronary activity and useful in adjunctive therapy
with angioplasty as described in WO 00/78779.Agents of
the invention are also useful in combination with a
protease inhibitor for prevention of organ ischemia
and reperfusion injury as described in WO 05/0031 50,
and in combination with an integrin antagonist for
treating platelet aggregation as described in WO
03/090733. Agents of the invention are also useful in
promoting wound healing in bronchial 



epithelial cells as described in AJP-Lung, Vol. 290,
pp. 849-855. Other diseases or conditions which may be
treated with agents of the invention include diabetes,
e.g., diabetes mellitus type I (juvenile diabetes) and
diabetes mellitus type II, diarrheal diseases,
ischemia/reperfusion injuries, retinopathy, such as
diabetic retinopathy or hyperbaric oxygen-induced
retinopathy, conditions characterized by elevated
intraocular pressure or secretion of ocular aqueous
humor, such as glaucoma, ischemic tissue/organ damage
from reperfusion and bedsores. The effectiveness of an
agent of the invention in inhibiting inflammatory
conditions, for example, in inflammatory airways
diseases, may be demonstrated in an animal model,
e.g., a mouse or rat model, of airways inflammation or
other inflammatory conditions, for example, as
described by Szarka et al, J Immunol Methods, Vol.
202, pp. 49-57 ( 1997); Renzi et al., Am Rev Respir
Dis , Vol. 148, pp. 932-939 ( 1993); Tsuyuki et al., J
Clin Invest, Vol. 86, pp. 2924-2931 ( 1995); Cernadas
et al., Am J Respir Cell MoI Biol, Vol. 20, pp. 1-8
(1999); and Fozard et al., Eur J Pharmacol, Vol. 438,
pp. 183-1 88 (2002). The agents of the invention are
also useful as co-therapeutic agents for use in
combination with other drug substances, such as
anti-inflammatory, bronchodilatory, antihistamine or
anti-tussive drug substances, particularly in the
treatment of obstructive or inflammatory airways
diseases such as those mentioned hereinbefore, for
example, as potentiators of therapeutic activity of
such drugs or as a means of reducing required dosaging
or potential side effects of such drugs. An agent of
the invention may be mixed with the other drug
substance in a fixed pharmaceutical composition or it
may be administered separately, before, simultaneously
with or after the other drug substance. Accordingly
the invention includes a combination of an agent of
the invention as hereinbefore described with an anti-
inflammatory, bronchodilatory, antihistamine or a nt i
tussive drug substance, said agent of the invention
and said drug substance being in the same or different
pharmaceutical composition.Suitable anti-inflammatory
drugs include steroids, in particular,
glucocorticosteroids such as budesonide,
beclamethasone dipropionate, fluticasone propionate,
ciclesonide or mometasone furoate, or steroids
described in WO 02/88167, WO 02/12266, WO 02/1 00879,
WO 02/00679 (especially those of Examples 3, 11, 14,
17, 19, 26, 34, 37, 39, 5 1 , 60, 67, 72, 73, 90, 99
and 10 1) , WO 03/35668, WO 03/481 8 1,WO 03/62259, WO
03/64445, WO 03/72592, WO 04/39827 and WO 04/66920;
non-steroidal glucocorticoid receptor agonists, such
as those described in DE 10261874, WO 00/00531 ,WO
02/1 0143, WO 03/82280, WO 03/82787, WO 03/86294, WO
03/104195, WO 03/101932, WO 04/05229, WO 04/18429, WO
04/1 9935 and WO 04/26248; LTB4 antagonists, such as
BIIL 284, CP-1 95543, DPC1 1870, LTB4 ethanolamide, LY
2931 11, LY 255283, CGS02501 9C, CP-1 95543, ONO-4057,
SB 209247, SC-53228 and those described in US 5451700;
LTD4 antagonists such include montelukast, pranlukast,
zafirlukast, accolate, SR2640, Wy-48,252, ICI 198615,
MK-571 , LY-17 1883, Ro 24-5913 and L-648051 ; PDE4
inhibitors, such as cilomilast (Ariflo(r)
GlaxoSmithKline), Roflumilast (Byk Gulden),V-1 1294A
(Napp), BAY1 9- 8004 (Bayer), SCH-351 591
(Schering-Plough), Arofylline (Almirall Prodesfarma),
PD1 89659 / PD1 68787 (Parke-Davis), AWD-1 2-281 (Asta
Medica), CDC-801 (Celgene), SeICID(TM) CC-1 0004
(Celgene), VM554/UM565 (Vernalis), T-440 (Tanabe),
KW-4490 (Kyowa Hakko Kogyo), and those disclosed in WO
92/19594, WO 93/1 9749, WO 93/19750, WO 93/19751 , WO
98/18796, WO 99/16766, WO 01/13953, WO 03/1 04204, WO
03/104205, WO 03/39544, 



WO 04/000814, WO 04/000839, WO 04/005258, WO 04/01
8450, WO 04/01 8451 , WO 04/01 8457, WO 04/01 8465, WO
04/01 8431 , WO 04/01 8449, WO 04/01 8450, WO 04/01
8451 ,WO 04/01 8457, WO 04/01 8465, WO 04/01 9944, WO
04/01 9945, WO 04/045607 and WO 04/037805; adenosine A
B receptor antagonists, such as those described in WO
02/42298; and beta-2 adrenoceptor agonists, such as
albuterol (salbutamol), metaproterenol, terbutaline,
salmeterol fenoterol, procaterol, and especially,
formoterol, carmoterol and pharmaceutically acceptable
salts thereof, and compounds (in free or salt or
solvate form) of formula (I) of WO 00/751 14, which
document is incorporated herein by reference,
preferably compounds of the Examples thereof,
especially a compound of formulaOH and
pharmaceutically acceptable salts thereof, as well as
compounds (in free or salt or solvate form) of formula
(I) of WO 04/1 6601 , and also compounds of EP
1440966, JP 05025045, WO 93/1 8007, WO 99/64035, US
2002/0055651 , US 2005/01 33417, US 2005/51 59448, WO
01/421 93, WO 01/83462, WO 02/66422, WO 02/70490, WO
02/76933, WO 03/24439, WO 03/421 60, WO 03/421 64, WO
03/72539, WO 03/91 204, WO 03/99764, WO 04/1 6578, WO
04/22547, WO 04/32921 ,WO 04/33412, WO 04/37768, WO
04/37773, WO 04/37807, WO 04/39762, WO 04/39766, WO
04/45618, WO 04/46083, WO 04/80964, EP 1460064, WO
04/087142, WO 04/089892, EP 01477167, US 2004/0242622,
US 2004/0229904, WO 04/1 08675, WO 04/1 08676, WO
05/0331 2 1 , WO 05/0401 03, WO 05/044787, WO
05/058867, WO 05/065650, WO 05/066140, WO 05/07908, WO
200701 8461 ,WO 20070271 33, WO 2006051 373, WO
2006056471 , and WO 200401 6601 . Suitable
bronchodilatory drugs include anticholinergic or
antimuscarinic agents, in particular, ipratropium
bromide, oxitropium bromide, tiotropium salts and CHF
4226 (Chiesi), and glycopyrrolate, but also those
described in EP 424021 , US 3714357, US 5171744, US
2005/1 7 1147, US 2005/1 82091 , WO 0 1/041 18, WO
02/00652, WO 02/51 841 , WO 02/53564, WO 03/00840, WO
03/33495, WO 03/53966, WO 03/87094, WO 04/018422, WO
04/05285 and WO 05/077361 . Suitable dual
anti-inflammatory and bronchodilatory drugs include
dual beta-2 adrenoceptor agonist/muscarinic
antagonists such as those disclosed in US 2004/01 671
67, US 2004/0242622, US 2005/182092, WO 04/74246 and
WO 04/7481 2. Suitable antihistamine drug substances
include cetirizine hydrochloride, acetaminophen,
clemastine fumarate, promethazine, loratidine,
desloratidine, diphenhydramine and fexofenadine
hydrochloride, activastine, astemizole, azelastine,
ebastine, epinastine, mizolastine and tefenadine, as
well as those disclosed in JP 20041 07299, WO
03/099807 and WO 04/026841 .Other useful combinations
of agents of the invention with anti- inflammatory
drugs are those with antagonists of chemokine
receptors, e.g., CCR-1 , CCR-2, CCR-3, CCR-4, CCR-5,
CCR-6, CCR-7, CCR-8, CCR-9 and CCR1 0, CXCR1 , CXCR2,
CXCR3, CXCR4, CXCR5, particularly CCR-5 antagonists,
such as Schering-Plough antagonists SC-351 125,
SCH-55700 and SCH-D, Takeda antagonists, such as
L/-[[4-[[[6,7-dihydro-2-(4- methylphenyO-
H-benzo-cyclohepten-
-yOcarbonyOaminolphenyll-methyOtetrahydro- L/ N/-
dimethyl-2H-pyran-4-amin-ium chloride (TAK-770), and
CCR-5 antagonists described in US 6166037
(particularly claims 18 and 19), WO 00/66558
(particularly claim 8), WO 00/66559 (particularly
claim 9), WO 04/018425 and WO 04/026873. 



In accordance with the foregoing, the invention also
provides a method for the treatment of a condition
responsive to activation of the adenosine A A
receptor, for example, an inflammatory or allergic
condition, particularly an inflammatory or obstructive
airways disease, which comprises administering to a
subject, particularly a human subject, in need thereof
a compound of formula (I) in free form or in the form
of a pharmaceutically acceptable salt. In another
aspect the invention provides a compound of formula
(I), in free form or in the form of a pharmaceutically
acceptable salt, for use in the manufacture of a
medicament for the treatment of a condition responsive
to activation of the adenosine A A receptor,
particularly an inflammatory or obstructive airways
disease. The agents of the invention may be
administered by any appropriate route, e.g., orally,
for example, in the form of a tablet or capsule;
parenterally, for example, intravenously; by
inhalation, for example, in the treatment of
inflammatory or obstructive airways disease;
intranasally, for example, in the treatment of
allergic rhinitis; topically to the skin, for example,
in the treatment of atopic dermatitis; or rectally,
for example, in the treatment of inflammatory bowel
disease. In a further aspect, the invention also
provides a pharmaceutical composition comprising a
compounds of formula (I), in free form or in the form
of a pharmaceutically acceptable salt, optionally
together with a pharmaceutically acceptable diluent or
carrier therefor. The composition may contain a
co-therapeutic agent, such as an anti-inflammatory,
broncho-dilatory, antihistamine or anti-tussive drug
as hereinbefore described. Such compositions may be
prepared using conventional diluents or excipients and
techniques known in the galenic art. Thus oral dosage
forms may include tablets and capsules. Formulations
for topical administration may take the form of
creams, ointments, gels ortransdermal delivery
systems, e.g., patches. Compositions for inhalation
may comprise aerosol or other atomizable formulations
or dry powder formulations. When the composition
comprises an aerosol formulation, it preferably
contains, for example, a hydro-fluoro-alkane (HFA)
propellant, such as HFA134a or HFA227 or a mixture of
these, and may contain one or more co-solvents known
in the art, such as ethanol (up to 20% by weight),
and/or one or more surfactants such as oleic acid or
sorbitan trioleate, and/or one or more bulking agents,
such as lactose. When the composition comprises a dry
powder formulation, it preferably contains, for
example, the compounds of formula (I) having a
particle diameter up to 10 microns, optionally
together with a diluent or carrier, such as lactose,
of the desired particle size distribution and a
compound that helps to protect against product
performance deterioration due to moisture, e.g.,
magnesium stearate. When the composition comprises a
nebulised formulation, it preferably contains, for
example, the compound of formula (I) either dissolved,
or suspended, in a vehicle containing water, a
cosolvent, such as ethanol or propylene glycol and a
stabilizer, which may be a surfactant. The invention
includes (A) a compounds of formula (I) in inhalable
form, e.g., in an aerosol or other atomisable
composition or in inhalable particulate, e.g.,
micronised, form, (B) an inhalable medicament
comprising a compounds of formula (I) in inhalable
form; (C) a pharmaceutical product comprising a
compounds of formula (I) in inhalable form in
association with an inhalation device; and (D) an
inhalation device containing a compounds of formula
(I) in inhalable form. Dosages of compounds of formula
(I) employed in practising the present invention will
of course vary depending, for example, on the
particular condition to be treated, the effect 



desired and the mode of administration. In general,
suitable daily dosages for administration by
inhalation are of the order of 0.005-10 mg, while for
oral administration suitable daily doses are of the
order of 0.05-100 mg. The invention is illustrated by
the following Examples. EXAMPLES A compounds of
formula X are shown in the following table. Methods of
preparing such a compound is described
hereinafter.METHOD OF FORMING A GRAFT POLYOL AND
POLYURETHANE ARTICLE FORMED FROM THE GRAFT POLYOL
FIELD OF THE INVENTION [0001] The present invention
generally relates to a graft polyol, a method of
forming the graft polyol, and a polyurethane article
formed from the graft polyol. More specifically, the
method includes providing a chain transfer agent that
includes less than five carbon atoms, at least one
non-metal atom, and at least one hydrophilic moiety.
DESCRIPTION OF THE RELATED ART [0002] Conventional
graft polyols, methods of forming the graft polyols,
and polyurethane articles (10) formed from the graft
polyols, are well known in the art. Typically, the
methods include polymerizing monomers, to form
polymers, in the presence of a carrier polyol, a chain
transfer agent, and a free radical initiator, and
thereby form the graft polyol. The carrier polyol
provides a basis for the formation of the graft
polyol. The chain transfer agent controls molecular
weight and the size of the polymers without changing
an overall rate of conversion of the polymerizable
monomers to the polymers. The free radical initiator
decomposes and forms free radicals which, through
propagation, facilitate the polymerization of the
monomers. [0003] Common chain transfer agents such as
alcohols and thiol hydrocarbons are most often
utilized in the formation of the graft polyols and the
polyurethane articles (10). Alcohols must be used in
large quantities to be effective and must be recycled
if they are to be economically used. One method of
recycling alcohols is vacuum stripping which increases
a time needed to form the graft polyols, (i.e., the
cycle time), as compared to a time needed to form
graft polyols when using the thiol hydrocarbons which
do not require recycling. When polyurethane articles
(10) are formed from the graft polyols in high solvent
and high water foam formulations, the thiol
hydrocarbons facilitate formation of rough and uneven
surfaces (12) and also facilitatesplitting/degradation
of surfaces (12), of the polyurethane articles (10),
as shown in Figures 1 and 2. Specifically, the thiol
hydrocarbons include long carbon chains causing the
thiol hydrocarbons to be hydrophobic. While an exact
mechanism of splitting/degradation is not understood
by those skilled in the art, it is believed that
hydrophobic thiol hydrocarbons, incorporated into the
graft polyol, cause the graft polyol to be
incompatible with any water present thereby creating
instability which facilitates the
splitting/degradation of the surfaces (12).
Conversely, the alcohols, although hydrophilic, are
prohibitively expensive without recycling and, in
comparison to thiol hydrocarbons, are less preferable
for use in commercial processes as their use increases
production costs and cycle times. Additionally, use of
thiol hydrocarbons may increase odor of graft polyols
and polyurethane articles (10) made from the graft
polyols, as disclosed in U.S. Pat. No. 4,652,589.
[0004] Chain transfer agents other than alcohols and
thiol hydrocarbons are also known in the art and have
been used in polymerization of monomers. U.S. Pat. No.
5,354,800 to Suzuki et al. discloses a method that
utilizes a hydrophilic chain transfer agent, (e.g.,
3-mercapto-l,2- propanediol or 2-mercaptoethanol) and
a hydrophobic chain transfer agent, to polymerize 



monomers to form a polymer dispersion in water (i.e.,
a latex). However, neither the hydrophilic nor the
hydrophobic chain transfer agents are utilized in
formation of a graft polyol. In fact, the method of
the '800 patent is specifically directed towards
aqueous dispersions and not polyetherol dispersions.
As graft polyols are not formed in aqueous
dispersions, the method of the '800 patent is not
suitable for application to forming graft polyols, to
polyurethane articles (10) formed from the graft
polyols, or to reducing splitting and degradation of
surfaces (12) of the polyurethane articles (10).[0005]
U.S. Pat. No. 5,986,01 1 to Ellis et al. also
discloses a method that utilizes chain transfer agents
other than alcohols and thiol hydrocarbons. The method
of the 'Oi l patent, like the method of the '800
patent, utilizes a hydrophilic chain transfer agent,
(3-mercapto-l,2- propanediol or 2-mercaptoethanol),
and a hydrophobic chain transfer agent, in
polymerization of monomers. Also like the '800 patent,
neither the hydrophobic nor the hydrophilic chain
transfer agent of the '01 1 patent is utilized in
formation of graft polyols. Rather, the chain transfer
agents of the 'Oi l patent are utilized for
polymerization of monomers in batch reactors to be
used in acrylate pressure sensitive adhesive
production. As such, this method is also not directly
applicable to forming graft polyols, to polyurethane
articles (10) formed from the graft polyols, or to
reducing splitting and degradation of surfaces (12) of
the polyurethane articles (10). [0006] In addition to
the chain transfer agents, free radical initiators are
also used in polymerization of monomers, yet function
in a different way than chain transfer agents, as
first described above. U.S. Pat. No. 3,960,824 to
Hicks discloses a method that utilizes a variety of
sulfur compounds, (e.g., mercaptans) that function as
free radical initiators and not as chain transfer
agents in polymerization of monomers. The sulfur
compounds of the '824 patent, acting as the free
radical initiators, radicalize oxygen in the air to
initiate polymerization of the monomers, but do not
serve to control the molecular weight and size of the
polymers and do not serve as chain transfer agents. As
such, this method, as disclosed, does not address
formation of graft polyols using chain transfer
agents, polyurethane articles (10) formed from those
graft polyols, or reducing splitting and degradation
of surfaces (12) of the polyurethane articles (10).
[0007] Accordingly, there remains an opportunity to
form a graft polyol with a minimized cycle time while
utilizing a chain transfer agent that does not require
expensive disposal and/or recycling. There also
remains an opportunity to form a polyurethane article
from the graft polyolthat has a surface that does not
have a tendency to split or degrade. Further, there
remains an opportunity to utilize a low molecular
weight chain transfer agent that does not impart a
malodorous smell to a graft polyol and has the
potential to react into a polyurethane network of a
polyurethane article, thus potentially reducing
emissions from the polyurethane article. SUMMARY OF
THE INVENTION AND ADVANTAGES [0008] The present
invention provides a graft polyol and a method of
forming the graft polyol. The method includes the
steps of providing a polymerizable monomer and
providing a chain transfer agent that includes from
three to nine carbon atoms. The chain transfer agent
also includes at least one thiol moiety, and at least
one hydrophilic moiety selected from the group of a
hydroxyl moiety, an amine moiety, and a carboxyl
moiety. The method further includes the steps of
providing a carrier polyol and providing a free
radical initiator including free radicals. The method
still further includes the step of combining the
polymerizable monomer, the chain transfer agent, the
carrier polyol, and the free radical initiator
including the free radicals. The method also includes
the step of reacting the polymerizable monomer and the
free radicals to polymerize the polymerizable monomer
and form the graft polyol. The present invention also
provides a polyurethane article including the reaction
product of an isocyanate component and 



the graft polyol formed from the method of the present
invention. [0009] The chain transfer agent used in
formation of the graft polyol reduces a tendency of a
surface of the polyurethane article to split and
degrade. As the chain transfer agent has from 3 to 9
carbon atoms and at least one hydrophilic moiety, the
chain transfer agent is not hydrophobic and does not
cause the surface of the polyurethane article to
split. The chain transfer agent also includes at least
one thiol moiety which allows the chain transfer agent
to effectively control the molecular weight and the
size of a polymer formed from the polymerizable
monomers.Additionally, the chain transfer agent is not
expensive to dispose of or to recycle. The chain
transfer agent also contributes to formation of the
graft polyol with a minimized cycle time. BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0010] Other advantages of the present invention will
be readily appreciated, as the same becomes better
understood by reference to the following detailed
description when considered in connection with the
accompanying drawings wherein: [0011] Figure 1 is a
top perspective view of a prior art polyurethane
article having a surface exhibiting roughness and
unevenness due to use of hydrophobic thiol
hydrocarbons as chain transfer agents in formation of
graft polyols used to form the prior art polyurethane
article; [0012] Figure 2 is a top perspective view of
a prior art polyurethane article having a surface
exhibiting splitting and degradation due to use of
hydrophobic thiol hydrocarbons as chain transfer
agents in formation of graft polyols used to form the
prior art polyurethane article; and [0013] Figure 3 is
a top perspective view of an embodiment of a
polyurethane article of the present invention formed
from the graft polyol of the present invention and
having a surface free of roughness, unevenness,
splitting and degradation. DETAILED DESCRIPTION OF A
PREFERRED EMBODIMENT [0014] The present invention
provides a graft polyol and a method of forming the
graft polyol. The graft polyol may be any graft polyol
known in the art and may include any solids content.
Preferably, the graft polyol includes a solids content
of less than or equal to 70, more preferably from 30
to 65, and most preferably from 40 to 60, percent.
Particularly suitable graft polyols that may be formed
from the method of the present invention include, but
are not limited to, graft polyols commercially
available from BASF Corporation of Wyandotte, MI,
under the trade name of Pluracol R.[0015] The method
of forming the graft polyol includes the step of
providing a polymerizable monomer. The polymerizable
monomer may be any known in the art and, when
polymerized, contributes to the solids content of the
graft polyol. The polymerizable monomer may be
provided in any amount but is preferably provided in
an amount from 25 to 70 and more preferably from 30 to
65, parts by weight per 100 parts by weight of the
graft polyol, to relate to the solids content
described above. In one embodiment, the polymerizable
monomer is selected from the group of styrenes, esters
of acrylic and methacrylic acids, ethylenically
unsaturated nitriles and amides, and combinations
thereof. In another embodiment, the polymerizable
monomer includes styrenes, ethylenically unsaturated
nitriles and amides, and combinations thereof. In yet
another embodiment, the polymerizable monomer includes
styrene and acrylonitrile. In a further embodiment,
the polymerizable monomer includes from 50 to 100, and
more preferably from 50 to 85, parts by weight of the
styrene per 100 parts by weight of the polymerizable
monomer. In still a further embodiment, the
polymerizable monomer includes from 15 to 100, and
more preferably from 30 to 50, parts by weight of the
acrylonitrile per 100 parts by weight of the
polymerizable monomer. [0016] Examples of the styrenes
include, but are not limited to, styrene, ara-methyl
styrene, 



and combinations thereof. For descriptive purposes
only, chemical structures of styrene and ara-methyl
styrene are each illustrated below.Styrene para-Methyl
Styrene Examples of the ethylenically unsaturated
nitriles and amides include, but are not limited to,
acrylonitrile, methacrylonitrile, acrylamide, and
combinations thereof. For descriptive purposes only,
chemical structures of acrylonitrile,
methacrylonitrile, and acrylamide are also each
illustrated below. Acrylonitrile Methacrylonitrile
Acrylamide [0017] The method also includes the step of
providing a chain transfer agent. It is to be
appreciated that, in the present invention, the chain
transfer agent functions as a reaction moderator, as
is known in the art. The chain transfer agent includes
from 3 to 9 carbon atoms, at least one thiol moiety,
and at least one hydrophilic moiety selected from the
group of a hydroxyl moiety, an amine moiety, and a
carboxyl moiety. The chain transfer agent contributes
to formation of the graft polyol in a minimized cycle
time, which will be described in greater detail below.
If the graft polyol is used to form a polyurethane
article (14), also described in greater detail below,
the chain transfer agent reduces a tendency of a
surface (16) of the polyurethane article (14) to split
and/or degrade. The chain transfer agent may be
provided in any amount andis preferably provided in an
amount from 0.4 to 2 and more preferably in an amount
from 0.6 to 1.55, parts by weight per 100 parts by
weight of the polymerizable monomer. Without intending
to be bound by any particular theory, it is believed
that because the chain transfer agent has at least one
hydrophilic moiety, the chain transfer agent is not
hydrophobic and thus the graft polyol is more
compatible with polyurethane articles (14) made with
high water levels. It is also believed that because
the chain transfer agent includes at least one thiol
moiety, the chain transfer agent can effectively
control the molecular weight and the size of a polymer
formed from the polymerizable monomers. Additionally,
it is believed that the chain transfer agent
contributes to formation of the graft polyol in a
minimized cycle time as a minimum amount of vacuum
stripping may be utilized, as described in greater
detail below. [0018] In one embodiment, the chain
transfer agent is selected from the group of
mercaptocarboxylic acids, hydroxylmercaptans,
aminomercaptans, carboxylsulfides, sulfide acid
anhydrides, salts thereof, and combinations thereof.
Examples of suitable mercaptocarboxylic acids include,
but are not limited to, 2-mercaptopropionic acid,
3-mercaptopropionic acid, mercaptosuccinic acid, and
combinations thereof. For descriptive purposes only, a
chemical structure of a mercaptocarboxylic acid is
illustrated below. However, for purposes of the
present invention, the mercaptocarboxylic acid is not
limited to the chemical structure below.
Mercaptocarboxylic acid In this chemical structure, R
may include from 2 to 8 carbon atoms. [0019] Examples
of a suitable hydroxylmercaptan include, but are not
limited to, 3-mercapto- 1,2-propanediol,
3,4-dimethyl-7-mercapto-3,4-heptanediol, 6-mercapto-2
,5 -dimethyl- 1,2-hexanediol,
6-mercapto-l,2-hexanediol, 4-mercapto-l-butanol,
6-mercapto-l-hexanol, 4- mercapto-l,2-butanediol,
2-mercapto-3-butanol, 3-mercapto-2-butanol,
l-mercapto-2-propanol, 3-mercapto-l-propanol, and
combinations thereof. For descriptive purposes only, a
chemical structure of a hydroxylmercaptan is
illustrated below. However, for purposes of the
present invention, the hydroxylmercaptan is not
limited to the chemical structure below. SH R OH
Hydroxylmercaptan In this chemical structure, R may
include from three to nine carbon atoms and may
include a second hydroxyl group. 



For descriptive purposes only, a chemical structure of
3-mercapto-l,2-propanediol is illustrated below.
3-mercapto-l ,2-propanediol [0020] For descriptive
purposes only, a chemical structure of an
aminomercaptan is illustrated below. However, for
purposes of the present invention, the aminomercaptan
is not limited to the chemical structure below. SH R
NH2 Aminomercaptan In this chemical structure, R may
include from three to nine carbon atoms. [0021]
Examples of suitable carboxylsulfides include, but are
not limited to, hexyl mercaptoacetate, isopentyl
mercaptoacetate, isopropyl mercaptoacetate, ethyl
thioglycolate, methyl thioglycolate, and combinations
thereof. For descriptive purposes only, a
chemicalstructure of a carboxylsulfide is illustrated
below. However, for purposes of the present invention,
the carboxylsulfide is not limited to the chemical
structure below. Carboxyl Sulfide In this chemical
structure, R may include any organic moiety having
from 1 to 7 carbon atoms. [0022] An example of a
suitable sulfide acid anhydride includes, but is not
limited to, thiodiglycolic anhydride. For descriptive
purposes only, a chemical structure of a sulfide acid
anhydride is illustrated below. However, for purposes
of the present invention, the sulfide acid anhydride
is not limited to the chemical structure below.
Sulfide Acid Anhydride In this chemical structure, R
may include from one to seven carbon atoms. [0023]
Referring back to the method, the method further
includes the step of providing a carrier polyol. The
carrier polyol may be any known in the art and
preferably is selected from the group of polyether
polyols, polyester polyols, polycarbonate polyols, and
combinations thereof. The carrier polyol preferably
serves as a "solvent" for the polymerizable monomer,
dissolving the polymerizable monomer such that the
polymerizable monomer can react and polymerize. The
carrier polyol also preferably serves as a carrier for
the free radical initiator. Preferably, the carrier
polyol is provided in an amount from 20 to 75 and more
preferably from 45 to 60, parts by weight per 100
parts by weight of the graft polyol. Particularly
suitable carrier polyols arecommercially available
from BASF Corporation of Wyandotte, MI, under the
trade name of Pluracol(r). [0024] The method also
includes the step of providing a free radical
initiator including free radicals. The free radical
initiator may be any known in the art. In one
embodiment, the free radical initiator is selected
from the group of peroxides, peroxy esters, trioxides,
tetroxides, azo compounds, polyphenylhydrocarbons,
hydrazines, alkoxyamines, nitrates, nitrites,
disulfides, polysulf des, organometallics, and
combinations thereof. [0025] In another embodiment,
the free radical initiator includes the peroxide. The
peroxide may include the general formula -OO-. The
peroxide may alternatively include the general
formula: R i X1 C R2 X2 wherein each of Ri and R
comprises one of an alkyl group, an oxygen-alkyl group
and an oxygen-oxygen-alkyl group, Xi comprises one of
an ester group, an oxygen, and an alkyl group, and X
comprises a methyl group so long as Xi is an ester
group. More preferably, the peroxide 



includes monoperoxycarbonates, peroxyketals, and
combinations thereof. [0026] In yet another
embodiment, the free radical initiator has diimide
functionality, i.e., the free radical initiator is an
"azo" free radical initiator. In this embodiment, the
free radical initiator preferably includes
2,2'-azobis(2-methylbutanenitrile) that is
commercially available from Akzo Nobel under the trade
name of AMBN-gr. The free radical initiator is
preferably provided in an amount from 0.1 to 3 and
more preferably from 0.3 to 1, parts by weight per
100parts by weight of the polymerizable monomer. For
descriptive purposes only, a chemical structure of
2,2'-azobis(2-methylbutanenitrile) is shown below.
2,2'-azobis(2-methylbutanenitrile) [0027] The method
may further include the step of providing a macromer
polyol that is different from the carrier polyol. The
macromer polyol may be any known in the art and
preferably is selected from the group of polyether
polyols, polyester polyols, polycarbonate polyols, and
combinations thereof. Particularly suitable macromer
polyols, like the carrier polyols, are also
commercially available from BASF Corporation of
Wyandotte, MI, under the trade name of Pluracol(r).
The macromer polyol differs from the carrier polyol in
that the macromer polyol typically has a higher number
average molecular weight than the carrier polyol. If
the method includes the step of providing the macromer
polyol, the macromer polyol is preferably provided in
an amount from 2 to 10, and more preferably from 4 to
8, parts by weight per 100 parts by weight of the
polymerizable monomer. [0028] The method may still
further include the step of providing a seed polyol
that is different from the carrier polyol and the
macromer polyol. The seed polyol is preferably a graft
polyol that is different from the graft polyol of the
present invention. If a graft polyol, the seed polyol
may have any solids content. Preferably, the seed
polyol has a solids content from 30 to 55 and more
preferably from 40 to 50, percent. Particularly
suitable seed polyols, like the carrier polyol and the
macromer polyol, are also commercially available from
BASF Corporation of Wyandotte, MI, under the trade
name of Pluracol R. If the method includes the step of
providingthe seed polyol, the seed polyol is
preferably provided in an amount from 5 to 90, and
more preferably from 10 to 40, parts by weight per 100
parts by weight of the polymerizable monomer. It is to
be appreciated that, in one embodiment, depending on
when and if the carrier polyol and the macromer polyol
are provided, the carrier polyol and the macromer
polyol may be functionally equivalent. [0029] The
method still further includes the step of combining
the polymerizable monomer, the chain transfer agent,
the carrier polyol, and the free radical initiator
including the free radicals. Without intending to be
limited by any particular theory, it is believed that
the free radical initiator decomposes to form at least
one free radical, as generically shown below. R' - R"
R'" + R" [0030] The polymerizable monomer, the chain
transfer agent, the carrier polyol, and the free
radical initiator may be combined in any order, at any
temperature, and at any pressure. In one embodiment,
the step of combining is further defined as combining
the carrier polyol and the free radical initiator
prior to combining the polymerizable monomer, the
chain transfer agent, the carrier polyol, and the free
radical initiator. In another embodiment, the step of
combining further is further defined as combining the
polymerizable monomer and the chain transfer agent
prior to combining the polymerizable monomer, the
chain transfer agent, the carrier polyol, and the free
radical initiator. Preferably, each of the
polymerizable monomer, the chain transfer agent, the
carrier polyol, and the free radical initiator are
combined in a reaction vessel. The reaction vessel may
have any size and may be any known in the art that is
suitable for use. 



[0031] Preferably, the step of combining the
polymerizable monomer, the chain transfer agent, the
carrier polyol, and the free radical initiator is
further defined as combining at a temperature from 80C
to 1550C, more preferably from 1150C to 1450C, and
most preferably from 12O0C to13O0C. Also, the step of
combining is preferably further defined as combining
at pressure of less than 20 psi, and most preferably
at atmospheric pressure. The polymerizable monomer,
the chain transfer agent, the carrier polyol, and the
free radical initiator may also be combined over any
amount of time. [0032] As first introduced above, if
the method includes the step of providing the seed
polyol and/or the macromer polyol, the method may also
include the steps of combining the seed polyol and/or
the macromer polyol, the polymerizable monomer, the
chain transfer agent, the carrier polyol, and the free
radical initiator. If so, the seed polyol and/or the
macromer polyol, the polymerizable monomer, the chain
transfer agent, the carrier polyol, and the free
radical initiator may be combined in any order, at any
temperature, at any pressure, and over any amount of
time. [0033] In one embodiment, a "reactor charge" is
formed and includes first amount of the macromer
polyol and a first amount of the carrier polyol
combined with the seed polyol at a temperature of
1250C, at atmospheric pressure, in a reactor. In this
embodiment, a "monomer charge" is also formed and
includes the polymerizable monomer and the chain
transfer agent combined in an auxiliary vessel and
added at atmospheric pressure, and over a time of 180
minutes to a reactor with the "reactor charge" at a
temperature of 1250C. Additionally, in this
embodiment, an "initiator charge" is formed and
includes a second amount of the carrier polyol
combined with the free radical initiator in a second
auxiliary vessel and added at atmospheric pressure and
over a time of 198 minutes to a reactor with the
"reactor charge" at a temperature of 1250C. In this
embodiment, the "reactor charge," the "monomer
charge," and the "initiator charge" may be formed in
any order and after formation, the "monomer charge"
and the "initiator charge" are preferably added to the
reactor with the "reactor charge." However, the
"reactor charge," the "monomer charge," and the
"initiator charge" may be added together andcombined
in any order. Finally, in this embodiment, an
additional amount of the macromer polyol is introduced
into the reactor, preferably in a "macromer stream,"
at a temperature of 1250C, at atmospheric pressure,
and over a time of 5 to 100 minutes. [0034] Referring
back to the method, after the polymerizable monomer,
the chain transfer agent, the carrier polyol, and the
free radical initiator are combined, the method also
includes the step of reacting the polymerizable
monomer and the free radicals to polymerize the
polymerizable monomer and form the graft polyol.
Without intending to be limited by any particular
theory, it is believed that the free radical initiator
decomposes to form at least one radical, as first
introduced above. Specifically, if the free radical
initiator includes diimide functionality, i.e., is an
azo compound, the diimide functionality is believed to
decompose to form molecular nitrogen (N ) and two
radicals, as shown below. R-N=N-^-R'- N N + R# + R'#
Azo Compound Nitrogen Radicals It is also believed
that at least one of the two radicals reacts with the
polymerizable monomer, thereby radicalizing the
polymerizable monomer and breaking a carbon-carbon
double bond in the polymerizable monomer to form a
radicalized polymerizable monomer, as shown below. R +
C: :C R-C- -C' Radical Polymerizable Radicalized
Monomer Polymerizable MonomerThe radicalized
polymerizable monomer is then believed to react with a
second and/or 



subsequent polymerizable monomer to form a polymer,
through propagation, as shown below, wherein z may be
any integer. Radicalized Polymerizable Polymer
Polymerizable Monomer Monomer However, the polymer may
have any number average molecular weight, and may have
a number average molecular weight of over two million
Daltons, as determined by one skilled in the art
depending on desired application. [0035] During
propagation, the chain transfer agent is believed to
interact with the radical terminated polymer thereby
stopping additional polymerizable monomers from
polymerizing and controlling the molecular weight and
size of the polymer. Specifically, if the chain
transfer agent includes the
3-mercapto-l,2-propanediol, a sulfur-hydrogen bond of
the 3-mercapto-l,2- propanediol is believed to
homolytically cleave thereby transferring the radical
from the polymer, wherein z may be any integer, to the
sulfur atom, as shown below, to form a sulfur radical.
Polymer 3-mercapto- 1,2-propanediol Polymer Sulfur
Radical[0036] If the chain transfer agent includes the
3-mercapto-l, 2-propanediol and the sulfur radical is
formed, the sulfur radical may decompose or react with
a second sulfur radical to form 3,3'-
disulfanediyldipropane-l,2-diol, as also shown below.
Sulfur Radical Sulfur Radical
3,3'-Disulfanediyldipropane-l,2-diol [0037] Referring
back to the method, the method preferably includes the
step of separating the polymerizable monomer from the
graft polyol, known in the art as "stripping".
Preferably, the step of separating is further defined
as the step of applying a vacuum to separate the
polymerizable monomer from the graft polyol. However,
the step of separating may be accomplished by any
suitable method known in the art. [0038] Referring now
to cycle time, cycle time is a manufacturing time
measured from a start of a reaction to form a first
batch of the graft polyol to a time when the reaction
can be started again to form a second batch of the
graft polyol. As is known by those in the art, cycle
time may also be defined as a total time industrial
machinery used to make the graft polyol is being
utilized. In the present invention, if the method
includes the step of separating the polymerizable
monomer from the graft polyol, then this step is
preferably included in the cycle time. Specifically,
use of the chain transfer agent of the present
invention minimizes a stripping time and thereby also
minimizes a cycle time. [0039] The present invention
also provides the polyurethane article (14) formed
from the method of the present invention, as first
introduced above. The polyurethane article (14)
includes a reaction product of an isocyanate component
and the graft polyol of the present invention. It is
also contemplated that the polyurethane article (14)
may include the reaction product of theisocyanate
component, the graft polyol of the present invention,
and an additional polyol, such as a polyetherol.
Non-limiting examples of suitable additional polyols
include Pluracol(r) TP740 and Pluracol(r) GP730, both
commercially available from BASF Corporation of
Wyandotte, MI. However, it is contemplated that any
polyol known in the art may be used as the additional
polyol. [0040] The isocyanate component may include
any isocyanate known in the art including, but not
limited to isocyanates, polyisocyanates, biurets of
isocyanates and polyisocyanates, isocyanurates of
isocyanates and polyisocyanates, and combinations
thereof. In one embodiment of the present invention,
the isocyanate component includes an n-functional
isocyanate. In this 



embodiment, n is a number preferably from 2 to 5, more
preferably from 2 to 4, and most preferably from 3 to
4. It is to be understood that n may be an integer or
may have intermediate values from 2 to 5. The
isocyanate component may include an isocyanate
selected from the group of aromatic isocyanates,
aliphatic isocyanates, and combinations thereof. In
one embodiment, the isocyanate component includes an
aliphatic isocyanate. If the isocyanate component
includes an aliphatic isocyanate, the isocyanate
component may also include a modified multivalent
aliphatic isocyanate, i.e., a product which is
obtained through chemical reactions of aliphatic
diisocyanates and/or aliphatic polyisocyanates.
Examples include, but are not limited to, ureas,
biurets, allophanates, carbodiimides, uretonimines,
isocyanurates, urethane groups, dimers, trimers, and
combinations thereof. The isocyanate component may
also include, but is not limited to, modified
diisocyanates employed individually or in reaction
products with polyoxyalkyleneglycols, diethylene
glycols, dipropylene glycols, polyoxyethylene glycols,
polyoxypropylene glycols,
polyoxypropylenepolyoxethylene glycols, polyesterols,
polycaprolactones, and combinations thereof.[0041]
Alternatively, the isocyanate component may include an
aromatic isocyanate. If the isocyanate component
includes an aromatic isocyanate, the aromatic
isocyanate may correspond to the formula R'(NCO)
wherein R' is a polyvalent organic radical which is
aromatic and z is an integer that corresponds to the
valence of R'. Preferably, z is at least two. If the
isocyanate component includes the aromatic isocyanate,
the isocyanate component may include, but is not
limited to, the tetramethylxylylene diisocyanate
(TMXDI), 1,4-diisocyanatobenzene, 1,3-
diisocyanato-o-xylene, l,3-diisocyanato-/?-xylene,
1,3-diisocyanato-m-xylene, 2,4-diisocyanato-
1-chlorobenzene, 2,4-diisocyanato-l-nitro-benzene,
2,5-diisocyanato-l-nitrobenzene, mphenylene
diisocyanate, /?-phenylene diisocyanate, 2,4-toluene
diisocyanate, 2,6-toluene diisocyanate, mixtures of
2,4- and 2,6-toluene diisocyanate, 1,5-naphthalene
diisocyanate, 1- methoxy-2,4-phenylene diisocyanate,
4,4'-diphenylmethane diisocyanate,
2,4'-diphenylmethane diisocyanate, 4,4'-biphenylene
diisocyanate, 3,3'-dimethyl-4,4'-diphenylmethane
diisocyanate,
3,3'-dimethyldiphenylmethane-4,4'-diisocyanate,
triisocyanates such as 4,4',4"-triphenylmethane
triisocyanate polymethylene polyphenylene
polyisocyanate and 2,4,6-toluene triisocyanate,
tetraisocyanates such as
4,4'-dimethyl-2,2'-5,5'-diphenylmethane
tetraisocyanate, toluene diisocyanate,
2,2'-diphenylmethane diisocyanate,
2,4'-diphenylmethane diisocyanate, 4,4'-
diphenylmethane diisocyanate, polymethylene
polyphenylene polyisocyanate, corresponding isomeric
mixtures thereof, and combinations thereof.
Alternatively, the aromatic isocyanate may include a
triisocyanate product of m-TMXDI and
1,1,1-trimethylolpropane, a reaction product of
toluene diisocyanate and 1,1,1-trimethyolpropane, and
combinations thereof. [0042] The isocyanate component
may have any % NCO content and any viscosity. The
isocyanate component may also react with the graft
polyol in any amount, as determined by oneskilled in
the art. Preferably, the isocyanate and the resin
composition reacted at an isocyanate index from 90 to
115, more preferably from 95 to 105, and most
preferably from 98 to 102. [0043] The graft polyol
and/or isocyanate component may also include an
additive selected from the group of chain extenders,
anti-foaming agents, processing additives,
plasticizers, chain terminators, surface-active
agents, adhesion promoters, flame retardants,
anti-oxidants, water scavengers, fumed silicas, dyes,
ultraviolet light stabilizers, fillers, thixotropic
agents, silicones, amines, transition metals,
catalysts, blowing agents, surfactants, cross-linkers,
inert diluents, chain extenders, flame retardants, and
combinations thereof. The additive may be included in
any amount as desired by those of skill in the art.
[0044] In one embodiment, the graft polyol includes
one silicone additive, two amine additives, 



one flame retardant, and one tin additive. In this
embodiment, the silicone additive is available from GE
Silicones of Wilton, CT under the trade names of NiacR
L-620. Additionally, the two amine catalysts are
available from Air Products and Chemicals, Inc. of
Allentown, PA, and GE Silicones of Wilton, CT, under
the trade names of DABCO R 33LV, NiacRA-l,
respectively. Further, the flame retardant is
commercially available from Albemarle Corporation of
Baton Rouge, LA, under the trade name of AB195. Still
further, the tin additive is commercially available
from Air Products and Chemicals, Inc. of Allentown,
PA, under the trade name of T- 10. [0045] In another
embodiment, the graft polyol includes one silicone
additive, one amine additive, one flame retardant, and
one tin additive. In this embodiment, the silicone
additive is available from Goldschmidt AG, a division
of Degussa Corporation of Parsippany, NJ, under the
trade name of Silicon Tegostab R BF2370. Additionally,
the one amine catalyst is DABCO R33LV. Further, the
flame retardant is commercially available from
Albemarle Corporation of Baton Rouge, LA, under the
trade name of ABlOO. Still further, the tin additive
is T-IO. [0046] The polyurethane article (14) is
preferably a flexible foam. If a flexible foam, the
polyurethane article (14) may be used in a wide
variety of industries including, but not limited to,
in building and automotive supplies. It is also
contemplated that the polyurethane article (14) may be
a rigid foam. [0047] The polyurethane article (14)
also has a surface (16), as first introduced above. In
one embodiment, the surface (16) of the polyurethane
article (14) is not rough, uneven, split or degraded,
as shown in Figure 3. The surface (16) is believed to
resist becoming rough and uneven and to resist
splitting and degradation due to the chain transfer
agent of the present invention. EXAMPLES [0048] A
graft polyol, Graft Polyol 1, is formed according to
the method of the present invention. A comparative
graft polyol, Comparative Graft Polyol 1 is also
formed but is not formed utilizing the Chain Transfer
Agent of the present invention. [0049] Specifically,
to form the Graft Polyol 1, a "Monomer Charge" is
formed and includes approximately 275 grams of
Acrylonitrile and approximately 550 grams of Styrene,
serving as two Polymerizable Monomers, and
approximately 8 grams of 3-Mercapto-l, 2-propanediol,
as a Chain Transfer Agent, combined in a first
auxiliary reservoir, as set forth in Table 1.
Additionally, an "Initiator Charge" is also formed and
includes approximately 490 grams of a Carrier Polyol
and approximately 4 grams of a Free Radical Initiator
combined and added to a second auxiliary reservoir,
also set forth in Table 1. Further, a "Reactor Charge"
is formed and includes approximately 62 grams of a
Macromer Polyol, approximately 460 additional grams
ofthe Carrier Polyol, and approximately 154 grams of a
Seed Polyol, added to a reactor, heated to 1250C, and
stirred at a rate of 300 RPM, as further set forth in
Table 1. After formation of the "Reactor Charge," the
"Monomer Charge" and the "Initiator Charge" are added
to the "Reactor Charge" in the reactor, heated to
1250C, and stirred at a rate of 300 RPM to begin
forming the Graft Polyol 1. After one hour, the rate
of stirring is increased to 400 RPM to still further
continue forming the Graft Polyol 1. After 1 hour and
40 minutes, the rate of stirring is increased to 500
RPM to finish forming the Graft Polyol 1. After the
Graft Polyol 1 is formed, the Graft Polyol 1 is vacuum
stripped for 30 minutes to separate a residual amount
of the Acrylonitrile and the Styrene from the Graft
Polyol 1. [0050] To form the Comparative Graft Polyol
1, the "Monomer Charge," the "Initiator Charge," the
"Reactor Charge," and the "Macromer Stream" are
utilized in the same amounts and in the 



same way as each is used to form the Graft Polyol 1,
set forth above. However, to form the Comparative
Graft Polyol 1, the 3-Mercapto- 1,2-propanediol as the
Chain Transfer Agent in the "Monomer Charge" used to
form Polyol 1, is replaced with 1-Dodecanethiol, as
set forth in Table 1. Additionally, the Comparative
Graft Polyol 1 is also vacuum stripped for 30 minutes
to separate residual amounts of the Acrylonitrile and
the Styrene from the Comparative Graft Polyol 1. In
Table 1, all components are in grams unless otherwise
noted. TABLE 1[0051] Styrene and Acrylonitrile are
commercially available from Sigma Aldrich Corporation
of St. Louis, MO. [0052] 3-Mercapto-l, 2-propanediol
is commercially available from Sigma Aldrich
Corporation of St. Louis, MO under the trade name of
1-thioglycerol. [0053] 1-Dodecanethiol is commercially
available from Sigma Aldrich Corporation of St. Louis,
MO. [0054] Carrier Polyol, commercially available from
BASF Corporation of Wyandotte, MI, is a
glycerine-initiated propylene oxide, ethylene oxide
adduct and has a hydroxyl number of 56 and a number
average molecular weight of about 2000 g/mol. [0055]
Free Radical Initiator is commercially available from
Akzo Nobel of Arnhem, Netherlands under the trade name
of AMBN-gr and includes
2,2'-azobis(2-methylbutanenitrile). [0056] Macromer
Polyol, commercially available from BASF Corporation
of Wyandotte, MI, is derived from a sorbitol-initiated
propylene oxide, ethylene oxide adduct and has a
hydroxyl number of 18 and a number average molecular
weight of about 6,000 g/mol[0057] Seed polyol,
commercially available from BASF Corporation of
Wyandotte, MI, is a 43.5 wt % acrylonitrile/styrene
dispersion in Carrier Polyol having a viscosity of
4,500 centipoise at 250C. [0058] After formation, the
Graft Polyol 1 and the Comparative Graft Polyol 1 are
utilized to form polyurethane articles. Specifically,
Graft Polyol 1 is utilized to form Articles 1.
Comparative Graft Polyol 1 is used to form Comparative
Article 1. [0059] To form Article 1, 247.5 grams of
the Graft Polyol 1 are combined with 52.5 grams of a
Polyetherol 1, 179 grams of the Isocyanate, and the
series of additives, as also set forth in Table 2
below. The Graft Polyol 1, Polyetherol 1, Isocyanate,
and additives are mixed at 1500 RPM and poured into a
cup to cure to form the Article 1. After curing, the
Article 1 is visually evaluated for
splitting/degradation. [0060] To form Comparative
Article 1, 247.5 grams of the Comparative Graft Polyol
1 are combined with 52.5 grams of the Polyetherol 1,
179 grams of the Isocyanate, and the series of
additives, as also set forth in Table 2 below. The
Comparative Graft Polyol 1, Polyetherol 1, Isocyanate,
and additives are also mixed at 1500 RPM and poured
into a cup to cure to form the Comparative Article 1.
After curing, the Comparative Article 1 is also
visually evaluated for splitting/degradation. TABLE
2[0061] Polyetherol 1 is commercially available from
BASF Corporation of Wyandotte, MI, under the trade
name of Pluracol(r) GP 730, and includes a hydroxyl
number of 229.5 mg KOH/g and a nominal functionality
of 2.99. [0062] Silicone Additive 1 is commercially
available from Goldschmidt AG, a division of Degussa
Corporation of Parsippany, NJ, under the trade name of
Silicon Tegostab R BF2370. [0063] Amine Additive 1 is
commercially available from Air Products and
Chemicals, Inc. of Allentown, PA, under the trade name
of DABCO(r) 33LV. [0064] Flame Retardant is
commercially available from Albemarle Corporation of
Baton Rouge, 



LA, under the trade name of ABlOO. [0065] Tin Additive
1 is commercially available from Air Products and
Chemicals, Inc. of Allentown, PA, under the trade name
of T-10. [0066] Isocyanate is toluene diisocyanate and
is commercially available from BASF Corporation of
Wyandotte, MI, under the trade name of Lupranate(r)
T-80. [0067] The Isocyanate Index for the present
invention is defined as 100 times the ratio of the
number of isocyanate (NCO) groups in the isocyanate to
the number of hydroxyl (OH) groups in the Graft Polyol
1, the Comparative Graft Polyol 1, and/or the
Polyetherol 1, depending on which Graft
Polyols/Polyetherols are utilized, as is known in the
art. [0068] The Articles 1 does not exhibit
splitting/degradation as determined through visual
evaluation. Conversely, the Comparative Article 1 does
exhibit splitting/degradation as determined through
visual evaluation. Specifically,
splitting/degradation, for purposes of thepresent
invention, includes a breaking, a separation into
parts, and/or a lengthwise division, of a surface of
the Comparative Article 1. As the Articles 1 does not
exhibit and splitting/degradation, it is suitable for
use in commercial applications in building and
automotive supplies, while the Comparative Articles 1
is not suitable. [0069] The invention has been
described in an illustrative manner, and it is to be
understood that the terminology which has been used is
intended to be in the nature of words of description
rather than of limitation. Obviously, many
modifications and variations of the present invention
are possible in light of the above teachings, and the
invention may be practiced otherwise than as
specifically described.CLAIMS What is claimed is: 1. A
method of forming a graft polyol, said method
comprising the steps of: a) providing a polymerizable
monomer; b) providing a chain transfer agent
comprising; 1) from three to nine carbon atoms, 2) at
least one thiol moiety, and 3) at least one
hydrophilic moiety selected from the group of a
hydroxyl moiety, an amine moiety, and a carboxyl
moiety; c) providing a carrier polyol; d) providing a
free radical initiator comprising free radicals; e)
combining the polymerizable monomer, the chain
transfer agent, the carrier polyol, and the free
radical initiator comprising the free radicals; and f)
reacting the polymerizable monomer and the free
radicals to polymerize the polymerizable monomer and
form the graft polyol. 2. A method as set forth in
claim 1 wherein the chain transfer agent is selected
from the group of mercaptocarboxylic acids,
hydroxylmercaptans, aminomercaptans, carboxylsulfides,
sulfide acid anhydrides, salts thereof, and
combinations thereof. 3. A method as set forth in
claim 2 wherein the chain transfer agent is
3-mercapto- 1,2-propanediol. 4. A method as set forth
in claim 1 wherein the polymerizable monomer is
selected from the group of styrenes, esters of acrylic
and methacrylic acids, ethylenically unsaturated
nitriles and amides, and combinations thereof.5. A
method as set forth in claim 1 wherein the carrier
polyol is selected from the group of polyether
polyols, polyester polyols, polycarbonate polyols, and
combinations thereof. 6. A method as set forth in
claim 1 wherein the free radical initiator has azo 



functionality. 7. A method as set forth in claim 1
wherein the carrier polyol is provided in an amount
from 20 to 70 parts by weight per 100 parts by weight
of the graft polyol, the polymerizable monomer is
provided in an amount from 30 to 65 parts by weight
per 100 parts by weight of the graft polyol, and the
free radical initiator is provided in an amount from
0.2 to 1 parts by weight per 100 parts by weight of
the polymerizable monomer. 8. A method as set forth in
claim 1 wherein the chain transfer agent is provided
in an amount from 0.4 to 2 parts by weight per 100
parts by weight of the polymerizable monomer. 9. A
method as set forth in claim 1 wherein the step of
combining the polymerizable monomer, the chain
transfer agent, the carrier polyol, and the free
radical initiator is further defined as combining at a
temperature from 1150C to 15O0C. 10. A method as set
forth in claim 1 wherein the step of combining is
further defined as combining the carrier polyol and
the free radical initiator prior to combining the
polymerizable monomer, the chain transfer agent, the
carrier polyol, and the free radical initiator. 11. A
method as set forth in claim 1 wherein the step of
combining is further defined as combining the
polymerizable monomer and the chain transfer agent
prior to combining the polymerizable monomer, the
chain transfer agent, the carrier polyol, and the free
radical initiator. 12. A method as set forth in claim
1 further comprising the step of providing a macromer
polyol different from the carrier polyol.13. A method
as set forth in claim 1 further comprising the step of
providing a seed polyol different from the carrier
polyol. 14. A method as set forth in claim 1 further
comprising the step of separating the polymerizable
monomer from the graft polyol. 15. A method as set
forth in claim 1 wherein the chain transfer agent is
3-mercapto- 1,2-propanediol, the polymerizable monomer
comprises styrene and acrylonitrile, the carrier
polyol comprises a polyether polyol, and the free
radical initiator has azo functionality. 16. A method
as set forth in claim 15 wherein the method further
comprises the steps of providing a macromer polyol and
a seed polyol, wherein the macromer polyol is
different from the carrier polyol and the seed polyol,
and the seed polyol is different from the macromer
polyol and the carrier polyol. 17. A polyurethane
article comprising the reaction product of an
isocyanate component and a graft polyol formed from a
method comprising the steps of: a) providing a
polymerizable monomer; b) providing a chain transfer
agent comprising; 1) from three to nine carbon atoms,
2) at least one thiol moiety, and 3) at least one
hydrophilic moiety selected from the group of a
hydroxyl moiety, an amine moiety, and a carboxyl
moiety; c) providing a carrier polyol; d) providing a
free radical initiator comprising free radicals; e)
combining said polymerizable monomer, said chain
transfer agent, said carrier polyol, and said free
radical initiator comprising said free radicals; andf)
reacting said polymerizable monomer and said free
radicals to polymerize said polymerizable monomer and
form said graft polyol. 18. A polyurethane article as
set forth in claim 17 wherein said polymerizable
monomer is provided in an amount from 30 to 65 parts
by weight per 100 parts by weight of said 



graft polyol, said chain transfer agent is provided in
an amount from 0.4 to 2 parts by weight per 100 parts
by weight of said polymerizable monomer, said carrier
polyol is provided in an amount from 20 to 70 parts by
weight per 100 parts by weight of said graft polyol,
and said free radical initiator is provided in an
amount from 0.2 to 1 parts by weight per 100 parts by
weight of said polymerizable monomer. 19. A
polyurethane article as set forth in claim 17 wherein
said polyurethane article comprises a foam. 20. A
polyurethane article as set forth in claim 17 wherein
the step of reacting said isocyanate component and
said graft polyol is further defined as reacting said
isocyanate component and said graft polyol at an
isocyanate index from 95 to 130. 21. A graft polyol
formed from a method comprising the steps of: a)
providing a polymerizable monomer; b) providing a
chain transfer agent comprising; 1) from three to nine
carbon atoms, 2) at least one thiol moiety, and 3) at
least one hydrophilic moiety selected from the group
of a hydroxyl moiety, an amine moiety, and a carboxyl
moiety; c) providing a carrier polyol; d) providing a
free radical initiator comprising free radicals;e)
combining said polymerizable monomer, said chain
transfer agent, said carrier polyol, and said free
radical initiator comprising said free radicals; and
f) reacting said polymerizable monomer and said free
radicals to polymerize said polymerizable monomer and
form said graft polyol. 22. A graft polyol as set
forth in claim 2 1 wherein said chain transfer agent
is 3- mercapto-l,2-propanediol, said polymerizable
monomer comprises styrene and acrylonitrile, said
carrier polyol comprises a polyether polyol, and said
free radical initiator comprises a diimide. 


