
4-PHENYLPYRANE-3,5-DIONES,
4-PHENYLTHIOPYRANE-3,5-DIONES AND
2-PHENYLCYCLOHEXANE-1,3,5-TRIONES AS HERBICIDES The
present invention relates to novel, herbicidally
active cyclic diones, and derivatives thereof, to
processes for their preparation, to compositions
comprising those compounds, and to their use in
controlling weeds, especially in crops of useful
plants, or in inhibiting plant growth. Cyclic diones
having herbicidal action are described, for example,
in WO 01/74770. Novel pyrandione, thiopyrandione and
cyclohexanetrione compounds having herbicidal and
growth-inhibiting properties have now been found. The
present invention accordingly relates to compounds of
formula I wherein R1 is halogen, C1-C4 l yI, d-C
4haloalkyl, C3-C6cycloalkyl, C2-C4alkenyl,
C2-C4haloalkenyl, C2- C4alkynyl, Ci-C 4alkoxy,
C1-C4haloalkoxy, C1-C4alkylthio, Ci-C 4alkylsulfinyl,
CrC 4alkylsulfonyl, nitro or cyano; R2 is optionally
substituted aryl or optionally substituted heteroaryl;
r is 0, 1, 2 or 3 ; R3 if r is 1, is halogen,
C1-C6SIkVl, Ci.C 6haloalkyl, d.Cealkoxy,
C-|.C6haloalkoxy, C2.C6alkenyl, C2. C6alkynyl, d.C
alkylthio, d.C 6alkylsul1 nyl, d.C 6alkylsulfonyl,
cyano or nitro; or the substituents R3, if r is 2 or 3
, independently of each other, are halogen, Ci.C
6alkyl, d.C 6haloalkyl, C1. C6alkoxy, d.C 6haloalkoxy,
C2.C6alkenyl, C2.C6alkynyl, Ci.C 6alkylthio, d.C
6alkylsulfinyl, C1- C6alkylsulfonyl, cyano or nitro;
R4, R5, R6 and R7, independently of each other, are
hydrogen, C1-C4alkyl, C1-C4haloalkyl, C1- C4alkoxyC r
C4alkyl, C1-C4alkylthioC 1-C4alkyl,
d-dalkylsulfinyld-dalkyl, d-C 4alkylsulfonylC r
C4alkyl, cyclopropyl or cyclopropyl substituted by C1-
or C2alkyl, C1- or C2haloalkyl or halogen; cyclobutyl
or cyclobutyl substituted by Cr or C2alkyl; oxetanyl
or oxetanyl substituted by C1- orC2alkyl;
C5-C7cycloalkyl or C5-C7cycloalkyl substituted by C1-
or C2alkyl or C1- or C2haloalkyl, where a methylene
group of the cycloalkyl moiety is optionally replaced
by an oxygen or sulfur atom or a sulfinyl or sulfonyl
group; C4-C7cycloalkenyl or C4-C7cycloalkenyl
substituted by C1- or C2alkyl or C1- or C2haloalkyl,
where a methylene group of the cycloalkenyl moiety is
optionally replaced by an oxygen or sulfur atom or a
sulfinyl or sulfonyl group; cyclopropylCrC 5alkyl or
cyclopropylC r C5alkyl substituted by C1- or C2alkyl,
C1- or C2haloalkyl or halogen; cyclobutyld- C5alkyl or
cyclobutyld-C 5alkyl substituted by Cr C2alkyl;
oxetanyld-C 5alkyl or oxetanyld- C5alkyl substituted
by C1- or C2alkyl; C5-C7 cycloalkyld-C 5alkyl or
Cs-Cycycloalkyld-Csalkyl substituted by C1-Or C2alkyl
or C1- or C2haloalkyl, where a methylene group of the
cycloalkyl moiety is optionally replaced by an oxygen
or sulfur atom or a sulfinyl or sulfonyl group; C4-
C7cycloalkenyld-C 5 alkyl or C4-C7cycloalkenylCrC
5alkyl which is substituted by C1- or C2alkyl or C1-
or C2haloalkyl, where a methylene group of the
cycloalkenyl moiety is optionally replaced by an
oxygen or sulfur atom or a sulfinyl or sulfonyl group;
phenyl or phenyl substituted by C1- C4alkyl, Cr
C4alkoxy, C1-C4haloalkyl, halogen, nitro, cyano,
C1-C4alkylthio, Cr C4alkylsulfinyl, C1-
C4alkylsulfonyl or Cr C4alkylcarbonyl; benzyl or
benzyl substituted by d-C 4alkyl, d-C 4alkoxy, Cr
C4haloalkyl, halogen, nitro, cyano, Cr C4alkylthio,
d-C 4alkylsulfinyl, d-C 4alkylsulfonyl or C1-
C4alkylcarbonyl; heteroaryl or heteroaryl substituted
by C1-C4alkyl, d-C 4alkoxy, d-C 4haloalkyl, halogen,
nitro, cyano, d-dalkylthio, d-dalkylsulfinyl,
C1-C4alkylsulfonyl or C1-C4alkylcarbonyl; or R4 and
R5, or R6 and R7, are joined to form a 5-7 membered
saturated or unsaturated ring in which a methylene
group is optionally replaced by an oxygen or sulfur
atom, or a 5-7 membered saturated or unsaturated ring
substituted by C1- or C2alkyl, where a methylene group
of the ring is optionally replaced by an oxygen or
sulfur atom; or R4 and R7 are joined to form a 4-8
membered saturated or unsaturated ring unsubstituted
or substituted by Cr C2alkyl, Cr C2alkoxy, d-C
alkoxyd-dalkyl, hydroxy, halogen, phenyl or phenyl
substituted by d-C 4alkyl, d-C 4alkoxy,
C1-C4haloalkyl, halogen, nitro, cyano, C1- dalkylthio,
d-C 4alkylsulfinyl, Cr C4alkylsulfonyl or Cr
C4alkylcarbonyl; heteroaryl or heteroaryl substituted
by d-C 4alkyl, Cr C4alkoxy, Cr C4haloalkyl, halogen,
nitro, cyano, d-dalkylthio, C1- dalkylsulfinyl, d-C
4alkylsulfonyl or d-C 4alkylcarbonyl; Y is O, C=O,
S(O)n, or S(O)nNR8; provided that when Y is C=O, R6
and R7 are different from hydrogen when either R4 or
R5 is hydrogen, and R4 and R5 are different from
hydrogen when either R6 or R7 is hydrogen; m is Oor 1
or 2 and n is Oor 1; R8 is hydrogen, d-C 6alkyl,
C3-C6cycloalkyl, Cr C6alkoxycarbonyl, tri(d-C
6alkyl)silylethyloxycarbonyl, d-C haloalkoxycarbonyl,
cyano, d-C 6haloalkyl, d-C 6hydroxyalkyl,
C2-C6alkenyl, C2-C6alkynyl, C2-C6haloalkenyl, d-C
6alkylcarbonyl, d-C haloalkylcarbonyl,
C1-C6cycloalkylcarbonyl, phenylcarbonyl or
phenylcarbonyl substituted by R9; benzylcarbonyl or
benzylcarbonyl substituted by R9; pyridylcarbonyl or
pyridylcarbonyl substituted by R9; phenoxycarbonyl or
phenoxycarbonyl substituted by R9; benzyloxycarbonyl
or benzyloxycarbonyl substituted by R9; R9 is Ci-C
6haloalkyl, d-C alkoxycarbonyl, nitro, cyano, formyl,
carboxyl or halogen, and G is hydrogen, an
agriculturally acceptable cation or a latentiating
group. In the substituent definitions of the compounds
of the formula I , the alkyl substituents and alkyl
moieties of alkoxy, alkylthio etc. having 1 to 6
carbon atoms are preferably methyl, ethyl, propyl,
butyl, pentyl and hexyl, in the form of their straight
and branched isomers. Higher alkyl groups of up to 10
carbon atoms comprise preferably octyl, nonyl and
decyl, in form of their straight and branched isomers.
The alkenyl and alkynyl radicals having 2 to 6 carbon
atoms as well as up to 10 carbon atoms can be straight
or branched and can contain more than 1 double or
triple bond. Examples are vinyl, allyl, propargyl,
butenyl, butynyl, pentenyl and pentynyl. Suitable
cycloalkyl 



groups contain 3 to 7 carbon atoms and are for example
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl. Cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl are preferred. Preferred halogens are
fluorine, chlorine and bromine. Preferred examples of
aryls are phenyl and naphthyl. Preferred examples of
heteroaryls are thienyl, furyl, pyrrolyl, isoxazolyl,
oxazolyl, isothiazolyl, thiazolyl, pyrazolyl,
imidazolyl, triazolyl, tetrazolyl, pyridyl,
pyrimidinyl, pyrazinyl, triazinyl, oxadiazolyl,
thiadiazolyl and pyridazinyl, and, where appropriate,
N-oxides and salts thereof. These aryls and
heteroaryls can be substituted by one or more
substituents, where preferred substituents are
halogen, Cr C4alkyl, Ci-C 4haloalkyl, C2-C4alkenyl,
C2-C4haloalkenyl, C2-C4alkynyl, Ci-C 4alkoxy, d-C
4haloalkoxy, Cr C4alkylthio, d-Calkylsulfinyl, C1-
C4alkylsulfonyl, Cr C4haloalkylthio,
C1-C4haloalkylsulfinyl, Ci-C 4haloalkylsulfonyl, nitro
or cyano. The group G denotes hydrogen, an
agriculturally acceptable cation (such as an alkali
metal cation, alkaline earth metal cation, sulfonium
cation (preferably tnXCrC Jalkylsulfonium cation,
ammonium cation, Ci-C 6alkylammonium cation,
di(C1-C6alkyl)ammonium cation, (C1- C6alkyl)ammonium
cation or tetra(C 1-C6)alkylammonium cation), or a
latentiating group. These latentiating groups G are
selected to allow its removal by one or a combination
of biochemical, chemical or physical processes to
afford compounds of formula I where G is H before,
during or following application to the treated area or
plants. Examples of these processes include enzymatic
cleavage, chemical hydrolysis and photolysis.
Compounds bearing such latentiating groups G may offer
certain advantages, such as improved penetration of
the cuticula of the plants treated, increased
tolerance of crops, improved compatibility or
stability in formulated mixtures containing other
herbicides, herbicide safeners, plant growth
regulators, fungicides or insecticides, or reduced
leaching in soils.The latentiating group G is
preferably selected from the groups G is d-C 8alkyl,
C2-C8haloalkyl, phenylCrC 8alkyl (wherein the phenyl
may optionally be substituted by Ct C3alkyl, Cr
C3haloalkyl, CrC 3alkoxy, Cr C3haloalkoxy, d-C
3alkylthio, d-C 3alkylsulfinyl, C1-C3 alkylsulfonyl,
halogen, cyano or by nitro), heteroarylCi-C 8alkyl
(wherein the heteroaryl may optionally be substituted
by Ci-C 3alkyl, Cr C3haloalkyl, Ci-C 3alkoxy, Ci-C
3haloalkoxy, Cr C3alkylthio, Cr C3alkylsulfinyl, C1-
C3 alkylsulfonyl, halogen, cyano or by nitro), C3-C8
alkenyl, C3-C8 haloalkenyl, C3-C8 alkynyl, C(Xa)-Ra,
C(Xb)-Xc-Rb, C(Xd)-N(Rc)-Rd, -SO2-R , -P(Xe)(Rf)-R9 or
CH2-Xf-Rh wherein Xa, Xb, Xc, Xd, Xe and Xf are
independently of each other oxygen or sulfur; Ra is H,
Cr C18alkyl, C2-C18alkenyl, C2-C18alkynyl, d-C
10haloalkyl, Cr C10cyanoalkyl, C1- Cionitroalkyl, CrC
10aminoalkyl, d-Csalkylaminod-Csalkyl,
di(C2-C8alkyl)aminoC 1-C5alkyl, C3- C7cycloalkylC
1-C5alkyl, d-Csalkoxyd-Csalkyl,
d-Csalkenyloxyd-Csalkyl, C3-C5alkynyloxyd- C5alkyl,
d-Csalkylthiod-Csalkyl, d-Csalkylsulfinyld-Csalkyl,
d-Csalkylsulfonyld-Csalkyl, C2- C8alkylideneaminoxyd-C
5alkyl, CrC 5alkylcarbonylCrC 5alkyl,
d-Csalkoxycarbonyld-Csalkyl, aminocarbonyld-Csalkyl,
d-Csalkylaminocarbonyld-Csalkyl,
di(C2-C8alkyl)aminocarbonyld- C5alkyl,
d-Csalkylcarbonylaminod-Csalkyl,
/V-d-Csalkylcarbonyl-ZV-d-Csalkylaminod-Csalkyl,
tri(C3-C6alkyl)silylCrC 5alkyl, phenyld-C 5alkyl
(wherein the phenyl may optionally be substituted by
d-C 3alkyl, d-C 3haloalkyl, d-C 3alkoxy, d-C
3haloalkoxy, C! -C3alkylthio, Cr C3alkylsulfinyl, d-C
3alkylsulfonyl, halogen, cyano, or by nitro),
heteroarylCrC 5alkyl, (wherein the heteroaryl may
optionally be substituted by d-C 3alkyl, Cr
C3haloalkyl, d-C 3alkoxy, d-C 3haloalkoxy, C1-
C3alkylthio, Ci-C 3alkylsulfinyl, d-C 3alkylsulfonyl,
halogen, cyano, or by nitro), C2-C5haloalkenyl,
C3-C8cycloalkyl, phenyl or phenyl substituted by d-C
3alkyl, d-C 3haloalkyl, d-C 3alkoxy, C1- C3haloalkoxy,
halogen, cyano or nitro, heteroaryl or heteroaryl
substituted by d-C 3alkyl, C1- C3haloalkyl, Cr
C3alkoxy, d-C 3haloalkoxy, halogen, cyano or nitro, Rb
is Cr C18alkyl, C3-C18alkenyl, C3-C18alkynyl,
C2-C10haloalkyl, CrC 10cyanoalkyl, C1- C10nitroalkyl,
C2-C10aminoalkyl, d-CsalkylaminoCrCsalkyl,
di(C2-C8alkyl)aminoCrC 5alkyl, C3- C7cycloalkylCrC
5alkyl, d-CsalkoxyCrCsalkyl, CrCsalkenyloxyCrCsalkyl,
Cs-CsalkynyloxyCr C5alkyl, d-Csalkylthiod-Csalkyl,
CrCsalkylsulfinyld-Csalkyl,
d-CsalkylsulfonylCrCsalkyl, C2-
Cbalkylideneaminoxyd-Csalkyl,
CrCsalkylcarbonyld-Csalkyl,
CrCsalkoxycarbonylCrCsalkyl, aminocarbonylCrC 5alkyl,
CrCsalkylaminocarbonylCrCsalkyl,
di(C2-C8alkyl)aminocarbonylCr C5alkyl,
CrCsalkylcarbonylaminoCrCsalkyl,
/V-CrCsalkylcarbonyl-ZV-CrCsalkylaminoCrCsalkyl,
tri(C3-C6alkyl)silylCrC 5alkyl, phenylCrC 5alkyl
(wherein the phenyl may optionally be substituted by
Cr C3alkyl, d-C 3haloalkyl, d-C 3alkoxy, CrC
3haloalkoxy, CrC 3alkylthio, Cr C3alkylsulfinyl, d-C
3alkylsulfonyl, halogen, cyano, or by nitro),
heteroarylCrC 5alkyl, (wherein the heteroaryl may
optionally be substituted by Cr C3alkyl, d-C
3haloalkyl, Cr C3alkoxy, CrC 3haloalkoxy, C1-
C3alkylthio, CrC 3alkylsulfinyl, CrC 3alkylsulfonyl,
halogen, cyano, or by nitro), C3-C5haloalkenyl,
C3-C8cycloalkyl, phenyl or phenyl substituted by Cr
C3alkyl, d-C 3haloalkyl, Cr C3alkoxy, C1-C3haloalkoxy,
halogen, cyano or nitro, heteroaryl or heteroaryl
substituted by Ci-C 3alkyl, C1- C3haloalkyl, CrC
3alkoxy, Cr C3haloalkoxy, halogen, cyano or nitro, Rc
and Rd are each independently of each other hydrogen,
d-C 10alkyl, C3-Ci 0alkenyl, C3- CiOalkynyl,
C2-C10haloalkyl, CrC 10cyanoalkyl, Ci-C 10nitroalkyl,
d-doaminoalkyl, C1- CsalkylaminoCrCsalkyl,
di(C2-C8alkyl)aminoC 1-C5alkyl, C3-C7cycloalkylCrC
5alkyl, C1- CsalkoxyCrCsalkyl,
CrCsalkenyloxyd-Csalkyl, Ca-Csalkynyloxyd-Csalkyl,
d-Csalkylthiod- C5alkyl, d-Csalkylsulfinyld-Csalkyl,
d-Csalkylsulfonyld-Csalkyl, C2-C8alkylideneaminoxyC 1-
C5alkyl, d-Csalkylcarbonyld-Csalkyl,
d-Csalkoxycarbonyld-Csa'kyl. aminocarbonyld-Csalkyl,
CrCsalkylaminocarbonyld-Csalkyl,
di(C2-C8alkyl)aminocarbonyld-C 5alkyl, C1-
Csalkylcarbonylaminod-Csalkyl, L/-C1-C5alkylcarbonyl-
L/-C2-C5alkylaminoalkyl, C3- C
trialkylsilylCi-Csalkyl, phenyld-C 5alkyl (wherein the
phenyl may optionally be substituted by Cr C3alkyl,
d-C 3haloalkyl, d-C 3alkoxy, d-C 3haloalkoxy, d-C
3alkylthio, d-C 3alkylsulfinyl, C1- C3alkylsulfonyl,
halogen, cyano, or by nitro), heteroaryld-C 5alkyl,
(wherein the heteroaryl may optionally be substituted
by Cr C3alkyl, Cr C3haloalkyl, C! -C3alkoxy, Ci-C
3haloalkoxy, C1- C3alkylthio, CrCsalkylsulfinyl,
C^Csalkylsulfonyl, halogen, cyano, or by nitro),
C2-C5haloalkenyl, 



C3-C8cycloalkyl, phenyl or phenyl substituted by
d-Csalkyl, C^Cshaloalkyl, CrC 3alkoxy, C1-
C3haloalkoxy, halogen, cyano or nitro, heteroaryl or
heteroaryl substituted by C1-C3 alkyl, C1-
C3haloalkyl, CrC 3alkoxy, CrC 3haloalkoxy, halogen,
cyano or nitro, heteroarylamino or heteroarylamino
substituted by C1-C3 alkyl, Cr C3haloalkyl,
CrCsalkoxy, Cr C3haloalkoxy, halogen, cyano or nitro,
diheteroarylamino or diheteroarylamino substituted by
C^Csalkyl, C1- C3haloalkyl, C-i-C3alkoxy, CrC
3haloalkoxy, halogen, cyano or nitro, phenylamino or
phenylamino substituted by d-Csalkyl, CrC 3haloalkyl,
CrC 3alkoxy, C^Cshaloalkoxy, halogen, cyano or by
nitro, diphenylamino or diphenylamino substituted by
CrC 3alkyl, Ci-C 3haloalkyl, C^Csalkoxy, C1-
C3haloalkoxy, halogen, cyano or by nitro, amino, CrC
3alkylamino, di(C 1-C3alkyl)amino, C1- C3alkoxy or
C3-C7cycloalkylamino, di(C3-C7cycloalkyl)amino or
C3-C7cycloalkoxy or Rc and Rd may join together to
form a 3-7 membered ring, optionally containing one
heteroatom selected from O or S and optionally
substituted by 1 or 2 CrCsalkyl groups. Re is CrC
10alkyl, C2-C10alkenyl, C2-C10alkynyl, CrC
10haloalkyl, C C oCyanoalkyl, C1- C10nitroalkyl, CrC
oaminoalkyl, CrCsalkylaminod-Csalkyl,
di(C2-C8alkyl)aminoCrC 5alkyl, C3- C
-cycloalkylCrCsalkyl, CrCsalkoxyCrCsalkyl,
Cs-Csalkenyloxyd-Csalkyl, Cs-CsalkynyloxyCr C5alkyl,
C^CsalkylthioCrCsalkyl, CrCsalkylsulfinyld-Csalkyl,
d-Csalkylsulfonyld-Csalkyl, C2-
CbalkylideneaminoxyCrCsalkyl,
CrCsalkylcarbonyld-Csalkyl, C
CsalkoxycarbonylCrCsalkyl, aminocarbonylC-i-Csalkyl,
CrCsalkylaminocarbonylCrCsalkyl,
di(C2-C8alkyl)aminocarbonyld- C5alkyl,
CrCsalkylcarbonylaminoCrCsalkyl,
/V-d-Csalkylcarbonyl-W-d-Csalkylaminod-Csalkyl,
^(CrCealkyOsilylC -Csalkyl, phenylC r C5alkyl (wherein
the phenyl may optionally be substituted by Cr
C3alkyl, Cr C3haloalkyl, d-C 3alkoxy, Cr C3haloalkoxy,
Cr C3alkylthio, CrCsalkylsulfinyl,d-C 3alkylsulfonyl,
halogen, cyano, or by nitro), heteroarylC r C5alkyl
(wherein the heteroaryl may optionally be substituted
by d-C 3alkyl, d-C 3haloalkyl, CrC 3alkoxy, d-C
3haloalkoxy, C1- C3alkylthio, Cr C3alkylsulfinyl, d-C
3alkylsulfonyl, halogen, cyano, or by nitro),
C2-C5haloalkenyl, C3-C8cycloalkyl, phenyl or phenyl
substituted by d-C 3alkyl, d-C 3haloalkyl, Cr
C3alkoxy, C1- C3haloalkoxy, halogen, cyano or nitro,
heteroaryl or heteroaryl substituted by Ci-C 3alkyl,
C1- C3haloalkyl, d-C 3alkoxy, CrC 3haloalkoxy,
halogen, cyano, amino or by nitro, heteroarylamino or
heteroarylamino substituted by CrC 3alkyl, d-C
3haloalkyl, d-C 3alkoxy, CrC 3haloalkoxy, halogen,
cyano or by nitro, diheteroarylamino or
diheteroarylamino substituted by Cr C3alkyl, C1-
C3haloalkyl, Cr C3alkoxy, d-C 3haloalkoxy, halogen,
cyano or nitro, phenylamino or phenylamino substituted
by d-C 3alkyl, Cr C3haloalkyl, d-C 3alkoxy,
C1-C3IIaIOaIkOXy, halogen, cyano, nitro, amino,
diphenylamino, or diphenylamino substituted by Ci-C
3alkyl, CrC 3haloalkyl, Cr C3alkoxy, d-C 3haloalkoxy,
halogen, cyano or nitro, or C3-C7cycloalkylamino, di(C
3-C7cycloalkyl)amino or C3-C7cycloalkoxy, CrC
10alkoxy, Cr C10haloalkoxy, Cr C5alkylamino or
di(C2-C8alkyl)amino Rf and R9 are each independently
of each other C r C10alkyl, C2-C10alkenyl,
C2-C10alkynyl, C1- C10alkoxy, d-dohaloalkyl, d-C
10cyanoalkyl, d-C 10nitroalkyl, d-doaminoalkyl, C1-
CsalkylaminoCrCsalkyl, dKQrC balkyOaminod-Csalkyl,
C3-C7cycloalkyld-C 5alkyl, C1- C5alkoxyCrC 5alkyl,
CrCsalkenyloxyd-Csalkyl, C3-C5alkynyloxyd-C 5alkyl,
d-Csalkylthiod- C5alkyl, d-Csalkylsulfinyld-Csalkyl,
d-Csalkylsulfonyld-Csalkyl, C2-C8alkylideneaminoxyd-
C5alkyl, d-Csalkylcarbonyld-Csalkyl,
d-Csalkoxycarbonyld-Csalkyl, aminocarbonylCrCsalkyl,
CrCsalkylaminocarbonyld-Csalkyl, di C C
alkyOaminocarbonylCrCsalkyl, C1-
Csalkylcarbonylaminod-Csalkyl, A/-CrC
5alkylcarbonyl-/\/-C 2-C5alkylaminoalkyl, W(C3-
C6alkyl)silylCrC 5alkyl, phenylC^Csalkyl (wherein the
phenyl may optionally be substituted by C1- C3alkyl,
d-C 3haloalkyl, C^Csalkoxy, C^Cshaloalkoxy,
C^Csalkylthio, C^Csalkylsulfinyl, C1- C3alkylsulfonyl,
halogen, cyano, or by nitro), heteroaryld-C 5alkyl
(wherein the heteroaryl may optionally be substituted
by d-C 3alkyl, d-C 3haloalkyl, CrC 3alkoxy,
C-i-C3haloalkoxy, C1- C3alkylthio, CrCsalkylsulfinyl,
C Csalkylsulfonyl, halogen, cyano, or by nitro),
C2-C5haloalkenyl, C3-C8cycloalkyl, phenyl or phenyl
substituted by d-C 3alkyl, Ci-C 3haloalkyl, d-C
3alkoxy, C1- C3haloalkoxy, halogen, cyano or nitro,
heteroaryl or heteroaryl substituted by d-C 3alkyl,
C1- C3haloalkyl, CrC 3alkoxy, CrC 3haloalkoxy,
halogen, cyano or by nitro, heteroarylamino or
heteroarylamino substituted by C1-C3 alkyl, d-C
3haloalkyl, d-C 3alkoxy, C^Cshaloalkoxy, halogen,
cyano or by nitro, diheteroarylamino or
diheteroarylamino substituted by d-C 3alkyl, C1-
C3haloalkyl, Cr C3alkoxy, C C3haloalkoxy, halogen,
cyano or nitro, phenylamino or phenylamino substituted
by d-C 3alkyl, d-C 3haloalkyl, d-C 3alkoxy,
C^Cshaloalkoxy, halogen, cyano or nitro, amino,
hydroxyl, diphenylamino, or diphenylamino substituted
by Cr C3alkyl, d-C 3haloalkyl, C1- C3alkoxy, CrC
3haloalkoxy, halogen, cyano or nitro, or
C3-C7cycloalkylamino, di(C 3- C7cycloalkyl)amino or
C3-C7cycloalkoxy, CrC 10haloalkoxy, Cr C5alkylamino or
di(C 2-C8alkyl)amino, benzyloxy or phenoxy, wherein
the benzyl and phenyl groups may in turn be
substituted by Cr C3alkyl, Ci-C 3haloalkyl, CrC
3alkoxy, d-C 3haloalkoxy, halogen, cyano or nitro, and
Rh is Cr CiOalkyl, C3-C10alkenyl, C3-C10alkynyl,
d-dohaloalkyl, d-docyanoalkyl, C1- C10nitroalkyl,
C2-C10aminoalkyl, d-Csalkylaminod-Csalkyl,
dKd-CealkyOaminod-Csalkyl, C3- C7cycloalkylCi-C
5alkyl, d-Csalkoxyd-Csalkyl, QrCsalkenyloxyd-Csalkyl,
C3-C5alkynyloxyC r C5alkyl, d-Csalkylthiod-Csalkyl,
d-Csalkylsulfinyld-Csalkyl,
d-Csalkylsulfonyld-Csalkyl, C2- C8alkylideneaminoxyd-C
5alkyl, CrCsalkylcarbonylCi-Csalkyl,
d-Csalkoxycarbonyld-Csalkyl, aminocarbonylCrCsalkyl,
d-Csalkylaminocarbonyld-Csalkyl, di(C
2-C8alkyl)aminocarbonylC 1- C5alkyl,
d-CsalkylcarbonylaminoCi-Csalkyl,
/V-d-Csalkylcarbonyl-AZ-d-Csalkylaminod-Csalkyl, tri(C
3-C6alkyl)silylC 1-C5alkyl, phenylCrC 5alkyl (wherein
wherein the phenyl may optionally be substituted by
Ci-C 3alkyl, d-C 3haloalkyl, C1-C3BIkOXy,
C1-C3MaIOaIkOXy, d-C 3alkylthio, C1- C3alkylsulfinyl,
C1-C3 alkylsulfonyl, halogen, cyano or by nitro),
heteroaryld-C 5alkyl (wherein the heteroaryl may
optionally be substituted by d-C 3alkyl, d-C
3haloalkyl, d-C 3alkoxy, C1- C3haloalkoxy, d-C
3alkylthio, Cr C3alkylsulfinyl, C1-C3 alkylsulfonyl,
halogen, cyano or by nitro), phenoxyd-C 5alkyl
(wherein wherein the phenyl may optionally be
substituted by d-C 3alkyl, C1- 



C3haloalkyl, Cr C3alkoxy, d-C 3haloalkoxy, Cr
C3alkylthio, Cr C3alkylsulfinyl, C1-C3 alkylsulfonyl,
halogen, cyano or by nitro), heteroaryloxyd-C 5alkyl
(wherein the heteroaryl may optionally be substituted
by d-C 3alkyl, d-C 3haloalkyl, d-C 3alkoxy, Cr
C3haloalkoxy, Cr C3alkylthio, C1- C3alkylsulfinyl,
C1-C3 alkylsulfonyl, halogen, cyano or by nitro),
C3-C5haloalkenyl, C3-C8cycloalkyl, phenyl or phenyl
substituted by d-C 3alkyl, d-C 3haloalkyl, d-C
3alkoxy, d-C 3haloalkoxy, halogen or by nitro, or
heteroaryl, or heteroaryl substituted by Cr C3alkyl,
d-C 3haloalkyl, C1- C3alkoxy, Cr C3haloalkoxy,
halogen, cyano or by nitro. In a preferred group of
compounds of the formula I, R1 is halogen, d-C 4alkyl,
d-C 4haloalkyl, C2- dalkenyl or C2-C4 alkynyl. In
another preferred group of compounds of the formula I,
R2 is aryl or heteroaryl; or aryl or heteroaryl both
substituted by halogen, C1-C4aikyl, d-C 4haloalkyl,
C2-C4alkenyl, C2- dhaloalkenyl, C2-C4alkynyl,
C1-C4BIkOXy, Cr C4haloalkoxy, phenoxy, d-C 4alkylthio,
C1- C4alkylsulfinyl, Cr C4alkylsulfonyl, Cr
C4haloalkylthio, C1-C4haloalkylsulf inyl, C1-
C4haloalkylsulfonyl, C3-C6cycloalkyl, d-C
4alkylsulfonyloxy, C ^haloalkylsulfonyloxy, C1-
C4alkoxyC r C4alkyl, d-C 4alkylthiod-C 4alkyl, CrC
4alkylsulfinylCrC 4alkyl, CrC^lkylsulfonylCr C4alkyl,
nitro, cyano, thiocyanato, hydroxy, amino, d-C
6alkylamino, Cr C6dialkylamino, C3- C6cycloalkylamino,
morpholino, thiomorpholino, CrC 6alkylcarbonylamino,
C1- C6alkoxycarbonylamino, C3-C6
alkenyloxycarbonylamino, C3-C6
alkynyloxycarbonylamino, C1-C6alkylaminocarbonylamino,
dKCr alkyOaminocarbonylamino, formyl, Cr
C6alkylcarbonyl, C2- C6alkenylcarbonyl,
C2-C6alkynylcarbonyl, carboxy, d-C 6alkoxycarbonyl,
C3- C6alkenyloxycarbonyl, Cs-C alkynyloxycarbonyl,
carboxamido, d-C alkylaminocarbonyl, CJi(C 1-
C6alkyl)aminocarbonyl, d-Cealkylcarbonyloxy, d-C
alkylaminocarbonyloxy, CJi(C1-
C6alkyl)aminocarbonyloxy or d-C
alkylthiocarbonylamino; Preferably, R2 in the
compounds of formula I is aryl or heteroaryl; or aryl
or heteroaryl both substituted by halogen, Cr C4alkyl,
Ci-C 4haloalkyl, phenoxy, C2-C4alkenyl,
C2-C4haloalkenyl, C2- C4alkynyl, Ci-C 4alkoxy, d-C
4haloalkoxy, C1-C4alkylthio, Ci-C 4alkylsulfinyl, Ci-C
4alkylsulfonyl, C1-C4haloalkylthio,
C1-C4haloalkylsulfinyl, C1-C4haloalkylsulfonyl, nitro
or cyano. More preferably, R2 is phenyl, thienyl,
furyl, pyrrolyl, isoxazolyl, oxazolyl, isothiazolyl,
thiazolyl, pyrazolyl, imidazolyl, triazolyl,
tetrazolyl, pyridyl, pyrimidinyl, pyrazinyl,
triazinyl, pyridazinyl, oxadiazolyl and thiadiazolyl,
and N-oxides and salts thereof, where these rings are
unsubstituted or substituted by halogen, Ci-C 4alkyl,
Ci-C 4haloalkyl, C2-C4alkenyl, C2-C4haloalkenyl, C2-
C4alkynyl, d-C 4alkoxy, d-C 4haloalkoxy, Cr
C4alkylthio, Cr C4alkylsulfinyl, d-C 4alkylsulfonyl,
Ci-C 4haloalkylthio, Ci-C 4haloalkylsulfinyl, d-C
4haloalkylsulfonyl, nitro or cyano. In even more
preferred compounds of the formula I, R2 is phenyl or
pyridyl or phenyl or pyridyl both substituted by
halogen, nitro, cyano, d-C 2alkyl, Ci-C 2haloalkyl,
Ci-C 2alkoxy or C1- C2haloalkoxy. In an especially
preferred group of compounds, R2 is phenyl substituted
at the para-position by halogen (in particular
chlorine or fluorine) and is optionally further
substituted by halogen, nitro, d-C 2alkyl, d-C
2haloalkyl, Ci-C 2alkoxy or Cr C2haloalkoxy.
Preferably, R3 is hydrogen (r is 0), halogen or d-C
6alkyl, especially hydrogen. Preferably, R3, if r is
1, is halogen or Cr C3alkyl. Preferred are those
compounds of the formula I , wherein R4, R5, R6 and
R7, independently of each other, are hydrogen, Ci-C
4alkyl, Ci-C 4haloalkyl, d-C 4alkoxyCi-C 4 alkyl, d-C
4alkylthioC r dalkyl, C1-C4alkylsulfinylCi-C 4alkyl,
d-C 4alkylsulfonylC r C4alkyl; C5-C7cycloalkyl or C5-
Crcycloalkyl substituted by C1- or C2alkyl or C1- or
C2haloalkyl and in which a methylene group is
optionally replaced by an oxygen or sulfur atom or a
sulfinyl or sulfonyl group; C5-C7cycloalkylC r C5alkyl
or Cs-Cycycloalkyld-Csalkyl substituted by Cr C2alkyl
or C1- or C2haloalkyl and in whicha methylene group is
optionally replaced by an oxygen or sulfur atom or a
sulfinyl or sulfonyl group. More preferably, R4, R5,
R6 and R7, independently of each other, are hydrogen,
d-C 2alkyl, C1- C2haloalkyl or C1-C2alkoxyC 1-C2alkyl.
It is also preferred that R4 and R7 are joined to form
a 4-8 membered saturated or unsaturated ring which is
unsubstituted or substituted by d-C 2alkyl, C1-
C2alkoxy or Ci-C 2alkoxyC 1-C2alkyl, while R5 and R6
independently of each other are hydrogen or d-C
2alkyl. Preferred meanings of Y are O, C=O and S. Y is
O is especially preferred. Preferably, G denotes
C(Xa)-Ra or C(Xb)-Xc-Rb, and the meanings of Xa, Ra,
Xb, Xc and Rb are as defined above. Even more
preferably, the latentiating group G is selected from
the groups C(Xa)- Ra, C(Xb)-Xc-Rb, wherein Xa, Xb and
Xc are oxygen, Ra is d-C 6alkyl, C2-C6alkenyl,
C2-C6alkynyl, C3-C6cycloalkyl or C1-C4alkoxyC
1-C4alkyl and Rb is d-C 6alkyl, C3-C6alkenyl,
C3-C6alkynyl, C3- C6cycloalkyl or C1-C4alkoxyC
1-C4alkyl. More important groups G comprise hydrogen,
an alkali metal or alkaline earth metal cation as an
agriculturally acceptable cation, where hydrogen is
particularly preferred. In a preferred group of
compounds of the formula (I), R1 is C1-C4alkyl, R2 is
phenyl or phenyl substituted by halogen or Cr C2alkyl,
R3 is hydrogen, R4, R5, R6 and R7, independently of
each other, are d-C 2alkyl, Y is O and G is hydrogen,
or R1 is d-C 4alkyl, R2 is phenyl or phenyl
substituted by halogen or C1-C2alkyl, R3 is hydrogen,
R5 and R6, independently of each other, are hydrogen
or Ci-C 2alkyl, R4 and R7 are joined to form a 4-8
membered saturated or unsaturated ring which is
unsubstituted or substituted by Cr C2alkyl, Cr
C2alkoxy or C1-C2alkoxyC 1-C2alkyl, Y is O and G is
hydrogen. In another preferred group of compounds of
the formula (I), R1 is C1-C2alkyl, R2 is phenyl
substituted by halogen, Cr C2alkoxy or C1-C2haloalkyl,
R3 is Cr C2alkyl, r is 1, R4, R5, R6 and R7,
independently of each other, are hydrogen, d-C 2alkyl,
Cr C4haloalkyl or d-dalkoxyd-dalkyl, 



or R4 and R7 are joined to form an ethylene group, Y
is O and G is hydrogen, or R1 is C1-C4alkyl, R2 is
phenyl or phenyl substituted by halogen or Cr C2alkyl,
R3 is Cr C2alkyl, R5 and R6,independently of each
other, are hydrogen or Cr C2alkyl, R4 and R7 are
joined to form a 4-8 membered saturated or unsaturated
ring which is unsubstituted or substituted by Ci-C
2alkyl, C1- C2alkoxy or CrC 2alkoxyC 1-C2alkyl, Y is O
and G is hydrogen. The invention relates also to the
salts which the compounds of formula I are able to
form with amines, alkali metal and alkaline earth
metal bases or quaternary ammonium bases. Among the
alkali metal and alkaline earth metal hydroxides as
salt formers, special mention should be made of the
hydroxides of lithium, sodium, potassium, magnesium
and calcium, but especially the hydroxides of sodium
and potassium. The compounds of formula I according to
the invention also include hydrates which may be
formed during the salt formation. Examples of amines
suitable for ammonium salt formation include ammonia
as well as primary, secondary and tertiary d-d
balkylamines, and C2-C4alkoxyalkylamines, for example
methylamine, ethylamine, p-propylamine,
isopropylamine, the four butylamine isomers,
n-amylamine, isoamylamine, hexylamine, heptylamine,
octylamine, nonylamine, decylamine, pentadecylamine,
hexadecylamine, heptadecylamine, octadecylamine,
methylethylamine, methylisopropylamine,
methylhexylamine, methylnonylamine,
methylpentadecylamine, methyloctadecylamine,
ethylbutylamine, ethylheptylamine, ethyloctylamine,
hexylheptylamine, hexyloctylamine, dimethylamine,
diethylamine, di- - propylamine, diisopropylamine,
di-p-butylamine, di-n-amylamine, diisoamylamine,
dihexylamine, diheptylamine, dioctylamine,
ethanolamine, n-propanolamine, isopropanolamine, N
Ndiethanolamine, L/-ethylpropanolamine,
L/-butylethanolamine, allylamine, n-but-2-enylamine,
npent- 2-enylamine, 2,3-dimethylbut-2-enylamine,
dibut-2-enylamine, n-hex-2-enylamine,
propylenediamine, trimethylamine, triethylamine,
tri-n-propylamine, triisopropylamine, tri-nbutylamine,
triisobutylamine, tri-sec-butylamine, tri-n-amylamine,
methoxyethylamine and ethoxyethylamine; heterocyclic
amines, for example pyridine, quinoline, isoquinoline,
morpholine, piperidine, pyrrolidine, indoline,
quinuclidine and azepine; primary arylamines, for
example anilines, methoxyanilines, ethoxyanilines, o-,
m- and p-toluidines, phenylenediamines, benzidines,
naphthylamines and o-, m- and p-chloroanilines; but
especially triethylamine, isopropylamine and
diisopropylamine. Preferred quaternary ammonium bases
suitable for salt formation correspond, for example,
to the formula [N(R RbR Rd)]OH wherein R , Rb, R and
Rd are each independently of the others C1-C4SlKyI.
Further suitable tetraalkylammonium bases with other
anions can be obtained, for example, by anion exchange
reactions.Depending on the nature of the substituents
G, R11, R . R3 , R-i4 , tR-,5 , nR66, rR-i7 and R8,
compounds of formula I may exist in different isomeric
forms. When G is hydrogen, for example, compounds of
formula I may exist in different tautomeric forms:
Furthermore, when Y is C=O and R!>4 :is, hydrogen,
further compounds of formula I may exist in different
tautomeric forms: Also, when substituents contain
double bonds, cis- and frans-isomers can exist. This
invention covers all such isomers and tautomers and
mixtures thereof in all proportions. These isomers,
too, are within the scope of the claimed compounds of
the formula I . A compound of formula (I) wherein G is
Cr C8alkyl, C2-C8haloalkyl, phenylCr C8alkyl (wherein
the phenyl may optionally be substituted by Cr
C3alkyl, Ci-C 3haloalkyl, d-C 3alkoxy, Cr
C3haloalkoxy, Ci-C 3alkylthio, CrCsalkylsufinyl,
CrCsalkylsulfonyl, halogen, cyano or by nitro),
heteroarylCi-C 8alkyl (wherein the heteroaryl may
optionally be substituted by Ci-C 3alkyl, Cr
C3haloalkyl, Cr C3alkoxy, Cr C3haloalkoxy, Ci-C
3alkylthio, CrCsalkylsufinyl, Cr C3alkylsulfonyl,
halogen, cyano or by nitro), C3-C8alkenyl,
C3-C8haloalkenyl, C3-C8alkynyl, C(Xa)-Ra, C(Xb)-Xc-Rb,
C(Xd)-N(Rc)-Rd, -SO2-Re, -P(Xe)(Rf)-R9 or CH2-Xf-Rh
where Xa, Xb, Xc, Xd, Xe, Xf , Ra, Rb, Rc, Rd, Re, Rf,
R9 and Rh are as defined above may be prepared by
treating a compound of formula (A), which is a
compound of formula (I) wherein G is H, with a reagent
G-Z, wherein G-Z is an alkylating agent such as an
alkyl halide (the definition of alkyl halides includes
simple C1-C8 alkyl halides such as methyl iodide and
ethyl iodide, substituted alkyl halides such as
chloromethyl alkyl ethers, Cl- CH2-Xf-Rh, wherein Xf
is oxygen, and chloromethyl alkyl sulfides
CI-CH2-Xf-Rh, wherein Xf is sulfur), a Cr C8alkyl
sulfonate, or a di(C1-C8alkyl) sulfate, or with a
C3-C8alkenyl halide, or with a C3-C8alkynyl halide, or
with an acylating agent such as a carboxylic acid,
HOC(Xa)Ra, wherein Xa is oxygen, an acid chloride,
CI-C(Xa)Ra, wherein Xa is oxygen, or acid anhydride,
[RaC(Xa)]2O, wherein Xa is oxygen, or an isocyanate, R
N=C=O, or a carbamoyl chloride, CI-C(Xd)-N(R)-Rd
(wherein Xd is oxygen and with the proviso that
neither Rc or Rd is hydrogen), or a thiocarbamoyl
chloride CI-(Xd)-N(Rc)-Rd (wherein Xd is sulfur and
with the proviso that neither Rc or Rd is hydrogen) or
a chloroformate, CI-C(Xb)-Xc-Rb, (wherein Xb and Xc
are oxygen), or a chlorothioformate CI-C(Xb)-Xc-Rb
(wherein Xb is oxygen and Xc is sulfur), or a
chlorodithioformate CI-C(Xb)-X-Rb, (wherein Xb and Xc
are sulfur), or an isothiocyanate, R0N=C=S, or by
sequential treatment with carbon disulfide and an
alkylating agent, or with a phosphorylating agent such
as a phosphoryl chloride, CI-P(Xe)(Rf)-R9 or with a
sulfonylating agent such as a sulfonyl chloride
CI-SO2-Re, preferably in the presence of at least one
equivalent of base. Where substituents R4 and R5 are
not equal to substituents R6 and R7, these reactions
may produce, in addition to a compound of formula (I),
a second compound of formula (IA). This invention
covers both a compound of formula (I) and a compound
of formula (IA), together with mixtures of these
compounds in any ratio. formula (A) (D (IA) The
O-alkylation of cyclic 1,3-diones is known; suitable
methods are described, for example, by T. Wheeler,
US4436666. Alternative procedures have been reported
by M. Pizzorno and S. Albonico, Chem. Ind. (London),
(1972), 425-426; H. Born et al., J. Chem. Soc, (1953),
1779- 



1782; M. G. Constantino etal., Synth. Commun., (1992),
22 (19), 2859-2864; Y. Tian et al., Synth. Commun.,
(1997), 27 (9), 1577-1582; S. Chandra Roy etal., Chem.
Letters, (2006), 35 (1), 16-17; P. K. Zubaidha et al.,
Tetrahedron Lett., (2004), 45, 7187-7188. The
O-acylation of cyclic 1,3-diones may be effected by
procedures similar to those described, for example, by
R. Haines, US4175135, and by T. Wheeler, US4422870,
US4659372 and US4436666. Typically diones of formula
(A) may be treated with an acylating agent preferably
in the presence of at least one equivalent of a
suitable base, and optionally in the presence of a
suitable solvent. The base may be inorganic, such as
an alkali metal carbonate or hydroxide, or a metal
hydride, or an organic base such as a tertiary amine
or metal alkoxide. Examples ofsuitable inorganic bases
include sodium carbonate, sodium or potassium
hydroxide, sodium hydride, and suitable organic bases
include trialkylamines, such as thmethylamine and
triethylamine, pyridines or other amine bases such as
1,4-diazobicyclo[2.2.2]-octane and 1,8-
diazabicyclo[5.4.0]undec-7-ene. Preferred bases
include triethylamine and pyridine. Suitable solvents
for this reaction are selected to be compatible with
the reagents and include ethers such as
tetrahydrofuran and 1,2-dimethoxyethane and
halogenated solvents such as dichloromethane and
chloroform. Certain bases, such as pyridine and
triethylamine, may be employed successfully as both
base and solvent. For cases where the acylating agent
is a carboxylic acid, acylation is preferably effected
in the presence of a known coupling agent such as
2-chloro-1- methylpyridinium iodide,
L/,L/'-dicyclohexylcarbodiimide,
1-(3-dimethylaminopropyl)-3- ethylcarbodiimide and
L/,L/'-carbodiimidazole, and optionally in the
presence of a base such as triethylamine or pyridine
in a suitable solvent such as tetrahydrofuran,
dichloromethane or acetonitrile. Suitable procedures
are described, for example, by W. Zhang and G. Pugh,
Tetrahedron Lett., (1999), 40 (43), 7595-7598; T.
lsobe and T. Ishikawa, J. Org. Chem., (1999), 64 (19),
6984-6988 and K. Nicolaou, T. Montagnon, G.
Vassilikogiannakis, C. Mathison, J. Am. Chem. Soa ,
(2005), 127(24), 8872-8888. Phosphorylation of cyclic
1,3-diones may be effected using a phosphoryl halide
orthiophosphoryl halide and a base by procedures
analogous to those described by L. Hodakowski,
US4409153. Sulfonylation of a compound of formula (A)
may be achieved using an alkyl or aryl sulfonyl
halide, preferably in the presence of at least one
equivalent of base, for example by the procedure of C.
Kowalski and K. Fields, J. Org. Chem., (1981), 46,
197-201 . Compounds of formula (A), wherein Y is S(O)
, and m is 1 or 2 may be prepared from compounds of
formula (A) wherein Y is S by oxidation, according to
a procedure analogous to that of E. Fehnel and A.
Paul, J. Am. Chem. Soc, (1955), 77, 4241-4244. A
compound of formula (A), wherein Y is O, S or C=O may
be prepared via the cyclisation of a compound of
formula (B), preferably in the presence of an acid or
base, and optionally in the presence of a suitable
solvent, by analogous methods to those described by T.
Wheeler, US4209532. The compounds of the formula (B)
have been particularly designed as intermediates in
the synthesis of the compounds of the formula I.
Compounds of formula (B) wherein R is hydrogen or d-C
4alkyl, (especially methyl, ethyl and ferf-butyl) may
be cyclised under acidic conditions, preferably in the
presence of a strong acid such as sulfuric acid,
polyphosphoric acid or Eaton's reagent, optionally in
the presence of a suitable solvent such as acetic
acid, toluene or dichloromethane.formula (B) formula
(A) A compound of formula (B) wherein R is alkyl
(preferably methyl or ethyl) may be cyclised under
acidic or basic conditions, preferably under basic
conditions in the presence of at least one equivalent
of a strong base such as potassium tert-butoxide,
lithium diisopropylamide, sodium
bis(trimethylsilyl)amide or sodium hydride and in a
solvent such as tetrahydrofuran, toluene,
dimethylsulfoxide or L/ ,L/-dimethylformamide. A
compound of formula (B), wherein R is H may be
esterified to a compound of formula (B), wherein R is
alkyl, under known conditions (for example by
treatment with an alcohol, R-OH, in the presence of an
acid catalyst). A compound of formula (B), wherein R
is H may be prepared by hydrolysis of a compound of
formula (C) wherein R is H or alkyl and R' is alkyl
(preferably methyl or ethyl), followed by
acidification of the reaction mixture to effect
decarboxylation, by similar processes to those
described by, for example, T. Wheeler, US4209532.
Alternatively, a compound of formula (B), wherein R is
alkyl (preferably methyl) may be prepared from a
compound of formula (C), wherein R is alkyl
(preferably methyl), through a Krapcho decarboxylation
procedure under known conditions using known reagents
(see for example G. Quallich, P. Morrissey, Synthesis,
(1993), (1), 51-53). n formula (B) A compound of
formula (C) wherein R is alkyl may be prepared by
treating a compound of formula (D) with a suitable
carboxylic acid chloride of formula (E) wherein R is
alkyl under basic conditions. Suitable bases include
potassium tert-butoxide, sodium
bis(trimethyl-silyl)amide andlithium diisopropylamide
and the reaction is preferably conducted in a suitable
solvent (such as tetrahydrofuran or toluene) at a
temperature of between -80 0C and 30 0C: formula (C)
formula (E) Alternatively, a compound of formula (C),
wherein R is H, may be prepared by treating a compound
of formula (D) with a suitable base (such as potassium
tert-butoxide, sodium bis(trimethylsilyl)amide and
lithium diisopropylamide) in a suitable solvent (such
as tetrahydrofuran or toluene) at a suitable
temperature (between -80 C and 30 0C) and reacting the
resulting anion with a suitable anhydride of formula
(F): formula (F) 



Compounds of formula (E) and formula (F) are known
(see, for example T. Terasawa and T. Okada, J. Org.
Chem., (1977), 42 (7), 1163-1 169 and G. Bennett, W.
Houlihan, R. Mason, and R. Engstrom, J. Med. Chem.,
(1976), 19 (5), 709-14) or may be made by similar
methods from commercially available starting
materials. Using similar procedures to those outlined
above, and starting from a halogenated phenylacetic
acid ester of formula (G) (wherein Hal is chlorine,
bromine or iodine), a compound of formula (H) may be
prepared. In turn, this may be converted into a
compound of formula (A) where R2 is an aryl or
heteroaryl, by reaction with a coupling partner such
as an aryl or heteroaryl boronic acid, R2-B(OH)2, or a
suitable salt or ester thereof, under
palladium-catalysed conditions, preferably
Suzuki-Miyaura conditions.The compound of the formula
H has been particularly designed as an intermediate
for the synthesis of the compounds of the formula (I).
acylation formula (G) hydrolysis and decarboxylation
cyclisation formula (H) formula (I) Suzuki-Miyaura
Suzuki-Miyaura or N-arylation or N-arylation
cyclisation formula (A) Conditions suitable for
effecting the Suzuki-Miyaura cross-coupling of an aryl
halide of formula (H) with an aryl- or
heteroarylboronic acid of formula R2-B(OH) 2, or a
suitable salt or ester thereof, are known in the
literature (see, for example K. Billingsley and S.
Buchwald, J. Am. Chem. Soc, (2007), 129, 3358-3366; H.
Stefani, R. CeIIa and A. Vieira, Tetrahedron, (2007),
63, 3623-3658; N. Kudo, M. Perseghini and G. Fu,
Angew. Chem. Int. Ed., (2006), 45, 1282-1284; A.
Roglans, A. Pla-Quintana and M. Moreno-Manas, Chem.
Rev., (2006), 106, 4622-4643; J-H Li, Q-M Zhu and Y-X
Xie, Tetrahedron (2006), 10888-10895; S. Nolan et a/.,
J. Org. Chem., (2006), 71, 685-692; M. Lysen and K.
Kohler, Synthesis, (2006), 4, 692-698; K. Anderson and
S.Buchwald, Angew. Chem. Int. Ed., (2005), 44,
6173-6177; Y. Wang and D. Sauer, Org. Lett., (2004), 6
(16), 2793-2796; I. Kondolff, H. Doucet and M,
Santelli, Tetrahedron, (2004), 60, 3813- 3818; F.
Bellina, A. Carpita and R. Rossi, Synthesis (2004),
15, 2419-2440; H. Stefani, G. Molander, C-S Yun, M.
Ribagorda and B. Biolatto, J. Org. Chem., (2003), 68,
5534-5539; A. Suzuki, Journal of Organometallic
Chemistry, (2002), 653, 83; G. Molander and C-S Yun,
Tetrahedron, (2002), 58, 1465-1470; G. Zou, Y. K.
Reddy and J. Falck, Tetrahedron Lett., (2001), 42,
4213-7215; S. Darses, G. Michaud and J-P. Genet, Eur.
J. Org. Chem., (1999), 1877-1883; M. Beavers etal.,
WO2005/0 12243; J. Org. Chem. (1994), 59, 6095-6097;
A. Collier and G. Wagner, Synthetic Communications,
(2006), 36; 3713-3721). Alternatively, a compound of
formula (A) may be prepared by a Suzuki-Miyaura
cross-coupling of a compound of formula (I), wherein
Hal is chlorine, bromine, iodine or a pseudohalogen
such as CrC 4haloalkylsulfonate, especially triflate,
with an aryl or heteroaryl boronic acid, of formula
R2- B(OH)2, or a suitable salt or ester thereof,
followed by cyclisation under conditions previously
described for a compound of formula (B). In a further
approach, a compound of formula (A) wherein R2 is an
azine N-oxide such as a pyridine N-oxide, a pyrimidine
N-oxide, pyridazine N-oxide or pyrazine N-oxide, may
be prepared from a compound of formula (H) by reaction
with a suitable azine-N-oxide under conditions
described by L. Campeau, S. Rousseaux and K. Fagnou,
J. Am. Chem. Soc, (2005), 127, 18020 and by J-P.
Leclerc and K. Fagnou, Angew. Chem. Int. Ed., (2006),
45, 7781-7786. The resulting N-oxide may be treated
with known reagents under known conditions (for
example reduction with hydrogen or ammonium formate in
the presence of a suitable catalyst) to afford
additional compounds of formula (I). Additional
compounds of formula (A), wherein R2 is a
heteroaromatic ring linked to the phenyl ring through
a nitrogen atom, may be obtained by an Ullmann-type
coupling (this reaction is also known in the
literature as an N-arylation) of a compound of formula
(H), or a compound of formula (I), with an N-H
containing heteroaromatic compound, R2-H, in the
presence of a suitable catalyst, a suitable ligand, a
suitable base and in a suitable solvent as described
by, for example, M. Taillefer, N. Xia and A. Ouali,
Angew. Chem. Int. Ed., (2007), 46 (6), 934-936; H.
Zhang, Q. Cai, D. Ma, J. Org. Chem., (2005), 70,
5164-5173; J. Antilla, J. Baskin, T. Barder and S.
Buchwald, J. Org. Chem., (2004), 69, 5578-5587 and A.
Thomas and S. Ley, Angew. Chem. Int. Ed., 2003, 42,
5400-5449 and references therein.In a further
approach, a compound of formula (A) wherein Y is O, S
or C=O, may be prepared by reaction of a compound of
formula (J) with an aryllead tricarboxylate, in the
presence of a suitable ligand and in a suitable
solvent. Similar reactions are described in the
literature (for example see, J. Pinhey, B. Rowe, Aust.
J. Chem., (1979), 32, 1561-6; J. Morgan, J. Pinhey, J.
Chem. Soc. Perkin Trans. 1, (1990), 3 , 715-20).
Preferably the aryllead tricarboxylate is an aryllead
triacetate of formula (K). Preferably the ligand is a
nitrogen containing heterocycle such as
L/,L/-dimethylaminopyridine, 1,10-phenanthroline
pyridine, bipyridine, or imidazole, and one to ten
equivalents of ligand with respect to a compound of
formula (J) is preferably used. Most preferably the
ligand is L/ ,L/-dimethylaminopyridine. The solvent is
preferably chloroform, dichloromethane or toluene,
most preferably chloroform, or a mixture of chloroform
and toluene. Preferably the reaction is conducted at a
temperature of -1O0C to 1000C, most preferably at 40-
900C). formula (J) formula (K) formula (A) 



Compounds of formula (J), wherein Y is O, are known
compounds or may be prepared by routes analogous to
those described in the literature (see, for example,
M. Morgan and E. Heyningen, J. Am. Chem Soc, (1957),
79, 422-424; I . Korobitsyna and K. Pivnitskii,
Russian Journal of General Chemistry, (1960), 30,
4016-4023; T. Terasawa, and T. Okada, J. Org. Chem.,
(1977), 42 (7), 1163-1 169; R. Anderson et al.
US5089046; R. Altenbach, K. Agrios, I. Drizin and W.
Carroll, Synth. Commun., (2004), 34 (4) 557-565; R.
Beaudegnies etal., WO2005/1 23667; W. Li, G. Wayne, J.
Lallaman, S. Chang, and S. Wittenberger, J. Org. Chem.
(2006), 71, 1725-1727; R. Altenbach, M. Brune, S.
Buckner, M. Coghlan, A. Daza, A. Fabiyi, M.
Gopalakhshnan, R. Henry, A. Khilevich, M. Kort, I.
Milicic, V. Scott, J. Smith, K. Whiteaker, and W.
Carroll, J. Med. Chem, (2006), 49(23), 6869-6887;
Carroll era/., WO 2001/083484 A1; J. K. Crandall, W.
W. Conover, J. Org. Chem. (1978), 43(18), 3533-5; I.
K. Korobitsyna, O. P. Studzinskii, Chemistry of
Heterocyclic Compounds (1966), (6), 848-854).
Compounds of formula (J), wherein Y is S, are known
compounds or may be prepared by routes analogous to
those described in the literature (see, for example,
E. Fehnel and A. Paul, J. Am. Chem Soc, (1955), 77,
4241-4244; E. Er and P. Margaretha, Helvetica Chimica
Acta (1992), 75(7), 2265-69; H. Gayer et al., DE
3318648 A1). Compounds of formula (J), wherein Y is
C=O, are known compounds or may be prepared byroutes
analogous to those described in the literature (see,
for example, R. Gtz and N. Gdtz, WO200 1/060776 R. Gtz
et al. WO 2000/075095; M. Benbakkar etal., Synth.
Commun. (1989) 19(18) 3241-3247; A. Jain and T.
Seshadri, Proc. Indian Acad. Sci. Sect. A, (1955), 42,
279); N. Ahmad etal., J. Org. Chem., (2007), 72(13),
4803-4815); F. Effenberger et al., Chem. Ber., (1986),
119, 3394-3404 and references therein). A compound of
formula (K) may be prepared from a compound of formula
(L) by treatment with lead tetraacetate in a suitable
solvent (for example chloroform) at 250C to 1000C
(preferably 25- 50C), and optionally in the presence
of a catalyst such as mercury diacetate, according to
procedures described in the literature (for example
see, K. Shimi, G. Boyer, J-P. Finet and J-P. GaIy,
Letters in Organic Chemistry, (2005), 2 , 407-409; J.
Morgan and J. Pinhey, J. Chem. Soc. Perkin Trans. 1;
(1990), 3 , 715-720). formula (L) formula (K) An aryl
boronic acid of formula (L) may be prepared from an
aryl halide of formula (M), wherein Hal is bromine or
iodine by known methods (see, for example, W. Thompson
and J. Gaudino, J. Org. Chem, (1984), 49, 5237-5243
and R. Hawkins etal., J. Am. Chem. Soc, (1960), 82,
3053- 3059). Thus an aryl halide of formula (M) may be
treated with an alkyl lithium or alkyl magnesium
halide at low temperature, and the aryl magnesium or
aryl lithium reagent obtained is allowed to react with
a trialkyl borate, B(OR") 3, preferably
trimethylborate, to give an aryl dialkylboronate which
may be hydrolysed to the desired boronic acid of
formula (L) under acidic conditions. Alternatively the
same overall transformation of compound (M) to
compound (L) may be achieved through a
palladium-catalysed borylation reaction under known
conditions using known reagents (see for example T.
Ishiyama, M. Murata, N. Miyaura, J. Org. Chem. (1995),
60, 7508-7501 ; and K. L . Billingsley, T. E. Barder,
S. L. Buchwald, Angew. Chem. Int. Ed. (2007), 46,
5359-5363), followed by hydrolysis of the intermediate
boronate ester.formula (M) 3 . H3O+ formula (L)
Pd-catalysed borylation hydrolysis Aryl halides of
formula (M) are known compounds or may be made by
known methods from known compounds. For example, an
aryl halide of formula (M) may be prepared from an
aniline of formula (N) by known methods, for example
the Sandmeyer reaction, via the corresponding
diazonium salt (see, for example, J. March, Advanced
Organic Chemistry, 3rd Edition, John Wiley and Sons,
pages 647-648 and references therein. For additional
examples see also W. Denney et al., J. Med. Chem.,
(1991), 34, 217-222; P. Knochel et al., Synthesis,
(2007), No. 1, 81-84). Additionally, a compound of
formula (N) may be converted directly to a compound of
formula (L) via a palladium-catalysed borylation of an
intermediate aryl diazonium salt under known
conditions using known reagents (see for example D. M.
Willis, R. M. Strongin, Tetrahedron Lett. (2000), 4 1,
8683-8686), followed by hydrolysis of the intermediate
boronate ester. 1. Diazotisation 2.Borylation 3.
Hydrolysis formula (L) formula (N) formula (M)
Anilines of formula (N) are known compounds, or may be
made from known compounds by known methods. For
example, an aniline of formula (N) may be prepared
from an nitrobenzene of formula (O) (wherein Hal is
chlorine, bromine, iodine, or a pseudohalogen such as
C1- C4haloalkysulfonate, especially triflate) by
reaction with an aryl- or heteroaryl- boronic acid,
R2- B(OH)2, or a suitable salt or ester thereof, under
Suzuki-Miyaura conditions, or with an N-H containing
heteroaromatic ring, R2-H, under N-arylation
conditions, followed by reduction of thenitro group by
standard methods. Alternatively, a compound of formula
(O) may first be reduced to an aniline, and the
aniline cross-coupled under Suzuki-Miyaura conditions
(see, for example A. Maj, L. Delaude, A. Demonceau and
A. Noels, Tetrahedron, (2007), 63, 2657-2663; F.
Bellina, A. Carpita and R. Rossi, Synthesis (2004),
15, 2419-2440 and A. Suzuki, Journal of Organometallic
Chemistry, (2002), 653, 83-90) Suzuki-Miyaura or
N-arylation formula (O) reduction 



reduction Suzuki-Miyaura formula (N) Nitrobenzenes of
formula (O) are known compounds, or may be prepared
from known compounds, by known methods. In a further
approach, a compound of formula (A) may be prepared
from a compound of formula (P) by reaction with an
aryl boronic acid of formula (L) in the presence of a
suitable palladium catalyst and a base, preferably in
a suitable solvent. Suitable palladium catalysts are
generally palladium(ll) or palladium(O) complexes, for
example palladium(ll) dihalides, palladium(ll)
acetate, palladium(ll) sulfate,
bis(triphenylphosphine)palladium(ll) dichloride,
bis(tricyclopentylphosphine) palladium(ll) dichloride,
bis(tricyclohexylphosphine)palladium(ll) dichloride,
bis(dibenzylideneacetone)palladium(0) or
tetrakis(triphenylphosphine)-palladium(0). The
palladium catalyst can also be prepared "in situ" from
palladium(ll) or palladium(O) compounds by complexing
with the desired ligands, by, for example, combining
the palladium(ll) salt to be complexed, for example
palladium(ll) dichloride (PdCI2) or palladium(ll)
acetate (Pd(OAc)2) , together with the desired ligand,
for example triphenylphosphine (PPh3) ,
tricyclopentylphosphine or tricyclohexylphosphine and
the selected solvent, with a compound of formula (P),
a compound of formula (L) and a base. Also suitable
are bidendate ligands, for example
1,1'-bis(diphenylphosphino)ferrocene or
1,2-bis(diphenylphosphino)ethane. By heating the
reaction medium, the palladium(ll) complex or
palladium(O) complex desired for the C-C coupling
reaction is thus formed "in situ", and then initiates
the C-C coupling reaction. The palladium catalysts are
used in an amount of from 0.001 to 50 mol %,
preferably in an amount of from 0.1 to 15 mol %, based
on the compound of formula (P). More preferably the
palladium source is palladium acetate, the base is
lithium hydroxide and the solvent is a mixture of
1,2-dimethoxyethane and water in a ratio of 4:1 to
1:4. The reaction may also be carried out in the
presence of other additives, such as tetralkylammonium
salts, for example, tetrabutylammonium bromide:
catalyst base, additive, solvent formula (L) A
compound of formula (P) may be prepared from a
compound of formula (J) by treatment with
(diacetoxy)iodobenzene according to the procedures of
K. Schank and C. Lick, Synthesis, (1983), 392-395, or
of Z Yang etal., Org. Lett., (2002), 4 (19),
3333-3336: formula (J) formula (P) In a further
approach a compound of formula (A) may be prepared via
the rearrangement of a compound of formula (Q), in the
presence of a reagent which promotes rearrangement,
such as a metal alkoxide (preferably in an amount
equal to or greater than 100% with respect to compound
of formula (Q)) or cyanide anion (for example
0.001-25% potassium cyanide, 0.001- 25% sodium
cyanide), or a cyanohydrin (preferably 0.001-25%
acetone cyanohydrin with respect to a compound of
formula (Q)). This reaction is optionally performed in
a suitable solvent (for example acetonitrile) at a
suitable temperature (typically 25-100 0C) and with a
suitable base (such as triethylamine).reagent, base
solvent, 250C to 1000C formula (Q) formula (A) A
compound of formula (Q) may be prepared from a
compound of formula (R) by treatment with a catalyst
which promotes lactonisation (such as palladium(ll)
dichloride, gold(l) chloride or silver carbonate),
preferably 0.001-50% silver carbonate with respect to
compound of formula (R), in the presence of a suitable
solvent (for example acetonitrile) at a suitable
temperature (typically 25C to 1500C), and optionally
under microwave irradiation. Similar lactonisations
are known in the literature (see for example P. Huang
and W. Zhou, Tetrahedron Asymmetry (1991), 2 (9),
875-878; and H. Harkat, J-M. Weibel, P. Pale,
Tetrahedron Letters (2006), 47(35), 6273-6276).
formula (R) formula (Q) A compound of formula (R) may
be prepared by the hydrolysis of a compound of formula
(S) where R' is alkyl (preferably methyl or ethyl),
and a compound of formula (S) may be prepared from a
compound of formula (T) by Sonogashira coupling with a
compound of formula (M) in the presence of a suitable
palladium catalyst (for example
bis(triphenylphosphine) palladium(ll) dichloride,
tetrakis(triphenylphosphine)palladium(0) or palladium
acetate in the presence of a suitable ligand), in an
amount typically 0.001-25% of compound of formula (T),
optionally in the presence of a suitable copper
co-catalyst (for example copper(l) iodide in an amount
typically 0.001-50% of compound of formula (T), a
suitable base (such as diethylamine, triethylamine,
piperidine or pyrrolidine) which may also be used as
the solvent, or optionally in an alternative solvent
such as 1,4-dioxane, L/ ,L/-dimethylacetamide or L/
,L/-dimethylformamide, and optionally under microwave
irradiation. Similar Sonogashira couplings are known
in the literature (see for example see, J. Vara
Prasad, F. Boyer, L . Chupak, M. Dermyer, Q. Ding, K.
Gavardinas, S.Hagen, M. Huband, W. Jiao, T. Kaneko, S.
N. Maiti, M. Melnick, K. Romero, M. Patterson, X. Wu,
Bioorganic and Medicinal Chemistry Letters (2006),
16(20), 5392-5397, N. Leadbeater and B. Tominack,
Tetrahedron Lett., (2003), 8653-8656, Z. Gan and R.
Roy, Canadian Journal of Chemistry (2002), 80 (8),
908-916 and K. Sonogashira, J. Organomet. Chem.,
(2002), 653, 46- 49 and references therein). formula
(M) 



catalyst base, solvent formula (S) formula (R)
Compounds of formula (T) are known compounds or may be
prepared by routes analogous to those described in the
literature (see, for example, I. Drizin etal, WO200
1/066544; M. Yamamoto, Journal of Chemical Research,
Synopses (1991), (7), 165; P. Machin, US 4774253; M.
Morgan and E. Heyningen, J. Am. Chem Soc, (1957), 79,
422-424; N. Petiniot, A. J. Anciaux, A. F. Noels, A.
J. Hubert, P. Teyssie, Tetrahedron letters, 1978, 14,
1239-42, and A. F. Noels, A. Demonceau, N. Petiniot,
A. J. Hubert, P. Teyssie, Tetrahedron (1982), 38(17),
2733- 9). In a further approach, a compound of formula
(A) may be prepared from a compound of formula (I) or
(1A) (wherein G is Ci 4 alkyl) by hydrolysis,
preferably in the presence of an acid catalyst such as
hydrochloric acid and optionally in the presence of a
suitable solvent such as tetrahydrofuran. A compound
of formula (1) or (1A) (wherein G is preferably C1-4
alkyl) may be prepared by reacting a compound of
formula (U) (wherein G is preferably Ci -4 alkyl, and
Hal is ahalogen, preferably bromine or iodine), with
an aryl boronic acid of formula (L) in the presence of
a suitable palladium catalyst (for example 0.001-50%
palladium(ll) acetate with respect to compound (U))
and a base (for example 1 to 10 equivalents potassium
phosphate with respect to compound (U)) and preferably
in the presence of a suitable ligand (for example
0.001-50% (2-
dicyclohexy!phosphino)-2',6'-dimethoxybiphenyl with
respect to compound (U)), and in a suitable solvent
(for example toluene), preferably between 25C and
2000C. Similar couplings are known in the literature
(see for example, Y. Song, B. Kim and J.-N. Heo,
Tetrahedron Letters (2005), 46 (36), 5987-5990).
catalyst, ligand base, solvent formula (L) formula (A)
A compound of formula (U) may be prepared by
halogenating a compound of formula (J), followed by
alkylation of the resulting halide of formula (V) with
a C1-4 alkyl halide or -C1-4- alkylorthoformate under
known conditions, for example by the procedures of R.
Shepherd and A. White (J. Chem. Soc. Perkin Trans. 1
(1987), 2153-2155) and Y.-L Lin etal. (Bioorg. Med.
Chem. (2002), 10, 685-690). Alternatively, a compound
of formula (U) may be prepared by alkylating a
compound of formula (J) with an alkylating agent such
as C1-4 alkyl halide or a W-C1- 4-alkylorthoformate,
and halogenating the resulting enone of formula (W)
under known conditions (see for example Y. Song, B.
Kim and J.-N. Heo, Tetrahedron Letters (2005), 46(36),
5987- 5990).halogenation alkylation formula (U)
alkylation halogenation formula (W) In a further
approach, a compound of formula (A) may be prepared by
reacting a compound of formula (J) with a compound of
formula (M) in the presence of a suitable palladium
catalyst (for example 0.001-50% palladium(ll) acetate
with respect to compound (J)) and a base (for example
1 to 10 equivalents potassium phosphate with respect
to compound (J)) and preferably in the presence of a
suitable ligand (for example 0.001-50%
(2-dicyclohexylphosphino)-2',4',6'-
triisopropylbiphenyl with respect to compound (J)),
and in a suitable solvent (for example dioxane),
preferably between 25C and 2000C and optionally under
microwave heating. Similar couplings are known in the
literature (see for example, J. Fox, X. Huang, A.
Chieffi, S. Buchwald, J. Am. Chem. Soc. (2000), 122,
1360-1370; B. Hong etal. WO 2005/000233).
Alternatively, a compound of formula (A) may be
prepared by reacting a compound of formula (J) with a
compound of formula (M) in the presence of a suitable
copper catalyst (for example 0.001-50% copper(l)
iodide with respect to compound (J)) and a base (for
example 1 to 10 equivalents cesium carbonate with
respect to compound (J)) and preferably in the
presence of a suitable ligand (for example 0.001-50%
L-proline with respect to compound (J)), and in a
suitable solvent (for example dimethylsulfoxide),
preferably between 25C and 2000C. Similar couplings
are known in the literature (see for example, Y.
Jiang, N. Wu, H. Wu, M. He, Synlett, (2005), 18,
2731-2734, X. Xie, G. Cai, D. Ma, Organic Letters
(2005), 7(21), 4693-4695).catalyst, ligand base,
solvent formula (J) formula (M) In a further approach,
a compound of formula (A) may be prepared from a
compound of formula (X) by cross coupling with an
aryl- or heteroaryl-halide, R2-Hal, where Hal is
preferably chlorine, bromine, iodine or a pseudohalide
such as C1-C4haloalkylsulfonate, especially triflate,
under Suzuki-Miyaura conditions described previously,
or with an N-H containing heteroaromatic compound,
R2-H, under copper-catalysed conditions as described,
for example, by P. Lam et al.. Tetrahedron Lett.,
(1998), 39 (19), 2941-2944, and P. Lam, G. Vincent, C.
G. Clark, S. Deudon, P. K. Jadhav, Tetrahedron Lett.,
(2001), 42, 3415-3418). The compound of the formula X
has been particularly designed as an intermediate for
the synthesis of the compounds of the formula (I).
formula formula (A) (X) A compound of formula (X) may
be prepared from a compound of formula (H) (wherein
Hal is 



preferably iodine or bromine) by treatment with a
suitable base (such as sodium hydride or potassium
hydride), in a suitable solvent (such as
tetrahydrofuran or diethyl ether) followed by a
metal-halogen exchange reaction (preferably by
treatment with an alkyllithium reagent such as
nbutyllithium, sec-butyllithium or terf-butyllithium,
or an organomagnesium reagent such as isopropyl
magnesium chloride) and subsequent treatment with a
trialkylborate, B(OR") 3, (preferably trimethylborate)
to give an arylboronate of formula (Y). A compound of
formula (Y) may be hydrolysed under acidic conditions
to give a boronic acid of formula (X). Alternatively a
compound of formula (X) may be prepared from a
compound of formula (H) (wherein Hal is preferably
iodine, bromine, chlorine or a pseudohalide such as a
CVC^aloalkylsulfonate,especially triflate) under known
palladium-catalysed borylation conditions similar to
those referenced for the preparation of compound (L).
formula (H) formula (Y) H3O+ Pd-catalysed borylation
then hydrolysis A compound of formula (H) may be
prepared as described previously. Alternatively, a
compound of formula (H) may be prepared from a
compound of formula (J) by reaction with a compound of
formula (Z) under conditions similar to those used for
the preparation of a compound of formula (A) from a
compound of formula (K). base, solvent formula (J)
formula (Z) A compound of formula (Z) may be prepared
from a compound of formula (Y) by methods similar to
those described above for the preparation of a
compound of formula (K) from a compound of formula
(L).formula (Z) formula (Y) Compounds of formula (Z)
are known compounds (see, for example, R. Gross etal.,
J. Med. Chem., (2005), 48, 5780-5793, S. Marcuccio et
al., WO99/12940, and W.-W. Liao and T. Muller, Synlett
(2006), 20, 3469-3473), or may be made by known
methods from known compounds, as described, for
example, for the preparation of compounds of formula
(L). In a further approach, a compound of formula (A),
wherein Y is oxygen, may be prepared by treating a
compound of formula (AA) with a reagent or catalyst
that promotes rearrangement, such as a suitable
Brnsted or Lewis acid, optionally in the presence of a
suitable solvent. formula (AA) formula (A) wherein Y
is O Suitable acids include Brnsted acids such as
sulfuric acid, hydrogen chloride and ptoluenesulfonic
acid, and suitable Lewis acids such as boron
trifluoride etherate and lithium perchlorate (see for
example M. Paulson, M. Daliya and C. Asokan, Synth.
Commun. (2007), 37(5), 661-665; S. Sankararaman and J.
Nesakumar, J. Chem. Soc, Perkin Trans. 1, (1999),
(21), 3173-3175; K. Rehse and R. Bienfait, Archiv der
Pharmazie, (1984), 317(5), 385-93; H. Kamath, A.
Sahasrabudhe, B. Bapat and S. Kulkarni, Indian J.
Chem., Section B: (1981), 20B(12), 1094-6; G. Buchanan
and D. Jhaveri, J. Org. Chem. (1961), 26 4295-9; and
H. House, Richard L. Wasson, J. Am. Chem. Soc, (1956),
78, 4394-400). Sulfuric acid is especially preferred.
Suitable solvents are those chosen to be compatible
with the acid used, and include dichloromethane,
dichloroethane, diethyl ether, acetic acid, toluene or
benzene.A compound of formula (AA) may be prepared by
the epoxidation of a compound of formula (BB),
optionally in the presence of a suitable solvent.
epoxidation formula (BB) formula (AA) Epoxidation may
be effected by treatment of a compound of formula (BB)
with a suitable oxidising agent such as
dimethyldioxirane, sodium hypochlorite, hydrogen
peroxide or fert-butyl peroxide (in combination with a
suitable base such as an alkali metal hydroxide or
carbonate, alkaline earth metal hydroxide or
carbonate, or an organic base such as
1,8-diazabicyclo[5.4.0]- undec-7-ene), in a suitable
solvent (such as methanol, ethanol or dichloromethane)
and at a suitable temperature. Similar reactions are
known in the literature (see for example, A. Halasz,
Z. Jambor, A. Levai, C. Nemes, T. Patonay and G. Toth,
J. Chem. Soc, Perkin Trans. 1, (1996), (4), 395-400;
N. Yousif, F. Gad, A. Fahmy, M. Amine and H. Sayed,
Phosphorus, Sulfur and Silicon and the Related
Elements (1996), 117, 11-19; T. Ooi, D. Ohara, M.
Tamura and K. Maruoka, J. Am. Chem. Soc, (2004),
126(22), 6844-6845; A. Amr, H. Hayam and M. Abdulla,
Archiv der Pharmazie, (2005), 338(9), 433-440; and K.
Drauz, S. M. Roberts, T. Geller and A. Dhanda,
US6538105 (B1). Preferably, epoxidation is carried out
using hydrogen peroxide and a metal hydroxide
(especially lithium hydroxide or sodium hydroxide), in
methanol at a temperature of between -10 0C and 60 0C.
A compound of formula (BB) may be prepared from a
compound of formula (CC) by condensation with a
benzaldehyde of formula (DD), in the presence of a
suitable base and optionally in the presence of a
suitable solvent (see for example, A. Lagrange, S.
Forestier, G. Lang and B. Luppi, EP368717 A 1; D. C.
Rowlands, US2776239, US19570101; and E. Tamate, Nippon
Kagaku Zasshi (1957), 78, 1293-7).formula (DD) base,
solvent formula (CC) formula (BB) Preferably the base
is a metal hydroxide, such as sodium hydroxide or
potassium hydroxide, or a metal alkoxide such as
sodium methoxide, sodium ethoxide or potassium
tert-butoxide. Preferably the solvent is
dimethoxyethane, dioxane, tetrahydrofuran, diethyl
ether or an alkyl alcohol, such as methanol or
ethanol. 



Compounds of formula (CC) are known (see for example
M. Newman and W. Reichle, Org. Synth. Coll. Vol. V.,
(1973), 1024; Y. Zal'kind, E. Venus-Danilova and V.
Ryabtseva, Russian Journal of General Chemistry,
(1950), 20, 2222-9; M. Bertrand, J. Dulcere, G. Gil, J
. Grimaldi and P. Sylvestre-Panthet, Tetrahedron
Letters (1976), (18), 1507-8), or may be prepared from
known compounds by known methods. A compound of
formula (DD) may be prepared by formylation of a
compound of formula (M) wherein Hal is chlorine,
bromine or iodine (preferably bromine or iodine).
Formylation formula (M) formula (DD) Suitable
conditions for effecting the formylation of aryl
halides are known, and include, for example, the
treatment of an aryl halide with a suitable
organometallic reagent (such as isopropyl magnesium
chloride, n-butyllithium, sec-butyllithium or
terf-butyllithium), or by treatment with a suitable
alkali metal or alkali earth metal (such as lithium or
magnesium) in a suitable solvent (such as diethyl
ether, dimethoxyethane or tetrahydrofuran). The
resulting arylmetal reagent is then reacted with a
suitable formylating agent such as
L/,L/-dimethylformamide or Nformylmorpholine.
Alternatively a compound of formula (DD) may be
prepared from a compound of formula (M) (wherein Hal
can also be a pseudohalogen such as triflate) by
treatment with acarbonylating agent (such as carbon
monoxide) in the presence of a suitable catalyst,
base, and reducing agent (see for example L. Ashfield
and C. Barnard, Org. Process Res. Dev., 11 (1), 39 -
43, 2007). The approach described above also permits
an additional route to a compound of formula (H), and
therefore to a compound of formula (I) by methods
described previously. Thus a compound of formula (H),
wherein Hal is chlorine, bromine, or iodine may be
prepared by the treatment of a compound of formula
(EE) with a suitable Bronsted acid (such as sulfuric
acid, hydrogen chloride and p-toluenesulfonic acid),
or a suitable Lewis acids (such as boron trifluohde
etherate and lithium perchlorate), and optionally in a
suitable solvent (such as dichloromethane,
dichloroethane, diethyl ether, acetic acid, toluene or
benzene). Sulfuric acid is especially preferred.
formula (EE) formula (H) A compound of formula (EE)
may be prepared from a compound of formula (FF),
itself prepared by the condensation of a benzaldehyde
of formula (GG) with a compound of formula (CC) under
conditions described previously.formula (GG) base,
solvent formula (CC) formula (FF) Epoxidation formula
(EE) A compound of formula (GG) may be prepared by
known methods from known compounds. For example, a
compound of formula (GG), wherein Hal is chlorine or
bromine, may be prepared by the formylation of an aryl
iodide of formula (HH), under conditions described
previously for the preparation of a compound of
formula (DD). Compounds of formula (HH) are known
compounds or may be made by known methods, for example
by the iodination of a known aniline of formula (II)
under Sandmeyer, or related, conditions. The compounds
of the formulae (B), (H), (X), (AA) and (EE) are novel
and have been specifically designed for use as
intermediates in the synthesis of the compounds of the
formula (I). The compounds of formula I according to
the invention can be used as herbicides in unmodified
form, as obtained in the synthesis, but they are
generally formulated into herbicidal compositions in a
variety of ways using formulation adjuvants, such as
carriers, solvents and surface-active substances. The
formulations can be in various physical forms, for
example in the form of dusting powders, gels, wettable
powders, water-dispersible granules, water-dispersible
tablets, effervescent compressed tablets, emulsifiable
concentrates, microemulsifiable concentrates, oilin-
water emulsions, oil flowables, aqueous dispersions,
oily dispersions, suspoemulsions, capsule suspensions,
emulsifiable granules, soluble liquids, water-soluble
concentrates (withwater or a water-miscible organic
solvent as carrier), impregnated polymer films or in
other forms known, for example, from the Manual on
Development and Use of FAO Specifications for Plant
Protection Products, 5th Edition, 1999. Such
formulations can either be used directly or are
diluted prior to use. Diluted formulations can be
prepared, for example, with water, liquid fertilisers,
micronutrients, biological organisms, oil or solvents.
The formulations can be prepared, for example, by
mixing the active ingredient with formulation
adjuvants in order to obtain compositions in the form
of finely divided solids, granules, solutions,
dispersions or emulsions. The active ingredients can
also be formulated with other adjuvants, for example
finely divided solids, mineral oils, vegetable oils,
modified vegetable oils, organic solvents, water,
surface-active substances or combinations thereof. The
active ingredients can also be contained in very fine
microcapsules consisting of a polymer. Microcapsules
contain the active ingredients in a porous carrier.
This enables the active ingredients to be released
into their surroundings in controlled amounts (e.g.
slow release). Microcapsules usually have a diameter
of from 0.1 to 500 microns. They contain active
ingredients in an amount of about from 25 to 95 % by
weight of the capsule weight. The active ingredients
can be present in the form of a monolithic solid, in
the form of fine particles in solid or liquid
dispersion or in the form of a suitable solution. The
encapsulating membranes comprise, for example, natural
and synthetic gums, cellulose, styrene-butadiene
copolymers, polyacrylonitrile, polyacrylate,
polyester, polyamides, polyureas, polyurethane or
chemically modified polymers and starch xanthates or
other polymers that are known to the person skilled in
the art in this connection. Alternatively it is
possible for very fine microcapsules to be formed
wherein the active ingredient is present in the form
of finely divided 



particles in a solid matrix of a base substance, but
in that case the microcapsule is not encapsulated. The
formulation adjuvants suitable for the preparation of
the compositions according to the invention are known
perse. As liquid carriers there may be used: water,
toluene, xylene, petroleum ether, vegetable oils,
acetone, methyl ethyl ketone, cyclohexanone, acid
anhydrides, acetonitrile, acetophenone, amyl acetate,
2-butanone, butylenes carbonate, chlorobenzene,
cyclohexane, cyclohexanol, alkyl esters of acetic
acid, diacetone alcohol, 1,2-dichloropropane,
diethanolamine, p-diethylbenzene, diethylene glycol,
diethylene glycol abietate, diethylene glycol butyl
ether, diethylene glycol ethyl ether, diethylene
glycol methyl ether, L/ ,L/-dimethylformamide,
dimethyl sulfoxide, 1,4-dioxane, dipropylene glycol,
dipropylene glycol methyl ether, dipropylene glycol
dibenzoate, diproxitol, alkylpyrrolidone, ethyl
acetate, 2-ethyl hexanol, ethylene carbonate,
1,1,1-trichloroethane, 2-heptanone, alpha-pinene,
d-limonene, ethyl lactate, ethylene glycol, ethylene
glycol butyl ether, ethylene glycol methyl ether,
gamma-butyrolactone, glycerol, glycerolacetate,
glycerol diacetate, glycerol triacetate, hexadecane,
hexylene glycol, isoamyl acetate, isobornyl acetate,
isooctane, isophorone, isopropylbenzene, isopropyl
myristate, lactic acid, laurylamine, mesityl oxide,
methoxypropanol, methyl isoamyl ketone, methyl
isobutyl ketone, methyl laurate, methyl octanoate,
methyl oleate, methylene chloride, m-xylene, n-hexane,
noctylamine, octadecanoic acid, octylamine acetate,
oleic acid, oleylamine, o-xylene, phenol, polyethylene
glycol (PEG 400), propionic acid, propyl lactate,
propylene carbonate, propylene glycol, propylene
glycol methyl ether, p-xylene, toluene, triethyl
phosphate, triethylene glycol, xylenesulfonic acid,
paraffin, mineral oil, trichloroethylene,
perchloroethylene, ethyl acetate, amyl acetate, butyl
acetate, propylene glycol methyl ether, diethylene
glycol methyl ether, methanol, ethanol, isopropanol,
and higher molecular weight alcohols, such as amyl
alcohol, tetrahydrofurfuryl alcohol, hexanol, octanol,
ethylene glycol, propylene glycol, glycerol,
L/-methyl- 2-pyrrolidone and the like. Water is
generally the carrier of choice for the dilution of
the concentrates. Suitable solid carriers are, for
example, talc, titanium dioxide, pyrophyllite clay,
silica, attapulgite clay, kieselguhr, limestone,
calcium carbonate, bentonite, calcium
montomorillonite, cottonseed husks, wheatmeal, soybean
flour, pumice, wood flour, ground walnut shells,
lignin and similar materials, as described, for
example, in CFR 180.1001. (c) & (d). A large number of
surface-active substances can advantageously be used
both in solid and in liquid formulations, especially
in those formulations which can be diluted with a
carrier prior to use. Surface-active substances may be
anionic, cationic, non-ionic or polymeric and they may
be used as emulsifiying, wetting or suspending agents
or for other purposes. Typical surface-active
substances include, for example, salts of alkyl
sulfates, such as diethanolammonium lauryl sulfate;
salts of alkylarylsulfonates, such as calcium
dodecylbenzenesulfonate; alkylphenolalkylene oxide
addition products, such as nonylphenol ethoxylate;
alcohol-alkylene oxide addition products, such as
tridecyl alcohol ethoxylate; soaps, such as sodium
stearate; salts of alkylnaphthalenesulfonates, such as
sodium dibutylnaphthalenesulfonate; dialkyl esters of
sulfosuccinate salts, such as sodium
di(2-ethylhexyl)sulfosuccinate; sorbitol esters, such
as sorbitol oleate; quaternary amines, such as lauryl
trimethylammonium chloride, polyethylene glycol esters
of fatty acids, such as polyethylene glycol stearate;
block copolymers of ethylene oxide and propylene
oxide; and salts of mono- and di-alkyl phosphate
esters; and also further substances described e.g. in
"McCutcheon's Detergents and Emulsifiers Annual", MC
Publishing Corp., Ridgewood, New Jersey, 1981 .
Further adjuvants which can usually be used in
pesticidal formulations include crystallisation
inhibitors, viscosity-modifying substances, suspending
agents, dyes, anti-oxidants, foaming agents, light
absorbers, mixing aids, anti-foams, complexing agents,
neutralising or pH-modifyingsubstances and buffers,
corrosion-inhibitors, fragrances, wetting agents,
absorption improvers, micronutrients, plasticisers,
glidants, lubricants, dispersants, thickeners,
anti-freezes, microbiocides, and also liquid and solid
fertilisers. The formulations may also comprise
additional active substances, for example further
herbicides, herbicide safeners, plant growth
regulators, fungicides or insecticides. The
compositions according to the invention can
additionally include an additive comprising an oil of
vegetable or animal origin, a mineral oil, alkyl
esters of such oils or mixtures of such oils and oil
derivatives. The amount of oil additive used in the
composition according to the invention is generally
from 0.01 to 10 %, based on the spray mixture. For
example, the oil additive can be added to the spray
tank in the desired concentration after the spray
mixture has been prepared. Preferred oil additives
comprise mineral oils or an oil of vegetable origin,
for example rapeseed oil, olive oil or sunflower oil,
emulsified vegetable oil, such as AMIGO(r)
(Rhne-Poulenc Canada Inc.), alkyl esters of oils of
vegetable origin, for example the methyl derivatives,
or an oil of animal origin, such as fish oil or beef
tallow. A preferred additive contains, for example, as
active components essentially 80 % by weight alkyl
esters of fish oils and 15 % by weight methylated
rapeseed oil, and also 5 % by weight of customary
emulsifiers and pH modifiers. Especially preferred oil
additives comprise alkyl esters of C8-C22 fatty acids,
especially the methyl derivatives of C12-C18 fatty
acids, for example the methyl esters of lauric acid,
palmitic acid and oleic acid, being important. Those
esters are known as methyl laurate (CAS-1 11-82-0),
methyl palmitate (CAS-1 12-39-0) and methyl oleate
(CAS-1 12-62-9). A preferred fatty acid methyl ester
derivative is Emery(r) 2230 and 2231 (Cognis GmbH).
Those and other oil derivatives are also known from
the Compendium of Herbicide Adjuvants, 5th Edition,
Southern Illinois University, 2000. The application
and action of the oil additives can be further
improved by combining them with surface-active
substances, such as non-ionic, anionic or cationic
surfactants. Examples of suitable anionic, non-ionic
and cationic surfactants are listed on pages 7 and 8
of WO 97/34485. 



Preferred surface-active substances are anionic
surfactants of the dodecylbenzylsulfonate type,
especially the calcium salts thereof, and also
non-ionic surfactants of the fatty alcohol ethoxylate
type. Special preference is given to ethoxylated
C12-C2 fatty alcohols having a degree of ethoxylation
of from 5 to 40. Examples of commercially available
surfactants are the Genapol types (Clariant AG). Also
preferred are silicone surfactants, especially
polyalkyl-oxide-modified heptamethyltrisiloxanes,
which are commercially available e.g. as Silwet
L-77(r), and also perfluorinated surfactants. The
concentration of surface-active substances in relation
to the totaladditive is generally from 1 to 30 % by
weight. Examples of oil additives that consist of
mixtures of oils or mineral oils or derivatives
thereof with surfactants are Edenor ME SU(r),
Turbocharge(r) (Syngenta AG, CH) and Actipron(r) (BP
Oil UK Limited, GB). The said surface-active
substances may also be used in the formulations alone,
that is to say without oil additives. Furthermore, the
addition of an organic solvent to the oil
additive/surfactant mixture can contribute to a
further enhancement of action. Suitable solvents are,
for example, Solvesso(r) (ESSO) and Aromatic
Solvent(r) (Exxon Corporation).The concentration of
such solvents can be from 10 to 80 % by weight of the
total weight. Such oil additives, which may be in
admixture with solvents, are described, for example,
in US-A-4 834 908. A commercially available oil
additive disclosed therein is known by the name
MERGE(r) (BASF Corporation). A further oil additive
that is preferred according to the invention is
SCORE(r) (Syngenta Crop Protection Canada.) In
addition to the oil additives listed above, in order
to enhance the activity of the compositions according
to the invention it is also possible for formulations
of alkylpyrrolidones, (e.g. Agrimax(r)) to be added to
the spray mixture. Formulations of synthetic latices,
such as, for example, polyacrylamide, polyvinyl
compounds or poly-1-p-menthene (e.g. Bond(r),
Courier(r) or Emerald(r)) can also be used. Solutions
that contain propionic acid, for example Eurogkem
Pen-e-trate(r), can also be mixed into the spray
mixture as activity-enhancing agents. The herbicidal
formulations generally contain from 0.1 to 99 % by
weight, especially from 0.1 to 95 % by weight, of a
compound of formula I and from 1 to 99.9 % by weight
of a formulation adjuvant, which preferably includes
from 0 to 25 % by weight of a surface-active
substance. Whereas commercial products will preferably
be formulated as concentrates, the end user will
normally employ dilute formulations. The rate of
application of the compounds of formula I may vary
within wide limits and depends upon the nature of the
soil, the method of application (pre- or
post-emergence; seed dressing; application to the seed
furrow; no tillage application etc.), the crop plant,
the weed or grass to be controlled, the prevailing
climatic conditions, and other factors governed by the
method of application, the time of application and the
target crop. The compounds of formula I according to
the invention are generally applied at a rate of 1 to
4000 g / ha, especially from 5 to 1000 g/ha. Preferred
formulations have especially the following
compositions: (% = percent by weight):Emulsifiable
concentrates : active ingredient: 1 to 95 %,
preferably 60 to 90 % surface-active agent: 1 to 30 %,
preferably 5 to 20 % liquid carrier: 1 to 80 %,
preferably 1 to 35 % Dusts: active ingredient: 0.1 to
10 %, preferably 0.1 to 5 % solid carrier: 99.9 to 90
%, preferably 99.9 to 99 % Suspension concentrates :
active ingredient: 5 to 75 %, preferably 10 to 50 %
water: 94 to 24 %, preferably 88 to 30 %
surface-active agent: 1 to 40 %, preferably 2 to 30 %
Wettable powders: active ingredient: 0.5 to 90 %,
preferably 1 to 80 % surface-active agent: 0.5 to 20
%, preferably 1 to 15 % solid carrier: 5 to 95 %,
preferably 15 to 90 % Granules: active ingredient: 0.1
to 30 %, preferably 0.1 to 15 % solid carrier: 99.5 to
70 %, preferably 97 to 85 % The following Examples
further illustrate, but do not limit, the invention. F
1. Emulsifiable concentrates a) b) c) d) active
ingredient 5 % 10 % 25 % 50 % calcium
dodecylbenzenesulfonate 6 % 8 % 6 % 8 % castor oil
polyglycol ether 4 % - 4 % 4 % (36 mol of ethylene
oxide) octylphenol polyglycol ether - 4 % - 2 % (7-8
mol of ethylene oxide) NMP - - 10 % 20 % arom.
hydrocarbon 85 % 78 % 55 % 16 % mixture C9-C12
Emulsions of any desired concentration can be prepared
from such concentrates by dilution with water.F2.
Solutions a) b) c) d) active ingredient 5 % 10 % 50 %
90 % 1-methoxy-3-(3-methoxypropoxy)- propane 20% 20% -



polyethylene glycol MW 400 20 % 10 % NMP - - 30 % 10 %
arom. hydrocarbon 75 % 60 % mixture C9-C12 The
solutions are suitable for application in the form of
microdrops. F3. Wettable powders a) b) c) d) active
ingredient 5 % 25 % 50 % 80 % sodium lignosulfonate 4
% - 3 % - sodium lauryl sulfate 2 % 3 % - 4 % sodium
diisobutylnaphthalenesulfonate 6 % 5 % 6 % octylphenol
polyglycol ether - 1 % 2 % - (7-8 mol of ethylene
oxide) highly disperse silicic acid 1 % 3 % 5 % 10 %
kaolin 88 % 62 % 35 % The active ingredient is
thoroughly mixed with the adjuvants and the mixture is
thoroughly ground in a suitable mill, yielding
wettable powders which can be diluted with water to
give suspensions of any desired concentration. F4.
Coated granules a) b) c) active ingredient 0.1 % 5 %
15 % highly disperse silicic acid 0.9 % 2 % 2 % inorg.
carrier 99.0 % 93 % 83 % (diameter 0.1 - 1 mm) e.g.
CaCO3 or SiO2 The active ingredient is dissolved in
methylene chloride, the solution is sprayed onto the
carrier and the solvent is subsequently evaporated off
in vacuo. F5. Coated qranules a) b) c) active
ingredient 0.1 % 5 % 15 % polyethylene glycol MW 200
1.0 % 2 % 3 % highly disperse silicic acid 0.9 % 1 % 2
% inorg. carrier 98.0 % 92 % 80 % (diameter 0.1 - 1
mm)e.g. CaCO3 or SiO2 The finely ground active
ingredient is applied uniformly, in a mixer, to the
carrier moistened with polyethylene glycol. Non-dusty
coated granules are obtained in this manner. F6.
Extruder granules a) b) c) d) active ingredient 0.1 %
3 % 5 % 15 % sodium lignosulfonate 1.5 % 2 % 3 % 4 %
carboxymethylcellulose 1.4 % 2 % 2 % 2 % kaolin 97.0 %
93 % 90 % 79 % The active ingredient is mixed and
ground with the adjuvants and the mixture is moistened
with water. The resulting mixture is extruded and then
dried in a stream of air. Fl. Dusts a) b) c) active
ingredient 0.1 % 1 % 5 % talcum 39.9 % 49 % 35 %
kaolin 60.0 % 50 % 60 % Ready-to-use dusts are
obtained by mixing the active ingredient with the
carriers and grinding the mixture in a suitable mill.
F8. Suspension concentrates a) b) c) d) active
ingredient 3 % 10 % 25 % 50 % ethylene glycol 5 % 5 %
5 % 5 % nonylphenol polyglycol ether - 1 % 2 % - (15
mol of ethylene oxide) sodium lignosulfonate 3 % 3 % 4
% 5 % carboxymethylceilulose 1 % 1 % 1 % 1 % 37 %
aqueous formaldehyde 0.2 % 0.2 % 0.2 % 0.2 % solution
silicone oil emulsion 0.8 % 0.8 % 0.8 % 0.8 % water 87
% 79 % 62 % 38 % The finely ground active ingredient
is intimately mixed with the adjuvants, yielding a
suspension concentrate from which suspensions of any
desired concentration can be prepared by dilution with
water. The invention relates also to a method for the
selective control of grasses and weeds in crops of
useful plants, which comprises treating the useful
plants or the area under cultivation or the locus
thereof with a compound of formula I.Crops of useful
plants in which the compositions according to the
invention can be used include cereals, cotton,
soybeans, sugar beet, sugar cane, plantation crops,
rape, maize and rice, and for non-selective weed
control. The compositions according to the invention
are particularly useful for the selective control of
grasses and weeds in cereals, maize and rice,
especially cereals and rice, and more particularly
rice. The term "crops" is to be understood as also
including crops that have been rendered tolerant to
herbicides or classes of herbicides (for example ALS,
GS, EPSPS, PPO, ACCase and HPPD inhibitors) as a
result of conventional methods of breeding or genetic
engineering. An example of a crop that has been
rendered tolerant e.g. to imidazolinones, 



such as imazamox, by conventional methods of breeding
is Clearfield(r) summer rape (Canola). Examples of
crops that have been rendered tolerant to herbicides
by genetic engineering methods include e.g.
glyphosate- and glufosinate-resistant maize varieties
commercially available under the trade names
RoundupReady(r) and LibertyLink(r). The weeds to be
controlled may be both monocotyledonous and
dicotyledonous weeds, such as, for example, Stellaria,
Nasturtium, Agrostis, Digitaria, Avena, Setaria,
Sinapis, Lolium, Solanum, Echinochloa, Scirpus,
Monochoria, Sagittaria, Bromus, Alopecurus, Sorghum,
Rottboellia, Cyperus, Abutilon, Sida, Xanthium,
Amaranthus, Chenopodium, Ipomoea, Chrysanthemum,
Galium, Viola and Veronica. Crops are also to be
understood as being those which have been rendered
resistant to harmful insects by genetic engineering
methods, for example Bt maize (resistant to European
corn borer), Bt cotton (resistant to cotton boll
weevil) and also Bt potatoes (resistant to Colorado
beetle). Examples of Bt maize are the Bt-176 maize
hybrids of NK(r) (Syngenta Seeds). The Bt toxin is a
protein that is formed naturally by Bacillus
thuhngiensis soil bacteria. Examples of toxins and
transgenic plants able to synthesise such toxins are
described in EP-A-451 878, EPA- 374 753, WO 93/07278,
WO 95/34656, WO 03/052073 and EP-A-427 529. Examples
of transgenic plants that contain one or more genes
which code for an insecticidal resistance and express
one or more toxins are KnockOut(r) (maize), Yield
Gard(r) (maize), NuCOTIN33B(r) (cotton), Bollgard(r)
(cotton), NewLeaf(r) (potatoes), NatureGard(r) and
Protexcta(r). Plant crops and their seed material can
be resistant to herbicides and at the same time also
to insect feeding ("stacked" transgenic events). Seed
can, for example, have the ability to express an
insecticidally active Cry3 protein and at the same
time be glyphosate-tolerant. The term "crops" is to be
understood as also including crops obtained as a
result of conventional methods of breeding or genetic
engineering which contain so-called output traits
(e.g. improved flavour, storage stability, nutritional
content).Areas under cultivation are to be understood
as including land where the crop plants are already
growing as well as land intended for the cultivation
of those crop plants. The compounds of formula I
according to the invention can also be used in
combination with other herbicides. The following
mixtures of the compound of formula I are especially
important. Preferably, in these mixtures, the compound
of the formula I is one of those compounds listed in
Tables 1 to 40 below: compound of formula I +
acetochlor, compound of formula I + acifluorfen,
compound of formula I + acifluorfen-sodium, compound
of formula I + aclonifen, compound of formula I +
acrolein, compound of formula I + alachlor, compound
of formula I + alloxydim, compound of formula I +
allyl alcohol, compound of formula I + ametryn,
compound of formula I + amicarbazone, compound of
formula I + amidosulfuron, compound of formula I +
aminopyralid, compound of formula I + amitrole,
compound of formula I + ammonium sulfamate, compound
of formula I + anilofos, compound of formula I +
asulam, compound of formula I + atrazine, formula I +
aviglycine, formula I + azafenidin, compound of
formula I + azimsulfuron, compound of formula I +
BCPC, compound of formula I + beflubutamid, compound
of formula I + benazolin, formula I + bencarbazone,
compound of formula I + benfluralin, compound of
formula I + benfuresate, compound of formula I +
bensulfuron, compound of formula I +
bensulfuron-methyl, compound of formula I + bensulide,
compound of formula I + bentazone, compound of formula
I + benzfendizone, compound of formula I +
benzobicyclon, compound of formula I + benzofenap,
compound of formula I + bifenox, compound of formula I
+ bilanafos, compound of formula I + bispyhbac,
compound of formula I + bispyribac-sodium, compound of
formula I + borax, compound of formula I + bromacil,
compound of formula I + bromobutide, formula I +
bromophenoxim, compound of formula I + bromoxynil,
compound of formula I + butachlor, compound of formula
I + butafenacil, compound of formula I + butamifos,
compound of formula I + butralin, compound of formula
I + butroxydim, compound of formula I + butylate,
compound of formula I + cacodylic acid, compound of
formula I + calcium chlorate, compound of formula I +
cafenstrole, compound of formula I + carbetamide,
compound of formula I + carfentrazone, compound of
formula I + carfentrazone-ethyl, compound of formula I
+ CDEA, compound of formula I + CEPC, compound of
formula I + chlorflurenol, compound of formula I +
chlorflurenolmethyl, compound of formula I +
chloridazon, compound of formula I + chlorimuron,
compound of formula I + chlorimuron-ethyl, compound of
formula I + chloroacetic acid, compound of formula I +
chlorotoluron, compound of formula I + chlorpropham,
compound of formula I + chlorsulfuron, compound of
formula I + chlorthal, compound of formula I +
chlorthal-dimethyl, compound of formula I +
cinidon-ethyl, compound of formula I + cinmethylin,
compound of formula I +cinosulfuron, compound of
formula I + cisanilide, compound of formula I +
clethodim, compound of formula I + clodinafop,
compound of formula I + clodinafop-propargyl, compound
of formula I + clomazone, compound of formula I +
clomeprop, compound of formula I + clopyralid,
compound of formula I + cloransulam, compound of
formula I + cloransulam-methyl, compound of formula I
+ CMA, compound of formula I + 4-CPB, compound of
formula I + CPMF, compound of formula I + 4-CPP,
compound of formula I + CPPC, compound of formula I +
cresol, compound of formula I + cumyluron, compound of
formula I + cyanamide, compound of formula I +
cyanazine, compound of formula I + cycloate, compound
of formula I + cyclosulfamuron, compound of formula I
+ cycloxydim, compound of formula I + cyhalofop,
compound of formula I + cyhalofopbutyl, compound of
formula I + 2,4-D, compound of formula I + 3,4-DA,
compound of formula I + daimuron, compound of formula
I + dalapon, compound of formula I + dazomet, compound
of formula I + 2,4-DB, compound of formula I + 3,4-DB,
compound of formula I + 2,4-DEB, compound of formula I
+ desmedipham, formula I + desmetryn, compound of
formula I + dicamba, compound of formula I +
dichlobenil, compound of formula I +
ortho-dichlorobenzene, 



compound of formula I + para-dichlorobenzene, compound
of formula I + dichlorprop, compound of formula I +
dichlorprop-P, compound of formula I + diclofop,
compound of formula I + diclofopmethyl, compound of
formula I + diclosulam, compound of formula I +
difenzoquat, compound of formula I + difenzoquat
metilsulfate, compound of formula I + diflufenican,
compound of formula I + diflufenzopyr, compound of
formula I + dimefuron, compound of formula I +
dimepiperate, compound of formula I + dimethachlor,
compound of formula I + dimethametryn, compound of
formula I + dimethenamid, compound of formula I +
dimethenamid-P, compound of formula I + dimethipin,
compound of formula I + dimethylarsinic acid, compound
of formula I + dinitramine, compound of formula I +
dinoterb, compound of formula I + diphenamid, formula
I + dipropetryn, compound of formula I + diquat,
compound of formula I + diquat dibromide, compound of
formula I + dithiopyr, compound of formula I + diuron,
compound of formula I + DNOC, compound of formula I +
3,4-DP, compound of formula I + DSMA, compound of
formula I + EBEP, compound of formula I + endothal,
compound of formula I + EPTC, compound of formula I +
esprocarb, compound of formula I + ethalfluralin,
compound of formula I + ethametsulfuron, compound of
formula I + ethametsulfuron-methyl, formula I +
ethephon, compound of formula I + ethofumesate,
compound of formula I + ethoxyfen, compound of formula
I + ethoxysulfuron, compound of formula I +
etobenzanid, compound of formula I + fenoxaprop-P,
compound of formula I + fenoxaprop-P-ethyl, compound
of formula I + fentrazamide, compound of formula I +
ferrous sulfate, compound of formula I + flamprop-M,
compound of formula I + flazasulfuron, compound of
formula I + florasulam, compound of formula I +
fluazifop, compound of formula I + fluazifop-butyl,
compound of formula I + fluazifop-P, compound of
formula I + fluazifop-P-butyl, formula I + fluazolate,
compound of formula I + flucarbazone, compound of
formula I +flucarbazone-sodium, compound of formula I
+ flucetosulfuron, compound of formula I +
fluchloralin, compound of formula I + flufenacet,
compound of formula I + flufenpyr, compound of formula
I + flufenpyr-ethyl, formula I + flumetralin, compound
of formula I + flumetsulam, compound of formula I +
flumiclorac, compound of formula I +
flumiclorac-pentyl, compound of formula I +
flumioxazin, formula I + flumipropin, compound of
formula I + fluometuron, compound of formula I +
fluoroglycofen, compound of formula I +
fluoroglycofen-ethyl, formula I + fluoxaprop, formula
I + flupoxam, formula I + flupropacil, compound of
formula I + flupropanate, compound of formula I +
flupyrsulfuron, compound of formula I +
flupyrsulfuron-methyl-sodium, compound of formula I +
flurenol, compound of formula I + fluridone, compound
of formula I + flurochloridone, compound of formula I
+ fluroxypyr, compound of formula I + flurtamone,
compound of formula I + fluthiacet, compound of
formula I + fluthiacet-methyl, compound of formula I +
fomesafen, compound of formula I + foramsulfuron,
compound of formula I + fosamine, compound of formula
I + glufosinate, compound of formula I +
glufosinate-ammonium, compound of formula I +
glyphosate, compound of formula I + halosulfuron,
compound of formula I + halosulfuron-methyl, compound
of formula I + haloxyfop, compound of formula I +
haloxyfop-P, compound of formula I + HC-252, compound
of formula I + hexazinone, compound of formula I +
imazamethabenz, compound of formula I +
imazamethabenz-methyl, compound of formula I +
imazamox, compound of formula I + imazapic, compound
of formula I + imazapyr, compound of formula I +
imazaquin, compound of formula I + imazethapyr,
compound of formula I + imazosulfuron, compound of
formula I + indanofan, compound of formula I +
iodomethane, compound of formula I + iodosulfuron,
compound of formula I + iodosulfuron-methyl-sodium,
compound of formula I + ioxynil, compound of formula I
+ isoproturon, compound of formula I + isouron,
compound of formula I + isoxaben, compound of formula
I + isoxachlortole, compound of formula I +
isoxaflutole, formula I + isoxapyrifop, compound of
formula I + karbutilate, compound of formula I +
lactofen, compound of formula I + lenacil, compound of
formula I + linuron, compound of formula I + MAA,
compound of formula I + MAMA, compound of formula I +
MCPA, compound of formula I + MCPA-thioethyl, compound
of formula I + MCPB, compound of formula I + mecoprop,
compound of formula I + mecoprop-P, compound of
formula I + mefenacet, compound of formula I +
mefluidide, compound of formula I + mesosulfuron,
compound of formula I + mesosulfuron-methyl, compound
of formula I + mesotrione, compound of formula I +
metam, compound of formula I + metamifop, compound of
formula I + metamitron, compound of formula I +
metazachlor, compound of formula I +
methabenzthiazuron, formula I + methazole, compound of
formula I + methylarsonic acid, compound of formula I
+ methyldymron, compound of formula I + methyl
isothiocyanate, compound of formula I + metobenzuron,
formula I + metobromuron, compound of formula I +
metolachlor, compound of formula I + S-metolachlor,
compound of formula I + metosulam, compound of formula
I + metoxuron, compound of formula I+ metribuzin,
compound of formula I + metsulfuron, compound of
formula I + metsulfuron-methyl, compound of formula I
+ MK-616, compound of formula I + molinate, compound
of formula I + monolinuron, compound of formula I +
MSMA, compound of formula I + naproanilide, compound
of formula I + napropamide, compound of formula I +
naptalam, formula I + NDA-402989, compound of formula
I + neburon, compound of formula I + nicosulfuron,
formula I + nipyraclofen, formula I + n-methyl
glyphosate, compound of formula I + nonanoic acid,
compound of formula I + norflurazon, compound of
formula I + oleic acid (fatty acids), compound of
formula I + orbencarb, compound of formula I +
orthosulfamuron, compound of formula I + oryzalin,
compound of formula I + oxadiargyl, compound of
formula I + oxadiazon, compound of formula I +
oxasulfuron, compound of formula I + oxaziclomefone,
compound of formula I + oxyfluorfen, compound of
formula I + paraquat, compound of formula I + paraquat
dichloride, compound of formula I + pebulate, compound
of formula I + pendimethalin, compound of formula I +
penoxsulam, compound of formula I + pentachlorophenol,
compound of formula I + pentanochlor, compound of
formula I + pentoxazone, compound of formula I +
pethoxamid, compound of formula I + petrolium oils,
compound of formula I + phenmedipham, compound of 



formula I + phenmedipham-ethyl, compound of formula I
+ picloram, compound of formula I + picolinafen,
compound of formula I + pinoxaden, compound of formula
I + piperophos, compound of formula I + potassium
arsenite, compound of formula I + potassium azide,
compound of formula I + pretilachlor, compound of
formula I + primisulfuron, compound of formula I +
primisulfuron-methyl, compound of formula I +
prodiamine, compound of formula I + profluazol,
compound of formula I + profoxydim, formula I +
prohexadione-calcium, compound of formula I +
prometon, compound of formula I + prometryn, compound
of formula I + propachlor, compound of formula I +
propanil, compound of formula I + propaquizafop,
compound of formula I + propazine, compound of formula
I + propham, compound of formula I + propisochlor,
compound of formula I + propoxycarbazone, compound of
formula I + propoxycarbazone-sodium, compound of
formula I + propyzamide, compound of formula I +
prosulfocarb, compound of formula I + prosulfuron,
compound of formula I + pyraclonil, compound of
formula I + pyraflufen, compound of formula I +
pyraflufen-ethyl, formula I + pyrasulfotole, compound
of formula I + pyrazolynate, compound of formula I +
pyrazosulfuron, compound of formula I +
pyrazosulfuronethyl, compound of formula I +
pyrazoxyfen, compound of formula I + pyribenzoxim,
compound of formula I + pyributicarb, compound of
formula I + pyridafol, compound of formula I +
pyridate, compound of formula I + pyriftalid, compound
of formula I + pyhminobac, compound of formula I +
pyriminobac-methyl, compound of formula I +
pyrimisulfan, compound of formula I + pyrithiobac,
compound of formula I + pyrithiobac-sodium, formula I
+ pyroxasulfone (KIH-485), formula I + pyroxulam,
compound of formula I + quinclorac, compound of
formula I + quinmerac, compound of formula I +
quinoclamine, compound of formula I + quizalofop,
compound offormula I + quizalofop-P, compound of
formula I + rimsulfuron, compound of formula I +
sethoxydim, compound of formula I + siduron, compound
of formula I + simazine, compound of formula I +
simetryn, compound of formula I + SMA, compound of
formula I + sodium arsenite, compound of formula I +
sodium azide, compound of formula I + sodium chlorate,
compound of formula I + sulcotrione, compound of
formula I + sulfentrazone, compound of formula I +
sulfometuron, compound of formula I +
sulfometuron-methyl, compound of formula I +
sulfosate, compound of formula I + sulfosulfuron,
compound of formula I + sulfuric acid, compound of
formula I + tar oils, compound of formula I +
2,3,6-TBA, compound of formula I + TCA, compound of
formula I + TCA-sodium, formula I + tebutam, compound
of formula I + tebuthiuron, formula I + tefuryltrione,
compound of formula 1 + tembotrione, compound of
formula I + tepraloxydim, compound of formula I +
terbacil, compound of formula I + terbumeton, compound
of formula I + terbuthylazine, compound of formula I +
terbutryn, compound of formula I + thenylchlor,
compound of formula I + thiazafluron, compound of
formula I + thiazopyr, compound of formula I +
thifensulfuron, compound of formula I +
thiencarbazone, compound of formula I +
thifensulfuron-methyl, compound of formula I +
thiobencarb, compound of formula I + tiocarbazil,
compound of formula I + topramezone, compound of
formula I + tralkoxydim, compound of formula I +
tri-allate, compound of formula I + triasulfuron,
compound of formula I + triaziflam, compound of
formula I + tribenuron, compound of formula I +
tribenuron-methyl, compound of formula I + thcamba,
compound of formula I + triclopyr, compound of formula
I + trietazine, compound of formula I +
trifloxysulfuron, compound of formula I +
trifloxysulfuron-sodium, compound of formula I +
trifluralin, compound of formula I + triflusulfuron,
compound of formula I + triflusulfuron-methyl,
compound of formula I + trihydroxytriazine, compound
of formula I + trinexapac-ethyl, compound of formula I
+ tritosulfuron, compound of formula I +
[3-[2-chloro-4-
fluoro-5-(1-methyl-6-trifluoromethyl-2,4-dioxo-1,2,3,4
-tetrahydropyrimidin-3-yl)phenoxy]-2-
pyridyloxy]acetic acid ethyl ester (CAS RN
353292-31-6), compound of formula I + 4-hydroxy-3-
[[2-[(2-methoxyethoxy)methyl]-6-(trifluoromethyl)-3-py
ridinyl]carbonyl]-bicyclo[3.2.1]oct-3-en-2- one (CAS
RN 352010-68-5), compound of formula 1 +
2-chloro-5-[3,6-dihydro-3-methyl-2,6-
dioxo-4-(trifluoromethyl)-1(2H)-pyrimidinyl]-4-fluoro-
N-[[methyl(1- methylethyl)amino]sulfonyl]benzamide
(CAS RN 372137-35-4), and compound of formula I + 4-
hydroxy-3-[[2-(3-methoxypropyl)-6-(difluoromethyl)-3-p
yridinyl]carbonyl]bicyclo[3.2.1]oct-3-en-2- one. The
mixing partners for the compound of formula I may also
be in the form of esters or salts, as mentioned e.g.
in The Pesticide Manual, 12th Edition (BCPC) 2000.For
applications in cereals, the following mixtures are
preferred: compound of formula I + aclonifen, compound
of formula I + amidosulfuron, compound of formula I +
aminopyralid, compound of formula I + beflubutamid,
compound of formula I + benfluralin, compound of
formula I + bifenox, compound of formula I +
bromoxynil, compound of formula I + butafenacil,
compound of formula I + carbetamide, compound of
formula I + carfentrazone, compound of formula I +
carfentrazone-ethyl, compound of formula I +
chlorotoluron, compound of formula I + chlorpropham,
compound of formula I + chlorsulfuron, compound of
formula I + cinidon-ethyl, compound of formula I +
clodinafop, compound of formula I +
clodinafop-propargyl, compound of formula I +
clopyralid, compound of formula I + 2,4-D, compound of
formula I + dicamba, compound of formula I +
dichlobenil, compound of formula I + dichlorprop,
compound of formula I + diclofop, compound of formula
I + diclofop-methyl, compound of formula I +
difenzoquat, compound of formula I + difenzoquat
metilsulfate, compound of formula I + diflufenican,
compound of formula I + diquat, compound of formula I
+ diquat dibromide, compound of formula I +
fenoxaprop-P, compound of formula I +
fenoxaprop-P-ethyl, compound of formula I +
flamprop-M, compound of formula I + florasulam,
compound of formula I + fluazifop-P-butyl, compound of
formula I + flucarbazone, compound of formula I +
flucarbazone-sodium, compound of formula I +
flufenacet, compound of formula I + flupyrsulfuron,
compound of formula I + flupyrsulfuron-methyl-sodium,
compound of formula I + flurochloridone, compound of
formula I + fluroxypyr, compound of formula I +
flurtamone, compound of formula I + 



imazamethabenz-methyl, compound of formula I +
imazamox, compound of formula I + iodosulfuron,
compound of formula I + iodosulfuron-methyl-sodium,
compound of formula I + ioxynil, compound of formula I
+ isoproturon, compound of formula I + linuron,
compound of formula I + MCPA, compound of formula I +
mecoprop, compound of formula I + mecoprop-P, compound
of formula I + mesosulfuron, compound of formula I +
mesosulfuron-methyl, compound of formula I +
mesotrione, compound of formula I + metribuzin,
compound of formula I + metsulfuron, compound of
formula I + metsulfuron-methyl, compound of formula I
+ pendimethalin, compound of formula I + picolinafen,
compound of formula I + pinoxaden, compound of formula
I + prodiamine, compound of formula I + propanil,
compound of formula I + propoxycarbazone, compound of
formula I + propoxycarbazone-sodium, compound of
formula I + prosulfocarb, compound of formula I +
pyrasulfotole, compound of formula I + pyridate,
compound of formula I + pyroxasulfone (KIH-485),
compound of formula I + pyroxsulam compound of formula
I + sulfosulfuron, compound of formula 1 +
tembotrione, compound of formula I + terbutryn,
compound of formula I + thifensulfuron, compound of
formula I + thiencarbazone, compound of formula I +
thifensulfuron-methyl, compound of formula I +
topramezone, compound of formula I + tralkoxydim,
compound of formula I + tri-allate, compound of
formula I + triasulfuron, compound of formula I +
tribenuron, compound of formula I +tribenuron-methyl,
compound of formula I + trifluralin, compound of
formula I + trinexapac-ethyl and compound of formula I
+ tritosulfuron, where the mixtures comprising a
compound of formula (I) + amidosulfuron, compound of
formula (I) + aminopyralid, compound of formula (I) +
beflubutamid, compound of formula (I) + bromoxynil,
compound of formula (I) + carfentrazone, compound of
formula (I) + carfentrazone-ethyl, compound of formula
(I) + chlorotoluron, compound of formula (I) +
chlorsulfuron, compound of formula (I) + clodinafop,
compound of formula (I) + clodinafop-propargyl,
compound of formula (I) + clopyralid, 2,4-D, compound
of formula (I) + dicamba, compound of formula (I) +
difenzoquat, compound of formula (I) + difenzoquat
metilsulfate, compound of formula (I) + diflufenican,
compound of formula (I) + fenoxaprop-P, compound of
formula (I) + fenoxaprop-P-ethyl, compound of formula
(I) + florasulam, compound of formula (I) +
flucarbazone, compound of formula (I) +
flucarbazone-sodium, compound of formula (I) +
flufenacet, compound of formula (I) + flupyrsulfuron,
compound of formula (I) +
flupyrsulfuron-methyl-sodium, compound of formula (I)
+ fluroxypyr, compound of formula (I) + flurtamone,
compound of formula (I) + iodosulfuron, compound of
formula (I) + iodosulfuron-methyl-sodium, compound of
formula (I) + MCPA, compound of formula (I) +
mesosulfuron, compound of formula (I) +
mesosulfuron-methyl, compound of formula (I) +
metsulfuron, compound of formula (I) +
metsulfuron-methyl, compound of formula (I) +
pendimethalin, compound of formula (I) + picolinafen,
compound of formula (I) + pinoxaden, compound of
formula (I) + prosulfocarb, compound of formula (I) +
pyrasulfotole, compound of formula (I) + pyroxasulfone
(KIH-485), compound of formula (I) + pyroxsulam,
compound of formula (I) + sulfosulfuron, compound of
formula (I) + thifensulfuron, compound of formula (I)
+ thifensulfuron-methyl, compound of formula (I) +
tralkoxydim, compound of formula (I) + triasulfuron,
compound of formula (I) + tribenuron, compound of
formula (I) + tribenuron-methyl, compound of formula
(I) + trifluralin, compound of formula (I) +
trinexapac-ethyl and compound of formula (I) +
tritosulfuron are particularly preferred. For
applications in rice, the following mixtures are
preferred: compound of formula (I) + azimsulfuron,
compound of formula (I) + bensulfuron, compound of
formula (I) + bensulfuronmethyl, compound of formula
(I) + benzobicyclon, compound of formula (I) +
benzofenap, compound of formula (I) + bispyribac,
compound of formula (I) + bispyribac-sodium, compound
of formula (I) + butachlor, compound of formula (I) +
cafenstrole, compound of formula (I) + cinosulfuron,
compound of formula (I) + clomazone, compound of
formula (I) + clomeprop, compound of formula (I) +
cyclosulfamuron, compound of formula (I) + cyhalofop,
compound of formula (I) + cyhalofop-butyl, compound of
formula (I) + 2,4-D, compound of formula (I) +
daimuron, compound of formula (I) + dicamba, compound
of formula (I) + diquat, compound of formula (I) +
diquat dibromide, compound of formula (I) + esprocarb,
compound of formula (I) +ethoxysulfuron, compound of
formula (I) + fenoxaprop-P, compound of formula (I) +
fenoxaprop- P-ethyl, compound of formula (I) +
fentrazamide, compound of formula (I) + florasulam,
compound of formula (I) + glufosinate-ammonium,
compound of formula (I) + glyphosate, compound of
formula (I) + halosulfuron, compound of formula (I) +
halosulfuron-methyl, compound of formula (I) +
imazosulfuron, compound of formula (I) + MCPA,
compound of formula (I) + mefenacet, compound of
formula (I) + mesotrione, compound of formula (I) +
metamifop, compound of formula (I) + metsulfuron,
compound of formula (I) + metsulfuronmethyl, compound
of formula (I) + n-methyl glyphosate, compound of
formula (I) + orthosulfamuron, compound of formula (I)
+ oryzalin, compound of formula (I) + oxadiargyl,
compound of formula (I) + oxadiazon, compound of
formula (I) + paraquat dichloride, compound of formula
(I) + pendimethalin, compound of formula (I) +
penoxsulam, compound of formula (I) + pretilachlor,
compound of formula (I) + profoxydim, compound of
formula (I) + propanil, compound of formula (I) +
pyrazolynate, compound of formula (I) +
pyrazosulfuron, compound of formula (I) +
pyrazosulfuron-ethyl, compound of formula (I) +
pyrazoxyfen, compound of formula (I) + pyribenzoxim,
compound of formula (I) + pyriftalid, compound of
formula (I) + pyriminobac, compound of formula (I) +
pyriminobac-methyl, compound of formula (I) +
pyrimisulfan, compound of formula (I) + quinclorac,
compound of formula (I) + tefuryitrione, compound of
formula (I) + triasulfuron and compound of formula (I)
+ trinexapac-ethyl, where the mixtures comprising a
compound of formula (I) + azimsulfuron, compound of
formula (I) + bensulfuron, compound of formula (I) +
bensulfuron-methyl, compound of formula (I) +
benzobicyclon, compound of formula (I) + benzofenap,
compound of formula (I) + bispyribac, compound of 



formula (I) + bispyribac-sodium, compound of formula
(I) + clomazone, compound of formula (I) + clomeprop,
compound of formula (I) + cyhalofop, compound of
formula (I) + cyhalofop-butyl, compound of formula (I)
+ 2,4-D, compound of formula (I) + daimuron, compound
of formula (I) + dicamba, compound of formula (I) +
esprocarb, compound of formula (I) + ethoxysulfuron,
compound of formula (I) + fenoxaprop-P, compound of
formula (I) + fenoxaprop-P-ethyl, compound of formula
(I) + fentrazamide, compound of formula (I) +
florasulam, compound of formula (I) + halosulfuron,
compound of formula (I) + halosulfuron-methyl,
compound of formula (I) + imazosulfuron, compound of
formula (I) + MCPA, compound of formula (I) +
mefenacet, compound of formula (I) + mesotrione,
compound of formula (I) + metsulfuron, compound of
formula (I) + metsulfuron-methyl, compound of formula
(I) + orthosulfamuron, compound of formula (I) +
oxadiargyl, compound of formula (I) + oxadiazon,
compound of formula (I) + pendimethalin, compound of
formula (I) + penoxsulam, compound of formula (I) +
pretilachlor, compound of formula (I) + pyrazolynate,
compound of formula (I) + pyrazosulfuron, compound of
formula (I) + pyrazosulfuron-ethyl, compound of
formula (I) + pyrazoxyfen, compound of formula (I) +
pyribenzoxim, compound of formula (I) + pyriftalid,
compound of formula (I) + pyriminobac,compound of
formula (I) + pyriminobac-methyl, compound of formula
(I) + pyrimisulfan, compound of formula (I) +
quinclorac, compound of formula (I) + tefuryltrione,
compound of formula (I) + triasulfuron and compound of
formula (I) + trinexapac-ethyl are particularly
preferred. The compounds of formula (I) according to
the invention can also be used in combination with
safeners. Preferably, in these mixtures, the compound
of the formula (I) is one of those compounds listed in
Tables 1 to 40 below. The following mixtures with
safeners, especially, come into consideration:
compound of formula (I) + cloquintocet-mexyl, compound
of formula (I) + cloquintocet acid and salts thereof,
compound of formula (I) + fenchlorazole-ethyl,
compound of formula (I) + fenchlorazole acid and salts
thereof, compound of formula (I) + mefenpyr-diethyl,
compound of formula (I) + mefenpyr diacid, compound of
formula (I) + isoxadifen-ethyl, compound of formula
(I) + isoxadifen acid, compound of formula (I) +
furilazole, compound of formula (I) + furilazole R
isomer, compound of formula (I) + benoxacor, compound
of formula (I) + dichlormid, compound of formula (I) +
AD-67, compound of formula (I) + oxabetrinil, compound
of formula (I) + cyometrinil, compound of formula (I)
+ cyometrinil Z-isomer, compound of formula (I) +
fenclorim, compound of formula (I) + cyprosulfamide,
compound of formula (I) + naphthalic anhydride,
compound of formula (I) + flurazole, compound of
formula (I) + N-(2-methoxybenzoyl)-4-
[(methylaminocarbonyl)amino]benzenesulfonamide (CAS RN
129531-12-0), compound of formula (I) + CL 304,415,
compound of formula (I) + dicyclonon, compound of
formula (I) + fluxofenim, compound of formula (I) +
DKA-24, compound of formula (I) + R-29148 and compound
of formula (I) + PPG- 1292. A safening effect can also
be observed for the mixtures compound of the formula
(I) + dymron, compound of the formula (I) + MCPA,
compound of the formula (I) + mecoprop and compound of
the formula (I) + mecoprop-P. The above-mentioned
safeners and herbicides are described, for example, in
the Pesticide Manual, Twelfth Edition, British Crop
Protection Council, 2000. R-29148 is described, for
example by P.B. Goldsbrough etai, Plant Physiology,
(2002), Vol. 130 pp. 1497-1505 and references therein,
PPG-1292 is known from WO0921 1761 and
N-(2-methoxybenzoyl)-4-
[(methylaminocarbonyl)amino]benzenesulfonamide is
known from EP365484. Preferred compositions according
to the present invention contain in addition to
comprising the compound of formula I, a further
herbicide as mixing partner and a safener. The
following Examples illustrate the invention further
but do not limit the invention.Those skilled in the
art will appreciate that certain compounds described
below are b-ketoenols, and as such may exist as a
single tautomer or as a mixture of keto-enol and
diketone tautomers, as described, for example by J.
March, Advanced Organic Chemistry, third edition, John
Wiley and Sons. The compounds shown below, and in
Table T 1 and P 1, are drawn as an arbitrary single
enol tautomer, but it should be inferred that this
description covers both the diketone form and any
possible enols which could arise through tautomerism.
Furthermore, some of the compounds shown below, and in
Table A, Table B, Table C and Table D, are drawn as
single enantiomers for the purposes of simplicity, but
unless specified as single enantiomers, these
structures should be construed as representing a
mixture of enantiomers. Additionally, some of the
compounds can exist as diastereoisomers, and it should
be inferred that these can be present as a mixture of
diastereoisomers or as any possible single
diastereoisomer. Within the detailed experimental
section the diketone tautomer is chosen for naming
purposes, even if the predominant tautomer is the enol
form. Preparation Examples: Example 1: Preparation of
(1R*,5S*)-3-(4'-chloro-3-ethylbiphenyl-4-yl)-1-methyl-
8-oxabicvclof3.2.1loctane- 2,4-dione Step 1:
Preparation of (1R*
,5S*)-2,3,4,4-tetrachloro-1-methyl-8-oxabicyclo[3.2.1]
octa-2,6-diene Pentachlorocyclopropane (100 g, 0.467
mol) is added to a suspension of potassium hydroxide
(31.4 g, 0.56 mol) in 1,4-dioxane (3600 ml) and the
mixture is stirred at room temperature for 30 minutes
and then heated to 65 0C for a further 30 minutes.
2-Methylfuran (38.36 g, 0.467 mol) is added to the
reaction mixture, the temperature is raised to 85-90
0C and the mixture is stirred for16 hours. The
reaction mixture is cooled to room temperature,
filtered through a plug of diatomaceous earth and the
filtrate evaporated under reduced pressure to give
(1R*,5S*)-2, 3,4,4-
tetrachloro-1-methyl-8-oxabicyclo[3.2.1]octa-2,6-diene
(83 g), used without further purification in the next
step. Step 2: Preparation of (1R*
,5S*)-3,4-dichloro-5-methyl-8-oxabicyclo[3.2.1]octa-3,
6-dien-2-one Silver nitrate (166 g, 0.982 mol) is
added to a stirred mixture of
(1R*,5S*)-2,3,4,4-tetrachloro-1- 



methyl-8-oxabicyclo[3.2.1]octa-2,6-diene (83 g, 0.32
mol), acetone (1500 ml) and water (1500 ml) and the
mixture is heated at 65 0C for 16 hours. The reaction
mixture is cooled to room temperature, and a saturated
solution of aqueous sodium bicarbonate is added to
adjust the pH to 7-8. The mixture is filtered through
a plug of diatomaceous earth, and the filtrate is
concentrated under reduced pressure to remove most of
the acetone. The aqueous mixture is extracted with
ethyl acetate ( 3 X 500 ml) and the organic extracts
are combined, dried over anhydrous sodium sulfate,
filtered and the filtrate is evaporated. The residue
is purified by column chromatography on silica gel to
give (1R*,5S*)-3,4-dichloro-5-methyl-8-
oxabicyclo[3.2.1]octa-3,6-dien-2-one (29.5 g) as a
yellow oil. Step 3: Preparation of
3-chloro-1-methyl-4-oxo-spiro(1 .S-dioxolane^^'-I
dloxa-bicyclo ^.iloct- 6-ene) Sodium (4.41 g, 0.19
mol) is added cautiously to ethylene glycol (99.75 g)
and the mixture is stirred at 35-40 0C under an
atmosphere of nitrogen until the sodium is completely
dissolved. A solution of (1R*
,5S*)-3,4-dichloro-5-methyl-8-oxabicyclo[3.2.1]octa-3,
6-dien-2-one (28 g , 0.136 mol) in tetrahydrofuran
(200 ml) is added dropwise over 30 minutes, and once
the addition iscomplete, the mixture is stirred for 90
minutes at room temperature. The reaction mixture is
neutralised by addition of 10% aqueous sodium
dihydrogen phosphate, and extracted with ethyl acetate
(3 X 100 ml). The organic extracts are combined, dried
over anhydrous sodium sulfate, filtered and the
filtrate is evaporated. The residue is purified by
column chromatography on silica gel to give
3-chloro-1-methyl-4-oxo-spiro(1,3-dioxolane-2,2'-[8]ox
abicyclo[3.2.1]oct-6-ene) (24.5 g) as a gum. Step 4:
Preparation of ( 1R*,5S*)-1-methyl-4-oxo-spiro(1
.S-dioxolane^'-roxa-bicyclo ^.iloct- 6-ene) Zinc
powder (13.88 g , 0.212 mol) is added to a solution of
3-chloro-1-methyl-4-oxo-spiro(1 ,3-
dioxolane-2,2'-[8]oxabicyclo[3.2.1]oct-6-ene) (24.5 g,
0.106 mol) in acetic acid (122.5 ml) and the reaction
mixture is stirred at room temperature for 24 hours.
The mixture is diluted with water (612.5 ml) and
extracted with ethyl acetate (3 X 150 ml). The organic
extracts are combined, dried over anhydrous sodium
sulfate, filtered and the filtrate is evaporated to
give (1R*,5S*)-1-
methyl-4-oxo-spiro(1,3-dioxolane-2,2'-[8]oxabicyclo[3.
2.1]oct-6-ene) (20 g) as a yellow oil, used without
further purification in the next step. Step 5:
Preparation of
(1R*,5S*)-1-methyl-8-oxabicyclo[3.2.1]oct-6-ene-2,4-di
one Concentrated hydrochloric acid (50 ml) is added,
in three portions, to a mixture of (1R*,5S*)-1-
methyl-4-oxo-spiro(1,3-dioxolane-2,2'-[8]oxabicyclo[3.
2.1]oct-6-ene) (20 g , 0.102 mol) in acetone (500ml)
and water (250 ml) and the reaction mixture is stirred
at 65-70 0C for 48 hours. The mixture is cooled to
room temperature, most of the acetone is removed by
evaporation under reduced pressure and the resulting
aqueous solution is extracted with ethyl acetate (3 X
100 ml). The organic extracts are combined, dried over
anhydrous sodium sulfate, filtered and the filtrateis
evaporated. The residue is purified by column
chromatography on silica gel to give (1R*,5S*)-
i-methyl- d-oxabicyclo .i oct-q-ene F-dione (10.0 g)
as a yellow oil. Step 6: Preparation of ( 1R*
,5S*)-1-methyl-8-oxabicyclo[3.2.1]octane-2,4-dione To
a solution of ( 1R*
,5S*)-1-methyl-8-oxabicyclo[3.2.1]oct-6-ene-2,4-dione
(12.0 g , 0.079 mol) in ethyl acetate (100 ml) is
added 10% palladium on carbon (2.4 g), followed by
stirring under a 1 bar hydrogen atmosphere for 24
hours. The reaction mixture is then filtered through
diatomaceous earth and concentrated under reduced
pressure. The residue is purified by column
chromatography on silica gel to afford
(1R*,5S*)-1-methyl-8-oxabicyclo[3.2.1]octane-2,4-dione
(6.90 g) as pale yellow solid. Step 7: Preparation of
( 1R*
,5S*)-3-(4'-chloro-3-ethylbiphenyl-4-yl)-1-methyl-8-ox
abicyclo[ 3.2.1]octane-2,4-dione (1R*
,5S*)-1-Methyl-8-oxabicyclo[3.2.1]octane-2,4-dione
(0.20 g, 1.30 mmol) and 4- dimethylaminopyridine
(0.792 g, 6.49 mmol) are added to a mixture of
chloroform (4 ml) and toluene ( 1 ml). The reaction
mixture is flushed with nitrogen for 15 minutes at
ambient temperature. 4'-Chloro-3-ethylbiphen-4-yllead
triacetate (0.856 g, 1.43 mmol) is added in one
portion and the reaction mixture is stirred and heated
to 80 0C under an atmosphere of nitrogen for 1 hour.
The reaction mixture is cooled to room temperature,
acidified to pH 1 with 2N aqueous hydrochloric acid,
filtered through a plug of diatomaceous earth and the
two phases are separated. The aqueous phase is
extracted with dichloromethane (2 x 5 ml), the organic
phases are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture isfiltered, and
the filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give (1R*
,5S*)-3-(4'-chloro-3-ethylbiphenyl-4-yl)-1-methyl-8-ox
abicyclo[ 3.2.1]octane-2,4-dione as a white solid
(0.16 g). Example 2: Preparation of
(1R*,5S*)-3-(3,5-dimethylbiphenyl-4-yl)-1-methyl-8-oxa
bicvclof3.2. noctane-2,4-dione
(1R*,5S*)-1-Methyl-8-oxabicyclo[3.2.1]octane-2,4-dione
(0.20 g, 1.30 mmol) and 4- dimethylaminopyridine
(0.792 g , 6.49 mmol) are added to a mixture of
chloroform (4 ml) and toluene ( 1 ml). The reaction
mixture is flushed with nitrogen for 15 minutes at
ambient temperature. 3,5-Dimethylbiphen-4-yllead
triacetate (0.805 g, 1.43 mmol) is added in one
portion and the reaction mixture is stirred and heated
to 80 C under an atmosphere of nitrogen for 1 hour.
The reaction mixture is cooled to room temperature,
acidified to pH 1 with 2N aqueous hydrochloric acid,
filtered through a plug of diatomaceous earth and the
two phases are separated. The aqueous phase is
extracted with dichloromethane (2 x 5 ml), the organic
phases are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give (1R*
,5S*)-3-(3,5-dimethyl-biphenyl-4-yl)-1-methyl-8-oxabic
yclo[ 3.2.1]octane-2,4-dione as a white solid (0.139
g). 



Example 3: Preparation of
(1R*.5S*)-3-(4'-chloro-3,5-diethylbiphenyl-4-yl)-1-met
hyl-8-oxabicvclor3.2.1loctane-
2,4-dione(1R*,5S*)-1-Methyl-8-oxabicyclo[3.2.1]octane-
2,4-dione (0.20 g, 1.30 mmol) and
4-dimethylaminopyridine (0.792 g, 6.49 mmol) are added
to a mixture of chloroform (4 ml) and toluene ( 1 ml).
The reaction mixture is flushed with nitrogen for 15
minutes at ambient temperature. 4'-
Chloro-3,5-diethylbiphen-4-yllead triacetate (0.896 g,
1.43 mmol) is added in one portion and the reaction
mixture is stirred and heated to 80 0C under an
atmosphere of nitrogen for 1 hour. The reaction
mixture is cooled to room temperature, acidified to pH
1 with 2N aqueous hydrochloric acid, filtered through
a plug of diatomaceous earth and the two phases are
separated. The aqueous phase is extracted with
dichloromethane (2 x 5 ml), the organic phases are
combined, washed with water, and dried over anhydrous
sodium sulfate. The mixture is filtered, and the
filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give
(1R*,5S*)-3-(4'-chloro-3,5-diethyl-biphenyl-4-yl)-1-me
thyl-8- oxabicyclo[3.2.1]octane-2,4-dione as a white
solid (0.064 g). Example 4: Preparation of (1R*
.5S*)-3-(4'-chloro-3-methylbiphenyl-4-yl)-1-methyl-8-o
xabicvclor3.2.11octane- 2.4-dione
(1R*,5S*)-1-Methyl-8-oxabicyclo[3.2.1]octane-2,4-dione
(0.20 g, 1.298 mmol) and 4- dimethylaminopyridine
(0.792 g, 6.49 mmol) are added to a mixture of
chloroform (4 ml) and toluene ( 1 ml). The reaction
mixture is flushed with nitrogen for 15 minutes at
ambient temperature. 4-Chloro-3-methylbiphen-4-yllead
triacetate (0.836 g, 1.428 mmol) is added in one
portion and the reaction mixture is stirred and heated
to 80 0C under an atmosphere of nitrogen for 1 hour.
The reaction mixture is cooled to room temperature,
acidified to pH 1 with 2N aqueous hydrochloric acid,
filtered through a plug of diatomaceous earth and the
two phases are separated. The aqueous phase is
extracted with dichloromethane (2 x 5 ml), the organic
phases are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give
(1R*,5S*)-3-(3,5-dimethyl-biphenyl-4-yl)-1-methyl-8-
oxabicyclo[3.2.1]octane-2,4-dione as a white solid
(0.142 g).Example 5: Preparation of
4-(3-ethvl-4'-fluorobiphenvl-4-vl)-2.2.6-trimethvlpyra
n-3,5-dione Step 1: Preparation of
2-(1,1-dimethylprop-2-ynyloxy)propionic acid methyl
ester To a mixture of sodium hydride (23.8 g, 0.595
mol) in tetrahydrofuran (400 ml) cooled to 0 0C, is
added a solution of 2-methyl-3-butyne-2-ol (50 g,
0.595 mol) in tetrahydrofuran (50 ml). The reaction
mixture is stirred at 0 0C for 1 hour. A solution of
methyl-2-bromo-propionate (99.36 g, 0.595 mol) in
tetrahydrofuran (100 ml) is added to the reaction
mixture slowly at 0 0C. The reaction mixture is
stirred at 0 0C for 2 hours and allowed to come to
ambient temperature and stirred for 1 hour. The
reaction mixture is cooled to 10 0C and quenched with
ice cold water. The mixture is extracted with diethyl
ether (3 x 200 ml), the organic phases are combined,
washed with water, and dried over anhydrous sodium
sulfate. The mixture is filtered and the filtrate is
evaporated under reduced pressure to give
2-(1,1-dimethylprop-2-ynyloxy)propionic acid methyl
ester (90 g) as a colorless oil, used without further
purification in the next step. Step 2: Preparation of
2-(1, 1-dimethyl-2-oxopropoxy)propionic acid methyl
esterA mixture of mercury (II) acetate (7.76 g, 0.024
mol), sulfuric acid (9 ml, 0.09 mol) and water (450
ml) is heated at 60 0C. 2-(1,
1-dimethylprop-2-ynyloxy)propionic acid methyl ester
(90 g, 0.529 mol) is added carefully at 60 0C. The
reaction mixture is maintained at 60 0C for 8 hours
and cooled to ambient temperature. The aqueous phase
is extracted with diethyl ether (3 x 250 ml), the
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered, and the filtrate is evaporated under reduced
pressure. The residue is purified by column
chromatography on silica gel to give
2-(1,1-dimethyl-2-oxopropoxy)propionic acid methyl
ester (24 g) as a colorless oil. Step 3: Preparation
of 2,2,6-trimethylpyran-3,5-dione To a mixture of
potassium tert-butoxide (28.5 g, 0.254 mol) in
tetrahydrofuran (200 ml) cooled to 0 0C, is added a
solution of 2-(1 ,1-dimethyl-2-oxopropoxy)propionic
acid methyl ester (24 g, 0.127 mol) in tetrahydrofuran
(50 ml). The reaction mixture is stirred at 0 0C for 3
hours. The reaction mixture is quenched with ice cold
water, and the aqueous phase is extracted with diethyl
ether (3 x 200 ml). The organic phases are combined,
washed with water, and dried over anhydrous sodium
sulfate. The mixture is filtered, and the filtrate is
evaporated under reduced pressure. The residue is
purified by column chromatography on silica gel to
give 2,2,6- trimethylpyran-3,5-dione (7.5 g) as a
white solid. Step 4: Preparation of
4-(4-bromo-2-ethylphenyl)-2,2,6-thmethylpyran-3,5-dion
e2,2,6-Trimethylpyran-3,5-dione ( 1 g, 6.4 mmol) and
4-dimethylaminopyridine (3.9 g, 32 mmol) are added to
a mixture of chloroform (20 ml) and toluene (5 ml).
The reaction mixture is flushed with nitrogen for 15
minutes at ambient temperature.
4-Bromo-2-ethylphenyllead triacetate (4.3 g , 7.57
mmol) is added in one portion and the reaction mixture
is stirred and heated to 80 0C (pre heated oil bath)
under an atmosphere of nitrogen for 1 hour. The
reaction mixture is cooled to room temperature,
acidified to pH 1 with 2N aqueous hydrochloric acid,
filtered through a plug of diatomaceous earth and the
two phases are separated. The aqueous phase is
extracted with chloroform (2 x 25 ml), the organic
phases are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give 4-(4-bromo-2-
ethylphenyl)-2,2,6-trimethylpyran-3,5-dione as a white
solid (0.5 g). Step 5: Preparation of
4-(3-ethyl-4'-fluorobiphenyl-4-yl)-2,2,6-trimethylpyra
n-3,5-dione To a mixture of
4-(4-bromo-2-ethylphenyl)-2,2,6-trimethylpyran-3,5-dio
ne (0.5 g, 1.48 mmol), cesium fluoride (0.70 g, 4.4
mmol), 4-fluorophenylboronic acid (0.31 g, 2.23 mmol)
and [1,1'-
bis(diphenylphosphino)ferrocene]dichloro-palladium(ll)
(0.19 g , 0.23 mmol) is added degassed dimethoxyethane
(15 ml) and the resulting suspension is stirred under
nitrogen for 45 minutes 



then heated at 80 0C for 24 hours. After cooling to
room temperature the reaction mixture is acidified
with 1N aqueous hydrochloric acid. The mixture is
extracted with ethyl acetate (3 x 25 ml) and then all
organic fractions are combined, dried over anhydrous
sodium sulphate and concentrated under reduced
pressure. The residue is purified by column
chromatography on silica gel to afford
4-(3-ethyl-4'-fluorobiphenyl-4-yl)-2,2,6-trimethylpyra
n-3,5-dione (0.27 g) as a white solid. Example 6 :
Preparation of
(1R*,5S*)-3-(4-bromo-2-ethylphenyl)-1-methyl-8-oxabicv
clof3.2.11octane-
2,4-dione(1R*,5S*)-1-Methyl-8-oxabicyclo[3.2.1]octane-
2,4-dione (6 g, 38.96 mmol) and 4-
dimethylaminopyridine (23.76 g, 194.75 mmol) are added
to a mixture of chloroform (120 ml) and toluene (30
ml). The reaction mixture is flushed with nitrogen for
15 minutes at ambient temperature.
4-Bromo-2-ethylphenyllead triacetate (24.3 g , 42.85
mmol) is added in one portion and the reaction mixture
is stirred and heated to 80 0C (pre-heated oil bath)
under an atmosphere of nitrogen for 1 hour. The
reaction mixture is cooled to room temperature,
acidified to pH 1 with 2N aqueous hydrochloric acid,
filtered through a plug of diatomaceous earth and the
two phases separated. The aqueous phase is extracted
with dichloromethane (2 x 50 ml), the organic phases
are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give
(1R*,5S*)-3-(4-bromo-2-ethylphenyl)-1-methyl-8-
oxabicyclo[3.2.1]octane-2,4-dione as a white solid (6
g). This compound, together with the arylbromides
described below, may be converted into additional
compounds in Table A, using appropriate aryl- and
heteroarylboronic acids under the Suzuki-Miyaura
conditions described in Step 5 of Example 5. Example
7: Preparation of (1R*.5S*
)-3-(4-bromo-2,6-dimethylphenyl)-1-methyl-8-oxabicvclo
r3.2. 11octane-2,4-dione
(1R*,5S*)-1-Methyl-8-oxabicyclo[3.2.1]octane-2,4-dione
(6 g , 0.039 mol) and 4- dimethylaminopyridine (24 g,
0.196 mol) are added to a mixture of chloroform (120
ml) and toluene (30 ml). The reaction mixture is
flushed with nitrogen for 15 minutes at
ambienttemperature. 4-Bromo-2,6-dimethylphenyllead
triacetate (24 g, 0.042 mol) is added in one portion
and the reaction mixture is stirred and heated to 80 C
(pre-heated oil bath) under an atmosphere of nitrogen
for 1 hour. The reaction mixture is cooled to room
temperature, acidified to pH 1 with 2N aqueous
hydrochloric acid, filtered through a plug of
diatomaceous earth and the two phases are separated.
The aqueous phase is extracted with dichloromethane (2
x 100 ml), the organic phases are combined, washed
with water, and dried over anhydrous sodium sulfate.
The mixture is filtered, and the filtrate is
evaporated under reduced pressure. The residue is
purified by column chromatography on silica gel to
give (1R* ,5S*)-3-(4-bromo-2,6-
dimethylphenyO-i-methyl-
-oxabicyclofS^.iloctane^^-dione as a white solid ( 1
g). Example 8: Preparation of (1R*
.5S*)-3-(4-bromo-2,6-diethylphenyl)-1-methyl-8-oxabicv
clof3.2. 11octane-2,4-dione
(1R*,5S*)-1-Methyl-8-oxabicyclo[3.2.1]octane-2,4-dione
( 1 g , 6.5 mmol) and 4-dimethylaminopyridine (3.96 g,
32.5 mmol) are added to a mixture of chloroform (20
ml) and toluene (5 ml). The reaction mixture is
flushed with nitrogen for 15 minutes at ambient
temperature. 4- Bromo-2,6-diethylphenyllead triacetate
(4.25 g, 7.14 mmol) is added in one portion and the
reaction mixture is stirred and heated to 80 0C
(pre-heated oil bath) under an atmosphere of nitrogen
for 1 hour. The reaction mixture is cooled to room
temperature, acidified to pH 1 with 2N aqueous
hydrochloric acid, filtered through a plug of
diatomaceous earth and the two phases are separated.
The aqueous phase is extracted with dichloromethane (2
x 25 ml), the organic phases are combined, washed with
water, and dried over anhydrous sodium sulfate. The
mixture is filtered, and the filtrate is evaporated
under reduced pressure. The residue is purified by
column chromatography on silica gel to give (1R*
,5S*)-3-(4-bromo-2,6-diethylphenyl)-1-methyl-8-
oxabicyclo[3.2.1]octane-2,4-dione as a white solid
(0.1 g). Example 9: Preparation of (1S*
,5S*)-3-(4-bromo-2-ethylphenyl)-1-ethoxymethyl-8-oxabi
cvclof3.2 1loctane-2.4-dioneStep 1: Preparation of
(1S*,5S*)-2,3,4,4-tetrachloro-1-ethoxymethyl-8-oxabicy
clo-[3.2.1]octa-2,6- diene Pentachlorocyclopropane (25
g , 0.1 16 mol) is added to a suspension of potassium
hydroxide (7.8 g, 0.139 mol) in 1,4-dioxane (900 ml)
and the mixture is stirred at room temperature for 30
minutes and then heated to 65 0C for a further 30
minutes. 2-Ethoxymethylfuran (17.5 g, 0.139 mol) is
added to the reaction mixture, the temperature is
raised to 85-90 0C and the mixture is stirred for 16
hours. The reaction mixture is cooled to room
temperature, filtered through a plug of diatomaceous
earth and the filtrate is evaporated under reduced
pressure to give (1S*,5S*)-
2,3,4,4-tetrachloro-1-ethoxymethyl-8-oxabicyclo[3.2.1]
octa-2,6-diene (23 g), used without further
purification in the next step. Step 2: Preparation of
(1S*,5S*)-3,4-dichloro-5-ethoxymethyl-8-oxabicyclo[3.2
.1]octa-3,6-dien-2- one Silver nitrate (26 g , 0.154
mol) is added to a stirred mixture of
(1S*,5S*)-2,3,4,4-tetrachloro-1-
ethoxymethyl-8-oxabicyclo[3.2.1]octa-2,6-diene (23.5 g
, 0.077mol), acetone (450 ml) and water (450 ml) and
the mixture is heated at 65 0C for 16 hours. The
reaction mixture is cooled to room temperature, and a
saturated solution of aqueous sodium bicarbonate is
added to adjust the pH to 7-8. The mixture is filtered
through a plug of diatomaceous earth, and the filtrate
is concentrated under reduced pressure to remove most
of the acetone. The aqueous mixture isextracted with
ethyl acetate (3 X 250 ml) and the organic extracts
are combined, dried over anhydrous sodium sulfate,
filtered and the filtrate is evaporated. The residue
is purified by column chromatography on silica gel to
give (1S*,5S*)-3,4-dichloro-5-ethoxymethyl-8-
oxabicyclo[3.2.1]octa-3,6-dien-2-one (6 g) as a yellow
oil. 



Step 3: Preparation of
3-chloro-1-ethoxymethyl-4-oxo-spiro(1
,3-dioxolane-2,2'-[8]oxabicyclo[ 3.2.1]oct-6-ene)
Sodium (0.83 g, 0.036 mol) is added cautiously to
ethylene glycol (69 g) and the mixture is stirred at
35-40 0C under an atmosphere of nitrogen until the
sodium is completely dissolved. A solution of
(1S*,5S*)-3,4-dichloro-5-ethoxymethyl-8-oxabicyclo[3.2
.1]octa-3,6-dien-2-one (6 g, 0.024 mol) in
tetrahydrofuran (45 ml) is added dropwise over 30
minutes, and once the addition is complete, the
mixture is stirred for 90 minutes at room temperature.
The reaction mixture is neutralised by addition of 10%
aqueous sodium dihydrogen phosphate, and extracted
with ethyl acetate (3 X 75 ml). The organic extracts
are combined, dried over anhydrous sodium sulfate,
filtered and the filtrate is evaporated. The residue
is purified by column chromatography on silica gel to
give 3-
chloro-1-ethoxymethyl-4-oxo-spiro(1,3-dioxolane-2,2'-[
8]oxabicyclo[3.2.1]oct-6-ene) (6 g) as a gum. Step 4:
Preparation of
(1S*,5S*)-1-ethoxymethyl-4-oxo-spiro(1,3-dioxolane-2,2
'-[8]oxabicyclo[ 3.2.1]oct-6-ene) Zinc powder (6.25 g
, 0.048 mol) is added to a solution of
3-chloro-1-ethoxymethyl-4-oxospiro(
1,3-dioxolane-2,2'-[8]oxabicyclo[3.2.1]oct-6-ene) (6
g, 0.024 mol) in acetic acid (30 ml) and the reaction
mixture is stirred at room temperature for 24 hours.
The mixture is diluted with water(300 ml) and
extracted with ethyl acetate (3 X 100 ml). The organic
extracts are combined, dried over anhydrous sodium
sulfate, filtered and the filtrate is evaporated to
give (1S*,5S*)-1-
ethoxymethyl-4-oxo-spiro(1,3-dioxolane-2,2'-[8]oxabicy
clo[3.2.1]oct-6-ene) (6 g) as a yellow oil, used
without further purification in the next step. Step 5:
Preparation of (1S*
,5S*)-1-ethoxymethyl-8-oxabicyclo[3.2.1]oct-6-ene-2,4-
dione Concentrated hydrochloric acid (18 ml) is added,
in three portions, to a mixture of (1S*, 5S*)-1-
ethoxymethyl-4-oxo-spiro(1
,3-dioxolane-2,2'-[8]oxabicyclo[3.2.1]oct-6-ene) (6 g,
0.025 mol) in acetone (80 ml) and water (40 ml) and
the reaction mixture is stirred at 65-70 0C for 48
hours. The mixture is cooled to room temperature, most
of the acetone is removed by evaporation under reduced
pressure and the resulting aqueous solution is
extracted with ethyl acetate (3 X 100 ml). The organic
extracts are combined, dried over anhydrous sodium
sulfate, filtered and the filtrate is evaporated. The
residue is purified by column chromatography on silica
gel to give (1S*, 5S*)- i-ethoxymethyl- d-oxabicyclo
^.ijoct- d-ene^^-dione (2.8 g) as a yellow oil. Step
6: Preparation of (1S*
,5S*)-1-ethoxymethyl-8-oxabicyclo[3.2.1]octane-2,4-dio
ne To a solution of (1S*
,5S*)-1-ethoxymethyl-8-oxabicyclo[3.2.1]oct-6-ene-2,4-
dione (2.8 g, 0.014 mol) in ethyl acetate (10 ml) is
added 10% palladium on carbon (0.056 g), followed by
stirring under a 1 bar hydrogen atmosphere for 24
hours. The reaction mixture is then filtered through
diatomaceous earth and the filtrate is concentrated
under reduced pressure. The residue is purified by
column chromatography on silical gel to afford
(1S*,5S*)-1-ethoxymethyl-8-
oxabicyclo[3.2.1]octane-2,4-dione (2.3 g) as a pale
yellow solid.Step 7: Preparation of (1S*
,5S*)-3-(4-bromo-2-ethylphenyl)-1-ethoxymethyl-8-oxabi
cyclo[ 3.2.1]octane-2,4-dione (1S*
,5S*)-1-Ethoxymethyl-8-oxabicyclo[3.2.1]octane-2,4-dio
ne (0.8 g, 4.04 mmol) and 4- dimethylaminopyridine
(2.4 g , 19.67 mmol) are added to a mixture of
chloroform (16 ml) and toluene (4 ml). The reaction
mixture is flushed with nitrogen for 15 minutes at
ambient temperature. 4-Bromo-2-ethylphenyllead
triacetate (2.49 g, 4.38 mmol) is added in one portion
and the reaction mixture is stirred and heated to 80
0C (pre-heated oil bath) under an atmosphere of
nitrogen for 1 hour. The reaction mixture is cooled to
room temperature, acidified to pH 1 with 2N aqueous
hydrochloric acid, filtered through a plug of
diatomaceous earth and the two phases are separated.
The aqueous phase is extracted with dichloromethane (2
x 25 ml), the organic phases are combined, washed with
water, and dried over anhydrous sodium sulfate. The
mixture is filtered, and the filtrate is evaporated
under reduced pressure. The residue is purified by
column chromatography on silica gel to give
(1S*,5S*)-3-(4-bromo-2-ethylphenyl)-1-
ethoxymethyl-8-oxabicyclo[3.2.1]octane-2,4-dione as
white solid (0.45 g). Example 10: Preparation of
4-(4-bromo-2-ethylphenyl)-2,2,6,6-tetramethylpyran-3,5
-dione Step I: 2,2,6,6-Tetramethylpyran-3,5-dione (8
g, 0.047 mol) and 4-dimethylaminopyridine (24 g ,
0.196 mol) are added to a mixture of chloroform (160
ml) and toluene (40 ml). The reaction mixture is
flushed with nitrogen for 15 minutes at ambient
temperature. 4-Bromo-2-ethyl-phenylleadtriacetate
(29.4 g, 0.051 mol) is added in one portion and the
reaction mixture is stirred and heated to 80 0C
(pre-heated oil bath) under an atmosphere of nitrogen
for 1 hour. The reaction mixture is cooled to room
temperature, acidified to pH 1 with 2N aqueous
hydrochloric acid, filtered through a plug of
diatomaceous earth and the two phases are separated.
The aqueous phase is extracted with dichloromethane (2
x 100 ml), the organic phases are combined, washed
with water, and dried over anhydrous sodium sulfate.
The mixture is filtered, and the filtrate is
evaporated under reduced pressure. The residue is
purified by column chromatography on silica gel to
give
4-(4-bromo-2-ethylphenyl)-2,2,6,6-tetramethylpyran-3,5
-dione as a white solid (10 g). Example 11:
Preparation of
4-(4-bromo-2-ethylphenyl)-2-ethyl-2.6,6-trimethylpyran
-3,5-dione Step 1: Preparation of
2,5-dimethylhept-3-yne-2,5-diol A solution of
2-methyl-3-butyne-2-ol (15 g, 0.178 mol) in
tetrahydrofuran (150 ml) is cooled to -78 0C under a
nitrogen atmosphere and n-butyl lithium (1.6 molar
solution in hexanes, 244 ml, 0.39 mol) is added slowly
over 1.5-2.0 hours. The reaction mixture is stirred
for 1 hour at -78 0C and to this mixture a solution of
2-butanone (24 ml, 0.266 mol) in tetrahydrofuran (24
ml) is added. The reaction mixture is stirred at -78
0C for one hour and allowed to come to ambient
temperature and stirred at ambient temperature for 2-3
hours. The reaction mixture is cooled to 10 "C,
quenched with ice cold water. The aqueous phase is
extracted with dichloromethane (3 x 150 ml). The
organic phases are combined, washed with water, and
dried over anhydrous sodium 



sulfate. The mixture is filtered, and the filtrate is
evaporated under reduced pressure. The residue is
purified by column chromatography on silica gel to
give 2, 5-dimethylhept-3-yne-2,5-diol (15 g) as
colourless oil.Step 2: Preparation of a mixture of
2-ethyl-2,5,5-trimethyldihydrofuran-3-one and
5-ethyl-2,2,5- trimethyldihydrofuran-3-one A mixture
of mercury (II) acetate ( 1 .5 g , 0.0047 mol),
sulfuric acid ( 1.5 ml), water ( 150 ml) and
2,5-dimethylhept-3-yne-2,5-diol (15 g, 0.096 mol) is
heated at 80 0C. The reaction mixture is maintained at
80 0C for 4 hours and allowed to cool to ambient
temperature. The mixture is extracted with diethyl
ether (3 x 150 ml), and the organic phases are
combined, washed with water, and dried over anhydrous
sodium sulfate. The mixture is filtered, and the
filtrate is evaporated under reduced pressure to give
a mixture of 2-ethyl-2,5,5-trimethyl-dihydrofuran-3-
one and 5-ethyl-2,2,5-trimethyldihydrofuran-3-one (15
g), used without further purification in the next
step. Step 3: Preparation of a mixture of
4-[1-(4-bromo-2-ethylphenyl)methylidene]-2-ethyl-2,5,5
- trimethyldihydrofuran-3-one and
4-[1-(4-bromo-2-ethylphenyl)methylidene]-5-ethyl-2,2,5
- trimethyldihydrofuran-3-one Sodium methoxide (7 g,
0.13 mol) is added to a solution of mixture of
2-ethyl-2,5,5- trimethyldihydrofuran-3-one and
5-ethyl-2,2,5-trimethyldihydrofuran-3-one (10 g, 0.064
mol) in dimethoxyethane (50 ml) at 0 0C. The reaction
mixture is stirred for 15 minutes at 0 C and to this
mixture is added a solution of
4-bromo-2-ethylbenzaldehyde (12.23 g , 0.057 mol) in
dimethoxyethane (18 ml). The reaction mixture is
stirred at 0 0C for 1 hour, acidified to pH 1 with 2N
aqueous hydrochloric acid and extracted with diethyl
ether (3 x 100 ml). The organic phases are combined,
washed with water, and dried over anhydrous sodium
sulfate. The mixture is filtered, and the filtrate is
evaporated under reduced pressure to give a mixture of
4-[1-(4-bromo-
2-ethylphenyl)methylidene]-2-ethyl-2,5,5-trimethyl-dih
ydrofuran-3-one and
4-[1-(4-bromo-2-ethylphenyl)methylidene]-5-ethyl-2,2,5
-trimethyldihydrofuran-3-one (19 g), used without
further purification in the next step. Step 4:
Preparation of a mixture of
2-(4-bromo-2-ethylphenyl)-6-ethyl-4,4,6-trimethyl-1
,5- dioxospiro[2.4]heptane-7-one and
2-(4-bromo-2-ethylphenyl)-4-ethyl-4,6,6-trimethyl-1
,5- dioxospiro[2.4]heptane-7-one To a solution of a
mixture of
4-[1-(4-bromo-2-ethylphenyl)methylidene]-2-ethyl-2,5,5
-trimethyldihydrofuran- 3-one and 4-[1
-(4-bromo-2-ethylphenyl)methylidene]-5-ethyl-2,2,5-
trimethyldihydrofuran-3-one (19 g , 0.056 mol) in
methanol (760 ml) is added a 50% solution of aqueous
hydrogen peroxide (9.8 ml, 0.169 mol) and a 2N
solution of aqueous sodium hydroxide (11.26 ml, 0.022
mol) at ambient temperature. The reaction mixture is
stirred at ambient temperature for 12-15 hours. The
reaction mixture is quenched with a saturated solution
of aqueous sodium metabisulfite, evaporated under
reduced pressure to remove most of the solvent and
extracted with dichloromethane (3 x 200 ml). The
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered, and the filtrate is evaporated under reduced
pressure to give a mixture of
2-(4-bromo-2-ethylphenyl)-6- ethyl-4,4,6-trimethyl-1
,5-dioxospiro[2.4]heptane-7-one and
2-(4-bromo-2-ethylphenyl)-4-ethyl- 4,6,6-trimethyl-i
,5-dioxospiro[2.4]-heptane-7-one (15 g) as yellow
solid, used without further purification in the next
step. Step 5: Preparation of
4-(4-bromo-2-ethylphenyl)-2-ethyl-2,6,6-trimethylpyran
-3,5-dioneTo an ice cold solution of a mixture of
2-(4-bromo-2-ethylphenyl)-6-ethyl-4,4,6-trimethyl-1
,5- dioxospiro[2.4]heptane-7-one and
2-(4-bromo-2-ethylphenyl)-4-ethyl-4,6,6-trimethyl-1
,5- dioxospiro[2.4]heptane-7-one (15 g, 0.041 mol) in
dichloromethane (7.5 ml) is added concentrated
sulphuric acid (45 ml), dropwise, over 50-60 minutes,
maintaining the temperature of the reaction mixture at
5-10 0C. The reaction mixture is maintained at 5-10 0C
for 10-15 minutes, quenched into crushed ice (225 g)
and the aqueous phase is extracted with
dichloromethane (3 x 100 ml). The organic phases are
combined, washed with water, and dried over anhydrous
sodium sulfate. The mixture is filtered, and the
filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give 4-(4-
bromo-2-ethylphenyl)-2-ethyl-2,6,6-trimethylpyran-3,5-
dione (3.5 g) as a white solid. Example 12:
Preparation of
4-(4-bromo-2-ethylphenyl)-2,2-dimethyl-1-oxa-spirof5.5
l-undecane- 3.5-dione Step 1: Preparation of
1-(3-hydroxy-3-methylbut-1-ynyl)cyclohexanol A
solution of 2-methyl-3-butyne-2-ol (25 g, 0.297 mol)
in tetrahydrofuran (250 ml) is cooled to -78 0C under
a nitrogen atmosphere and to this solution, n-butyl
lithium (1.6 molar solution in hexanes, 410 ml, 0.65
mol) is added slowly over 1.5-2.0 hours. The reaction
mixture is stirred for 1 hour at -78 C and a solution
of cyclohexanone (46.2 ml, 0.44 mol) in
tetrahydrofuran (46 ml) is added. The reaction mixture
is stirred at -78 0C for one hour and allowed to come
to ambient temperature and stirred at ambient
temperature for 2-3 hours. The reaction mixture is
cooled to 10 0C and quenched with ice cold water. The
mixture is extracted with dichloromethane (3 x 250
ml), the organic phases are combined, washed with
water, and dried over anhydrous sodium sulfate. The
mixture is filtered, and the filtrate is evaporated
under reduced pressure. The residueis purified by
column chromatography on silica gel to give
1-(3-hydroxy-3-methylbut-1- ynyl)cyclohexanol (20 g)
as a colourless oil. Step 2: Preparation of a mixture
of 2,2-dimethyl-1-oxaspiro[4.5]decan-4-one and
2,2-dimethyl-1- oxaspiro[4.5]decan-3-one A mixture of
mercury (II) acetate ( 1.8 g, 0.0056 mol), sulfuric
acid ( 1.8 ml, 0.01 8 mol), water ( 180 ml) and
1-(3-hydroxy-3-methylbut-1-ynyl)cyclohexanol (18 g,
0.099 mol) is heated at 80 0C. The reaction mixture is
maintained at 80 0C for 4 hours and allowed to come to
ambient temperature. The aqueous phase is extracted
with diethyl ether (3 x 200 ml), the organic phases
are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, 



and the filtrate is evaporated under reduced pressure
to give a mixture of 2,2-dimethyl-1-
oxaspiro[4.5]decan-4-one and
2,2-dimethyl-1-oxaspiro[4.5]decan-3-one (16 g), used
without further purification in the next step. Step 3:
Preparation of a mixture of
3-[1-(4-bromo-2-ethylphenyl)methylidene]-2,2-dimethyl-
1- oxaspiro[4.5]decan-4-one and
4-[1-(4-bromo-2-ethylphenyl)methyl-idene]-2,2-dimethyl
-1- oxaspiro[4.5]decan-3-one Sodium methoxide (5.4 g,
0.1 mol) is added to a solution of a mixture of
2,2-dimethyl-1- oxaspiro[4.5]decan-4-one and
2,2-dimethyl-1-oxaspiro[4.5]decan-3-one (9 g , 0.049
mol) in dimethoxyethane (45 ml) at 0 "C. The reaction
mixture is stirred for 15 minutes at 0 0C and to this
mixture is added a solution of 4-bromo-2-ethyl
benzaldehyde (9.4 g, mol) in dimethoxyethane (14 ml).
The reaction mixture is stirred at 0 0C for 1 hour,
acidified to pH 1 with 2N aqueoushydrochloric acid and
extracted with diethyl ether (3 x 100 ml). The organic
phases are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure to
give a mixture of 3-[1-(4-bromo-2-
ethylphenyl)methylidene]-2,2-dimethyl-1-oxaspiro[4.5]-
decan-4-one and 4-[1-(4-bromo-2-
ethylphenyl)methylidene]-2,2-dimethyl-1-oxa-spiro[4.5]
decan-3-one (20 g), used without further purification
in the next step. Step 4: Preparation of a mixture of
2-(4-bromo-2-ethylphenyl)-12, 12-dimethyl-1, 11-
dioxadispiro[2. 1.5.2]dodecan-4-one and
2-(4-bromo-2-ethylphenyl)-1 1,1 1-dimethyl-1 ,10-
dioxadispiro[2.0.5.3]dodecan-12-one To a solution of a
mixture of
3-[1-(4-bromo-2-ethylphenyl)methylidene]-2,2-dirnethyl
-1- oxaspiro[4.5]decan-4-one and 4-[1
-(4-bromo-2-ethylphenyl)methylidene]-2,2-dimethyl-1 -
oxaspiro[4.5]decan-3-one (20 g, 0.053 mol) in methanol
(800 ml) is added a 50% solution of aqueous hydrogen
peroxide (9.24 ml, 0.159 mol) and a 2N aqueous
solution of sodium hydroxide (10.6 ml, 0.02 mol) at
ambient temperature. The reaction mixture is stirred
at ambient temperature for 12-15 hours. The reaction
mixture is quenched with a saturated solution of
sodium metabisulfite, evaporated under reduced
pressure to remove most of the solvent and extracted
with dichloromethane (3 x 200 ml). The organic phases
are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure to
give mixture of
2-(4-bromo-2-ethylphenyl)-12,12-dimethyl- 1, 1
1-dioxadispiro[2.1.5.2]dodecan-4-one and
2-(4-bromo-2-ethylphenyl)-1 1, 1 1-dimethyl-1, 10-
dioxadispiro[2.0.5.3]dodecan-12-one (15 g) used
without further purification in the next step. Step 5
: Preparation of
4-(4-bromo-2-ethylphenyl)-2,2-dimethyl-1-oxaspiro[5.5]
-undecane-3,5- dioneTo an ice cold solution of mixture
of 2-(4-bromo-2-ethylphenyl)-12,12-dimethyl-1 , 1 1-
dioxadispiro[2.1.5.2]dodecan-4-one and
2-(4-bromo-2-ethylphenyl)-1 1,1 i-dimethyl-1 ,10-
dioxadispiro[2.0.5.3]dodecan-12-one (15 g, 0.038 mol)
in dichloromethane (7.5 ml) is added concentrated
sulphuric acid (45 ml), dropwise, over 50-60 minutes,
maintaining the temperature of the reaction mixture at
5-10 0C. The reaction mixture is maintained at 5-10 0C
for 10-15 minutes, quenched into crushed ice (225 g)
and extracted with dichloromethane (3 x 100 ml). The
organic phases are combined, washed with water and
dried over anhydrous sodium sulfate. The mixture is
filtered and the filtrate is evaporated under reduced
pressure. The residue is purified by column
chromatography on silica gel to give
4-(4-bromo-2-ethylphenyl)-2,2-dimethyl-
1-oxaspiro[5.5]undecane-3,5-dione (3 g) as a white
solid. Example 13: Preparation of
4-(4-bromo-2-ethylphenyl)-2-methoxymethyl-2,6,6-tri-me
thylpyran- 3,5-dione Step 1: Preparation of
1-methoxy-2,5-dimethylhex-3-yne-2,5-diolA solution of
2-methyl-3-butyne-2-ol (25 g, 0.3 mol) in
tetrahydrofuran (250 ml) is cooled to -78 0C under a
nitrogen atmosphere and to this solution, n-butyl
lithium (1.6 molar solution in hexanes, 372 ml, 0.59
mol) is added slowly over 1.5-2.0 hours. The reaction
mixture is stirred for 1 hour at -78 0C and a solution
of methoxyacetone (38 g , 0.43 mol) in tetrahydrofuran
(50 ml) is added. The reaction mixture is stirred at
-78 0C for one hour, allowed to come to ambient
temperature, and stirred for 2-3 hours. The reaction
mixture is cooled to 10 C and quenched with ice cold
water. The mixture is extracted with ethyl acetate (3
x 250 ml), and the organic phases are combined, washed
with water, and dried over anhydrous sodium sulfate.
The mixture is filtered, and the filtrate is
evaporated under reduced pressure. The residue is
purified by column chromatography on silica gel to
give 1-methoxy-2,5-dimethylhex-3-yne-2,5-diol (15 g)
as a colourless oil. Step 2: Preparation of a mixture
of 2-methoxymethyl-2,5,5-trimethyldihydrofuran-3-one
and 5- methoxymethyl-2,2,5-trimethyldihydrofuran-3-one
A mixture of mercury (II) oxide (0.6 g, 0.0027 mol),
trifluoroacetic acid (0.2 ml, 0.0027 mol), boron
trifluoride-diethyl etherate (0.6 ml, 0.0047 mol) and
methanol (15 ml) is stirred for 10 minutes at ambient
temperature under a nitrogen atmosphere. A solution of
1-methoxy-2,5-dimethylhex-3- yne-2,5-diol (15 g, 0.087
mol) in methanol (60 ml) is added to the reaction
mixture and the mixture is heated at 60 0C. The
reaction mixture is maintained at 60 0C for 3 hours
then allowed to cool to ambient temperature and
quenched with water. The aqueous layer is extracted
with diethyl ether (3 x 150 ml), the organic phases
are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure to
give a mixture of
2-methoxymethyl-2,5,5-trimethyldihydrofuran-3-one and
5- methoxymethyl-2,2,5-trimethyldihydrofuran-3-one (6
g) as a colourless oil, used in the next step without
further purification. Step 3: Preparation of a mixture
of
3-[1-(4-bromo-2-ethylphenyl)methylidene]-2-methoxymeth
yl- 2,5,5-trimethyldihydrofuran-3-one and
4-[1-(4-bromo-2-ethylphenyl)-methylidene]-5-
methoxymethyl-2,2,5-thmethyldihydrofuran-3-one.Sodium
methoxide (2 g, 0.035 mol) is added to a solution of a
mixture of 2-methoxymethyl-2,5,5- 



trimethyldihydrofuran-3-one and
5-methoxymethyl-2,2,5-tri-methyldihydrofuran-3-one (3
g , 0.0174 mol) in dimethoxyethane (15 ml) at 0 0C.
The reaction mixture is stirred for 15 minutes at 0 0C
and a solution of 4-bromo-2-ethyl benzaldehyde (3.31
g, 0.0156 mol) in dimethoxyethane (5 ml) is added. The
reaction mixture is stirred at 0 0C for 1 hour,
acidified to pH 1 with 2N aqueous hydrochloric acid
and extracted with diethyl ether (3 x 50 ml). The
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered, and the filtrate is evaporated under reduced
pressure to give a mixture of 3-[1-(4-bromo-2-
ethylphenyl)methylidene]-2-methoxymethyl-2,5,5-trimeth
yl-dihydrofuran-3-one and 4-[1-(4-
bromo-2-ethylphenyl)methylidene]-5-methoxymethyl-2,2,5
-trimethyldihydrofuran-3-one (7 g) which is used in
the next step without further purification. Step 4:
Preparation of a mixture of
2-(4-bromo-2-ethylphenyl)-6-methoxymethyl-4,4,6-trimet
hyl- 1,5-dioxaspiro[2.4]heptan-7-one and
2-(4-bromo-2-ethylphenyl)-4-methoxymethyl-4,6,6-trimet
hyl- 1,5-dioxaspiro[2.4]heptan-7-one. To a solution of
a mixture of
3-[1-(4-bromo-2-ethylphenyl)methylidene]-2-methoxymeth
yl-2,5,5- trimethyldihydrofuran-3-one and 4-[1
-(4-bromo-2-ethyl-phenyl)methylidene]-5-methoxymethyl-
2,2,5-t pmethyldihydrofuran-3-one (7 g, 0.019 mol) in
methanol (280 ml) is added 50% aqueoussolution of
hydrogen peroxide (3.3 ml, 0.057 mol) and 2N aqueous
solution of sodium hydroxide (3.8 ml, 0.0076 mol) at
ambient temperature. The reaction mixture is stirred
at ambient temperature for 12-15 hours. The reaction
mixture is quenched with a saturated solution of
sodium metabisulfite, evaporated under reduced
pressure to remove most of the solvent and extracted
with dichloromethane (3 x 75 ml). The organic phases
are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure to
give a mixture of 2-(4-bromo-2-ethylphenyl)-6-
methoxymethyl-4,4,6-trimethyl-1
,5-dioxaspiro[2.4]heptan-7-one and
2-(4-bromo-2-ethylphenyl)-4-
methoxymethyl-4,6,6-trimethyl-1,5-dioxa-spiro[2.4]hept
an-7-one (5 g) as a yellow solid, used in the next
step without further purification. Step 5: Preparation
of
4-(4-bromo-2-ethylphenyl)-2-methoxymethyl-2,6,6-trimet
hylpyran-3,5- dione To an ice cold solution of a
mixture of
2-(4-bromo-2-ethylphenyl)-6-methoxymethyl-4,4,6-
trimethyl-1 ,5-dioxaspiro[2.4]heptan-7-one and
2-(4-bromo-2-ethylphenyl)-4-methoxymethyl-4,6,6-
trimethyl-1 ,5-dioxaspiro[2.4]heptan-7-one (5 g, 0.013
mol) in dichloromethane (2.5 ml) is added concentrated
sulphuric acid (15 ml), dropwise over 50-60 minutes,
maintaining the temperature of the reaction mixture at
5-10 0C. The reaction mixture is maintained at 5-10 0C
for 10-15 minutes, quenched into crushed ice (75 g)
and extracted with dichloromethane (3 x 50 ml). The
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered, and the filtrate is evaporated under reduced
pressure. The residue is purified by column
chromatography on silica gel to give
4-(4-bromo-2-ethylphenyl)-2-methoxymethyl-
2,6,6-trimethylpyran-3,5-dione ( 1 .82 g) as a white
solid. Example 14: Preparation of
9-(4-bromo-2-ethylphenyl)-7,7-dimethyl-6-oxaspiro-
r4.5ldecane-8.10- dioneStep 1: Preparation of
1-(3-hydroxy-3-methylbut-1-ynyl)cyclopentanol. A
solution of 2-methyl-3-butyne-2-ol (25 g, 0.297 mol)
in tetrahydrofuran (250 ml) is cooled to -78 CC under
a nitrogen atmosphere and n-butyl lithium (1.6 molar
solution in hexanes, 410 ml, 0.65 mol) is added slowly
over 1.5-2.0 hours. The reaction mixture is stirred
for 1 hour at -78 0C and a solution of cyclopentanone
(39 ml, 0.44 mol) in tetrahydrofuran (39 ml) is added.
The reaction mixture is stirred at -78 0C for one hour
and allowed to come to ambient temperature and stirred
for 2-3 hours. The reaction mixture is cooled to 10 0C
and quenched with ice cold water. The mixture is
extracted with dichloromethane (3 x 250 ml), and the
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered, and the filtrate is evaporated under reduced
pressure. The residue is purified by column
chromatography on silica gel to give
1-(3-hydroxy-3-methylbut-1-ynyl)-cyclopentanol (17 g)
as colourless oil. Step 2: Preparation of a mixture of
2,2-dimethyl-1-oxaspiro[4.4]nonan-4-one and 2,2-
dimethyl-1-oxaspiro [4.4] nonan-3-one A mixture of
mercury (II) acetate ( 1.5 g , 0.0047 mol), sulfuric
acid ( 1.5 ml), water (150 ml) and 1-
(3-hydroxy-3-methylbut-1-ynyl)cyclopentanol (15 g,
0.082 mol) is heated at 80 C. The reaction mixture is
maintained at 80 0C for 4 hours and allowed to come to
ambient temperature. The mixture is extracted with
diethyl ether (3 x 150 ml), and the organic phases are
combined,washed with water, and dried over anhydrous
sodium sulfate. The mixture is filtered, and the
filtrate is evaporated under reduced pressure to give
a mixture of 2,2-di-methyl-1- oxaspiro[4.4]nonan-4-one
and 2,2-dimethyl-1-oxaspiro[4.4]nonan-3-one (15 g) as
colourless oil, used without further purification in
the next step. Step 3: Preparation of a mixture of
3-[1-(4-bromo-2-ethylphenyl)methylidene]-2,2-dimethyl-
1- oxaspiro[4.4]nonan-4-one and 4-[1
-(4-brorno-2-ethylphenyl)methylidene]-2,2-dimethyl-1 -
oxaspiro[4.4]nonan-3-one. Sodium methoxide (3.27 g,
0.06 mol) is added to a solution of mixture of
2,2-dimethyl-1- oxaspiro[4.4]nonan-4-one and
2,2-dimethyl-1-oxaspiro[4.4]nonan-3-one (5 g , 0.0297
mol) in dimethoxyethane (25 ml) at 0 0C. The reaction
mixture is stirred for 15 minutes at 0 CC and to this
mixture is added a solution of 4-bromo-2-ethyl
benzaldehyde (5.6 g, 0.0267 mol) in dimethoxyethane
(8.4 ml). The reaction mixture is stirred at 0 0C for
1 hour, acidified to pH 1 with 2N aqueous hydrochloric
acid and extracted with diethyl ether (3 x 50 ml). The
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered and the filtrate is evaporated under reduced
pressure to give mixture of 3-[1-(4-bromo-2-
ethylphenyl)methylidene]-2,2-dimethyl-1-oxaspiro[4.4]n
onan-4-one and 4-[1-(4-bromo-2-
ethylphenyl)methylidene]-2,2-dimethyl-1-oxaspiro[4.4]n
onan-3-one (10 g) which is used in the 



next step without further purification. Step 4:
Preparation of a mixture of
2-(4-bromo-2-ethylphenyl)-1 1,1 1-dimethyl-1 , 10-
dioxadispiro[2.1.4.2]undecan-4-one and
2-(4-bromo-2-ethylphenyl)-10,10-dimethyl-1
,9-dioxadispiro[2.0.4.3]undecan-11-one To a solution
of a mixture of
3-[1-(4-bromo-2-ethylphenyl)methylidene]-2,2-dimethyl-
1- oxaspiro[4.4]nonan-4-one and 4-[1
-(4-bromo-2-ethylphenyl)methylidene]-2,2-dimethyl-1 -
oxaspiro[4.4]nonan-3-one (10 g, 0.027 mol) in methanol
(400 ml) is added a 50% solution of aqueous hydrogen
peroxide (4.79 ml, 0.082 mol) and a 2N aqueous
solution of sodium hydroxide (5.48 ml, 0.01 1 mol) at
ambient temperature. The reaction mixture is stirred
at ambient temperature for 12-15 hours. The reaction
mixture is quenched with a saturated solution of
aqueous sodium metabisulfite, evaporated under reduced
pressure to remove most of the solvent and extracted
with dichloromethane (3 x 100 ml). The organic phases
are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure to
give mixture of 2-(4-bromo-2-ethylphenyl)-1 1, 1 1-
dimethyl-1 ,1 0-dioxadispiro[2. 1.4.2]undecan-4-one
and 2-(4-bromo-2-ethylphenyl)-1 0,10-
dimethyl-1,9-dioxadispiro[2.0.4.3]undecan-1 1-one (7
g) as a yellow solid, used without further
purification in the next step. Step 5: Preparation of
9-(4-bromo-2-ethylphenyl)-7,7-dimethyl-6-oxaspiro[4.5]
-decane-8,10-dione To an ice cold solution of a
mixture of 2-(4-bromo-2-ethylphenyl)-1 1, 1
1-dimethyl-1,10- dioxadispiro[2.1.4.2]undecan-4-one
and 2-(4-bromo-2-ethylphenyl)-10,10-dimethyl-1,9-
dioxadispiro[2.0.4.3]undecan-1 1-one (7 g, 0.0185 mol)
in dichloromethane (3.5 ml) is added concentrated
sulphuric acid (21 ml), dropwise over 50-60 minutes,
maintaining the temperature of the reaction mixture at
5-10 0C. The reaction mixture is maintained at 5-10 0C
for 10-15minutes, quenched into crushed ice (100 g)
and extracted with dichloromethane (3 x 75 ml). The
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered and the filtrate is evaporated under reduced
pressure. The residue is purified by column
chromatography on silica gel to give
9-(4-bromo-2-ethyl-phenyl)-7,7-dimethyl-6-
oxaspiro[4.5]decane-8,10-dione (1.1 g) as a white
solid. Example 15: Preparation of
4-(4-bromo-2-ethylphenyl)-2,6-diethyl-2,6-dimethylpyra
n-3,5-dione Step 1: Preparation of 3,
6-dimethyloct-4-yne-3,6-diol A solution of
3-methyl-1-pentyn-3-ol (30 g, 0.3 mol) in
tetrahydrofuran (250 ml) is cooled to -78 C under a
nitrogen atmosphere and n-butyl lithium ( 1 .6 molar
solution in hexanes, 383 ml, 0.61 1 mol) is added
slowly over 1.5-2.0 hours. The reaction mixture is
stirred for 1 hour at -78 C and a solution of
2-butanone (41 ml, 0.458 mol) in tetrahydrofuran (50
ml) is added. The reaction mixture is stirred at -78
0C for one hour, allowed to come to ambient
temperature and stirred for 2-3 hours. The reaction
mixture is cooled to 10 0C and quenched with ice cold
water. The aqueous phase is extracted with
dichloromethane (3 x 200 ml). The organic phases are
combined, washed with water, and dried over anhydrous
sodium sulfate. The mixture is filtered, and the
filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give 3, 6-dimethyloct-4-yne-3, 6-diol (27 g) as
a colourless oil. Step 2: Preparation of
2,5-diethyl-2,5-dimethyldihydrofuran-3-oneA mixture of
mercury (II) acetate (2.7 g , 0.0084 mol), sulfuric
acid (2.7 ml, 0.027 mol), water (270 ml) and
3,6-dimethyl-oct-4-yne-3,6-diol (27.0 g, 0.159 mol) is
heated at 80 0C. The reaction mixture is maintained at
80 0C for 4 hours and allowed to cool to ambient
temperature. The mixture is extracted with diethyl
ether (3 x 150 ml), the organic phases are combined,
washed with water, and dried over anhydrous sodium
sulfate. The mixture is filtered and the filtrate is
evaporated under reduced pressure to give 2 ,
5-diethyl-2, 5-di-methyldihydrofuran-3-one (20 g) as a
colourless oil. Step 3: Preparation of
4-[1-(4-bromo-2-ethylphenyl)methylidene]-2,5-diethyl-2
,5- dimethyldihydrofuran-3-one Sodium methoxide (5.08
g , 0.094mol) is added to a solution of 2,
5-diethyl-2, 5- dimethyldihydrofuran-3-one (8 g ,
0.047 mol) in dimethoxyethane (40 ml) at 0 0C. The
reaction mixture is stirred for 15 minutes at 0 0C and
a solution of 4-bromo-2-ethyl benzaldehyde (8.96 g ,
0.042 mol) in dimethoxyethane (8 ml) is added. The
reaction mixture is stirred at 0 0C for 1 hour,
acidified to pH 1 with 2N aqueous hydrochloric acid
and extracted with diethyl ether (3 x 75 ml). The
organic phases are combined, washed with water, and
dried over anhydrous sodium sulfate. The mixture is
filtered, and the filtrate is evaporated under reduced
pressure to give 4-[1-(4-
bromo-2-ethylphenyl)methylidene]-2,5-diethyl-2,5-dimet
hyldihydrofuran-3-one ( 17 g), used without further
purification in the next step. Step 4: Preparation of
2-(4-bromo-2-ethylphenyl)-4,6-diethyl-4,6-dimethyl-1,5
- dioxaspiro[2.4]heptan-7-oneTo a solution of
4-[1-(4-bromo-2-ethylphenyl)methylidene]-2,5-diethyl-2
,5-dimethyldihydrofuran-3- one (20 g, 0,055 mol) in
methanol (800 ml) is added a solution of 50% aqueous
hydrogen peroxide (9.58 ml, 0.165 mol) and a solution
of 2N aqueous sodium hydroxide (10.98 ml, 0.02 mol) at
ambient temperature. The reaction mixture is stirred
at ambient temperature for 12-15 hours. The reaction
mixture is quenched with a solution of saturated
aqueous sodium metabisulfite, evaporated under reduced
pressure to remove most of the solvent and extracted
with dichloromethane (3 x 100 ml). The organic phases
are combined, washed with water, and dried over
anhydrous sodium sulfate. The mixture is filtered, and
the filtrate is evaporated under reduced pressure to
give 2-(4-bromo-2-ethylphenyl)-4,6-diethyl-4,
6-dimethyl-1 ,5- dioxaspiro[2.4]heptan-7-one (15 g),
used without further purification in the next step.
Step 5: Preparation of
4-(4-bromo-2-ethylphenyl)-2,6-diethyl-2,6-dimethylpyra
n-3,5-dione To an ice cold solution of
2-(4-bromo-2-ethylphenyl)-4,6-diethyl-4,6-dimethyl-1
,5- dioxaspiro[2.4]heptan-7-one (15 g , 0.0397 mol) in
dichloromethane (7.5 ml) is added concentrated
sulphuric acid (45 ml), dropwise over 50-60 minutes,
maintaining the temperature 



of the reaction mixture at 5-10 0C. The reaction
mixture is maintained at 5-10 C for 10-15 minutes,
quenched into crushed ice (225 g) and extracted with
dichloromethane (3 x 100 ml). The organic phases are
combined, washed with water, and dried over anhydrous
sodium sulfate. The mixture is filtered, and the
filtrate is evaporated under reduced pressure. The
residue is purified by column chromatography on silica
gel to give 4-(4-bromo-2-ethylphenyl)-2,6-diethyl-
2,6-dimethylpyran-3,5-dione ( 2 g) as a white
solid.Additional compounds in Table A are prepared by
analogous procedures, from appropriate starting
materials. It should be noted that certain compounds
of the invention exist as a mixture of atropisomers,
or other isomers noted above, under the conditions
used to obtain the 1H NMR data. Where this has
occurred, the characterising data are reported for the
mixture of atropisomers, or other isomers, present at
ambient temperature in the specified solvent. 1H nmr
data are obtained in deuterated chloroform (CDCI3) ,
deuterated methanol (CD3OD) or deuterated dimethyl
sulfoxide (DMSOd 6) . In some cases mixed solvent
systems are used, and recorded as such (for example as
CDCI3/CD3OD). Compounds characterised by HPLC-MS were
analysed using an Waters 2777 injector with a 1525
micro pump HPLC equipped with a Waters Atlantis dC18
IS column (column length 20 mm, internal diameter of
column 3 mm, particle size 3 micron), Waters 2996
photodiode array, Waters 2420 ELSD and Micromass
ZQ2000. The analysis was conducted using a three
minute run time, according to the following gradient
table: Solvent A: H2O with 0.05% TFA Solvent B: CH3CN
with 0.05% TFA Table AMethod for producing dendritic
cells The present invention relates to a method for
producing and genetically engineering dendritic cells
(DC) and uses therof . During the last years the
dendritic cell (DC) has been recognised as the central
regulator of immunity. Human DCs are generated by in
vitro differentiation from haematopoietic stem cells
or peripheral blood monocytes in the presence of
growth factors, typically interleukin (IL) 4 and
granulocytemacrophage colony-stimulating factor
(GM-CSF) . Recent evidence suggests that DCs have the
capacity to flexibly respond to the encounter of
microbial, traumatic, or metabolic stress. Thus, DCs
do not only differentiate into one subtype that
fulfils a particular function, e.g. activation or
tolerance, type 1 or type 2 T-helper lymphocyte (ThI,
Th2) polarisation, but assume distinct functional
states in a time-kinetic fashion appropriate to the
challenges encountered in a given environment (Fig.
1). Monocytes leave the blood stream to enter various
tissues and to become what is conventionally referred
to as immature DCs (iDC) . These iDCs are sentinels
that sample their environment by taking up material
from the extra cellular fluid as well as apoptotic
bodies from physiologically dying cells, process, and
present this material without costimulation in a
tolerance-inducing form to T-lymphocytes . The
tolerance-inducing iDC phenotype may be considered the
default status of DCs. This state is maintained until
the iDC encounters a danger signal that may be a
pathogen associated molecular pattern (PAMP)
transmitted by toll-like receptors (TLR) ,
inflammatory cytokines, or T-lymphocyte derived
signalling, most prominently mediated by CD40/CD40L
interaction. This process is referred to as DC
maturation, which coincides with a sequence of
functional changes. These functional changes take
place over a period of approximately 2 days, after
which the DCs reach a status that is referred to as
mature DCs (mDCs) . Most prominently, the DC starts to
upregulate co-stimulatory molecules such as the B7
family members CD80 and CD86. This enables the DC to
deliver an activating rather than a suppressive signal
to T-lymphocytesthat carry a T-cell receptor capable
of interacting with an antigenic peptide in a complex
with major histocompatibility complex (MHC) molecules
on the DC membrane. At this stage also a
stimulus-dependent polarisation takes place, with DCs
secreting IL-12 as well as IL-12 family cytokines
favouring a type 1 immune response that subsequently
supports cellular immunity mediated by cytotoxic
T-lymphocytes (CTL) . IL-12 secretion is generally
triggered by engagement of TLRs with their ligands,
for example TLR4 engagement with LPS, but also by
interaction of soluble or cell membrane bound CD40L
molecules with CD40 on DCs. In contrast, the absence
of IL-12 release triggers a type 2 polarisation that
initiates a humoral immune response by supporting
B-lymphocytes . 



Initiation of DC maturation without IL-12 secretion is
accomplished by exposure of iDCs with cytokine
cocktails that typically contain TNF- a and PG-E2 as
well as various inflammatory cytokines including but
not limited to type I and type II interferons, IL-I,
or IL-6. IL-12 release ceases after about 2 4 hours
indicating that the encounter between DCs and
T-lymphocytes needs to take place within that time
window to allow efficient type 1 polarisation and CTL
activation. In contrast, the expression of
co-stimulatory molecules reaches its maximum after 2
days. Since per definition a mature DC is
characterised only phenotypically by maximum
expression of co-stimulatory molecules but not
functionally, the IL-12 releasing type 1 polarising DC
is referred to as semi-mature (sm) DC. After
approximately 2 days the DC reaches the stage of so
called maturity. During the second day of its
differentiation the DCs loose their immune stimulatory
capacity and acquire immune suppressive properties by
up-regulation of molecules that mediate negative
regulatory feedback loops (Fig. 1 ) . The biological
significance of this differentiation phase is the
necessity of keeping immune responses under strict
control. An activated immune cell, particularly a CTL
that is enabled for the killing of other cells, poses
a considerable threat to an organism. This is
exemplified by the pathological consequences of immune
responses that dodged their control: autoimmune
disease such as type I diabetes or multiple
sclerosis.Therefore, the same DC that during day 1
after encountering a maturation signal primes immune
responses will dampen this same immune response during
day 2 of their differentiation process. Therefore,
mature DCs are in fact not as originally thought
immune stimulatory but rather immune suppressive cells
and therefore inadequate for therapeutic interventions
aimed at immune stimulation such as their use in
cancer immune therapy or the treatment of microbial
diseases. It is important to distinguish between
immature (tolerance maintaining) , semi -mature DCs
(immune stimulatory) , and mature (immune suppressive)
DCs (Fig. 1 ) . An iDC as outlined above maintains
tolerance against autoantigens . An smDC has
encountered one of the maturation stimuli described
above and has irreversibly committed to
differentiation into mDCs within approximately 2 days.
Importantly, only during the first one of those 2 days
it is enabled for IL-12 release, initiation of type I
immune polarisation, and consequently support of a CTL
mediated immune response. Once a maturing DC enters
the second phase of differentiation after one day it
acquires immune suppressive properties. It is a
convention among immunologists to characterise an mDC
by the expression of membrane molecules such as CD80,
CD83, or CD86. However, in contrast to IL-12 that
reaches maximum expression within a few hours and is
lost after 2 4 hours, these membrane molecules reach
their maximum expression only after 48 hours. In order
to clearly distinguish the IL-12 secreting DCs that
are described herein from what is conventionally
understood by the name mature DC, the term semi-mature
DCs was chosen. This, very importantly, shall not
imply some kind of functional deficiency but only a
certain differentiation stage at the time kinetic
scale in Figure 1 . The smDC is functionally different
from an iDC as well as from an mDC. WO 2007/117682
relates to mature dendritic cells which are
transfected with mRNA molecules encoding for CD40L.
Koya R . C . et al. (J Immunoth. 26 (2003) :451-460)
describe the transfection of immature dendritic cells
with viruses coding for CD40L. CD40L is required to
mature these dendritic cells. In Liu Y . et al.
(Cancer Gene Therapy 9 (2002 ) :202-208 )the
transfection of immature dendritic cells with viruses
encoding CD40L is disclosed. It is an object of the
present invention to provide a method for producing
dendritic cells based on genetic engineering. These
dendritic cells may be used to prepare pharmaceutical
preparations. The present invention relates to a
pharmaceutical preparation comprising partially
matured dendritic cells 



obtainable by a method comprising the steps of: a )
providing immature dendritic cells or precursor cells
thereof or partially matured dendritic cells
obtainable by contacting immature dendritic cells with
at least one dendritic cell maturation agent to
produce partially matured dendritic cells (semi-mature
DCs, smDCs) as defined by their capacity to secrete
IL-12, b ) manipulating the cells of step a ) , in
particular the partially matured dendritic cells
(semi-mature DCs, smDCs) releasing IL-12 of step a ) ,
to (i) over-express at least one immune molecule
capable of maintaining the T-lymphocyte stimulatory
capacity of dendritic cells characterised by continued
IL-12 secretion for at least 2 4 hours, preferably at
least 48 hours, and selected from the group consisting
of CD40L by introducing nucleic acid molecules
encoding for said at least one molecule; and/or (ii)
inhibit or prevent the expression of at least one
T-lymphocyte suppressive molecule acting within
dendritic cells exposed to a primary maturation agent
such as LPS/IFN- g or being released from dendritic
cells exposed to a primary maturation agent such as
LPS/IFN- g and being selected from the group
consisting of interleukin 10 (IL-IO), and indoleamine
2 ,3-dioxygenase (IDO), such as at least one of the
genes given in the tables 3 , 4 and/or 5 , by knocking
out the gene or a fragment thereof encoding said at
least one T-lymphocyte suppressive molecule or by
introducing nucleic acid molecules, preferably
ribonucleic acid molecules, to inhibit or prevent the
expression of the at least one T-lymphocyte
suppressive molecule that is active within the
dendritic cell or is delivered from the dendritic
cells to T-cells and c ) optionally adding substances
to transform precursorcells of dendritic cells into
dendritic cells. The pharmaceutical preparation
according to the present invention comprises dendritic
cells obtainable by the methods disclosed herein. The
dendritic cells that are subjected to genetic
engineering aim at over-expression of molecules
contributing to immune stimulation such as CD40L, or
genetic engineering aimed at knocking down the
expression of immune suppressive molecules such as
IL-IO or IDO, and the newly identified molecules
listed in tables 3 , 4 and 5 below, which show an
expression kinetic in DCs that is similar to IL-IO and
IDO. The genetic engineering may be performed on any
DCs or precursor cells, like hematopoietic stem cells,
no matter whether these dendritic cells are exposed to
a maturation agent such as a TLR ligand, a cocktail of
inflammatory cytokines, or T-cell derived signals such
as a CD40L mediated signal, or subjected to another
procedure aimed at triggering the phenotypic switch
from an immature to a mature DC, or they may be at an
immature stage. The (genetic) manipulation may be
performed before or after the exposure to a maturation
stimulus. It is preferred to apply the maturation
stimulus (or a combination of maturation stimuli) for
a brief period of time only, e.g. for no longer than
24 hours, 12 hours, but especially preferred for 6
hours, but also for less than six hours. The favoured
application of a brief (at least 2 hours) maturation
stimulus to the DCs assures that a DC immune medicine
after inoculation into a patient has retained the
capacity for high efficiency initiation of T-cell
stimulation. The genetic engineering of the DCs aims
at improving that basic immune stimulatory capacity
but is not intended to replace it. Precursor cells of
dendritic cells employed for the production of the
dendritic cells of the pharmaceutical preparation of
the present invention have to be transformed into
dendritic cells. Means and methods to achieve this are
known in the art . "Precursor cells of dendritic
cells" include monocytes, hematopoietic cells etc..
Another aspect of the present invention relates to a
method for producing dendritic cells comprising the
steps of:a ) providing immature dendritic cells, b )
contacting said immature dendritic cells with at least
one dendritic cell maturation agent to 



produce partially matured dendritic cells (semimature
DCs, smDCs) as defined by their capacity to secrete
IL-12, and c ) manipulating the partially matured
dendritic cells (semi-mature DCs, smDCs) releasing
IL-12 of step b ) to (i) over-express at least one
immune molecule capable of maintaining the
T-lymphocyte stimulatory capacity of the dendritic
cells characterised by continued IL-12 secretion for
at least 2 4 hours, preferably at least 48 hours or
longer, and the at least one immune molecule being
selected from the group consisting of CD40L by
introducing nucleic acid molecules encoding for said
at least one molecule; and/or (ii) inhibit or prevent
the expression of at least one T-lymphocyte
suppressive molecule acting within the dendritic cell
exposed to a primary maturation agent such as LPS/IFN-
g or being released from dendritic cells exposed to a
primary maturation agent such as LPS/IFN- g and being
selected from the group consisting of interleukin 10
(IL-IO), and indoleamine 2 , 3-dioxygenase (IDO), such
as at least one of the genes given in the tables 3 & 4
, by knocking out the gene or a fragment thereof
encoding said at least one T-lymphocyte suppressive
molecule or by introducing nucleic acid molecules,
preferably ribonucleic acid molecules, to inhibit or
prevent the expression of the at least one Tlymphocyte
suppressive molecule that is active within the
dendritic cell or is delivered from the dendritic
cells to T-cells. Genetically engineered IL-12
releasing DCs of step b ) of the methods described
above over-express at least one molecule capable of
extending the T-lymphocyte stimulatory time window
and/or entirely preventing its closing after 24hours
characterised by maintained secretion of longer than
24 hours by introducing nucleic acid molecules
encoding for said at least one immune stimulatory
molecule; or show an inhibited or down-regulated
expression of at least one molecule that is involved
in the normal developmental progress of a DC after
exposure to any effective maturation stimulus from the
Tlymphocyte stimulatory into a T-lymphocyte
suppressive time window that starts opening 24 hours
after maturation; and/or inhibit or prevent the
expression of at least one molecule that fulfils a
function in mediating T-lymphocyte suppression by DCs
that have developed to assume an immune suppressive
phenotype. This is accomplished by knocking out the
gene or a fragment thereof encoding said at least one
molecule and/or by introducing nucleic acid molecules,
preferably ribonucleic acid molecules, to inhibit or
prevent the expression of at least one molecule that
interferes with the normal development of DCs after
exposure to a maturation stimulus from an immune
stimulatory to an immune suppressive phenotype; and/or
interfering with signals that are delivered from the
DC to the T-cells causing suppressing the activity of
this T-cell and thus suppressing an immune response.
The dendritic cells of the present invention maximise
T-lymphocyte stimulation, particularly CTL activation
by using genetic engineering to broaden the
stimulatory time window of approximately 2 4 hours or
entirely prevent closing of this stimulatory time
window after 24 hours. Alternatively to IL-IO or IDO,
other molecules that are involved in the immune
.suppressive function of the DCs that starts
approximately 2 4 hours after exposure to any
maturation stimulus (table 3 , 4 , and 5 ) may be
used. It will be these molecules that are preferably
targeted in the manufacturing of genetically
engineered immune stimulatory DCs. It is particularly
preferred to use molecules that show a two-fold over
expression in the presented DNA micro array data
(table 3 and 4), more preferable an over-expression of
at least six fold. The numbers given in tables 3 & 4
show the fold over-expression as indicated in the
heading of the 



respective column. It is particularly preferred to
knock down the expression in a DC immune medicine of
the molecules that appear to be involved in immune
suppression, as demonstratedin the example depicted in
Fig. 9 . By reversing the strategy outlined above it
is possible to design a genetically engineered
T-lymphocyte suppressive DC immune medicine for the
treatment of pathological over activity of the immune
system, e.g. in allergies or autoimmune diseases, as
well as in stem cell and organ transplantation. Immune
suppression is physiologically mediated by a DC that
has differentiated for more than 24 hours after
exposure to any maturation stimulus. The immune
suppressive capacity of such a DC is enhanced by
interfering with the expression of Tlymphocyte
stimulatory molecules during the first 2 4 hours of DC
differentiation; and/or by over-expressing molecules
that confer T-lymphocyte suppression by genetically
engineering the DC according to the strategies
outlined above. The use of smDCs as a target for
genetic manipulation is a central and critical part of
the present invention. The immune stimulatory effects
of mDCs that were published in the past are mainly due
to the highly artificial experimental setting in which
many of these experiments were performed, for example
the use of synthetic peptides, which do not exist in
nature, instead of the real targets of DCs: native
protein antigen molecules or even whole cells, both of
which require completely different mechanisms of
uptake and processing by DCs. Many other investigators
used the murine system for their research and there
are critical differences between humans and mice that
cause much confusion. However, it is now generally
accepted that mDCs have immune suppressive
properties.lt surprisingly turned out that dendritic
cells obtained with the method according to the
present invention exhibit a broader stimulatory window
(i.e. increased and prolonged expression of IL-12). It
was found that genetic engineering of a semi-mature
(sm) DC - a DC in which the physiologic
differentiation process is initiated by exposure to
any maturation stimulus capable of triggering IL-12
secretion from DCs, but which, however, is removed
preferably after two to twelve hours, more preferably
after six hours - to over-express the CD40L molecule
has the capacity to maintain its T-lymphocyte
stimulatory capacity for at least 2 4 hours,
preferably 48 hours, and even up to five or even ten
days. It is furthermorepreferred to culture such
genetically engineered DCs in medium containing IFN-g
. Such DCs render smDCs by a typically six
hour-exposure to a Toll-like receptor (TLR) ligand,
preferably but not exclusively lipopolysaccharide
(LPS) , again preferably in the presence of IFN- g , -
see Table 1 - and genetically engineered to
over-express CD40L, assume a phenotype that is
characterised by continued secretion of IL-12 for at
least one, preferably three, and even up to five days
and the maintenance of the immune stimulatory capacity
in an allogeneic mixed leukocyte reaction (alloMLR)
for at least 24 hours, preferably 48 hours, but up to
five days. Applied to the design of a DC immune
medicine, this confirms the existence of an early
immune stimulatory and a later immune suppressive
window of DC differentiation and associated function.
The general principle in the development of
stimulatory DC immune medicines may therefore be to
broaden the early immune stimulatory window in order
to more effectively trigger immune activation and
reduce or close the later immune suppressive window,
or vice versa for designing a suppressive DC immune
medicine (Fig. 1). In general, for producing of an
immune stimulatory DC medicine ("DC immune medicine";
"immune medicine") for the treatment of, e.g., cancer
or infectious diseases, an initial maturation stimulus
such as LPS/IFN- g needs to be applied to the DC in
order to initiate the physiologic differentiation from
iDCs into smDCs . Other TLR ligands (table 1 ) may
serve the same purpose as LPS; combinations of TLR
ligands may give a stronger but not a gualitatively
different signal. If the stimulatory potential of a
T-lymphocyte stimulatory DC immune medicine is based
only on the artificial manipulation of the gene
transfer without the initial exposure to a TLR ligand 



mediated maturation stimulus (e.g. by direct genetic
engineering of immature DCs) , important contributions
to the DC function will be lost and the T-lymphocyte
stimulatory DC immune medicine may not reach its full
potential. A critical difference of the genetically
engineered DC immune medicine according to the present
invention to a DC immune medicine that is manufactured
by only an exposure to a maturation agent or
combinations thereof, e.g. LPS/IFN- g (smDC), is that
forthe latter it is critical that the smDC immune
medicine is applied during the corresponding brief
window of DC differentiation. Such a stimulatory DC
immune medicine has therefore to be applied early
after exposure to the maturation stimulus, whereas the
genetic engineering e.g. by overexpression of CD40L
aims at broadening the immune stimulatory time window
of DC differentiation allowing for a less time
critical application but most importantly prevent the
development of DCs from an immune stimulatory to an
immune suppressive phenotype (Fig. 1). A comparable
improvement of the immune stimulatory capacity of DCs
may be accomplished by knocking down molecules
suspected to be critically involved in immune
suppression as indicated by an expression profile that
is similar to the expression of the known immune
suppressive molecules IL-IO or IDO (listed in Fig. 3 ,
4 and 5 ) ; or molecules that have already shown to be
involved in immune suppression, as knocking them down
in DCs resulted in improved T-cell stimulatory
capacity of engineered DCs (Fig. 9). Also, the immune
stimulatory time window of the older smDC immune
medicine closes after 2 4 hours, whereas the novel
genetically engineered DC immune medicine will
maintain its T-lymphocyte stimulatory potential for at
least one, preferably three, but up to five days
longer. A comparable concept holds true for a
T-lymphocyte suppressive DC immune medicine. The
immature DCs first need to be exposed to a
conventional maturation stimulus, such as LPS/IFN- g ,
in order to initiate differentiation towards an mDC
phenotype corresponding to the T-lymphocyte
suppressive window of DC differentiation. The genetic
engineering to over-express T-lymphocyte suppressive
molecules from the DC immune medicine may be done
before maturation of immature DCs by a maturation
stimulus such as LPS/IFN-Y, but also when targeting
precursor cells of DCs such as monocytes from the
peripheral blood, or haematopoietic stem and precursor
cells, especially but not exclusively when gene
transfer methods are used that result in stable
integration into the genome such as retroviral gene
transfer. In addition to genetic engineering before
exposure to the maturation stimulus, the genetic
engineering may be done six hours and up to 48 hours
after initiation of maturation by e.g. LPS/IFN- g
.When immature DCs are genetically engineered to
over-express immune-suppressive molecules, important
contributions by the physiologic T-lymphocyte
suppressive activity of DCs longer than 24 hours after
exposure to a maturation stimulus would be lost, for
which reason we prefer the genetic engineering of DCs
only in combination with the exposure of these DCs
before (even at a precursor cell level) or after the
genetic engineering to a maturation stimulus such as
LPS/IFN- g . Without genetic engineering of a
T-lymphocyte suppressive DC immune medicine, the
application of such a suppressive DC immune medicine
has to be done during that suppressive window of DC
differentiation whereas a T-lymphocyte suppressive DC
immune medicine genetically engineered to over-express
molecules that mediate suppression of T-lymphocyte
activity allows for a much more flexible
administration to the patient. Table 1 : TLR ligandsBy
genetically engineering DCs which have also received
an LPS/IFN- g or similar maturation stimulus before or
after genetic engineering, to over-express
T-lymphocyte stimulatory molecules and molecules that
prevent closing of the immune stimulatory window, a DC
differentiation will be possible to broaden the immune
stimulatory time window of DC differentiation. It was
elected to demonstrate the feasibility of the present
invention by using CD40L gene transfer, as the
interaction of CD40 expressed from DCs and CD40L
expressed from activated T-lymphocytes delivers a
potent activation and maturation signal to DCs. Such
experiments are preferably 



performed in the presence of IFN-g , which is a
critical cofactor in the maturation of DCs, and all
experiments with CD40L transgenic cells reported in
the examples were done in the presence of IFN-g . The
same principle as CD40L gene transfer may be applied
to other molecules that confer improved stimulatory
capacity to DCs. Alternatively, a Tlymphocyte
suppressive DC immune medicine may be designed by
knocking out the expression of molecules, such as CD40
or IL- 12 or similar molecules, or by over-expressing
molecules that confer T-lymphocyte suppression from
the DC immune medicine. By interfering with the
expression and/or function of T-lymphocyte suppressive
molecules, the immune suppressive window of DC
differentiation may be closed or made narrower or
moved to a later time point. The feasibility of this
approach is demonstrated by knocking down the
expression of molecules that interfere with
T-lymphocyte activation by DCs. Theimprovement of
T-lymphocyte function by knocking down DCderived
T-lymphocyte suppressive signals, as e.g. the enzyme
IDO that metabolises tryptophan, on which activated
Tlymphocytes heavily depend, into kynurenines that
have proapoptotic effects on activated T-lymphocytes,
is shown in the example section. As a second example
the expression of IL-IO was targeted, which is
considered the prototypic immune suppressive molecule
and which is expressed by DCs during the immune
suppressive differentiation time window. In order to
knock down the expression of target molecules, RNA
interference is preferably used, but other
technologies, such as the intracellular expression of
single chain monoclonal antibodies or anti-sense RNA,
may serve the same purpose. Alternatively,
over-expression of said molecules (e.g. IDO or IL-IO)
or similar molecules may serve to design a
T-lymphocyte suppressive DC immune medicine on the
basis of pre-matured smDCs. The results in the example
section (Fig. -9) show that knocking down the
expression of molecules that have an expression
kinetic comparable to IL-IO and/or IDO also results in
an improved T-cell stimulatory capacity of genetically
engineered DCs . The structure and properties of a DC
need to be described in a dynamic fashion that takes
into consideration the developmental stages of a DC.
Each of these stages may be characterised by the
absence or presence of certain marker molecules. This
also indicates that the molecular features of a DC
depend on the specific stage of differentiation of
this DC and the conditions that caused a DC to assume
a certain differentiation pathway. The developmental
plasticity of a DC also explains why it is
advantageous to use what is called a semi-mature type
1 DC (smDCl) ("T cell activating dendritic cells
characterised by the release of interleukin 12") . To
initiate the switch from the tolerance maintenance
function to the immune stimulatory stage, the DC needs
to be exposed to a maturation stimulus (dendritic cell
maturation agent). This opens the immune stimulatory
time window during which the DC most importantly
releases IL-12 as a response to the combination of LPS
and IFN-g or similar reagents that are added to the DC
manufacturing culture. IL-12 acts via aspecific
receptor on helper T-lymphocytes and causes them to
assume a ThI phenotype, resulting in the support of
cytolytic immunity. In order to allow this
DC/T-lymphocyte interaction and the development of
cytolytic immunity the DCs are preferably inoculated
into the organism (e.g. human) at an early time point
during the immune stimulatory window. It is
particularly preferred that said DCs are injected 6
hours after the maturation stimulus. Obviously,
inoculation is associated with removal of the DC
culture medium that contains the dendritic cell
maturation agent (e.g. stimulatory molecules LPS and
IFN-g ). A sufficiently sustainable signal is
transmitted into the DC by a 2 , preferably 4 , more
preferably 6-hour exposure to said maturation agents
(e.g. LPS and IFN-g ) so that after said exposure the
DC is irreversibly committed to complete the process
of maturation and no longer depends on the presence of
the ligands, i.e. DC maturation agents. Formally,
however, at the time of application the DCs have not
yet completed their maturation process, which takes
1-2 days. 



The smDCl design takes optimal advantage of the immune
stimulatory time window during the first 2 4 hours
after initiation of maturation and before the immune
suppressive time window opens and starts to
down-modulate the immune response . At an early phase
after exposure to a maturation stimulus, such as
LPS/IFN- g , DCs possess strong immune activating
properties (the activating window, figure 1), whereas
at later stages of their development they enter an
immune suppressive phase (the suppressive window,
figure 1). Molecular mechanisms of T-cell activation
are well studied and understood. The molecular nature
of and the events initiating negative regulatory
feedback loops are much less studied. Thus, the design
of the DC immune medicine according to the present
invention aims at broadening the immune stimulatory
window for enhancement of the immune activation and
downscaling or closing the immune suppressive window,
thus blocking negative regulatory feedback loops in
DCs. This was accomplished by genetically engineering
DCs either by overexpressing immune stimulatory genes
in addition to exposing them to DC maturation agents
before or after geneticengineering, such as LPS/IFN- g
, or by knocking down immunesuppressive genes using
RNA interference. The expression of a multitude of
immune stimulatory or immune suppressive genes may be
modulated following the same basic principle. The
feasibility of this approach by over-expressing the
immunestimulatory CD40L molecule or by knocking down
the immunesuppressive molecules IL-IO and IDO is shown
in the example section. Combinations of
over-expression and knock down may enhance the potency
of a DC immune medicine but follow the same basic
logic. A T-lymphocyte suppressive DC immune medicine
for the treatment of pathological over-activity of the
immune system may be designed in analogy to the
Tlymphocyte stimulatory DC immune medicine by
genetically engineering a DC initially exposed to a
maturation stimulus, such as LPS/IFN- g , by
genetically engineering the resulting smDCs to
over-express immune suppressive molecules and/or knock
down immune stimulatory molecules in the DC. According
to the novel T-lymphocyte stimulatory or suppressive
DC immune medicine based on genetic engineering that
is described in the present invention, partially
matured smDCs are manipulated by introducing into said
DCs nucleic acid molecules encoding the at least one
immune stimulatory or immune suppressive molecule
and/or nucleic acid molecules, preferably ribonucleic
acid molecules (e.g. siRNA) , to inhibit or prevent
the expression of at least one immune suppressive or
immune stimulatory molecule. The expression of immune
stimulatory as well as immune suppressive molecules in
DCs may be influenced or induced by various methods,
whereby it is preferred to modulate said expressions
by introducing nucleic acid molecules as outlined
above. For instance, the nucleic acid molecule
transfer can be achieved with lentiviral gene transfer
vehicles as well as liposome-mediated transf ection.
The same principle, however, will hold true when other
viral vectors, such as retro viruses or adeno viruses,
or non-viral vectors, such as gene gun or
poly-cationic technologies, or when any other gene
transfer is/are employed. Several strategies have been
developed to introduce foreign genes into cells,
including direct injection ofplasmids or DNA liposome
complexes and infection with modified viruses.
However, safety and efficacy are important
considerations in the development of therapy protocols
that use such gene transfer methods. For example,
proteins that are therapeutic in the context of one
tissue may be harmful in another. Accordingly,
transcriptionally targeted vectors that can restrict
the expression of a therapeutic sequence to
appropriate cells are particularly desirable.
Furthermore, in some cases there may be a therapeutic
window for certain proteins, such that levels of
expression below or above certain thresholds may be
ineffective or toxic, respectively. Therefore, it
would also be desirable to create constructs and
devise methods that allow exogenous control of
expression, so 



that levels of a therapeutic protein can be raised or
lowered according to therapeutic need. Conventional
viral and non-viral based gene transfer methods can be
used to introduce nucleic acids encoding the
respective molecules into the DCs of the present
invention or, alternatively, nucleic acids that
inhibit transcription or translation of said
molecules, such as siRNAs or anti-sense RNAs.
Non-viral vector delivery systems include DNA
plasmids, naked nucleic acid, and nucleic acid
complexed with a delivery vehicle such as a liposome.
Viral vector delivery systems include DNA and RNA
viruses, which have either episomal or integrated
genomes after delivery to the cell. For a review of
gene delivery procedures, see Anderson, Science
256:808-813 (1992); Nabel & Feigner, TIBTECH
11:211-217 (1993); Mitani & Caskey, TIBTECH 11:162-166
(1993); Dillon, TIBTECH 11:167-175 (1993); Miller,
Nature 357:455-460 (1992); Van Brunt, Biotechnology
6(10): 1149-1154 (1988); Vigne, Restorative Neurology
and Neuroscience 8:35-36 (1995); Kremer & Perricaudet,
British Medical Bulletin 51(1): 31-44 (1995); Haddada
et al., in Current Topics in Microbiology and
Immunology Doerfler and Bohm (eds) (1995); and Yu et
al., Gene Therapy 1:13-26 (1994) . Small interfering
RNA molecules can also be used. In mammalian cells,
introduction of long dsRNA (>30 nt) often initiates a
potent antiviral response, exemplified by non specific
inhibition of protein synthesis and RNA
degradation.The phenomenon of RNA interference is
described and discussed, e.g., in Bass, Nature
411:428-29 (2001); Elbahir et al., Nature 411:494-98
(2001); and Fire et al., Nature 391:806-11 (1998),
where methods of making interfering RNA also are
discussed. The siRNAs sequences used in the present
invention are preferably less than 100 base pairs,
typically 30 bps or shorter, and are made by methods
known in the art. Exemplary siRNAs according to the
invention could have up to 29 bps, 25 bps, 22 bps, 21
bps, 20 bps, 19 bps, 15 bps, 10 bps, 5 bps or any
integer thereabout or therebetween. According to a
preferred embodiment of the present invention, the
precursors for the manufacturing of immature DCs are
obtained from skin, spleen, bone marrow, thymus, lymph
nodes, umbilical cord blood or, most preferably, from
peripheral' blood. The DCs used in the method
according to the present invention can be directly
isolated from a respective source or derived from
progenitor cells. The person skilled in the art knows
respective methods. For example, DC precursors and
immature DCs can be isolated by collecting
anti-coagulated peripheral blood, haematopoietic stem
cells, by leukocyte apheresis, or by preparation of
buffy coats, rosetting, centrif ugation, density
gradient centrif ugation (e. g., using Ficoll (such as
FICOLLPAQUE) , PERCOLO (colloidal silica particles
(15-30 nm diameter) coated with non-dialyzable
polyvinylpyrrolidone (PVP), sucrose, and the like),
differential lysis of cells, filtration etc.. In
certain embodiments, a leukocyte population may be
prepared, such as, for example, by collecting blood
from a subject, def ribrinating it, removing the
platelets, and lysing the red blood cells. DC
precursors, monocytes, or myeloid progenitor or stem
cells may be used to differentiate iDCs. Monocytes can
optionally be enriched from peripheral blood by, for
example, taking advantage of their capacity to adhere
to plastic surfaces, centrif ugation through a density
gradient, monoclonal antibody panning, counter flow
centrif ugation and the like. If the DCs obtainable by
the method according to the present invention are used
to treat individuals, the iDCs can be obtained from
the individual to be treated or from a healthy
individual HLA-matched to the individual to betreated
. DC progenitors can be cultured and differentiated in
suitable culture media. Suitable tissue culture media
include e.g. RPMI 1640 and DMEM. The tissue culture
media can be supplemented with human autologous or
pooled donor serum but not serum of any bovine source,
amino acids, vitamins, cytokines, such as GM-CSF and
IL-4 or IL-13, or IFN- g , and divalent cations to
promote differentiation of the cells. The 



progenitor cells may be preferably cultured also in
serum-free clinical grade media. A typical cytokine
combination used with dendritic cell culture medium
comprises GM-CSF and IL-4 or IL- 13, or IFN- g . In
order to apply the maturation stimulus to the DCs that
drives them into the smDC differentiation status
(before or after genetic engineering or at the stage
of a DC precursor cell such as a monocyte or a
haematopoietic stem or precursor cell) that is the
preferred status for a the DC immune medicine of the
present invention, genetic engineering, an effective
amount of at least one DC maturation agent is
contacted with the iDCs. The at least one DC
maturation agent is preferably selected from the group
consisting of heatinactivated or formalin-treated
Bacillus Calmette-Guerin (BCG) , preferably cell wall
constituents of BCG, BCG-derived lipoarabidomannans or
BCG components, lipopolysaccharide (LPS) derived from
E . coli, or inactivated Gram positive or Gram
negative microorganisms, an imidazoquinoline compound,
preferably an imidazoquinoline-4-amine compound, in
particular
4-amino-2-ethoxymethyl-x-dimethyl-lH-imidazol [4,5- c
]quinolin-1-ethanol or 1- (2-methylpropyl) -lH-imidazo
[4,5-c] quinolin-4-amine, or derivatives thereof (see
e.g. WO00/47719) , a synthetic double-stranded
polyribonucleotide, preferably polyI:C, natural
double-stranded RNA or RNA viruses or fragments of
RNA, or synthetic analogues, or a synthetic or natural
nucleic acid molecule comprising un-methylated CpG
motifs. The majority of these compounds are TLR
agonists (see table 1 for a comparison) . In the
present invention it is particularly preferred to use
LPS as dendritic cell maturation agent. However, in
principle, it is also feasible to use any TLR agonists
alone or in combination with IFN- g . In principle,it
is also possible to expose iDCs to cocktails of
cytokines for maturation that typically include but
are not limited to tumour necrosis factor a (TNF-a),
IL-I, IL-6, and prostaglandin E6, or parts of that
combination. Furthermore, it is possible to trigger
the CD40/CD40L signalling pathway. This may be done by
contacting iDCs with recombinant CD40L molecules or
fusion proteins comprised of the CD40L domain and
another protein, such as IgG-Fc, in soluble form or
immobilised at a surface, e.g. the culture dish or a
nanoparticle, or with primary cells or cell lines
genetically engineered to express CD40L, or with
activated T-lymphocytes that physiologically
up-regulate expression of CD40L. The CD40/CD40L signal
may be applied in any combination with TLR agonists,
inflammatory cytokines. Of course any combination of
at least two of said maturation agents may be used
according to the present invention. The at least one
(preferably at least 2 , 3 , 5 , 10) dendritic cell
maturation agent is preferably contacted with the
dendritic cells in the presence of IFN-g . According
to another preferred embodiment of the present
invention, the iDCs prior to genetic engineering step
c ) are contacted with effective amounts of at least
one dendritic cell maturation agent for at least 2
hours, preferably for at least 6 hours, in particular
for at least 12 hours, and for a maximum of up to 2 4
hours. The maturation time depends on various
parameters (e.g. DC maturation agent). The contact
time and the other parameters have to be chosen so
that the iDCs mature only partially into smDCs using
methods known in the art. Cell surface markers can be
detected in assays familiar to the art, such as flow
cytometry and immunohistochemistry . The cells can
also be monitored for cytokine production (e.g. by
ELISA, another immune assay, or by use of an
oligonucleotide arrays or protein arrays) . The at
least one molecule capable of mediating maturation of
iDCs into IL-12 releasing smDCs is preferably selected
from the group consisting of LPS in the presence of
IFN-g in order to ready the DCs for the step of
genetic engineering in order to manufacture a novel
T-lymphocyte stimulatory or suppressive DC immune
medicine with improvedfeatures. The at least one
molecule capable of enabling the DCs to maintain their
immune stimulatory phenotype characterised e.g. by the
secretion of IL-12 beyond the 



physiologic immune stimulatory window of approximately
24 hours, thus conferring to them superior features in
comparison with smDCs, is CD40L, typically but not
necessarily in the presence of IFN-g . We here elected
to use an approach that is based on enabling smDCs to
artificially express CD40L, which they normally don't,
using genetic engineering methods outlined above. It
is, however, conceivable, to express CD40L not from
the DC itself but rather from an accessory primary
cell or cell line, an activated T-lymphocyte, or to
use soluble or immobilised recombinant CD40L molecules
or fusion proteins. According to another preferred
embodiment of the present invention, the at least one
molecule that interferes with the expression of DC
molecules that mediates T-lymphocyte suppressive
activity is selected from the group consisting of
interleukin 10 (IL-10) and indoleamine 2,3-dioxygenase
(IDO). The molecule that mediates T-lymphocyte
suppressive activity may also be selected from the
molecules listed in tables 2 and 3 of the example
section, whereby molecules showing two-fold
over-expression in the DNA micro array expression
profiling data are preferred, but molecules showing a
six-fold or higher over-expression are particularly
preferred. According to a preferred embodiment of the
present invention the at least one antigen is selected
from the group a ) consisting of tumour antigens,
viral antigens, bacterial antigens, or any other human
microbial or parasitic pathogens; or b ) consisting of
environmental antigens that cause allergy,
auto-antigens against which an immune response was
initiated that causes disease, or transplantation
antigens. In order to produce novel T-lymphocyte
stimulatory or suppressive DC immune medicines with
improved features based on smDCs, which are able to
induce a specific enhanced immune response or enhanced
immune suppression against an antigen in an
individual, the iDCs are preferably loaded with at
least one antigen before contacting them with the
preferred LPS/IFNY stimulus to manufacture smDCs
followed by geneticengineering. Antigen loading is
necessary to instruct Tlymphocytes against what
antigen they need to become active or which antigen
they are supposed to tolerate. Antigens for the
charging of DCs may be derived from diseased tissue,
such as tumour antigen or viral antigens from virally
infected cells. They may be a fragment of or an entire
dead or living microorganism or a dead or living
prokaryotic human or animal cell, e.g. a human or
animal tumour cell. An antigen may be a recombinant
protein, or a synthetic peptide, a DNA-based viral or
non-viral recombinant expression vector or natural or
synthetic RNA coding for an antigen. Alternatively,
antigens may be environmental antigens that have
triggered an immune dysfunction such as an allergy, an
auto-antigen against which a pathologic autoimmune
response has caused disease, or an antigen that
determines organ or stem cell transplant rejection,
such as MHC molecules. It is worth noting that, in
case of a T-lymphocyte suppressive DC immune medicine
for tolerance induction against an allogeneic
transplant, loading might not be necessary, as the
organ or stem cell donor DCs carry the same MHC
molecules as the transplant. Obviously, in these
latter situations a DC immune medicine will be
designed in a way that it suppresses immunity against
the allergen, transplantation antigen, or
auto-antigen. In order to deliver the antigen to the
DC, various methods may be used such as passive
exposure that allows the DC to phagocytose the protein
or peptide antigen, an antigenic protein complex,
cells or cell membranes expressing antigens or
antigenic peptides, texosomes, liposomes containing
antigens or antigenic peptides, nucleic acids encoding
antigens or antigenic peptides (possibly incorporated
in plasmids or viral vectors), or total RNA from a
tumour cell. These methods have been disclosed, for
instance, in W099/03499. Such vehicles may be of viral
or non-viral origin or may be nano-particles .
Antigens may be tumour antigens, viral antigens,
bacterial antigens, etc., more generally, any peptide
or polypeptide against which an immune response or
reaction is sought. In 



this respect, DCs may be sensitised to one or several
antigens according to various techniques known in the
art. The term "sensitized" indicates that the antigen
or a portion thereofis exposed at the surface of the
DCs, preferably in complex with molecules of the major
histocompatibility complex (MHC). In principle, DCs
could be inoculated into a patient without prior
loading with an antigen and enabled for taking up an
antigen in vivo, e.g. by injection directly into a
tumour or into it's surroundings, into a metastasis,
or into the draining lymphaytic system including lymph
nodes and primary and/or secondary lymphoid tissue.
Essentially, only the presence of the antigen and its
presentation to a T-lymphocyte determines the DC
immune medicine but not the way the antigen reaches
the DC. An overview of DC loading techniques is given
in RM Steinman & J Banchereau (Nature, Volume 449/27
September 2007, page 419-426) and the references
therein. The antigen-loaded and genetically engineered
DC of the present invention may be used to
therapeutically modulate immune responses in various
immunological dysfunctions depending on the antigen
loaded into said cells as well as the functional
status the DC is in physiologically, by use of various
signalling molecules such as DC maturation agents, or
by genetic engineering of the DC. Such dysfunctions
may include but are not limited to cancer, which may
be pictured as a failure of the immune system to
reject transformed and mutated cells; infectious
disease, for example in the context of severe and
otherwise untreatable microbial infections or in
immune-compromised individuals, particularly during
organ or stem cell transplantation. Other immune
dysfunctions that may be treated by such a DC immune
medicine may result from immunological hyper-activity,
for example against environmental antigens resulting
in allergies, or in situations where the immune system
attacks its host causing autoimmune diseases. Finally,
a DC immune medicine may be designed based on the
methods of the present invention that interferes with
the rejection of an organ or stem/precursor cell
transplant including induced progenitor cells (iPS)
generated by genetic engineering of other cells, thus
facilitating the acceptance of the graft by its host.
According to a preferred embodiment of the present
invention, the at least one antigen is selected from
the group consisting of tumour antigens, viral
antigens, and bacterial antigens.The genetically
engineered DCs according to the present invention may
be loaded with any antigen against which an immune
response in an individual should be induced,
suppressed, or prevented. Particularly preferred are
tumour antigens . The novel genetically engineered DC
immune medicine with improved T-lymphocyte stimulatory
or suppressive capacity according to the present
invention can be preserved, e.g. by cryopreservation
either before maturation as iDCs, following partial
maturation as smDCs, before or after genetic
engineering as improved DCs prior to administration to
a patient. Cryopreservation agents which can be used
include but are not limited to dimethyl sulfoxide
(DMSO) , glycerol, polyvinylpyrrolidone, polyethylene
glycol, albumin, dextran, sucrose, ethylene glycol,
i-erythritol, D-ribitol, D-mannitol, D-sorbitol,
i-inositol, D-lactose, choline chloride, amino acids,
methanol, acetamide, glycerol monoacetate and
inorganic salts . A further aspect of the present
invention relates to a pharmaceutical composition
comprising the novel genetically engineered DC immune
medicine with improved T-lymphocyte stimulatory or
suppressive capacity according to the present
invention. The DCs of the present invention can be
formulated with physiologically acceptable carriers,
excipients, buffers, and/or diluents using methods and
compositions well known to the skilled artisan. The
novel genetically engineered DC immune medicine with
improved T-lymphocyte stimulatory or suppressive
capacity may be administered directly to a subject in
need of immune modulation. Typically, about 102 to
about 1010 cells are suspended in a pharmaceutically
acceptable carrier. If an 



individual suffering from cancer is treated, the cells
are preferably injected into a disease free lymph
node, preferably into the inguinal region but any
tumour free or tumour bearing (metastatic) lymph node
will serve the purpose, into the tumour directly or
into a region, near to, adjacent to, or in circulatory
or lymphatic contact with the tumour or tumour bed, or
into metastatic disease. The DC immune medicine may be
applied subcutaneously or intradermally into the skin
to allowmigration into lymph nodes. In principle, it
is also possible to inject the DC immune medicine into
the blood stream, either as a single shot or as an
infusion over a longer period of time, into the
peripheral blood or via a catheter into a blood vessel
(artery or vein) that supplies a diseased organ or
region of the body, or the portal vein or a pulmonary
vein or artery, and the like. Implanted release
devices may be used that deliver a continuous stream
of the DC medicine into the tumour or a metastasis, a
lymph node, the blood stream, or the skin. The novel
genetically engineered DC immune medicine with
improved T-lymphocyte stimulatory or suppressive
capacity of the present invention can be administered
by any means appropriate for the formulation and mode
of administration. For example, the cells can be
combined with a pharmaceutically acceptable carrier
and administered with a syringe, a catheter, a
cannula, and the like. As above, the cells can be
formulated in a slow release matrix. When administered
in this fashion, the formulation can be administered
by a means appropriate for the matrix used. Other
methods and modes of administration applicable to the
present invention are well known to the skilled
artisan. Compositions of the present invention can be
used alone in the treatment of an individual, or the
compositions can be used in combination with any other
method to treat a tumour. For example, the methods of
the present invention can be used in combination with
surgical resection of a tumour; prior to, simultaneous
with, or subsequent to radiation therapy and/or
chemotherapy (cytotoxic drugs, apoptotic agents,
antibodies, and the like) ; cryo-therapy;
brachy-therapy; other forms of immune therapy (ex vivo
expanded tumour antigen specific Tlymphocytes, NK
cells, cytokines and growth factors, antibodies
specific for tumour antigens, or targeting structures
of the tumour tissue that are critical for tumour cell
survival, such as blood vessels, etc.); gene therapy
using viral or non-viral vectors, and the like.
Furthermore, the DC immune medicine of the present
invention can be co administered with another agent,
which agent acts as an adjuvant to the maturation of
the dendritic cell and/or theprocessing of antigen
within the tumour or region near or adjacent to the
tumour. Any and all of these methods can also be used
in any combination. Combination treatments can be
concurrent or sequential and can be administered in
any order as determined by the treating physician.
Another aspect of the present invention relates to the
use of a dendritic cell according to the present
invention for the manufacture of a medicament to treat
and/or prevent cancer and/or microbial or parasitic
infections; or to treat and/or prevent allergies,
autoimmune disease, or stem cell or organ transplant
rejection. The partially matured dendritic cells
according to the present invention may be preferably
employed in cancer prevention and/or cancer treatment.
In such a case the dendritic cells are loaded with at
least one tumour antigen. For example, but not by
limitation, the cells can be administered directly
into a tumour, into the tumour bed subsequent to
surgical removal or resection of the tumour,
peri-tumorally, into a draining lymph node in direct
contact with the tumour, into a blood vessel or lymph
duct leading into, or feeding a tumour or organ
afflicted by the tumour, e.g., the portal vein or a
pulmonary vein or artery, and the like. The
administration of the partially mature dendritic cells
of the invention may be applied either simultaneous
with or subsequent to other treatments for the tumour,
such as chemotherapy or radiation therapy. Further,
the partially 



mature dendritic cells of the invention can be
co-administered with another agent, which agent acts
as an adjuvant to the maturation of the dendritic cell
and/or the processing of antigen within the tumour or
region near or adjacent to the tumour. In addition,
the dendritic cells can also be formulated or
compounded into a slow release matrix for implantation
into a region in or around the tumour or tumour bed
such that cells are slowly released into the tumour,
or tumour bed, for contact with the tumour antigens.
According to a preferred embodiment of the present
invention the medicament is administered to an
individual prior to, simultaneous with, or subsequent
to radiation therapy and/or anti-tumour or
anti-microbial chemotherapy, orany therapy aimed at
treating allergies, autoimmune diseases, or stem cell
or organ transplant rejection. The dendritic cells
according to the present invention may be employed in
combination with other cancer therapies in order to
achieve an even more beneficial effect. Another aspect
of the present invention relates to the use of a
dendritic cell according to the present invention for
the manufacture of a medicament to treat and/or
prevent immunological disease caused by a pathologic
over-reaction of the immune system against
environmental antigens, such as allergens, or against
autoantigens in the course of an autoimmune disease.
Said medicament is preferably administered to an
individual prior to, simultaneous with, or subsequent
to other modalities aimed at treating or preventing
allergies or autoimmune disease. A further aspect of
the present invention relates to the use of a
dendritic cell according to the present invention for
the manufacture of a medicament to treat and/or
prevent the immunologic rejection of an allogeneic
stem cell transplant, preferably used in the treatment
of haematological malignancies, or to treat and/or
prevent rejection of an allogeneic organ transplant.
Said medicament is preferably administered to an
individual prior to, simultaneous with, or subsequent
to other modalities aimed at treating or preventing
the rejection of an allogeneic stem cell or organ
transplant. The present invention is further
illustrated by the following figures and example,
however, without being restricted thereto. Fig. 1
shows developmental plasticity of a DC in a schematic
representation of the kinetics of a DC differentiation
process. Fig. 2 shows a quality control of the smDCl
basic design . Fig. 3 shows the results of a CD40L
gene transfer. Fig. 4 shows the quantity and quality
of IL-12 and IL- 10 secretion. Fig. 5 shows the
potential for cytolytic activity(square, CD40L
transgenic DCs; diamond, GFP transgenic DCs; triangle,
control DCs) . Fig. 6 shows the immune stimulatory
capacity of LPSactivated DCs blocked for IL-IO
expression. Fig. 7 shows the immune stimulatory
capacity of LPSactivated DCs with silenced IDO
expression. Fig. 8 shows the experimental design of
the DC expression profiling experiments. Fig. 9a shows
examples for improved proliferative responses after
knocking down the expression of target molecules in
DCs identified in expression profiling experiments
using RNA interference. Fig. 9b shows additional
examples of genes that after knocking down their
expression in DCs with siRNA result in an improved
stimulatory capacity of such genetically engineered
DCs for allogeneic lymphocytes as indicated compared
to control siRNA transfection or untransfected DCs as
indicated. EXAMPLE : Method for manufacturing a
T-lymphocyte stimulatory or suppressive DC immune
medicine by genetic engineering . Leukocyte apheresis 



Leukocytes were collected using an Amicus leukocyte
apheresis device (Baxter, Deerfield, IL) from healthy
volunteers and patients suffering from various
neoplasias treated in the context of clinical trials
that were approved by the responsible institution's
review boards. All individuals gave their informed
consent to these studies according to the World
Medical Association Declaration of Helsinki. Cell
numbers and subsets were determined on a Sysmex cell
counter (Sysmex, Bornbarch, Germany) and/or by flow
cytometry. Monocyte enrichment Monocytes were enriched
by plastic adherence as described previously using
AIM-V (Invitrogen, Carlsbad, CA) supplemented with 1%
human pooled AB plasma (Octaplas, Octapharma, Vienna,
Austria) or CellGro medium (CellGenix, Freiburg,
Germany) . For the in-line procedures we followed the
instructions provided by the manufacturers. Using the
Elutra cell separator (Gambro BCT, Lakewood, CO) ,
monocytes wereenriched from the leukocyte apheresis
product by loading into the elutriation chamber while
maintaining the centrifuge speed at 2400 rpm.
Thereafter, the centrifuge speed and the flow of
elutriation media (PBS/HSA Baxter, New Jersey, NJ) was
held constant for cell fractionation. Alternatively,
selection of monocytes was done with the CliniMACS
cell selection system (Miltenyi, Bergisch Gladbach,
Germany) that uses CD14-coated magnetic beads to
retain monocytes in a magnetic column. Another option
for monocyte enrichment is depletion of T and
B-lymphocytes for the enrichment of monocytes was done
using the Isolex 30Oi Magnetic Cell Selector (Nexell,
Irvine, CA) . Lymphocytes were retained in a magnetic
column by connecting them to CD2 and CD19 coated
magnetic beads, and collecting the flow-through. The
final products of all enrichment procedures were
characterised by flow cytometry. Flow cytometry
Leukocyte apheresis and monocyte enrichment products
were analysed for total leukocytes, T-lymphocytes,
Blymphocytes, monocytes, and granulocytes by antibody
labelling with anti-CD45-FITC, anti-CD3-PerCP,
anti-CD19-APC, anti-CD14- APC, and anti-CD15-FITC (BD
Pharmingen San Diego, CA) , respectively, using the
Trucount system (Becton Dickinson, New Jersey, NJ) .
Labelled cells were analysed on a FACSCalibur flow
cytometer (Becton Dickinson, Mountain View, CA) . The
appropriate isotype control antibodies were included
in the analysis . DC manufacturing Monocytes isolated
by the respective enrichment procedures described
above were cultured at a density of IxIO 6
monocytes/cm 2 either in AIM-V medium supplemented
with 2% pooled human AB plasma or in CellGro medium at
37 0C in a humidified incubator for 6 days. The
culture medium was supplemented with 1000 U/ml human
GM-CSF and 300 U/ml human IL-4 (both from CellGenix,
Freiburg, Germany) and replaced with the same volume
of AIM-V/2%OP or CellGro plus GM-CSF and IL-4 on day 3
. Maturation was carried out on day 6 by adding 50
ng/ml IFN- g (Boehringer Ingelheim, Vienna, Austria)
and lipopolysaccharide (LPS, E . coli strain O111:B4,
Calbiochem, San Diego, CA, USA), ranging from 1-1000
ng/ml, to the culturefor 6 hours to generate semi
-mature (sm) DCs that subsequently were frozen;
patient's DC vaccines were manufactured with clinical
grade LPS (US Pharmacopeia, Bethesda, MD) . DC immune
phenotyping The maturation status of the DCs was
determined using the following antibodies:
anti-CD86-APC (BD Pharmingen, San Diego, CA),
anti-CD80-PE (Immunotech, Beckman Coulter, Fullerton,
CA) , anti-CD83-APC (all three from BD Pharmingen, San
Diego, CA) , anti-MHC I-PE, anti-MHC II-FITC (both
from Dako Cytomation, Carpinteria, CA) , and
anti-CD45-PerCP (BD Pharmingen, San Diego, CA) . The
viability of the DCs was measured by propidium iodide
staining (Sigma, St. Louis, MO). Cells were analysed
using a FACS Calibur flow cytometer. The appropriate
isotype control antibodies were included in the
analysis . IL-12 detection by ELISA 



IL-12 concentrations in the supernatant of the DC
cultures were measured as described previously.
Allogeneic mixed leukocyte reactions Allogeneic
responder PBMCs were isolated by gradient centrif
ugation from peripheral blood. Stimulating DCs (10000,
2000, or 400) were placed in triplicates with 105
responder cells in 200 ml AIM-V medium supplemented
with 2% pooled human plasma on a 96 well round bottom
plate. For a positive reference, 105 responder cells
were stimulated with 100 ng/ml Staphylococcal
enterotoxin A/B (SEA/SEB, Toxin Technologies Inc.,
Sarasota, FL) . On day 4 the co-culture was incubated
for another 18 hours with 1 mCi of tritium thymidine
solution (NEN Life Science Products, Boston, MA) .
Finally, the cells were harvested with a Skatron
(Lier, Norway) harvester. The incorporated tritium
thymidine was counted using a Triluxplate reader
(Wallac Oy, Turku, Finland) . Alternatively,
allogeneic PBMCs were labelled with CFSE (Molecular
Probes, Eugene, OR) and mixed with DCs in a ratio of
1/5, 1/10, 1/20, 1/40, and 1/80. For the controls, no
DCs or SEA/SEB was added. Finally, the PBMCs were
labelled with anti-CD3-PerCP and analysed using a FACS
Calibur flow cytometer. The percentage of CD3 positive
CFSE negative T-lymphocytes was determined. Lentiviral
gene transfer into smDCsUsing ViraPower(tm) Lentiviral
Expression System (from Invitrogen) lentiviral
particles were generated by cotransfection of 293FT
producer cell line with pLP-plasmids encoding for
viral structural proteins, polymerase and reverse
transcriptase (pLP/VSVG, pLP-1, pLP-2) and plasmids
containing GFP or CD40L. 72 hours after co-transf
ection, the whole supernatant was harvested and 10Ox
concentrated by ultracentrif ugation . DCs were
cultivated and matured under the conditions outlined
above. DCs were harvested 48 hours or 6 hours after
initiation of maturation, respectively. Prematured
smDCs were then transduced with lentiviral particles
(250 ml 10Ox concentrated lentiviral supernatant/lxlO
6 DC) in combination with 6 mg/ml Polybrene (from
Sigma-Aldrich) plus IL-4, GM-CSF, and IFN-g in
standard concentrations. For IL-12 quality control
supernatant was taken after 2 4 hours, and expression
of GFP/CD40L was measured after 48 hours following
standard procedures. RNA interference in DCs DCs are
manufactured according to the standard procedures
outlined above. On day 6 , 106 DCs are transfected
with 100 pmol gene-specific siRNA using a transfection
reagent (Dharmacon) according to the manufacturer's
instructions. Twelve hours after transfection, DCs are
stimulated with LPS/IFN-Y for 6 hours. All uses are in
analogy to the methods outlined above. Results DC
immune medicines currently in use employ
monocytederived DCs that are charged with an antigen
of any nature, as outlined in the introduction, and
exposed to a maturation stimulus that has the capacity
to trigger the release of IL-12 from the DC. A DC
phenotype characterised by IL-12 secretion has the
capacity to induce a type 1 polarisation of the immune
system that supports cytolytic immunity. This implies
that a stimulatory DC immune medicine needs to be
applied to the patient during the time window of IL-12
secretion to allow presentation of the antigens from
the DCs to the T-lymphocytes in the presence of IL-12
(Fig. 1 ) . The novel genetically engineered DC immune
medicine with improved T-lymphocyte stimulatory or
suppressive capacity overcomes this limitation,as the
genetic manipulations of the DCs allow the immune
stimulatory window to remain open for a longer time
period. In the following examples, genetically
engineered DC immune medicines have been manufactured
and studied. Lentiviral gene transfer or
liposome-based transfection to deliver DNA or RNA into
DCs was used, but it may be assumed that any nucleic
acid delivery technology may serve in that capacity.
As an example of over-expression of an immune
stimulatory gene in a DC immune medicine, DCs were
engineered using lentiviral gene transfer to express
the CD40L molecule. Functional studies confirmed that
such an engineered DC immune 



medicine has an enhanced potential to stimulate immune
responses. Furthermore, it is demonstrated that the
knock down of the immune suppressive molecules IL-IO
and IDO also enhances the stimulatory capacity by
engineering DCs with siRNA molecules designed for RNA
interference for IL-10 and IDO. In order to identify
further DC molecules involved in immune suppressive
feedback loops, whole genome DNA expression profiling
using DNA micro arrays were conducted. Based on
cluster analysis that grouped genes with an expression
profile similar to that of IL-IO or IDO, a list of
genes was found that has the potential to negatively
regulate immune responses. Knocking down these genes
in a DC immune medicine will thus improve its immune
stimulatory capacity. Therefore, a DC immune medicine
genetically engineered for allowing specific
modulation of defined immune system components enables
the treatment of associated immune system
dysfunctions. Finally examples of the functional
consequences of knocking down target genes expressed
with kinetics similar to IL-IO or IDO in the DC
expression profiling experiments using RNA
interference are shown. In co-cultures with allogeneic
T-lymphocytes an improved capacity of such genetically
engineered DCs to trigger proliferation indicative for
enhanced T-lymphocyte stimulation were observed. Fig.
2 shows the quality control of the smDCl basic design
that is used for genetic engineering. The DC immune
medicine has to meet defined quality control criteria.
Panel A shows the purity, viability, and yield of DCs
manufactured from peripheral blood monocytes. Such
monocytes are collectedby leukocyte apheresis, and
monocytes are enriched by counter flow centrif ugation
(elutriation) . In the presence of IL-4 and GM-CSF,
monocytes differentiate in vitro within six days into
iDCs. The iDCs are charged with antigen and
subsequently exposed to a maturation stimulus
comprised of LPS and IFN- g for 6 hours and frozen. At
this stage they are called semimature, as, although
they are irreversibly committed to continue their
maturation, they do not yet show the typical
phenotypic and functional characteristics of mDCs .
Most importantly, at that stage (the immune
stimulatory window, approximately 0-24 hours after
initiation of maturation, figure 1 ) DCs trigger
immunity whereas at later stages (the immune
suppressive window, approximately 24-48 hours after
initiation of maturation, figure 1). However, in
clinical application, they are injected into the
patients at this differentiation stage where they
complete their maturation and trigger immune responses
(before 24 hours) , but subsequently (at approximately
24 hours) also enter - according to their physiologic
developmental program triggered by the maturation
stimulus - an immune suppressive stage, which we aim
to prevent by genetic engineering of the DC immune
medicine. For quality control, one aliquot of the DC
immune medicine is thawed and re-cultivated for 2 days
in order to let the DCs complete their maturation
process. During these two days, they secrete
cytokines, most importantly IL-12 (early after
maturation) and IL-10 (late after maturation) (panel B
; shown is mean  SEM from three individuals). Also,
they show changes in the expression pattern of
critical DC membrane molecules (panel C ) . Finally,
DCs are subjected to an alloMLR potency test (panel D
) by co-cultivation with CFSElabelled allogeneic PBMCs
at the indicated ratios, which triggers cell division
that is associated with a dilution of the CFSE and a
reduction of fluorescence. The bar graphs show the
mean  SEM percentage of proliferating cells from three
individuals . The initial stimulus is also necessary
for the initiation of the immune suppressive feedback
loops. In general, the stronger the activation in
response to a specific stimulus, the stronger the
feedback signalling will be inorder to down-modulate
the immune activation to its baseline level, thereby
preventing an immune response from getting out of
control and causing auto-immune diseases. Thus, it was
found that the maturation stimulus LPS/IFN- g results
in the highest amounts of IL-12 release, but also in
the highest amounts of IL-IO release. 



Table 2 : Specifications of the basic design of smDCl
for cancer vaccination. Description of a stimulatory
DC immune medicine enhanced via over-expression of the
CD40L molecule. In order to broaden the immune
stimulatory window of the DC that is characterised by
the secretion of IL-12 (Fig. 1), DCs were genetically
engineered to over-express CD40L. This molecule is
normally expressed from activated Tlymphocytes and
interacts with CD40 on DCs transmitting a critical
activating signal into the DC. This experiment was
designed as an example of the transfer of an
activating molecule into the DC immune medicine. In
principle, however, an identical procedure may be used
for other stimulatory molecules or, in order to design
a suppressive DC immune medicine, immune suppressive
molecules may be over-expressed from a DC.
Specifically, the rationale for CD40L gene transfer
into DCs was (i) allowing the DCs to become
independent from activating T-lymphocytes to deliver
the CD40L signal to the DC; (ii) it was hypothesised
and found in the presentexperiments that, because of
the continuous presence of CD40L on the DC itself by
expression from a constitutively active promoter, the
DC was enabled to secrete IL-12 for a much longer time
period than when the DCs were subjected to a
conventional maturation stimulus such as LPS/IFN- g ;
(iii) the total amount of IL-12 secreted from DCs was
considerably higher compared to the LPS/IFN- g or the
CD40L/IFN- g stimulus alone, and the kinetics of IL-12
secretion had been qualitatively different starting
sooner after the stimulus was applied, thus broadening
the immune stimulatory window of DC differentiation;
(iv) even 48 hours after exposure to LPS/IFN- g , when
the DCs had exhausted their capacity to secret IL-12,
CD40L gene transfer enabled DCs to start a second
phase of IL-12 secretion (Fig. 3 ) . Fig. 3 shows a
CD40L gene transfer. In panel A the expression of GFP
or CD40L after lentiviral gene transfer in 6 hours
smDCs and 48 hours mDCs is shown. All measurements
shown here were done 48 hours after exposure of
pre-matured DCs to the lentiviral vector. Expression
of CD40L from DCs caused enhanced secretion of IL-12
compared to iDCs, DCs exposed to LPS/IFN-Y alone, or
GFP engineered 6 hours smDCs and 48 hours mDCs (panel
B ) . The enhanced IL-12 release upon GFP gene
transfer is probably caused by the viral
double-stranded RNA that signals via TLRs (see table 1
) that are expressed in 6 hour-smDC but not any more
in 48 hour-LPS/IFN- g mDCs. The expression profile of
functionally important DC membrane molecules (panel C
) was un-altered by lentiviral gene transfer into DCs
(black histograms, immature DCs; white histograms,
mDCs) . The secretion of the cytokines IL-12 and IL-IO
was qualitatively and quantitatively different in DCs
that were exposed to LPS/IFN- g , CD40L/IFN- g , or a
combination of both (figure 4 ) . The secretion of
IL-12 was almost twice as high when the combination
stimulus was applied, compared to the CD40L/IFN- g
stimulus alone, and also considerably higher compared
to the LPS/IFN- g stimulus alone. In addition, IL-12
secretion from DCs exposed to the LPS/IFN- g /CD40L
combined stimulus was already clearly detectable at
considerableamounts after 12 hours, whereas LPS/IFN- g
and CD40L/IFN- g triggered biologically relevant
levels of IL-12 secretion only between 12 and 24 hours
after exposure to the initial maturation signal. This
observation is in line with the goal of the present
invention of broadening the immune stimulatory window
of DC differentiation in order to improve the
stimulatory capacity of a DC immune medicine. The
maximum expression of IL-IO was similar when DCs were
exposed to LPS/IFN- g /CD4 0L or CD40L/IFN- g alone,
but were lower when only LPS/IFN-Y was used for DC
maturation. However, the immune suppressive cytokine
IL-10 was already detectable after 12 hours at
biologically relevant levels after CD40L/IFN- g
signalling, whereas the combination stimulus LPS/IFN-
g /CD40L 



showed kinetics similar to those of only LPS/IFN- g
matured DCs. Early release of IL-IO as after
CD40L/IFN- g stimulation negatively interferes with
the immune stimulatory window of DC differentiation
and should, in the case of designing an immune
stimulatory DC medicine, be avoided. It is concluded
that the net effect in the balance between immune
stimulatory and immune suppressive capacity of the
combination stimulus LPS/IFN- g /CD40L, considering
the secretion pattern of IL-12 and IL-10, is clearly
towards improved immune stimulatory capacity compared
to applying LPS/IFN- g or CD40L/IFN- g alone. A s
opposed to earlier publications the DCs used here will
receive a combination of maturation stimuli.
Physiologically, a phase in which the DC can activate
T-lymphocytes (characterised by IL-12 secretion) and a
second phase, in which the DC will suppress the
activity of T-lymphocytes (characterised by IL-10
secretion and tryptophan depletion by the activity of
the enzyme IDO) , will be triggered by contacting iDCs
with an adequate maturation stimulus, such as
LPS/IFN-Y (figure 1 ) . Here it is demonstrated that
the initial exposure to LPS/IFN- g (or another TLR
agonist in the presence of IFN-g ), followed by
genetic engineering of the DCs to overexpress
molecules, such as CD40L maintains a DC phenotype
capable of T-lymphocyte activation and prevents the DC
from assuming the suppressive phenotype (figure 4).
The secretion of IL-12 is maintained for longer than
the physiologic time window of 20-24 hours when the
genetic engineering is done 6hours or 48 hours after
the initial maturation via the TLR signalling pathway
in the presence of IFN-g . Fig. 4 shows the quantity
and quality of IL-12 and IL- 10 secretion. DCs were
exposed to the indicated maturation stimuli in the
presence of IFN-g . The concentrations of IL-12 and
IL-10 in the culture supernatant were measured at the
indicated time points. Of particular importance in the
present design of a genetically engineered
T-lymphocyte stimulatory DC immune medicine is that
IL-12-secreting DCs have the capacity, via type 1
polarisation of an immune response, to trigger
cytolytic immunity. Thus, the potential of
T-lymphocytes exposed to CD40L transgenic DCs to
trigger cytolytic immune responses by analysing the
content of granzyme B in CD8 positive CTLs was further
investigated (Fig. 5). Indeed, it was found that
co-cultivation of CTLs with CD40L transgenic DCs
resulted in clearly enhanced expression of granzyme B
compared to control GFP transgenic DCs or
un-transduced mDCs . This is a strong indicator of the
improved cytolytic potential of such CTLs and thus
provides evidence that CD40L expression from a DC
immune medicine has improved immune stimulatory
capacity. Fig. 5 shows the potential for cytolytic
activity. The total percentage of CTLs was only
slightly increased when PBMCs were co-cultivated with
CD40L transgenic DCs (left panel, squares) compared to
GFP transgenic DCs (diamonds) and un-transduced mDCs
(triangles). When analysing the granzyme B expression
in CTLs co-cultivated with CD40L transgenic DCs, a
clear increase was found (right panel, squares)
compared to GFP transgenic DCs (diamonds) and
un-transduced mDCs (triangles) . Description of a DC
immune medicine with improved stimulatory capacity for
T-lymphocytes by engineering for knocking down the
expression of the immune suppressive cytokine IL-10
Based on the hypothesis that a DC immune medicine in
which the expression of molecules mediating immune
suppression is knocked down, experiments were devised
to block IL-10 gene expression in DCs by RNA
interference using a pool of 4target-specific siRNAs
(Fig. 6 ) . This resulted in very consistent and
reproducible knock down of IL-IO expression in
LPS/IFN- g activated DCs, leading to a higher IL-12
secretion compared to control silenced mDCs. This
observation hints at an autocrine pathway based on
IL-IO secreted from a DC binding to IL-10 receptors on
the same DC resulting in down modulated IL-12
production. Other than that, no immune phenotypic
differences between genetically engineered and normal
DCs, as 



assessed by CD80, CD86, MHC class I , and II
expression, were found. Most importantly, in an
alloMLR, a considerably greater potency of a DC immune
medicine engineered for suppression of IL-IO secretion
to activate T-lymphocytes compared to control
experiments was observed. Additionally, the percentage
of CD25+FoxP3+ cells in the CD4+ T-cell population,
supposedly a population of regulatory T-cells (Tregs)
that suppresses immune responses, was reduced,
probably due to the IL-IO silencing in LPS/IFN- g
activated DCs. Fig. 6 shows the immune stimulatory
capacity of LPS/IFN- g -activated DCs, blocked for
IL-10 expression by genetic engineering. Twelve hours
before the activation with LPS/IFN-Y, DCs were
transfected with a pool of four IL-10 specific siRNAs
or an unspecific control siRNA. Isolated allogeneic
CD3+ T-cells were then stimulated with 6
hour-LPSmatured DCs (mDCs) either IL-10 (black bars)
or controlsilenced (white bars) in a 1:3 = DC:T-cell
ratio. CD4+, CD8+, (panel A ) and CD4+CD25+FoxP3+
T-cells (panel B ) were analysed on day 6 of
co-cultivation using the Trucount system and a FACS
LSRII flow cytometer. The immune phenotype as well as
IL- 10 and IL-12 secretion were measured 48 hours
after LPS/IFN- g activation by flow cytometry and
ELISA, respectively (panel C ) . The immune phenotypic
analysis compares LPS/IFN- g - activated DCs (white
histogram) with iDCs (black histogram) in
IL-10-silenced DCs (panel D ) or control-silenced DCs
(panel E ) . Description of a T-lymphocyte stimulatory
DC immune medicine engineered for knocking down the
expression of the immune suppressive enzyme IDO siRNA
was used to knock down the expression of theknown
immune suppressive effector molecule IDO (figure 7).
In order to optimise the transfection of siRNA and the
efficiency of IDO knock down, first HeLa cells,
activated with IFN- g , were used. Subsequently, DCs
were transfected under optimised conditions. In both,
HeLa cells and DCs, the expression of IDO as
demonstrated in Western blot experiments could be
silenced. IDO silenced DCs, DCs transfected with a
scrambled control siRNA, and iDCs were used as
stimulators in an alloMLR potency assay. It was
observed that the stimulatory potency of IDO silenced
DCs was considerably greater compared to DCs
transfected with scrambled siRNA or iDCs. This held
true for CD8+ CTLs as well as CD4+ Th-cells. Fig. 7
shows the immune stimulatory capacity of LPS/IFN- g
-activated DCs with silenced IDO expression. First,
efficient IDO knockdown in HeLa cells (panel A ) as
well as DCs (panel B ) was demonstrated using Western
blotting experiments. In order to investigate the
stimulatory potency of IDO silenced DCs on CD8+ CTLs
(panel C ) and CD4+ Th lymphocytes (panel D ) , PBMCs
were co-cultivated with IDO-silenced DCs (squares),
control silenced DCs (diamonds, sera = sequence
scrambled), or iDCs (triangles). In all cases the
stimulatory capacity of IDO-silenced DCs was superior
over the controls. Immune suppressive molecules Whole
genome DNA micro arrays were used to generate
expression profiles of DCs exposed to the maturation
stimulus LPS/IFN-Y, to CD40L/IFN- g signalling, or to
a combination of LPS/IFN- g /CD40L signalling, as well
as the appropriate controls (Fig. 8 ) . Fig. 8 shows
DC expression profiling. DCs were exposed to the
indicated maturation stimuli or were left immature.
RNA was extracted at the indicated time points and
subjected to expression profiling using whole genome
DNA micro arrays. The results of the expression
profiling was analysed using CarmaWeb (Comprehensive R
based Microarray Analysis, Bioinf ormatics Graz and
the Tyrolean Cancer Research Institute, Austria) . All
data were grouped into 20 clusters that used the basic
algorithm of the CarmaWeb software platform and
identified the clusters that contained IDO and IL-IO.
The genes in these clusters have an expression
profilesimilar t o that of the two known immune
suppressive DC molecules , which led t o the
conclusion that they have a function i n the immune
regulation of a DC that i s also immune 



suppressive (tables 3 and 4) . Table 3 : IDO
expression cluster . According t o the CarmaWeb
algorithm, the genes listed have an expression profile
that resembles that of IDO (gene name INDO) suggesting
a function similar t o that of IDO (numbers are log
with base 2 relative t o immature DCs ) . 12 hours 24
hours 48 hours 6 hours LPS LPS CD40L LPS CD40L LPS CD4
0L IFN-Y vs. IFN- g vs. I FN-Y vs. IFN- g vs. 6 hours
iDC 12 hours 24 hours 48 hours Unique ID Name M iDC M
iDC M iDC M 210118_s_at ILIA 12, 5712385 12, 656363
11, 625489 9, 828246 1 405_i_at CCL5 9, 775104 10,
949544 12, 230392 11, 143438 1552995_at IL27 10,
449822 10, 585213 10, 862312 8, 519849 1554 997_a_a t
PTGS2 11,7640085 9,820589 11,614364 11,624819
1555759_a_a t CCL5 12,916491 12,965171 12,63708
12,723415 1556378_a_a t LOC401530 5,897853 10,2600975
12,640888 13,004906 1570388_a_a t LOC401530 3,8191023
9,072843 11,445329 11,711242 202269_x_at GBPl 8,517265
8,2832775 8,787927 8,968534 202411_at IFI27 9,403024
9,560578 9,054876 8,233445 203828_s_at IL32 9,310799
8,968001 10,09564 9,038413 203915_at CXCL9 13,417887
13,097824 12, 633152 11,7289915 204439_at IFI44L
11,743961 9,8876705 7,0858197 6,4474745 204470_at
CXCLl 10,931133 8,087279 8,933327 5 , 9426484
204533_at CXCLlO 9,392692 10, 44239 10,786983 11,
601183 204655_at CCL5 9,542912 11,558153 11,215681 11,
169104 204698_at ISG20 12,59375 10,52378 9,431844
8,965937 204748_at PTGS2 12, 489249 7 , 144587 7 ,
9113717 8,436964 205013_s_at AD0RA2A 10,245063 8 ,
496423 10,054197 9,867236 205067 at ILlB 12,89035
7,7892747 11,259029 11,700619205207_at IL6 7,463433
7,6129217 8,461436 8,870339 205476_at CCL20 12,470199
12,587071 13,649405 12,875935 205569_at LAMP3 6 ,
9127846 9,671546 9,207934 10,519818 205599_at TRAFl
8,448494 9,332896 9 , 679705 11,050019 205680_at MMPlO
6,9289026 9,5307 11,131636 11,908984 205681_at BCL2A1
12,63274 12,276044 12,321126 12,00514 205692_s_at CD38
11,776373 10,918448 8,890723 6,572375 205890_s_at UBD
11,738066 11,718061 12,080868 11,735866 206025_s_at
TNFAIP6 12,46147 9,442592 10,791083 10,010692
206026_s_at TNFAIP6 8,55364 8,492605 8,934455 8,366126
206337_at CCR7 8,625213 10, 63397 11,733897 11,844164
206341_at IL2RA 7 , 962748 9,035077 10,360973 8,479506
206765_at KCNJ2 4,7675686 9,681816 10,2331705 9,70106
206881_s_at LILRA3 9,8311825 9,066225 9,314402
5,396609 207113_s_at TNF 12,704884 13,268166 11,278352
8,395802 207160_at IL12A 9,43968 13,149242 13,380418
8,626079 207176_s_at CD80 8,31917 7,76368 8 ,680011
8,573913 207375_s__at IL15RA 9,771918 10,090428
10,584916 10, 606205 207536_s_at TNFRSF9 6,231527
7,7779512 9,701627 9,752483 207901_at IL12B 12,714132
13, 101075 13,353125 7,458026 209813_x_at TRGV9 3 ,
9887655 10,498012 10, 522085 8 , 133455 210029_at INDO
12, 789924 10,234047 12,052269 12,43933 210072_at
CCL19 7,2848625 10,570788 12, 461668 11, 943225
210163_at CXCLIl 13,109848 12, 912714 11, 681597
10,053444 210511_s_at INHBA 12,3267975 12,957313
10,577578 10,25125 211122_s_at CXCLIl 13,135339
13,034375 12, 199861 9,8954315 2112 69_s_at IL2RA 7 ,
485799 9,023119 10, 643187 10,435802 213497_at ABTB2 6
, 1966333 8,42709 9,347927 9,879564 215806_x_at TRGC2
4,249278 10,289696 10,347067 7 , 9237046 217546_at
MTlM 6,80711 8,103879 9,402974 8 , 6524935 219159_s_at
SLAMF7 12, 195147 10,547217 8 , 994919 6 , 4161515
219424_at EBI3 10,374818 11,288197 12,070472 10,607756
220054_at IL23A 6,8979635 12,20336 13,634168 11,491903
222838_at SLAMF7 12,751745 12,511322 10,977879 8,82794
226560_at SGPP2 10,281151 9,231938 9,82061 8,582578
227140_at INHBA 12, 689469 10,28581 10,5587015
10,436948 227180_at ELOVL7 8 , 1362 8,21396 9,105779
9,419119 229437_at BIC 9 , 607157 11,00861 11, 168569
11, 648725 



229625 at GBP5 11, 195785 11,012673 7,085479
8,598587231577_s_at GBPl I1464914 8,356869 8,556055
8,40867 235229_at 8 , 6328745 8,228744 8,894646
8,620824 238439_at ANKRD22 7,496807 7,9435267 8,688104
10,303036 238581_at GBP5 9,960986 9 , 9203 7,430702
7,571562 238725_at 5 , 625349 7,5093164 9,704128
10,179434 240287_at LOC341720 10, 947632 11,357612
9,703499 4,2557507 242814_at SERPINB9 9,147152
9,357069 9 , 150615 9,138746 33304_at ISG20 11,309338
7,729137 8,4003 6,2511134 39402_at ILlB 12,057478
6,510902 10,422022 11,546757 228439_at MGC20410 6 ,
443625 4,5576925 5,1437 2,8559468 232078_at PVRL2 6 ,
135475 4,746409 3,8879604 4,522022 1561908_a_a t
HS3ST3B1 7,0928926 4,458722 3 , 670319 3,8414023
204141_at TUBB2 5,3551335 4,7444496 4,0537806 5 ,
1056914 20727 5_s_at ACSLl 5,8632264 5,869882 4 ,
1483216 4,095168 210563_x_at CFLAR 5 , 100706
5,0670333 5 ,419278 4 , 1996965 210564_x_at CFLAR
5,380331 4 , 9984617 5,3778234 4,160804 2184 00_at OAS
3 6,8762517 6 , 1737237 4 ,410526 2 , 8219512
220132_s_at CLEC2D 4,4514236 6 , 669927 5,78131
1,7744006 222303_at ETS2 4 , 60927 5,654717 5,4186363
3,4308143 229221_at CD44 7,1867433 5,771355 3,1319969
4,7465234 230499_at BIRC3 4,71687 4 , 9918036
5,3390183 5,366412 232682_at DSU 4 , 6348085 5,7252564
5,5562453 3 , 688244 243296_at PBEFl 6,237873 4 ,
170852 4,781295 5 , 1768007 243894_at SLC41A2 7 ,
1203766 4,7231464 4,238267 4,4368286 1554539_a_a t
RHOF 5,002441 4 , 1752563 5,4232445 5,0010266
1563357_at SERPINB9 6,368476 5,3010783 3,9647322
5,4146433 202509_s_at TNFAI P2 5,195548 5 , 9835477
4,9414105 3,823941 203287_at LADl 4,5966916 6,1679506
5,8620677 3,8349202 204715_at PANXl 6,0651593 4 ,
6488233 5,01669 4 , 461601 204794_at DUSP2 5,4158106
3,7610755 4,858317 6,9610953 207389_at GPlBA 6 ,
946879 6 , 472854 5,3776803 2,2710993 209039_x_at EHDl
5 , 992218 4 , 9087305 4 , 788946 5,520831 209928_s_at
MSC 4 , 9872894 5,956739 4,365724 5,714541 215078_at
SOD2 6 , 952513 7,3351035 3 , 1302252 3,7524989
216336_x_at MTlM 4,864737 4 , 9637637 6,200034 5 ,
143623 219716_at APOL6 7 , 687471 5,4070616 4 ,
6342998 3 , 8593137 221779 at MICAL-Ll 5 , 128767
5,6324835 6,08239 4,3245826226189_at 7,0649176
5,7119026 5,3064666 3 , 6578546 227014_at LOC57168
7,947885 4,03786 4 , 678014 4,4947524 232304_at PELIl
6,7769756 5,062101 4 , 4606757 5,45498 234985_at
LOC143458 5,5271115 4,7101035 5,720184 4,8197145 24264
9_x_at C15orf21 6,9237723 5,3964243 4,532885 4,963293
1559391_s_a t B4GALT 5 4,598228 7,0806437 5,126474
4,786352 200629_at WARS 6,951068 5,0352116 4,546803
4,863137 202688_at TNFSFlO 6,8965373 5,708206 4,570576
5 , 1128407 202748_at GBP2 5,793167 6,4275317 4 ,
901077 4 , 8227687 203685_at BCL2 7,285017 5 , 9438853
4 , 1533656 4,8756795 204 015_s_at DUSP4 8,879749 6 ,
673204 3,3034465 4,2480526 204 92 6_at INHBA 5 ,
6395097 7,8953505 4,531301 3 , 1433787 206157_at PTX3
7,3603053 5,5506916 5,1639824 4,220827 209803_s_at
PHLDA2 5,2155585 4 , 638463 6,690672 5,015275
209939_x_at CFLAR 5,3425546 5 ,3650227 6,3261905 4 ,
451903 211302_s_at PDE4B 9,388175 4,2461367 4,496878
4,7590027 215671_at PDE4B 6,8900924 4 , 9770446 4 ,
6578245 5,777932 216705_s_at ADA 6 , 1992345 4
,8220434 5,4637165 5,23145 218943_s_at DDX58 7 ,
6221895 6,2795057 4,79867 4,15005 219014_at PLAC8
4,8591843 4 , 901381 8 , 194876 3,2458937 221087_s_at
APOL3 6 ,84244 5,7354436 4,5675263 5,530723
221185_s_at IQCG 6 , 629468 3,8091857 6 , 4129505 5 ,
9112988 222812_s_at RHOF 5,2598224 5 ,562695 5,265753
5,8453097 239876_at NFKBl 6 , 668459 5 , 936471
4,785418 5,0308824 240013_at 5 , 927128 5,32223 5 ,
1699376 5 ,818874 242234_at BIRC4BP 5 , 92746 5 ,
946681 4 , 6361747 6,306454 35150_at CD40 5,5139947
5,5919642 6 , 1309977 5,227399 1553713_a_a t RHEBLl
5,2900615 5 ,984809 5 , 9541264 5,9824634 1570253_a_a
t RHEBLl 5,2768035 6,012619 5 , 687341 5,871174
202687_s_at TNFSFlO 7,8631916 5 ,812222 4,413325
5,5924144 



204415_at G1P3 4,8981137 6,400349 6,9897156 3,8297942
205483_s_at G1P2 6 , 6436443 6,099025 5,6568613
4,5633087 206975_at LTA 7 , 6997614 8,081627 5,2525034
2,2437675 214228_x_at TNFRSF4 8 , 910944 6 , 6099143
3,4565573 5,0546947 215346_at CD40 5,0572295 5,593753
6 , 163759 5 , 6992526 219211 at USP18 8,285303
7,0497055 5,0085244 3,340998223887_at GPR132 6,7607636
4,543277 5,509192 7,0652533 226702_at LOC129607
7,0691476 5,9127674 5,569863 5,045494 227816_at
LOC400572 5,9134483 6,345112 6,439589 5,0362144
231578_at GBPl 7,4657335 6,917391 3,8039267 6,1784716
232213_at PELIl 7,4485292 5,587166 5,212285 6,0972896
200628_s_at WARS 9,368469 5,516358 4,64247 5,419954
202800_at SLC1A3 6,087409 6,9154663 7,895211 3,3894732
204014_at DUSP4 8,585252 6,8769712 4,5652914 4,590569
204070_at RARRES 3 5,2620735 6,591536 6,2708507
5,70036 204747_at IFIT3 8 , 602514 7,492393 5 ,
6343427 3,3676317 212458_at SPRED2 5,5534644 7,490529
6,08654 4,736595 212641_at HIVEP2 6,433779 5,7410865
6,5065494 6,1581783 231779_at IRAK2 8,596796 4,4581327
5,576258 6 , 910897 1559777_at 5 , 605326 8,543147
6,0953383 4 , 9331293 200986_at SERPINGl 9,492846
8,300841 4,229471 3,6452117 203708_at PDE4B 11,223041
4,007264 4,071895 4,2633905 204 286_s_at PMAIPl
9,400938 5 ,3456664 4,7092376 6,7266498 205153_s_at
CD40 6,071054 6,5306187 6,4112535 6,4513636
222934_s_at CLEC4E 8,080958 8,404435 6 , 981838
2,577743 224225_s_at ETV7 7 , 935058 6 , 064494 6 ,
699362 5,50029 226474_at NOD27 5 , 9191046 7,2645817 5
, 1934004 7,0305643 227262_at HAPLN3 7,1910353 6 ,
615262 5 , 1981425 7 ,5915074 230127_at 7,3191285 7 ,
9864817 5,3266 6,0064306 244780_at SGPP2 8 , 127058 5
,944443 6,879924 5,023631 1569095_at 7,318123
8,3700075 6,2253203 4 , 625397 201601_x_at IFITMl 7 ,
6313257 7,573814 6,0775313 4 , 9257803 202643_s_at
TNFAIP3 6,250073 5,1900063 6 , 5136204 7 , 95266
202760_s_at PALM2-AKAP2 9 , 142822 7,253937 5,7028017
5,2498336 204285_s_at PMAIPl 10,275632 5 , 124492 4 ,
698287 7 , 937848 204363_at F3 5 , 9613805 7 , 1758485
7,078458 5,787101 208747_s_at CIS 6,224019 6,8833885
6,2983246 6,745276 209723_at SERPINB9 10,339775 5 ,
989251 4,825143 6,5091825 214 329_x_at TNFSFlO 6 ,
1703367 6,8099036 6,2552257 7,0860806 216598_s_at CCL2
7 , 959111 5 , 9420986 7,541988 5,4770517 218656_s_at
LHFP 5,799256 5 , 6268 7,0819764 6 , 887301
221680_s_at ETV7 7,4525156 6,8642745 6,899107 6,077394
227677_at JAK3 5,4577355 5,5538926 6,847657 6,6245513
229450_at IFIT3 7,4833083 7,133669 7,3032265 5,366725
235574 at GBP4 8,758058 7,3968883 5,5135446
6,70583061554519_at CD80 7,0503464 5,5513606 6,9412417
7,924613 1555689_at CD80 8,324632 7,511187 6,2935348
6,2964225 204224_s_at GCHl 7,3962016 6,945448
5,8722777 7,290103 205114_s_at CCL3 8,18418 6,780873
7,019624 5,952113 206508_at TNFSF7 6,858301 7,575267
8,330129 4,665465 209722_s_at SERPINB9 8 , 607762
7,3330297 5,989785 6,4565625 213524_s_at G0S2 7,547209
7,6664352 6,440924 6,2842937 222292_at CD40 8,530226
8,246122 6,060198 6,302727 223798_at SLC41A2 9,232196
8,087529 3,90797 7,397384 242907_at GBP2 7,746566
8,2072735 5,8188763 6,584134 1555465_at MCOLN2
9,518959 8,71965 6,8508315 4,539327 200953_s_at CCND2
7,411466 6,296918 7,8509226 6,8842726 2018 60_s_at
PLAT 8 , 657469 7 , 604994 6,370206 6,5896416
208303_s_at CRLF2 8 , 685696 8,653402 8,276672 3 ,
62456 238727_at LOC440934 7 , 688413 7,8426127
7,593639 5,8430877 239186_at MGC39372 7 , 809087
6,8687167 7,7233596 6,9605627 222221_x_at EHDl
7,799284 6 , 630239 7,478602 7,7974253 222326_at PDE4B
8,487402 7,4390974 5,838442 8,485796 223767_at GPR8 4
9,556347 9,886792 8,25461 2 , 6693628 214022_s_at
IFITMl 8,305978 9,906662 6,8351192 5 , 3545113
221241_s_at BCL2L14 7,763052 8 , 927696 7,4124217
6,0943 209037_s_at EHDl 6,202972 6,62678 6,968862
8,198914 222802_at 9 , 193985 9,879644 6,7598433
5,578077 234 306_s_at SLAMF7 11,054989 9,386422
7,5571413 4,0329967 219584_at PLAlA 7,8830075
8,5753975 7,899431 6,5355268 232593_at LINCR 7 ,
426831 7 , 1173863 7,508543 8,483282 235175_at GBP4
8,098684 8,014557 6,7604356 8 ,305143 238567_at SGPP2
9 , 60297 7 , 9624267 8 , 190959 5,9755754 



202270_at GBPl 7,857806 7,5784187 7,864753 7,7254214
206058_at SLC6A12 7,0730734 I1 6346216 7,868434
7,8353267 20927 0_at LAMB3 6,3819847 7 , 637574 8
,068874 8,396816 223217_s_at NFKBIZ 6,579339 5,8985357
7 , 933263 9,0830765 230110_at MCOLN2 7,0183334
8,743037 8,322358 6 , 695663 235116_at TRAFl 7,515788
6 , 6126266 7 , 946375 8 , 608736 239196_at ANKRD22
6,893366 7,2058015 7 , 997893 8 , 679558 1557359_at
LOC285758 5,7492123 6,7752757 6,428899 8,264215
202833_s_at SERPINAl 6,047883 6,2670393 8,372422 8 ,
15069 220655_at TNIP3 4,227455 9,260285 8 , 14861
3,8333952 210354 at IFNG 7,0490704 9 , 9158745
9,995628 4,7299943239331 at 4, 9562793 7, 907742 6,
738407 7, 5105863 Table 4: IL-IO expression cluster .
According t o the CarmaWeb algorithm, the genes listed
have an expression profile that resembles that of
IL-IO (gene name ILlO ) suggesting a function similar
t o that of IL-10 (numbers are log with base 2
relative t o immature DCs ) . 12 hours 2 4 hours 48
hours 6 hours LPS LPS CD40L LPS CD40L LPS CD40L IFN-Y
vs. IFN-Y vs. IFN-g vs. IFN-g vs. 6 hours iDC 12 hours
24 hours 48 hours Unique ID Name M iDC M iDC M iDC M
1556300_s_a t 0 4,323714 1,5688843 0,257391
1556378_a_a t LOC401530 0 3,3170495 0,124789566
1,3912028 1556883_a_a t LOC401528 0 4,490707
-0,14703345 2,7003522 202291_s_at MGP 0 5,571205 2
,098167 0 ,038769286 202878_s_at ClQRl 0 3,306639
0,3353752 1,2330873 204475_at MMPl 0 5,03655 0,2590128
0 , 17097393 204614_at SERPINB2 0 3,4892087 2,2649622
0,08403955 205676_at CYP27B1 0 3 , 6301327 0 , 1309929
0,7396309 223287_s_at FOXPl 0 2,983712 1,7371364
0,5753527 224773_at NAVl 0 3,3603613 0,35192382 0 ,
9197203 227812_at TNFRSF19 0 3,3981404 1 , 6189107 0
,044692483 235042 at CMYAl 0 3,450752 0,328667
1,5720363 235444_at FOXPl 0 3,0461197 0,042442646
1,3964777 241860_at STK17B 0 2,671234 0,61670065
1,4493694 1556582_at LOC440536 0 2,6907892 1,2484756
1,1807224 1564028_s_a t FLJ40722 0 2,750025 0,67192906
1,4337206 1566480_x_a t FLJ31795 0 2,810023 1,4379538
0,6065171 1570388_a_a t LOC401530 0 3,911918
0,027789168 1,8137968 202877 s at ClQRl 0 3,3630056
0,6407456 1,4440103204602_at DKKl 0 3,921798 3,6861098
0,3208148 204932_at TNFRSFIlB 0 4,2726865 3,2933848
0,21878207 215268_at MACFl 0 2,6788146 1,2724367
0,8143623 216497_at LOC120364 0 2,3947499 1,1637448
0,9242658 216867_s_at PDGFA 0 2,1128201 1,2416315
1,132686 220655_at TNIP3 0 3,474797 0,8904967
1,8436728 221870_at EHD2 0 2,571253 0 , 94932306
1,2732899 224771_at NAVl 0 3,8266947 1,5089604
1,4963266 238712_at 0 4,2949014 1,8307322 2,142599
239311_at DHX57 0 2,27365 1,3914022 1,0178465
1556318_s_a t CANDl 0 2,3933206 0 , 9396068 1,3715496
227732_at ATXN7L1 0 3,4273734 0 , 6846624 2,2728565
239060_at EHDl 0 1,997289 0,32936123 1,8916218
206176_at BMP6 0 2,2903044 -0,18439728 2 , 1745071
207386_at CYP7B1 0 3,9868062 0,7309004 2,746021
210229_s_at CSF2 0 3 , 1023788 -0, 1405712 2,5077276
215750_at KIAA1659 0 3,0428922 0,006880157 2,480364
225025_at IGSF8 0 1 , 905534 0,49440768 1,845558
227345_at TNFRSFlOD 0 2 ,1187048 0,36650723 2,0576801
236738_at LOC401097 0 2,4518428 1 , 685922 1,7134967
242517_at GPR54 0 1,9395804 0,21328141 2,186202
228910_at CD82 0 3,5779603 1,2853656 2,5263379
229307_at ANKRD28 0 3 , 1102884 0,8216141 2,5533133
231832_at GALNT 4 0 2,2378843 0,72167736 2,091024
37005_at NBLl 0 2,158463 1,2050192 2,0193584 



227410_at FAM4 3A 0 3 , 1527455 1,5260311 2,2625198
228625_at CITED4 0 2,2035446 0,8985138 2 , 1428196
240432_x_at 0 2,0101619 1,3507649 2,0001297 203074_at
ANXA 8 0 2,754555 0,79692614 2 , 6273892 206009_at
ITGA9 0 1 , 9594706 0,54135984 2,3522627 235438_at 0
4,0041165 0,70460325 3,542835 1560869_a_a t 0
2,5460286 1,5980372 2,5416172 223525_at DLL4 0
3,5447857 0,5724994 3,72409 232090_at DNM3 0 4,302288
3 , 442975 2,8309567 203904_x_at CD82 0 2,0282779
1,3777583 2,4270318 225645 at EHF 0 4,428559 2 , 14202
3,7522347235737_at TSLP 0 4,959613 1,5306113 4
,4908447 202237_at NNMT 0 3,6071026 3,2686546 8587787
207433_at ILlO 0 4,00954 1,7226876 3 ,7454016 214
414_x_at HBAl 0 2,1132698 1,575519 2 ,6071193
224940_s_at PAPPA 0 2,786031 2,7599206 0 ,7074637
212730_at DMN 0 3,6943512 0,91267496 4 ,2896175
219874_at SLC12A8 0 2,8926702 3,182794 1 , 9976637 224
64 6_x_at H19 0 2,466048 2,7163086 2 , 6425989
209324_s__at RGS 16 0 3,3799229 2,467596 3 ,7553544
243788_at PHFIl 0 2,1383092 2,2994013 2 ,1082926
202238_s_at NNMT 0 4 , 160124 4,563192 3 ,5705357 224
997_x_at H19 0 2,8080769 3,1897178 3 ,0020173
236176_at 0 2,051894 0,7956073 3 ,2491539 447 90_s_at
C13orfl8 0 2,1295624 2 ,4644802 2 ,7274456 206825_at
OXTR 0 2,7509916 0,5947344 4 , 1146626 207442_at CSF3
0 2,2279809 1 , 6218964 3 ,2061028 216575_at 0
2,1809235 1,0562297 3 ,4115193 237559 at GPR55 0
2,0120387 1 , 6486369 3 ,2241027 200951_s_at CCND2 0
0,061742224 2,055891 5,531777 204163_at EMILINl 0
-0,08650574 2 , 116541 3 ,2442234 215646_s_at CSPG2 0
1 , 0869541 0,9552003 4CN ,6304297 220442_at GALNT4 0
1 , 6785349 2,2396698 2 ,8896742 223194_s_at C6orf85 0
1 , 4545181 1,8726805 3 ,2625294 227703 s at SYTL4 0
0,012060306 2,8051267 3 ,7273147 1552393_at FLJ25421 0
0,008524944 0,79469424 4 ,0263605 1552394_a_a t
FLJ25421 0 0 , 4518348 1 , 1220381 3,568555 1553785_at
RASGEFlB 0 0,8244259 3,0841393 2,744691 1554079_at
GALNTL4 0 0,80384594 2 , 1117246 3 ,2543478 1559777_at
0 1,373273 1 , 964059 4,745006 1562433_at FLJ10489 0
0,26058874 3,4475367 4 , 6152167 1568949_at PITPNCl 0
0,004084121 2 , 9905202 3 ,3454092 1569095_at 0
1,0567621 1,0456768 3 ,5029418 2007 83_s_at STMNl 0
0,2741603 1,4904935 3 ,2696452 202403_s_at COL1A2 0
0,83871436 2 , 151641 3 , 4803479 202431 s at MYC 0
1,0226223 2,5720317 3,490832202998_s_at LOXL2 0
0,4333325 1,7000065 3,451721 203108_at GPRC5A 0
1,6255034 1,8504707 4,352528 203131_at PDGFRA 0
-0,45227933 1,4600621 3,411754 203592 s at FSTL3 0
0,14812845 2,2247574 3,3438997 203980_at FABP4 0
0,009128572 1,3565757 4,341141 204301 at KIAA0711 0
0,015199099 1,469634 3,7521276 204411_at KIF21B 0
0,99417245 2,3202088 3,2713737 204619 s at CSPG2 0
1,7562126 1,4990444 4,1206384 204620 s at CSPG2 0
1,6183093 1,011578 4,371935 204879_at PDPN 0
-0,15425473 0 , 95934194 3,9027925 204904_at GJA4 0
0,30981743 2,2777586 3,7517166 205100_at GFPT2 0
1,5140616 1,8844032 5 , 630774 205289_at BMP2 0
0,60859656 1,5663037 3,305952 205290_s_at BMP2 0
0,07147631 1,7073456 4,3988748 205826_at MYOM2 0
0,004983342 3,2177415 6,163263 205861 at SPIB 0
0,7059429 2,4294124 2,704671 205898_at CX3CR1 0
0,010416569 2,8846204 5,349967 206027_at S100A3 0
0,13657278 1,5692319 3 , 4727564 206090_s_at DISCI 0
-0,8741116 1,8682606 5,05058 206729_at TNFRSF8 0
0,27889317 2 , 6180744 5,8870077 206741 at LOC51066 0
0,47887027 2 ,5547576 5,7319098 206859 S at PAEP 0
0,001321607 1,3401538 3,7394311 207510 at BDKRBl 0
2,0661907 3 ,4934416 3,781754 209325 S at RGS 16 0
1,5113075 2,5088499 3,8291175 210095 S at IGFBP3 0
0,21584912 2,5991304 3,2872534 



211372 S at IL1R2 0 -0, 6165594 1,6310264 3,7544057
211571 S at CSPG2 0 0 , 91350543 0,87646186 5,6404405
211596 S at LRIGl 0 3,8467457 2,826491 5 , 69805
211597 S at HOP 0 0 , 1277425 1,6993432 6,786917
212143 S at IGFBP3 0 -0,19099335 3,7475343 4,0994177
212444 at 0 1 , 1151347 1,3201189 3 , 6738355 213139
at SNAI2 0 0,001255514 3,9536047 5,2359695 215495 S at
SAMD4 0 -0, 6807276 2 , 1140902 4,5931683 218574 S at
LMCDl 0 0,004399216 0,005991654 4,832267218975_at
COL5A3 0 1,8476033 3,2505863 4,3477015 219168_s_at
PRR5 0 0,3802334 1,883373 5,4903607 219181_at LIPG 0
0,034028087 1,7650458 4,60227 221731 x at CSPG2 0
1,1740024 1,1199198 4,3726726 224950_at PTGFRN 0
0,2711382 2,548231 4,0687737 225571_at LIFR 0
1,2333707 2,1292431 2,7829444 226621_at FGG 0
0,91611135 2,2092934 3,1336222 227256_at USP31 0 0 ,
66912067 1,812497 3,3547237 228245 s at OVOS 2 0
-0,6036949 1 , 9032807 5,509818 228367_at ALPK2 0 1 ,
9285325 1,4045739 3,7516391 228854_at 0 0,013371324 1
, 4183841 4 , 6363435 229247_at FLJ37440 0 9 , 65E-04
0,14736369 5,156355 229622_at FLJ43374 0 0,15105823
2,228979 3,3192601 230233_at RASGEFlB 0 0,44206667
2,0026255 4 , 1667137 231496_at FCAMR 0 0,0146722
3,7155752 2 , 9080575 231867_at ODZ2 0 0,002545893
-9,53E-04 4,766165 232739_at SPIB 0 -0,03394005
2,8278906 2,699333 235100_at 0 1,1068798 2,099443
3,164012 237344_at 0 0 , 14466353 0,72832346 5,1735163
239808_at PITPNCl 0 0, 03585563 6 0, 69854295 4, 18631
240770_at PRP2 0 0, 358032 38 1, 2584826 3, 8403585
242691_at 0 0, 042725943 2, 1449049 3, 0019956 40687
at GJA4 0 0, 001706956 2, 8572736 4, 300 132 41469 at
PI3 0 0, 08784416 3, 8997574 2, 944381 47069_at PRR5 0
- 0, 30954257 1, 92 46503 5, 094549 52255 s at COL5A3
0 2, 9138856 3, 5991492 5, 075999 223503 at
DKFZP566N034 0 0, 001206623 0, 01098 9565 4, 32 98063
I n the present DNA micro arrays , also genes were
identified induced i n DCs upon LPS/IFN- g or CD4
0L/IFN- g signalling with involvement i n the
regulation of the genes IL- 10 , TSLP, INDO, IL2RA,
CSF-2 and CSF-3 , all of which are known t o have an
immune suppressive effect . I n order t o identify
potential master switches of immune regulation, a
network of regulators for those genes was generated
with the Pathway Studio software using Resnet 5
(version 1. 2 January, 2007 ) , adatabase of mammalian
pathways and molecular interactions derived from
PubMed and 44 open access journals. By uploading the
micro array data from the differentially activated DCs
to the regulatory network, potential master regulators
induced in maturing DCs (table 5 ) could then be
selected. Table 5 : Master switches of immune
regulation. Affymetrix Immune regulation Index STAT 6
ILlO 201332_s_at LITAF ILlO 200706 s at ILlO , INDO,
IL2RA, STATl CSF3 232375 at IRF4 ILlO , CSF2 204562_at
IRFl ILlO , INDO, IL2RA 202531_at IRF2 Not known
203275_at REL ILlO 206035_at NFKBl ILlO , IL2RA 239876
at STAT 3 IL2RA 235680_at RELA ILlO , IL2RA
209878_s_at JUNB ILlO , CSF2 201473_at CEBPB ILlO ,
CSF3 212501_at TBX21 ILlO , IL2RA 220684_at JUN CSF2
201465 s at STAT5B IL2RA 205026_at STAT5A IL2RA, CSF2
203010_at STAT 4 Not known 206118 at ETV6 CSF2
205585_at EGRl IL2RA 227404_s_at NFATCl ILlO 210162 s
at 



CREBl CSF2 214 513_s_at JAKl TSLP , CSF3 1552611 a at
JAK3 ILlO , TSLP, CSF2 227677 at LYN ILlO 202626_s_at
MAPKAPK2 ILlO 201460_at MAP2K1 ILlO , IL2RA, CSF2
202670_at CD274 Not known 223834 at PDL2 ILlO 224399
atPTGR4 ILlO , IL2RA 204896 _s_at ITGAX ILlO 210184
_at ADORA2A ILlO 205013 s at SerpinAl ILlO 202833 s at
SerpinEl CSF2 202627 _s_at AREG CSF2 205239 _at OSM
CSF3 , CSF2 230170 _at SOCS3 Not known 206359 _at IFNG
INDO , IL2RA 210354 at Fig. 9 shows examples for
improved proliferative responses after knocking down
the expression of target molecules in DCs identified
in expression profiling using RNA interference. It is
shown that the genes exhibiting a DC expression
kinetic similar to IL-10, IDO, or belonging to the
cluster of master switches of immune regulation are
involved in negative regulatory immune suppressive
feedback loops. Experiments similar to those in which
the expression of IL-10 or IDO using RNA interference
was knocked down were designed. DCs were transfected
with siRNA specific genes from table 3 , 4 , or 5 .
Shown in figure 9 are the genes MAPKAPK2, IRF2, PHFIl,
IRF4, JAKl, CEBPB, and ETV6. After initiation of
maturation by a 6 hours exposure with LPS/IFN-g, the
genetically engineered DCs were co-cultivated with
allogeneic T-lymphocytes for 6 days. The allogeneic
T-lymphocytes were labelled with CFSE, a fluorescent
dye that enters cells, binds to proteins, and is
retained inside the cell; excess CFSE was washed off.
With each cell division the fluorescence intensity of
the T-lymphocytes was halved, which allowed the
assessment of T-lymphocyte proliferation on day 6 of
the co-culture. As controls un-transf ected DCs or DCs
transfected with control siRNA were used. The
improvement of the capacity of genetically engineered
DCs to stimulate allogeneic Tlymphocytes provides
evidence for the involvement of the siRNA-targeted
genes in negative regulatory feedback loops. This
furthermore indicates that a DC immune medicine that
is genetically engineered for the knock down of such
genes will have an improved therapeutic effect
compared to conventional immune
therapeutics.Conclusion Evidence is provided by the
present invention that the features of a DC immune
medicine may be modulated by genetic engineering. It
was demonstrated that over-expression of immune
stimulatory molecules in DCs as well as knock down of
immune suppressive molecules results in enhanced
immune stimulatory capacity. This may find an
application as a DC cancer vaccine or an
anti-infectious DC immune medicine, in which the DCs
are charged with tumour derived antigens or antigens
derived from microbes, exposed to a maturation
stimulus, and engineered as described. Additionally,
the data presented here imply that an immune
suppressive DC medicine may be designed by knocking
down immune stimulatory molecules and by
over-expression of immune suppressive molecules. Such
a suppressive DC immune medicine may have applications
in allergy or auto-immunity, but also in
transplantation medicine, in order to tolerise the
transplant recipient's immune system to the
transplanted tissue.Claims : 1 . Pharmaceutical
preparation comprising partially matured dendritic
cells obtainable by a method comprising the steps of:
a ) providing immature dendritic cells or precursor
cells thereof or partially matured dendritic cells
obtainable by contacting immature dendritic cells with
at least one dendritic cell maturation agent to
produce partially matured dendritic cells (semi-mature
DCs, smDCs) as defined by their capacity to secrete
IL-12, 



b ) manipulating the cells of step a ) , in particular
the partially matured dendritic cells (semi-mature
DCs, smDCs) releasing IL-12 of step a ) , to (i)
over-express at least one immune molecule capable of
maintaining the T-lymphocyte stimulatory capacity of
dendritic cells characterised by continued IL-12
secretion for at least 24 hours, preferably at least
48 hours, and selected from the group consisting of
CD40L by introducing nucleic acid molecules encoding
for said at least one molecule; and/or (ii) inhibit or
prevent the expression of at least one T-lymphocyte
suppressive molecule acting within dendritic cells
exposed to a primary maturation agent such as LPS/IFN-
g or being released from dendritic cells exposed to a
primary maturation agent such as LPS/IFN- g and being
selected from the group consisting of interleukin 10
(IL-IO), and indoleamine 2 ,3-dioxygenase (IDO), such
as at least one of the genes given in the tables 3 , 4
and/or 5 , by knocking out the gene or a fragment
thereof encoding said at least one T-lymphocyte
suppressive molecule or by introducing nucleic acid
molecules, preferably ribonucleic acid molecules, to
inhibit or prevent the expression of the at least one
T-lymphocyte suppressive molecule that is active
within the dendritic cell or is delivered from the
dendritic cells to T-cells and c ) optionally adding
substances to transform precursor cells of dendritic
cells into dendritic cells. 2 . Preparation according
to claim 1 , characterised in that the precursors of
immature dendritic cells, in particularmonocytes or
haematopoietic stem cells, or the immature dendritic
cells are obtained from skin, spleen, bone marrow,
thymus, lymph nodes, umbilical cord blood, or
peripheral blood. 3 . Preparation according to claim 1
or 2 , characterised in that the at least one
dendritic cell maturation agent is selected from the
group consisting of agonists of TLRs such as
heat-inactivated or formalin-treated Bacillus
Calmette-Guerin (BCG) , preferably cell wall
constituents of BCG, BCG-derived lipoarabidomannans or
BCG components, lipopolysaccharide (LPS) derived from
E . coli, or inactivated Gram positive or Gram
negative microorganisms, an imidazoquinoline compound,
preferably an imidazoquinoline-4-amine compound, in
particular
4-amino-2-ethoxymethyl-x-dimethyl-lH-imidazol [4, 5- c
]quinolin-1-ethanol or 1- (2-methylpropyl)
-lH-imidazol [4,5-c] quinolin-4-amine, or derivatives
thereof, a synthetic double stranded
polyribonucleotide, preferably polylrC, natural double
stranded RNA or RNA viruses or fragments of RNA, or
synthetic analogues, or a synthetic or natural nucleic
acid molecule comprising un-methylated CpG motifs,
cytokine combinations, preferably tumour necrosis
factor a (TNF-a), IL- 1 , IL-6 or prostaglandin E6,
CD40L, preferably recombinant CD40L or fusion proteins
comprising the CD40L domain, or with primary cells or
cell lines genetically engineered to express CD40L, or
with activated T-lymphocytes that physiologically
up-regulate expression of CD40L such as T-lymphocytes.
4 . Preparation according to any one of claims 1 to 3
, characterised in that prior to the manipulation step
b ) the immature dendritic cells are contacted with
the at least one dendritic cell maturation agent for
at least two hours, preferably for at least four
hours, more preferably for at least six hours, in
particular for at least twelve hours, to a maximum of
24 hours, to give partially matured dendritic cells .
5 . Preparation according to any one of claims 1 to 4
, characterised in that the immature or the partially
matureddendritic cells are loaded with at least one
antigen. 6 . Preparation according to claim 5 ,
characterised in that the at least one antigen is
selected from the group a ) consisting of tumour
antigens, viral antigens, bacterial antigens, or any
other human microbial or parasitic pathogens; or b )
consisting of environmental antigens that cause
allergy, auto-antigens against which an immune
response was initiated that causes disease, or
transplantation antigens. 7 . Method for producing
dendritic cells comprising the steps 



of: a ) providing immature dendritic cells, b )
contacting said immature dendritic cells with at least
one dendritic cell maturation agent to produce
partially matured dendritic cells (semi-mature DCs,
smDCs) as defined by their capacity to secrete IL-12,
and c ) manipulating the partially matured dendritic
cells (semi-mature DCs, smDCs) releasing IL-12 of step
b ) to (i) over-express at least one immune molecule
capable of maintaining the T-lymphocyte stimulatory
capacity of the dendritic cells characterised by
continued IL-12 secretion for at least 24 hours,
preferably at least 48 hours and selected from the
group consisting of CD40L by introducing nucleic acid
molecules encoding for said at least one molecule;
and/or (ii) inhibit or prevent the expression of at
least one T-lymphocyte suppressive molecule acting
within the dendritic cell exposed to a primary
maturation agent such as LPS/IFN- g or being released
from dendritic cells exposed to a primary maturation
agent such as LPS/IFN- g and being selected from the
group consisting of interleukin 10 (IL-IO), and
indoleamine 2 ,3-dioxygenase (IDO), such as at least
one of the genes given in the tables 3 , 4 and/or 5 ,
by knocking out the gene or a fragment thereof
encoding said at least one T-lymphocyte suppressive
molecule or by introducing nucleic acid molecules,
preferably ribonucleic acid molecules, to inhibit or
prevent the expression of the at least one
T-lymphocyte suppressive molecule that is active
within the dendritic cell or isdelivered from the
dendritic cells to T-cells. 8 . Method according to
claim 7 , characterised in that the precursors of
immature dendritic cells or the immature dendritic
cells or partially matured dendritic cells are
obtained from skin, spleen, bone marrow, thymus, lymph
nodes, umbilical cord blood, or peripheral blood. 9 .
Method according to claim 7 or 8 , characterised in
that the at least one dendritic cell maturation agent
is selected from the group consisting of agonists of
TLRs such as heatinactivated or formalin-treated
Bacillus Calmette-Guerin (BCG) , preferably cell wall
constituents of BCG, BCG-derived lipoarabidomannans or
BCG components, lipopolysaccharide (LPS) derived from
E . coli, or inactivated Gram positive or Gram
negative microorganisms, an imidazoquinoline compound,
preferably an imidazoquinoline-4-amine compound, in
particular
4-amino-2-ethoxymethyl-x-dimethyl-lH-imidazol [4,5- c
]quinolin-1-ethanol or 1- (2-methylpropyl)
-lH-imidazol [4,5-c] quinolin-4-amine, or derivatives
thereof, a synthetic double stranded
polyribonucleotide, preferably polylrC, natural double
stranded RNA or RNA viruses or fragments of RNA, or
synthetic analogues, or a synthetic or natural nucleic
acid molecule comprising un-methylated CpG motifs,
cytokine combinations, preferably tumour necrosis
factor a (TNFa), IL- 1 , IL-6 or prostaglandin E6,
CD40L, preferably recombinant CD40L or fusion proteins
comprising the CD40L domain, or with primary cells or
cell lines genetically engineered to express CD40L, or
with activated T-lymphocytes that physiologically
up-regulate expression of CD40L such as T-lymphocytes.
10. Method according to any one of claims 7 to 9 ,
characterised in that prior to the manipulation step c
) the immature dendritic cells are contacted with the
at least one dendritic cell maturation agent for at
least two hours, preferably for at least four hours,
more preferably for at least six hours, in particular
for at least twelve hours, to a maximum of 24
hours.11. Method according to any one of claims 7 to
10, characterised in that the immature or the
partially matured dendritic cells are loaded with at
least one antigen. 12. Method according to claim 11,
characterised in that the at least one antigen is
selected from the group a ) consisting of tumour
antigens, viral antigens, bacterial antigens, or any
other human microbial or parasitic pathogens; or b )
consisting of environmental antigens that cause
allergy, auto-antigens against which an immune
response was initiated that causes disease, or
transplantation antigens. 



13. Dendritic cells obtainable by a method according
to any one of claims 7 to 12. 14. Pharmaceutical
composition comprising a dendritic cell according to
claim 13. 15. Use of a dendritic cell according to
claim 13 or a preparation according to any one of
claims 1 to 6 for the manufacture of a medicament to
treat and/or prevent cancer and/or microbial or
parasitic infections; or to treat and/or prevent
allergies, autoimmune disease, or stem cell or organ
transplant rejection. 16. Use according to claim 15,
characterised in that the medicament is administered
to an individual prior to, simultaneous with, or
subsequent to radiation therapy and/or anti-tumour or
anti-microbial chemotherapy, or any therapy aimed at
treating allergies, autoimmune diseases, or stem cell
or organ transplant rejection. 17. Use of a dendritic
cell according to claim 13 or a preparation according
to any one of claims 1 to 6 for the manufacture of a
medicament to treat and/or prevent immunological
disease caused by a pathologic over-reaction of the
immune system against environmental antigens, such as
allergens, or against autoantigens in the course of
anautoimmune disease. 18. Use according to claim 17,
characterised in that the medicament is administered
to an individual prior to, simultaneous with, or
subsequent to other modalities aimed at treating or
preventing allergies or autoimmune disease. 19. Use of
a dendritic cell according to claim 13 or a
preparation according to any one of claims 1 to 6 for
the manufacture of a medicament to treat and/or
prevent the immunologic rejection of an allogeneic
stem cell transplant, preferably used in the treatment
of haematological malignancies, or to treat and/or
prevent rejection of an allogeneic organ transplant.
20. Use according to claim 19, characterised in that
the medicament is administered to an individual prior
to, simultaneous with, or subsequent to other
modalities aimed at treating or preventing the
rejection of an allogeneic stem cell or organ
transplant. 


