
NITROCATECHOL DERIVATIVES AS COMT INHIBITORS This
invention relates to novel substituted nitrocatechols,
their use in the treatment of some central and
peripheral nervous system disorders and pharmaceutical
compositions containing them. Despite being used in
clinical practice for several decades, levodopa
(L-DOPA) continues to be the gold standard drug for
the symptomatic treatment of Parkinson's disease. This
has helped to maintain keen interest in the
development of inhibitors of the enzyme
catechol-O-methyltransferase (COMT) based on the
hypothesis that inhibition of this enzyme may provide
clinical improvements in patients afflicted by
Parkinson's disease undergoing treatment with L-DOPA
and a peripheral amino acid decarboxylase (AADC)
inhibitor. The rationale for the use of COMT
inhibitors as adjuncts to L-DOPA/AADC therapy is based
on their ability to reduce metabolic O-methylation of
L-DOPA to 3-Omethyl- L-D0PA (3-0MD). The duration of
L-DOPA induced clinical improvement is brief as a
result of the short in vivo half-life of L-DOPA which
contrasts with the long half-life of 3-0MD.
Additionally, 3-0MD competes with L-DOPA for transport
across the blood-brain barrier (BBB), which means that
only a very limited amount of an orally administered
dose of L-DOPA actually reaches the site of action,
i.e. the brain. Commonly, within only a few years of
starting L-DOPA therapy with the usual dosage regime,
L-DOPA induced clinical improvement declines at the
end of each dose cycle, giving rise to the so-called
'wearing-off pattern of motor fluctuations. A close
relationship between the 'wearing-off phenomenon and
accumulation of 3-OMD has been described (Tohgi, H.,
et al., Neurosci. Letters, 132:19-22, 1992). It has
been speculated that this may result from impaired
brain penetration of L-DOPA due to competition for the
transport system across the BBB with 3-0MD (Reches, A.
et al., Neurology, 32:887-888, 1982) or more simply
that there is less L-DOPA available to reach the brain
(Nutt, J.G., Fellman, J.H., Clin. Neuropharmacol.,
7:35-49, 1984). In effect, COMT inhibition protects
L-DOPA from metabolic breakdown in the periphery
through O-methylation, such that with repeated doses
of L-DOPA, the mean plasma L-DOPA concentration is
raised. In addition to reduced competition for
transport into the brain, a significantly greater
percentage of the orally administered dose of L-DOPA
is able to reach the site of action. Thus COMT
inhibition serves to increase the bioavailability
ofL-DOPA and the duration of antiparkinsonian action
is prolonged with single doses of L-DOPA (Nutt, J.G,
Lancet, 351:1221-1222, 1998). The most potent COMT
inhibitors thusfar reported are
3,4-dihydroxy-4'-methyl-5- nitrobenzophenone
(Tolcapone, Australian pat. AU-B-69764/87),
(E)-2-cyano-N,Ndiethyl-
3-(3,4-dihydroxy-5-nitrophenyl)acrylamide (Entacapone,
German pat. DE 3740383 Al) and BIA 3-202 (American
pat. US 6512136) which all have inhibition constants
in the low nanomolar range. Although sharing
essentially the same pharmacophore, tolcapone differs
from entacapone and BIA 3-202 in that it easily enters
the central nervous systems (CNS) and is able to
inhibit cerebral COMT as well as peripheral COMT. It
could be speculated that central inhibition may be
less important if the more significant action of
inhibiting COMT is to prevent breakdown of L-DOPA in
the periphery. Indeed, the use of COMT inhibitors
which do not penetrate into the brain at clinically
relevant doses may avoid potential undesired CNS
side-effects of these agents. Another serious issue
which has emerged since these COMT inhibitors were
introduced into clinical practice relates to the
potential of these nitrocatechol-based xenobiotics to
cause severe liver damage (hepatotoxicity). Indeed,
shortly after its launch, tolcapone was withdrawn from
the market after several cases of hepatotoxicity were
reported including three unfortunate deaths from fatal
fulminant hepatitis. Today tolcapone can only be used
in Parkinsonian patients who are unresponsive to other
treatments and strictly only with regular monitoring
of liver function, which is expensive and inconvenient
for the patient. Although the actual mechanistic
causes of the liver toxicity associated with tolcapone
are not fully understood, in vitro studies have shown
that tolcapone may be reduced metabolically to
reactive intermediates and it has been speculated that
these may form covalent adducts with hepatic proteins
resulting in hepatocellular injury (Smith, K.S. et al,
Chem. Res. Toxicol., 16:123-128, 2003). Entacapone on
the other hand, although sharing the same
nitrocatechol pharmacophore with tolcapone, is not
associated with liver toxicity and is generally
regarded as a safe drug. Unfortunately however,
entacapone is a significantly less potent COMT
inhibitor than tolcapone and has a much shorter
in-vivo half-life. This means that entacapone has a
very limited duration of effect and as a consequence,
the drug must be administered in very high doses with
every dose of L-DOPA taken by the patient. As such,
the clinicalefficacy of entacapone has been questioned
- indeed a recent study (Parashos, S.A. et al., Clin.
Neuropharmacol., 27(3): 119-123, 2004) revealed that
the principal reason for discontinuation of entacapone
treatment in Parkinson's disease patients was a
perceived lack of efficacy. In summary, there still
remains a clear clinical requirement for a safe and
effective COMT inhibitor for adjunctive therapy in the
management of the symptoms of Parkinson's disease.
Preferably, the COMT inhibitor should be endowed with
greater potency and duration of COMT inhibition than
entacapone, which would lead to greater clinical
efficacy. More preferably, the COMT inhibitor should,
unlike tolcapone, have limited 



access to the CNS, i.e. it should preferentially
inhibit peripheral COMT rather than central COMT. Even
more preferably, the COMT inhibitor should combine the
aforementioned features and in addition should not be
endowed with potential to cause liver toxicity as seen
with tolcapone. We have now surprisingly found that
certain nitrocatechols are very potent COMT inhibitors
which are also devoid of, or have greatly reduced,
toxicity risk. Furthermore, it has been unexpectedly
ascertained that it is the chemical functionality of
the non-catecholic substituent connected to the
heterocyclic ring that determines the lack of toxic
effects of the compounds. To date, there has been only
one reported example of a nitrocatecholic
[l,2,4]-oxadiazole in the prior art (Example 75 of
Australian pat. AU-B-69764/87), this being
5-(3-methyll, 2,4-oxadiazol-5-yl)-3-nitropyrocatechol
1, which has the chemical structure shown below;This
substance is a 3,5-disubstituted-[l,2,4]-oxadiazole
with the methyl group occupying position C-3 of the
heterocyclic oxadiazolyl ring and the nitrocatecholic
pharmacophore attached to C-5. We have studied the
oxadiazolyl compound 1 mentioned above and found it to
be moderately active in the COMT inhibition assay (59%
of control, see experimental section). Unfortunately
however, compound 1 presents a significant toxicity
risk (55% cell viability, see experimental section).
As such, this particular compound 1 cannot be
considered to represent an adequate solution to the
present problem of a providing a potent and clinically
safe COMT inhibitor. We have surprisingly found that
if the central ring is substituted with a pyridyl ring
in oxidised form (i.e. pyridine N-oxide), that the
resulting pyridine N-oxide compounds exhibit greatly
reduced toxicity, or are even devoid of toxicity risk,
whilst it is still concomittantly possible to maintain
COMT inhibition superior to entacapone. If the
position of the nitrocatechol pharmacophore is
'switched' from C-5 to the C-3 position of the
oxadiazole ring, then the resulting compounds are
usually less active in terms of COMT inhibition. The
regioisomeric 1,3,4-oxadiazoles, wherein the
nitrocatechol pharmacophore is attached to C-2 of the
oxadiazolyl central ring are also usually less active
in terms of COMT inhibition. For example, consider the
regioisomers 2 and 3 of the prior art oxadiazole 1
which we have also synthesised and evaluated in vivo;
Although both 2 and 3 each present a reduced toxicity
risk in relation to 1, in terms of COMT inhibition
compound 2 displayed only 79% of control and compound
3 was only marginally better at 64%. Thus it can be
concluded that it is the combination of the correct
positional arrangement of the heteroatoms in the
central oxadiazole ring and the incorporation of the
pyridine N-oxide functionality is unexpectedly crucial
for obtainingsynergy between high COMT inhibitory
activity and safety for this type of COMTinhibitor.
Accordingly, the present invention relates to
nitrocatecholic COMT inhibitors which are devoid of,
or have greatly reduced, toxicity risk. Furthermore,
it has been unexpectedly ascertained that it is the
introduction of a nitrogen-based heterocyclic group in
N-oxidised form, such as, for example, a pyridine
N-oxide, that determines the lack of toxic effects of
the nitrocatecholic compounds. We have further
surprisingly found that compounds of general formula I
are COMT inhibitors which are endowed with balanced
properties of bioactivity, bioavailability and, in
particular, safety: (I) wherein Ri and R2 are
independently from each other hydrogen or a group
which is hydrolysable under physiological conditions,
optionally substituted lower alkanoyl or aroyl; X
represents a methylene group; Y represents an atom of
oxygen, nitrogen or sulphur; n represents the number
0, 1, 2 or 3 and m represents the number 0 or 1; R3
represents a pyridine N-oxide group according to the
formula A, B or C, which is connected as indicated by
the unmarked bond: where R4, R , R6 and R7
independently from each other represent hydrogen, Ci-C
-alkyl, Ci-C6-thioalkyl, d-C -alkoxy, C6-C12-aryloxy
or a C6-C12 -thioaryl group, d-C 6-alkanoylor
C7-Ci3-aroyl group, amino, Ci-C6- alkylamino,
Ci-C6-dialkylamino, C3-Ci2-cycloalkylamino, Ca-C
-heterocycloalkylamino, Ct-C -alkylsulphonyl,
C6-Ci2-arylsulphonyl, halogen, Ci-C6-haloalkyl,
trifluoromethyl, cyano, nitro or a heteroaryl group;
or two or more of residues R , R5, R6 and R7 taken
together represent aliphatic or heteroaliphatic rings
or aromatic or heteroaromatic rings and wherein P
represents a central unit, which is preferably a
planar unit and which is even more preferably selected
from the regioisomers of l,3,4-oxadiazol-2,5-diyl,
l,2,4-oxadiazol-3,5- diyl,
4-methyl-4H-l,2,4-triazol-3,5-diyl,
l,3,5-triazin-2,4-diyl, l,2,4-triazin-3,5-diyl,
2Htetrazol- 2,5-diyl, 1,2,3-thiadiazol-4,5-diyl,
l-alkyl-3-(alkoxycarbonyl)-lH-pyrrol-2,5-diyl, wherein
alkyl is represented by methyl, ethyl, n-propyl and
n-butyl and wherein alkoxy is represented by methoxy,
ethoxy, n-propoxy and isopropoxy,
l-alkyl-lH-pyrrol-2,5-diyl, wherein alkyl is
represented by methyl, ethyl, n-propyl and n-butyl,
thiazol-2,4-diyl, 1-Hpyrazol- l,5-diyl,
pyrimidin-2,4-diyl, oxazol-2,4-diyl, carbonyl,
lH-imidazol-l,5-diyl, isoxazol-3,5-diyl,
furan-2,4-diyl, 3-alkoxycarbonylfuran-2,4-diyl,
wherein alkoxy is represented by methoxy, ethoxy,
n-propoxy and isopropoxy, benzene- 1,3-diyl and
(Z)-Icyanoethen- 1,2-diyl. In the above definition,
the regioisomers of the central unit include both
regioisomers realizable by exchange of the
nitrocatechol moiety and the -(X) n-(Y)nI-R3 moiety. 



Preferably, Q-Q-alkyl residues represent methyl,
ethyl, n-propyl, isopropyl, n-butyl, secbutyl,
tert-butyl, pentyl or hexyl. Preferably,
Cj-C6-thioalkyl residues represent thiomethyl,
thioethyl, thio-n-propyl, thio-isopropyl,
thio-n-butyl, thio-n-pentyl and thio-nhexyl.
Preferably, Ci-C6-alkoxy residues represent methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy
and tert-butoxy. Preferably, C6-Ci2-aryloxy residues
represent phenoxy or naphthoxy which may optionally be
substituted. Preferably, C6-C1 - thioaryl residues
represent thiophenyl and thionaphthyl which may
optionally be substituted. Preferably, Ci-C6-alkanoyl
residues represent methanoyl, ethanoyl, propanoyl or
butanoyl. Preferably, Cr-C -aroyl residues represent
benzoyl and naphthoyl. Preferably, Ci-C -alkylamino
residues represent methylamino, ethylamino,
n-propylamino, isopropylamino and n-butylamino.
Preferably, Ci-C6-dialkylamino residues represent
dimethylamino, diethylamino, di-n-propylamino,
di-n-butylamino, di-isopropylamino, methylethylamino,
methylpropylamino and ethylpropylamino. Preferably,
C3-Cj2-cycloalkylamino residues represent pyrrolidino,
piperidino,cyclohexylamino and dicyclohexylamino.
Preferably, C3-C12-heterocycloalkylamino residues
represent morpholino, 2,6-dimethylmorpholino,
3,5-dimethylmorpholino, piperazino, N-methylpiperazino
and N-ethylpiperazino. Preferably, Ci-C
-alkylsulphonyl or C6-C12-arylsulphonyl residues
represent methylsufonyl, ethylsulfonyl,
phenylsulfonyl, and tolylsulfonyl. Preferably, halogen
residues represent chloro, bromo, iodo and fluoro.
Preferably, d-C 6-haloalkyl represents chloromethyl,
fluoromethyl, dichloromethyl, difluoromethyl,
trichloromethyl and trifluoromethyl. Preferably,
heteroaryl residues represent pyridyl, pyrimidyl,
isoxazolyl, oxazolyl, isoxadiazolyl, oxadiazolyl,
triazolyl and tetrazolyl. In cases where two or more
of residues R4, R , R and R7 taken together represent
aliphatic or heteroaliphatic rings or aromatic or
heteroaromatic rings, preferred combined residues are
indolizinyl, isoindolyl, indolyl, indazolyl, purinyl,
quinolizinyl, naphthyridinyl, isoquinolyl and
quinolyl. Preferably, the central unit is selected
from a heteroaromatic fve-membered ring which includes
1 to 4 of the heteroatoms N, O and S. More preferably,
the central unit P is selected from the regioisomers
of l,3,4-oxadiazol-2,5-diyl, l,2,4-oxadiazol-3,5-diyl,
4-methyl-4H-l,2,4-triazol-3,5-diyl,
l,3,5-triazin-2,4-diyl, l,2,4-triazin-3,5-diyl,
2Htetrazol- 2,5-diyl, l,2,3-thiadiazol-4,5-diyl,
l-alkyl-3-(alkoxycarbonyl)-lH-pyrrol-2,5-diyl 5
wherein alkyl is represented by methyl, ethyl,
n-propyl and n-butyl and wherein alkoxy is represented
by methoxy, ethoxy, n-rroroxy and isopropoxy, 1-alkyl-
lH-pyrrol-2,5-diyl, wherein alkyl is represented by
methyl, ethyl, n-propyl and n-butyl, thiazol-2,4-diyl,
1-Hpyrazol- l,5-diyl, oxazol-2,4-diyl, carbonyl,
lH-imidazol-l,5-diyl, isoxazol-3,5-diyl,
furan-2,4-diyl, 3-alkoxycarbonylfuran-2,4-diyl,
wherein alkoxy is represented by methoxy, ethoxy,
n-propoxy and isopropoxy. Most preferably, the central
unit P is selected from l,3,4-oxadiazol-2,5-diyl and
1,2,4- oxadiazol-3,5-diyl. Preferred compounds of the
above general formula (I) having a
l,2,4-oxadiazol-3,5-diyl as central unit include
5-[3-(3,5-dichloro-l-oxy-pyridin-4-yl)-[l,2,4]oxadiazo
l-5-yl]-3-nitrobenzene- 1,2-diol, 5-[3-(2-chloro-
1-oxy-pyridin-4-yl)- [1,2,4]oxadiazol-5-yl] -3-nitro
benzene- 1,2-diol, 5-[3-(2-morpholin-4-yl-l
-oxy-pyridine-4-yl)-[ 1,2,4]oxadiazol-5-yl]-3-
nitro-benzene- 1,2-diol, 3-nitro-5-[3-(I
-oxy-4-trifluoromethyl-pyridin-3 -yl)-
[l,2,4]oxadiazol-5-yl]-benzene-l,2-diol,
5-[3-(4-bromo-l-oxy-pyridin-3-yl)-[l,2,4]oxadiazol-5-y
l]-3-nitro-benzene-l,2-diol,
5-[3-(2-chloro-6-methyl-l-oxy-pyridin-3-
yl)-[l,2,4]oxadiazol-5-yl]-3-nitro-benzene-l,2-diol,
5-[3-(2-morpholin-4-yl-l-oxypyridin- 3-yl)-[l
,2,4]oxadiazol-5-yl]-3-nitro-benzene-l,2-diol,
3-nitro-5-[3-(l -oxy-6-
trifluoromethyl-pyridin-3-yl)-[l
,2,4]oxadiazol-5-yl]-benzene-l ,2-diol,
5-[3-(2-methyl- 1-
oxy-6-trifluoromethyl-pyridin-3-yl)-[l
,2,4]oxadiazol-5-yl]-3-nitro-benzene-l ,2-diol, 5-[3-
(6-methyl-1-oxy-4-trifluoromethyl-pyridin-3
-yI)-[1,2,4]oxadiazol-5-yl]-3-nitro-benzene- 1,2-diol,
5-[3-(236-dimethyl-l-oxy-4-trifluoroniethyl-pyridin-3-
yl)-[l,2,4]oxadiazol-5-yl]- 3-nitro-benzene- 1,2-diol,
5-[3-(2-methyl-1-oxy-6-phenyl-4-trifluoromethyl-pyridi
n-3 -yl)-
[l,2,4]oxadiazol-5-yl]-3-nitro-benzene-l,2-diol,
5-[3-(6-methyl-l-oxy-2-phenyl-4-
trifluoromethyl-pyridin-3-yl)-[l,2,4]oxadiazol-5-yl]-3
-nitro-benzene-l,2-diol, 5-[3-(2-
bromo-6-methyl-l-oxy-pyridin-3-yl)-[l,2,4]oxadiazol-5-
yl]-3-nitro-benzene-l,2-diol, 5-
[3-(2-chloro-4,6-dimethyl-l-oxy-pyridin-3-yl)-[l,2,4]o
xadiazol-5-yl]-3-nitro-benzene-l,2- diol,
5-[3-(2-bromo-4,6-dimethyl-l-oxy-pyridin-3-yl)-[l,2,4]
oxadiazol-5-yl]-3-nitrobenzene- l,2-diol,
5-[3-(2-bromo-4,5,6-trimethyl-l-oxy-pyridin-3-yl)-[l,2
,4]oxadiazol-5- yl] -3-nitrobenzene-1,2-diol,
5-[3-(2-chloro-4,5,6-trimethyl-l -oxy-pyridin-3-yl)-
[l,2,4]oxadiazol-5-yl]-3-nitrobenzene-l,2-diol,
5-[3-(2,5-dichloro-4,6-dimethyl-l-oxypyridin-
3-yl)-[l,2,4]oxadiazol-5-yl]-3-nitrobenzene-l,2-diol,
5-[3-(2-bromo-5-chloro-4,6- dimethyl-
1-oxy-pyridin-3-yl)-[
1,2,4]oxadiazol-5-yl]-3-nitrobenzene- 1,2-diol, and
3-nitro-
5-[3-(l-oxy-2-trifluoromethyl-pyridin-3-yl)-[l,2,4]oxa
diazol-5-yl]-benzene-l,2-diol, 3-(3-
(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxadiazol-5-yl)-4-
(trifluoromethyl)pyridine 1-oxide,
2-chloro-3-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxad
iazol-5-yl)-4,6-dimethylpyridine 1-oxide,
3-(3-(3,4-dihydroxy-5-nitrophenyl)-
1,2,4-oxadiazol-5-yl)-2-methyl-6-
(trifluoromethyl)pyridine 1-oxide,
5-(3-(3,4-dihydroxy-5-nitrophenyl)-l ,2,4-oxadiazol-5-
yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(3-(3,4-dihydroxy-5-nitrophenyl)- 1,2,4-
oxadiazol-5-yl)-2-methyl-4-(trifluoromethyl)pyridine
1-oxide, 3-(3-(3,4-dihydroxy-5-
nitrophenyl)-l,2,4-oxadiazol-5-yl)-2,6-dimethyl-4-(tri
fluoromethyl)pyridine 1-oxide, 



355-dichloro-4-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-
oxadiazol-5-yl)pyridine 1-oxide, 3-
(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxadiazol-5-yl)
-6-methyl-2-phenyl-4- (trifluoromethyl)pyridine
1-oxide,
2-bromo-3-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-
oxadiazol-5-yl)-4,5,6-trimethylpyridine 1-oxide,
2-chloro-3-(3-(3,4-dihydroxy-5- nitrophenyl)-
1,2,4-oxadiazol-5-yl)-4,5,6-trimethylpyridine 1-oxide,
3-(3-(3,4-dihydroxy- 5-nitrophenyl)-l
,2,4-oxadiazol-5-yl)-2-(trifluoromethyl)pyridine
1-oxide, 2,5-dichloro-3-
(3-(3,4-dihydroxy-5-nitrophenyl)-l
,2,4-oxadiazol-5-yl)-4,6-dimethylpyridine 1-oxide,
3-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxadiazol-5-y
l)-5-(trifluoromethyl)pyridine1-oxide,
3-(3-(3,4-dihydroxy-5-nitrophenyl)-l
,2,4-oxadiazol-5-yl)-2-fluoropyridine 1-oxide,
4-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxadiazol-5-y
l)-2-fluoropyridine 1-oxide,
2-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxadiazol-5-y
l)-6-fluoropyridine 1-oxide,
2-chloro-3-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxad
iazol-5-yl)-6- methylpyridine 1-oxide,
2-bromo-3-(3-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-oxadi
azol-5- yl)-6-methylpyridine 1-oxide, and
2-bromo-5-chloro-3-(3-(3,4-dihydroxy-5-nitrophenyl)-
1,2,4-oxadiazol-5-yl)-4,6-dimethylpyridine 1-oxide.
Preferred compounds of the above general formula (I)
having a l,3,4-oxadiazol-2,5-diyl as central unit
include
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,3,4-oxadiazol-2-y
l)-4- (trifluoromethyl)pyridine 1-oxide,
2-chloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,3 4-
oxadiazol-2-yl)-4,6-dimethylpyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l ,3,4-
oxadiazol-2-yl)-2-methyl-6-(trifluoromethyl)pyridine
1-oxide, 5-(5-(3,4-dihydroxy-5- nitrophenyl)-
1,3,4-oxadiazol-2-yl)-2-(trifluoromethyl)pyridine
1-oxide, 5-(5-(3 ,4-
dihydroxy-5-nitrophenyl)-l,3,4-oxadiazol-2-yl)-2-methy
l-4-(trifluoromethyl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,3,4-oxadiazol-2-y
l)-2,6-dimethyl-4- (trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(5-(3,4-dihydroxy-5-nitrophenyl)-l
,3,4- oxadiazol-2-yl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l ,3,4-oxadiazol-2-
yl)-6-methyl-2-phenyl-4-(trifluoromethyl)pyridine
1-oxide, 2-bromo-3-(5-(3,4-dihydroxy-
5-nitrophenyl)-l,3,4-oxadiazol-2-yl)-4,5,6-trimethylpy
ridine 1-oxide, 2-chloro-3-(5-(3,4-
dihydroxy-5-nitrophenyl)-l,3,4-oxadiazol-2-yl)-4,5,6-t
rimethylpyridine 1-oxide, 3-(5-
(3,4-dihydroxy-5-nitrophenyl)-l
,3,4-oxadiazol-2-yl)-2-(trifluoromethyl)pyridine
1-oxide,
2,5-dichloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,3,4-
oxadiazol-2-yl)-4,6- dimethylpyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l
,3,4-oxadiazol-2-yl)-5- (trifluoromethyl)pyridine
1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,3,4-oxadiazol-2-
yl)-2-fluoropyridine 1-oxide,
4-(5-(3,4-dihydroxy-5-nitrophenyl)-
1,3,4-oxadiazol-2-yl)-2- fluoropyridine 1-oxide,
2-(5-(3,4-dihydroxy-5-nitrophenyl)-
1,3,4-oxadiazol-2-yl)-6- fluoropyridine 1-oxide,
2-chloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,3,4-oxad
iazol-2- yl)-6-methylpyridine 1-oxide,
2-bromo-3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,3,4-
oxadiazol-2-yl)-6-methylpyridine 1-oxide, and
2-bromo-5-chloro-3-(5~(3,4-dihydroxy-5- nitrophenyl)-
1,3,4-oxadiazol-2-yl)-4,6-dimethylpyridine 1-oxide.
Preferred compounds of the above general formula (I)
having a 4-methyl-4H-l,2,4-triazol- 3,5-diyl as
central unit include
3-(5-(3,4-dihydroxy-5-nitrorhenyl)-4-methyl-4H-l,2,4-t
riazol-3-yl)-4-(trifluoromethyl)pyridine 1-oxide,
2-chloro-3-(5-(3,4-dihydroxy-5-
nitrophenyl)-4-methyl-4H-l,2,4-triazol-3-yl)-4,6-dimet
hylpyridine 1-oxide, 3-(5-(3,4-
dihydroxy-5-nitrophenyl)-4-methyl-4H-l,2,4-triazol-3-y
l)-2-methyl-6- (trifluoromethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5-nitrophenyl)-4-methyl-4H- 1,2,4-
triazol-3-yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5-nitrophenyl)-4- methyl-4H-
1,2,4-triazol-3-yl)-2-methyl-4-(trifluoromethyl)pyridi
ne 1-oxide, 3-(5-(3 ,4-
dihydroxy-5-nitrophenyl)-4-methyl-4H-l,2,4-triazol-3-y
l)-2,6-dimethyl-4- (trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(5-(3,4-dihydroxy-5-nitrophenyl)-4-
methyl-4H-l,2,4-triazol-3-yl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-4- methyl-4H-l
2,4-triazol-3-yl)-6-methyl-2-phenyl-4-(trifluoromethyl
)pyridine 1-oxide, 2-
bromo-3-(5-(3,4-dihydroxy-5-nitro
rhenyl)-4-methyl-4H-l,2,4-triazol-3-yl)-4,5,6-
trimethylpyridine 1-oxide,
2-chloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-4-methyl-4
H- 1,2,4-triazol-3-yl)-4,5,6-trimethylpyridine
1-oxide, 3-(5-(3,4-dihydroxy-5-nitrophenyl)-4-
methyl-4H-
1,2,4-triazol-3-yl)-2-(trifluoromethyl)pyridine
1-oxide, 2,5-dichloro-3-(5-(3,4-
dihydroxy-5-nitrophenyl)-4-methyl-4H-
1,2,4-triazol-3-yl)-4,6-dimethylpyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-4-methyl-4H-
1,2,4-triazol-3 -yl)-5- (trifluoromethyl)pyridine
1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-4-methyl-4H-l,2,4-
triazol-3-yl)-2-fluoropyridine 1-oxide,
4-(5-(3,4-dihydroxy-5-nitrophenyl)-4-methyl-4H-
1,2,4-triazol-3-yl)-2-fluoropyridine 1-oxide,
2-(5-(3,4-dihydroxy-5-nitrophenyl)-4-methyl-
4H-l,2,4-triazol-3-yl)-6-fluoropyridine 1-oxide,
2-chloro-3-(5-(3,4-dihydroxy-5-
nitrophenyl)-4-methyl-4H-l
,2,4-triazol-3-yl)-6-methylpyridine 1-oxide,
2-bromo-3-(5-
(3,4-dihydroxy-5-nitrophenyl)-4-methyl-4H-l
,2,4-triazol-3-yl)-6-methylpyridine 1-oxide and
2-bromo-5-chloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-4-
methyl-4H-l,2,4-triazol-3- yl)-4,6-dimethylpyridine
1-oxide. Preferred compounds of the above general
formula (I) having a l,3,5-triazin-2,4-diyl as central
unit include
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,3,5-triazin-2-yl)
-4- (trifluoromethyl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,3,5-triazin-2-yl)
- 2-methyl-6-(trifluoromethyl)pyridine 1-oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)- 1,3,5-
triazin-2-yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)-
1,3,5-triazin-2-yl)-2-methyl-4-(trifluoromethyl)pyridi
ne 1-oxide, 3-(4-(3,4-dihydroxy-5- nitrophenyl)-l
,3,5-triazin-2-yl)-2,6-dimethyl-4-(trifluoromethyl)pyr
idine 1-oxide, 3-(4- 



(3,4-dihydroxy-5-nitrophenyl)-l,3,5-triazin-2-yl)-6-me
thyl-2-phenyl-4- (trifluoromethyl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,3,5-triazin-2-yl)
-2-(trifluoromethyl)pyridine 1-oxide, and
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,3,5-triazin-
2-yl)-5-(trifluoromethyl)pyridine 1-oxide. Preferred
compounds of the above general formula (I) having a
l,2,4-triazin-3,5-diyl as a central unit include
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-triazin-3-yl)
-4- (tpfluorornethyl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-
1,2,4-triazin-3-yl)-
2-methyl-6-(trifluoromethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-
triazin-3-yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5-nitrophenyl)-
l,2,4-triazin-3-yl)-2-methyl-4-(trifluoromethyl)pyridi
ne 1-oxide, 3-(5-(3,4-dihydroxy-5-
nitrophenyl)-l,2,4-triazin-3-yl)-2,6-dimethyl-4-(trifl
uoromethyl)pyridine 1-oxide, 3-(5-
(3,4-dihydroxy-5-nitrophenyl)-l,2,4-triazin-3-yl)-6-me
thyl-2-phenyl-4- (trifluoromethyl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-triazin-3-yl)
- 2-(trifluoromethyl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l ,2,4-triazin-3-
yl)-5-(trifluoromethyl)pyridine 1-oxide, 4-(5-(3
J4-dihydroxy-5-nitrophenyl)-l,2,4-triazin-
3-yl)-2-fluoropyridine 1-oxide and
2-(5-(3,4-dihydroxy-5-nitrophenyl)-l,2,4-triazin-3-yl)
- 6-fluoropyridine 1-oxide. Preferred compounds of the
above general formula (I) having a (Z)-I
-cyanoethen-l,2-diyl moiety as central unit include
(Z)-3-(l-cyano-2-(3,4-dihydroxy-5-nitrophenyl)vinyl)-4
- (trifluorornethyl)pyridine 1-oxide,
(Z)-2-chloro-3-(l-cyano-2-(3,4-dihydroxy-5-
nitrophenyl)vinyl)-4,6-dimethylpyridine 1-oxide,
(Z)-3-(l-cyano-2-(3,4-dihydroxy-5-
nitrophenyl)vinyl)-2-methyl-6-(trifluoromethyl)pyridin
e 1-oxide, (Z)-5-(l -cyano-2-(3,4-
dihydroxy-5-nitrophenyl)vinyl)-2-(trifiuoromethyl)pyri
dine 1-oxide, (Z)-5-(l -cyano-2-
(3,4-dihydroxy-5-nitrophenyl)vinyl)-2-methyl-4-(triflu
oromethyl)pyridine 1-oxide, (Z)-3-
(l-cyano-2-(3,4-dihydroxy-5-nitrophenyl)vinyl)-2,6-dim
ethyl-4-(trifluoromethyl)pyridine 1-oxide,
(Z)-3,5-dichloro-4-(l-cyano-2-(3,4-dihydroxy-5-nitroph
enyl)vinyl)pyridine 1-oxide, (Z)-3-(l
-cyano-2-(3,4-dihydroxy-5-nitrophenyl)vinyl)-6-methyl-
2-phenyl-4- (trifluoromethyl)pyridine 1-oxide,
(Z)-2-bromo-3-(l -cyano-2-(3,4-dihydroxy-5-
nitrophenyl)vinyl)-4,5,6-trimethylpyridine 1-oxide,
(Z)-2-chloro-3-(l-cyano-2-(3,4-
dihydroxy-5-nitrophenyl)vinyl)-4,5,6-trimethylpyridine
1-oxide, (Z)-3-(l-cyano-2-(3,4-
dihydroxy-5-nitrorhenyl)vinyl)-2-(trifluoromethyl)pyri
dine 1-oxide, (Z)-2,5-dichloro-3- (
1-cyano-2-(3,4-dihydroxy-5-nitrophenyl)vinyl)-4,6-dime
thylpyridine 1-oxide, (Z)-3-(l -
cyano-2-(3,4-dihydroxy-5-nitrophenyl)vinyl)-5-(trifluo
romethyl)pyridine 1-oxide, (Z)-3-
(l-cyano-2-(3,4-dihydroxy-5-nitrophenyl)vinyl)-2-fluor
opyridine 1-oxide,
(Z)-4-(l-cyano2-(3,4-dihydroxy-5-nitrophenyl)vinyl)-2-
fluoropyridine 1-oxide, (Z)-2-(1-cyano-2-(3 ,4-
dihydroxy-5-nitrophenyl)vinyl)-6-fluoropyridine
1-oxide, (Z)-2-chloro-3-(1-cyano-2-(3 ,4-
dihydroxy-5-nitrophenyl)vinyl)-6-methylpyridine
1-oxide, (Z)-2-bromo-3-(l -cyano-2-
(3,4-dihydroxy-5-nitrophenyl)vinyl)-6-methylpyridine
1-oxide, and (Z)-2-bromo-5-
chloro-3-(l-cyano-2-(3,4-dihydroxy-5-nitrophenyl)vinyl
)-4,6-dimethylpyridine 1-oxide. Preferred compounds of
the above general formula (I) having as central unit a
furan-2,4- diyl or a 3-alkoxycarbonylfuran-2,4-diyl
moiety, wherein alkoxy is represented by methoxy,
ethoxy, n-propoxy and isopropoxy, include
3-(4-(3,4-dihydroxy-5-nitrophenyl)-
3-(ethoxycarbonyl)furan-2-yl)-4-(trifluoromethyl)pyrid
ine 1-oxide, 2-chloro-3-(4-(3,4- dihydroxy-5
-nitrophenyl)-3-(ethoxycarbonyl)furan-2-yl)-4,6-dimeth
ylpyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-3-(ethoxycarbonyl)f
uran-2-yl)-2-methyl-6- (trifiuorornethyl)pyridine
1-oxide, 5-(4-(3,4-dihydroxy-5-nitrophenyl)-3-
(ethoxycarbonyl)furan-2-yl)-2-(trifluoromethyl)pyridin
e 1-oxide, 5-(4-(3,4-dihydroxy-5-
nitrophenyl)-3-(ethoxycarbonyl)furan-2-yl)-2-methyl-4-
(trifluoromethyl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-3-(ethoxycarbonyl)f
uran-2-yl)-2,6-dimethyl-4- (trifluoromethyl)pyridine
1-oxide,
3,5-dichloro-4-(4-(3,4-dihydroxy-5-nitrophenyl)-3-
(ethoxycarbonyl)furan-2-yl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)furan-2-
yl)-6-methyl-2-phenyl-4-(trifluoromethyl)pyridine
1-oxide, 2-bromo-3-(4-(3,4-dihydroxy-
5-nitrophenyl)furan-2-yl)-4,5,6-trimethylpyridine
1-oxide, 2-chloro-3-(4-(3,4-dihydroxy-
5-nitrophenyl)furan-2-yl)-4,5,6-trimethylpyridine
1-oxide, 3-(4-(3,4-dihydroxy-5-
nitrophenyl)furan-2-yl)-2-(trifluoromethyl)pyridine
1-oxide, 2,5-dichloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)furan-2-yl)-4,6-dimethylpyridi
ne 1-oxide, 3-(4-(3,4-dihydroxy-
5-nitrophenyl)furan-2-yl)-5-(trifluoromethyl)pyridine
1-oxide, 3-(4-(3,4-dihydroxy-5-
nitrophenyl)-3-(ethoxycarbonyl)furan-2-yl)-2-fluoropyr
idine 1-oxide, 4-(4-(3,4-
dihydroxy-5-nitrophenyl)-3-(ethoxycarbonyl)furan-2-yl)
-2-fluoropyridine 1-oxide, 2-(4-
(3,4-dihydroxy-5-nitrophenyl)-3-(ethoxycarbonyl)furan-
2-yl)-6-fluoropyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-nitrophenyl)-3-(ethoxyc
arbonyl)furan-2-yl)-6- methylpyridine 1-oxide,
2-bromo-3-(4-(3,4-dihydroxy-5-nitrophenyl)-3 -
(ethoxycarbonyl)furan-2-yl)-6-methylpyridine 1-oxide,
and 2-bromo-5-chloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)-3-(ethoxycarbonyl)furan-2-yl)
-4 56-dimethylpyridine 1-oxide. Preferred compounds of
the above general formula (I) having as central unit a
lH-imidazol-l,5-diyl moiety include
3-(5-(3,4-dihydroxy-5-nitrophenyl)-lH-imidazol-lyl)-4-
(trifluoromethyl)pyridine 1-oxide,
2-chloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-lHimidazol
- l-yl)-4,6-dimethylpyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-lHimidazol-
l-yl)-2-methyl-6-(trifluoromethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5- nitrophenyl)- 1H-imidazol-
1-yl)-2-(trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(5-
(3,4-dihydroxy-5-nitrophenyl)-lH-imidazol-l-yl)pyridin
e 1-oxide, 3-(5-(3,4-dihydroxy-5- nitrophenyl)-
1H-imidazol- 1-yl)-2-(trifluoromethyl)pyridine
1-oxide, 3-(5-(3,4-dihydroxy- 



5-nitrophenyl)-lH-imidazol-l-yl)-5-(trifluorometliyl)p
yridine 1-oxide, 3-(5-(3,4- dihydroxy-5-nitrophenyl)-
IH-imidazol- 1-yl)-2-fluoropyridine 1-oxide,
2-(5-(3,4- dihydroxy-5-nitrophenyl)-l H-imidazol-
l-yl)-6-fluoropyridine 1-oxide, 2-chloro-3-(5-(3,4-
dihydroxy-5-nitrophenyl)-lH-imidazol-l-yl)-6-methylpyr
idine 1-oxide, and 2-bromo-3-
(5-(3,4-dihydroxy-5-nitrophenyl)-lH-imidazol-l-yl)-6-m
ethylpyridine 1-oxide. Preferred compounds of the
above general formula (I) having as central unit a
isoxazol- 3,5-diyl moiety include
3-(3-(3,4-dihydroxy-5-nitrophenyl)isoxazol-5-yl)-4-
(trifiuorornethyl)pyridine 1-oxide,
2-chloro-3-(3-(3,4-dihydroxy-5-nitrophenyl)isoxazol-5-
yl)-4,6-dimethylpyridine 1-oxide,
3-(3-(3,4-dihydroxy-5-nitrophenyl)isoxazol-5-yl)-2-
methyl-6-(trifluoromethyl)pyridine 1-oxide,
5-(3-(3,4-dihydroxy-5-nitrophenyl)isoxazol-
5-yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(3-(3,4-dihydroxy-5-nitrophenyl)isoxazol-5-
yl)-2-methyl-4-(trifluoromethyl)pyridine 1-oxide,
3-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-2,6-dimethyl-4-(trifluorome
thyl)pyridine 1-oxide, 3,5-dichloro-
4-(3-(3,4-dihydroxy-5-nitrophenyl)isoxazol-5-yl)pyridi
ne 1-oxide, 3-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-6-methyl-2-phenyl-4-(triflu
oromethyl)pyridine 1-oxide,
2-bromo-3-(3-(3,4-dihydroxy-5-nitro
rhenyl)isoxazol-5-yl)-4,5,6-trimethylpyridine 1-oxide,
2-chloro-3-(3-(3,4-dmydroxy-5-nitrophenyl)isoxazol-5-y
l)-4,5,6- trimethylpyridine 1-oxide,
3-(3-(3,4-dihydroxy-5-nitrophenyl)isoxazol-5-yl)-2-
(trifluoromethyl)pyridine 1-oxide,
2,5-dichloro-3-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-4,6-dimethylpyridine
1-oxide, 3-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-5-(trifluoromethyl)pyridine
1-oxide, 3-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-2-fluoropyridine 1-oxide,
4-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-2-fluoropyridine 1-oxide,
2-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-6-fluoropyridine 1-oxide,
2-chloro-3-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-6-methylpyridine 1-oxide,
2-bromo-3-(3-(3,4-dihydroxy-5-
nitrophenyl)isoxazol-5-yl)-6-methylpyridine 1-oxide,
and 2-bromo-5-chloro-3-(3-(3,4-
dihydroxy-5-nitrophenyl)isoxazol-5-yl)-4,6-dimethylpyr
idine 1-oxide.Preferred compounds of the above general
formula (I) having as central unit a carbonyl moiety
include
3-(3,4-dihydroxy-5-nitrobenzoyl)-4-(trifluoromethyl)py
ridine 1-oxide,
2-chloro-3-(3,4-dihydroxy-5-nitrobenzoyl)-4,6-dimethyl
pyridine 1-oxide, 3-(3,4-
dihydroxy-5-nitrobenzoyl)-2-methyl-6-(trifluoromethyl)
pyridine 1-oxide, 5-(3,4-
dihydroxy-5-nitrobenzoyl)-2-(trifluoromethyl)pyridine
1-oxide, 5-(3,4-dihydroxy-5-
nitrobenzoyl)-2-methyl-4-(trifluoromethyl)pyridine
1-oxide, 3-(3,4-dihydroxy-5-
nitrobenzoyl)-2,6-dimethyl-4-(trifluoromethyl)pyridine
1-oxide, 3,5-dichloro-4-(3,4-
dihydroxy-5-nitrobenzoyl)pyridine 1-oxide,
3-(3,4-dihydroxy-5-nitrobenzoyl)-6-methyl-2-
phenyl-4-(trifluoromethyl)pyridine 1-oxide,
2-bromo-3-(3,4-dihydroxy-5-nitrobenzoyl)-
4,5,6-trimethylpyridine 1-oxide,
2-chloro-3-(3,4-dihydroxy-5-nitrobenzoyl)-4,5,6-
trimethylpyridine 1-oxide,
3-(3,4-dihydroxy-5-nitrobenzoyl)-2-(trifluoromethyl)py
ridine 1-oxide,
2,5-dichloro-3-(3,4-dihydroxy-5-nitrobenzoyl)-4,6-dime
thylpyridine 1-oxide,
3-(3,4-dihydroxy-5-nitrobenzoyl)-5-(trifluoromethyl)py
ridine 1-oxide, 3-(3,4-dihydroxy-
5-nitrobenzoyl)-2-fluoropyridine 1-oxide,
4-(3,4-dihydroxy-5-nitrobenzoyl)-2- fluoropyridine
1-oxide,
2-(3,4-dihydroxy-5-nitrobenzoyl)-6-fluoropyridine
1-oxide,
2-chloro-3-(3,4-dihydroxy-5-nitrobenzoyl)-6-methylpyri
dine 1-oxide, 2-bromo-3-(3,4-
dihydroxy-5-nitrobenzoyl)-6-methylpyridine 1-oxide,
and 2-bromo-5-chloro-3-(3,4-
dihydroxy-5-nitrobenzoyl)-4,6-dimethylpyridine
1-oxide. Preferred compounds of the above general
formula (I) having as central unit an oxazol- 2,4-diyl
moiety include 3-(4-(3
54-dihydroxy-5-nitrophenyl)oxazol-2-yl)-4-
(trifluoromethyl)pyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-nitrophenyl)oxazol-2-
yl)-4,6-dimethylpyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)oxazol-2-yl)-2-
methyl-6-(trifluoromethyl)pyridine 1-oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)oxazol-2-
yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)oxazol-2-yl)-
2-methyl-4-(trifluoromethyl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)oxazol-
2-yl)-2,6-dimethyl-4-(trifluoromethyl)pyridine
1-oxide, 3,5-dichloro-4-(4-(3,4-dihydroxy-
5-nitrophenyl)oxazol-2-yl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)oxazol-2-
yl)-6-methyl-2-phenyl-4-(trifluoromethyl)pyridine
1-oxide, 2-bromo-3-(4-(3,4-dihydroxy-
5-nitrophenyl)oxazol-2-yl)-4,5,6-trimethylpyridine
1-oxide, 2-chloro-3-(4-(3,4-dihydroxy-
5-nitrophenyl)oxazol-2-yl)-4,5,6-trimethylpyridine
1-oxide, 3-(4-(3,4-dihydroxy-5-
nitrophenyl)oxazol-2-yl)-2-(trifluoromethyl)pyridine
1-oxide, 2,5-dichloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)oxazol-2-yl)-4,6-dimethylpyrid
ine 1-oxide,
3-(4-(3,4-dihydroxy5-nitrophenyl)oxazol-2-yl)-5-(trifl
uoromethyl)pyridine 1-oxide, 3-(4-(3,4-dihydroxy-5-
nitrophenyl)oxazol-2-yl)-2-fluoropyridine 1-oxide,
4-(4-(3,4-dihydroxy-5-
nitrophenyl)oxazol-2-yl)-2-fluoropyridine 1-oxide,
2-(4-(3,4-dihydroxy-5-
nitrophenyl)oxazol-2-yl)-6-fluoropyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-
nitrophenyl)oxazol-2-yl)-6-methylpyridine 1-oxide,
2-bromo-3-(4-(3,4-dihydroxy-5-
nitrophenyl)oxazol-2-yl)-6-methylpyridine 1-oxide, and
2-bromo-5-chloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)oxazol-2-yl)-4,6-dimethylpyrid
ine 1-oxide. Preferred compounds of the above general
formula (I) having as central unit an benzene-
1,3-diyl moiety include
3-(3',4'-dihydroxy-5'-nitrobiphenyl-3-yl)-4-
(trifluoromethyl)pyridine 1-oxide,
5-(3',4'-dihydroxy-5'-nitrobiphenyl-3-yl)-2-
(trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(3',4'-dihydroxy-5'-nitrobiphenyl-3-
yl)pyridine 1-oxide,
3-(3',4l-dihydroxy-5'-nitrobiphenyl-3-yl)-2-(trifluoro
methyl)pyridine 



1-oxide, and 3-(3
l,4'-dihydroxy-5'-nitrobiphenyl-3-yl)-5-(trifluorometh
yl)pyridine 1-oxide. Preferred compounds of the above
general formula (I) having as central unit an
1-Hpyrazol- l,5-diyl moiety include
3-(5-(3,4-dihydroxy-5-nitrophenyl)-lH-pyrazol-l-yl)
-4- (trifluoromethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5-nitrophenyl)- 1H-pyrazol- 1-yl)-
2-(trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(5-(3,4-dihydroxy-5-nitrophenyl)-lHpyra
zol- l-yl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitro
rhenyl)-lH-pyrazol-l-yl)-2- (trifluoromethyl)pyridine
1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-lH-pyrazol-l-yl)-
5-(trifluoromethyl)pyridine 1-oxide, and
4-(5-(3,4-dihydroxy-5-nitrophenyl)-lH-pyrazol-
1-yl)-2-fluoropyridine 1-oxide . Preferred compounds
of the above general formula (I) having as central
unit an pyrimidin- 2,4-diyl moiety include
3-(4-(3,4-dihydroxy-5-nitrophenyl)pyrimidin-2-yl)-4-
(trifluoromethyl)pyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-nitrophenyl)pyrimidin-
2-yl)-4,6-dimethylpyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)pyrimidin-2-yl)-2-
methyl-6-(trifluoromethyl)pyridine 1-oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)pyrimidin-
2-yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)pyrimidin-2-
yl)-2-methyl-4-(trifluoromethyl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-
nitrophenyl)pyrimidin-2-yl)-2,6-dimethyl-4-(trifluorom
ethyl)pyridine 1-oxide,
3,5-dichloro-4-(4-(3,4-dihydroxy-5-nitrophenyl)pyrimid
in-2-yl)pyridine 1-oxide, 3-(4-
(3,4-dihydroxy-5-nitrophenyl)pyrimidin-2-yl)-6-methyl-
2-phenyl-4-(trifluoromethyl)pyridine 1-oxide,
2-bromo-3-(4-(3,4-dihydroxy-5-nitrophenyl)pyrimidm-
2-yl)-4,5,6-trimethylpyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-
nitrorhenyl)pyrimidin-2-yl)-4,5,6-trimethylpyridine
1-oxide, 3-(4-(3,4-dihydroxy-5-
nitrophenyl)pyrimidin-2-yl)-2-(trifluoromethyl)pyridin
e 1-oxide, 2,5-dichloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)pyrimidin-2-yl)-4,6-dimethylpy
ridine 1-oxide, and 3-(4-(3,4-
dihydroxy-5-nitrophenyl)pyrimidin-2-yl)-5-(trifluorome
thyl)pyridine 1-oxide. Preferred compounds of the
above general formula (I) having as central unit an
lH-pyrrol- 2,5-diyl moiety include
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l-methyl-3-(ethoxyc
arbonyl)- lH-pyrrol-2-yl)-4-(trifluoromethyl)pyridine
1-oxide, 2-chloro-3-(5-(3,4-dihydroxy-5-
nitrophenyl)-3-(ethoxycarbonyl)- 1-methyl-
1H-pyrrol-2-yl)-4,6-dimethylpyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l-methyl-lH-pyrrol-
2-yl)-2-methyl-6- (trifluoromethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5-nitrophenyl)-l-ethyl-3-
(ethoxycarbonyl)-lH-pyrrol-2-yl)-2-(trifluoromethyl)py
ridine 1-oxide, 5-(5-(3,4-
dihydroxy-5-nitrophenyl)-l-methyl-lH-pyrrol-2-yl)-2-me
thyl-4-(trifluoromethyl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-
1-methyl-1H-pyrrol-2-yl)-2,6-dimethyl-4-
(trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(5-(3,4-dihydroxy-5-nitrophenyl)-lmethy
l- lH-pyrrol-2-yl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-l-methyllH-
pyrrol-2-yl)-6-methyl-2-phenyl-4-(trifluoromethyl)pyri
dine 1-oxide, 2-bromo-3-(5-
(3,4-dihydroxy-5-nitrophenyl)-l-methyl-lH-pyrrol-2-yl)
-4,5,6-trimethylpyridine 1-oxide,
2-chloro-3-(5-(3,4-dihydroxy-5-nitrophenyl)-l-methyl-l
H-pyrrol-2-yl)-4,5,6- trimethylpyridine 1-oxide, 3-(5
-(3,4-dihydroxy-5-nitrophenyl)-
1-methyl-1H-pyrrol-2-yl)- 2-(trifluoromethyl)pyridine
1-oxide, 2,5-dichloro-3-(5-(3,4-dihydroxy-5-nitro
rhenyl)-lmethyl- 1H-pyrrol-2-yl)-4,6-dimethylpyridine
1-oxide, 3-(5-(3,4-dihydroxy-5- nitrophenyl)-l
-methyl- lH-pyrrol-2-yl)-5-(trifluoromethyl)pyridine
1-oxide, 3-(5-(3,4-
dihydroxy-5-nitrophenyl)-l-methyl-lH-pyrrol-2-yl)-2-fl
uoropyridine 1-oxide, 4-(5-(3,4-
dihydroxy-5-nitrophenyl)-l-methyl-lH-pyrrol-2-yl)-2-fi
uoropyridine 1-oxide, 2-(5-(3,4-
dihydroxy-5-nitrophenyl)-3-(ethoxycarbonyl)-l-methyl-l
H-pyrrol-2-yl)-6-fluoropyridine 1-oxide, 2-chloro-3-(5
-(3,4-dihydroxy-5-nitrophenyl)- 1-methyl-
1H-pyrrol-2-yl)-6- methylpyridine 1-oxide,
2-bromo-3-(5-(3,4-dihydroxy-5-nitrophenyl)-l-methyl-lH
pyrrol- 2-yl)-6-methylpyridine 1-oxide, and
2-bromo-5-chloro-3-(5-(3,4-dihydroxy-5- nitrophenyl)-
1-methyl- 1H-pyrrol-2-yl)-4,6-dimethylpyridine
1-oxide.Preferred compounds of the above general
formula (I) having as central unit an
2H-tetrazol-2,5-diyl moiety include
3-(5-(3,4-dihydroxy-5-nitrophenyl)-2H-tetrazol-2-yl)-
4-(trifluorornethyl)pyridine 1-oxide,
5-(5-(3,4-dihydroxy-5-nitrophenyl)-2H-tetrazol-2-
yl)-2-(trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(5-(3,4-dihydroxy-5-nitrophenyl)-
2H-tetrazol-2-yl)pyridine 1-oxide,
3-(5-(3,4-dihydroxy-5-nitrophenyl)-2H-tetrazol-2-yl)-
2-(trifluoromethyl)pyridine 1-oxide, and
3-(5-(3,4-dihydroxy-5-nitrophenyl)-2H-tetrazol-
2-yl)-5-(trifluoromethyl)pyridine 1-oxide. Preferred
compounds of the above general formula (I) having as
central unit an 1,2,3- thiadiazol-4,5-diyl moiety
include
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,2,3-thiadiazol-5-
yl)-4-(trifiuoromethyl)pyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-nitrophenyl)-
1,2,3-thiadiazol-5-yl)-4,6-dimethylpyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-
1,2,3-thiadiazol-5-yl)-2-methyl-6-(trifluoromethyl)pyr
idine 1-oxide, 5-(4-(3,4-dihydroxy- 5-nitrophenyl)-
1,2,3-thiadiazol-5-yl)-2-(trifiuoromethyl)pyridine
1-oxide, 5-(4-(3,4-
dihydroxy-5-nitrophenyl)-l,2,3-thiadiazol-5-yl)-2-meth
yl-4-(trifluoromethyl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,2,3-thiadiazol-5-
yl)-2,6-dimethyl-4- (trifluoromethyl)pyridine 1-oxide,
3,5-dichloro-4-(4-(3,4-dihydroxy-5-nitrophenyl)-l,2,3-
thiadiazol-5-yl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-
1,2,3-thiadiazol-5-
yl)-6-methyl-2-phenyl-4-(trifluoromethyl)pyridine
1-oxide, 2-bromo-3-(4-(3,4-dihydroxy-
5-nitrophenyl)-l,2,3-thiadiazol-5-yl)-4,5,6-trimethylp
yridine 1-oxide, 2-chloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)-
1,2,3-thiadiazol-5-yl)-4,5,6-trimethylpyridine
1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,2,3-thiadiazol-5-
yl)-2-(trifluoromethyl)pyridine 



1-oxide,
2,5-dichloro-3-(4-(3,4-dihydroxy-5-nitrophenyl)-l
,2,3-thiadiazol-5-yi)-4,6- dimethylpyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-
1,2,3-thiadiazol-5-yl)-5- (trifluoromethyl)pyridine
1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,2,3-thiadiazol-5-
yl)-2-fluoropyridine 1-oxide,
4-(4-(3,4-dihydroxy-5-nitrophenyl)-l
,2,3-thiadiazol-5-yl)-2- fluoropyridine 1-oxide,
2-(4-(3,4-dihydroxy-5-nitrophenyl)-
1,2,3-thiadiazol-5-yl)-6- fluoropyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-nitrophenyl)-
1,2,3-thiadiazol-5- yl)-6-methylpyridine 1-oxide,
2-bromo-3-(4-(3,4-dihydroxy-5-nitrophenyl)-l,2,3-
thiadiazol-5-yl)-6-methylpyridine 1-oxide, and
2-bromo-5-chloro-3-(4-(3,4-dihydroxy-5- nitrophenyl)-
1,2,3-thiadiazol-5-yl)-4,6-dimethylpyridine 1-oxide.
Preferred compounds of the above general formula (I)
having as central unit an thiazol- 2,4-diyl moiety
include
3-(4-(3,4-dihydroxy-5-nitrophenyl)thiazol-2-yl)-4-(tri
fluoromethyl)pyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-nitrophenyl)thiazol-2-
yl)-4,6-dimethylpyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)thiazol-2-yl)-2-
methyl-6-(trifluoromethyl)pyridine-l -oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)thiazol-2-
yl)-2-(trifluoromethyl)pyridine 1-oxide,
5-(4-(3,4-dihydroxy-5-nitrophenyl)thiazol-2-yl)-
2-methyl-4-(trifluoromethyl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)thiazol-
2-yl)-2,6-dimethyl-4-(trifluoromethyl)pyridine
1-oxide, 3,5-dichloro-4-(4-(3,4-dihydroxy-
5-nitrophenyl)thiazol-2-yl)pyridine 1-oxide,
3-(4-(3,4-dihydroxy-5-nitrophenyl)thiazol-2-
yl)-6-methyl-2-phenyl-4-(trifluoromethyl)pyridine
1-oxide, 2-bromo-3-(4-(3,4-dihydroxy-
5-nitrophenyl)thiazol-2-yl)-4,5,6-trimethylpyridine
1-oxide, 2-chloro-3-(4-(3,4-dihydroxy-
5-nitrophenyl)thiazol-2-yl)-4,5,6-trimethylpyridine
1-oxide, 3-(4-(3,4-dihydroxy-5-
nitrophenyl)thiazol-2-yl)-2-(trifluoromethyl)pyridine
1-oxide, 2,5-dichloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)thiazol-2-yl)-4,6-dimethylpyri
dine 1-oxide, 3-(4-(3,4-dihydroxy-
5-nitrophenyl)thiazol-2-yl)-5-(trifluoromethyl)pyridin
e 1-oxide, 3-(4-(3,4-dihydroxy-5-
nitrophenyl)thiazol-2-yl)-2-fluoropyridine 1-oxide,
4-(4-(3 ,4-dihydroxy-5 -
nitrophenyl)thiazol-2-yl)-2-fluoropyridine 1-oxide,
2-(4-(3,4-dihydroxy-5-
nitrophenyl)thiazol-2-yl)-6-fluoropyridine 1-oxide,
2-chloro-3-(4-(3,4-dihydroxy-5-
nitrophenyl)thiazol-2-yl)-6-methylpyridine 1-oxide,
2-bromo-3-(4-(3,4-dihydroxy-5-
nitrophenyl)thiazol-2-yl)-6-niethylpyridine 1-oxide,
and 2-bromo-5-chloro-3-(4-(3,4-
dihydroxy-5-nitrophenyl)thiazol-2-yl)-4,6-dimethylpyri
dine 1-oxide. In one embodiment, compounds of the
general formula I wherein the central unit consists of
a l,2,4-oxadiazo-3,5-diyl-moiety can be prepared by a
process wherein a compound of the general formula HA,
HB or HC, HA IIB lie wherein R , R5, R and R7 are
defined as in the general formula I, is subjected to a
cyclisation reaction comprising condensation and
dehydration with a compound of the general formula
III,(HI), wherein R and R9 independently from each
other represent hydrogen or suitable protective groups
for aromatic hydroxyl groups, under conditions
suitable to produce oxadiazole derivatives of formula
IVA, IVB or IVC, followed by removal of the hydroxyl
protecting groups to provide the compounds of general
formula I wherein the central unit consists of a
l,2,4-oxadiazo-3,5-diyl-moiety. In another embodiment,
the compounds of the general formula I wherein the
central unit consists of a
l,2,4-oxadiazo-3,5-diyl-moiety can be prepared by a
process wherein a compound of the general formula VA,
VB or VC, VA VB VC wherein R4, R , R6 and R7 are
defined as in the general formula I, is subjected to a
cyclisation reaction comprising condensation and
dehydration with a compound of the general formula III
under conditions suitable to produce oxadiazole
derivatives of formula VIA, VIB or VIC,VIA VIB VIC
followed by oxidation of the pyridyl nitrogen atom to
give a compound according to formula IVA, IVB or IVC
as shown above and finally, if necessary, the removal
of the hydroxyl protecting groups to provide the
compounds of general formula I wherein the central
unit consists of a l,2,4-oxadiazo-3,5-diyl-moiety.
Suitable protective groups for aromatic hydroxyl
groups are well known in the art. Examples of suitable
protective groups for aromatic hydroxyl groups include
methyl, ethyl, isopropyl, benzyl, 4-methoxybenzyl,
methoxymethyl, benzyloxymethyl, methoxyethoxymethyl,
tetrahydropyranyl, phenacyl, allyl, trimethylsilyl,
tert-butyldimethylsilyl, benzyloxycarbonyl,
tert-butoxycarbonyl, ester, sulphonate, carbamate,
phosphinate, acetal and ketal derivatives. In a
preferred embodiment, one of the groups R and R9 is
hydrogen and the other is methyl. In a particularly
preferred embodiment, R represents methyl and R9
represents hydrogen. In an alternative preferred
embodiment, the protective groups Rg and R9 are
replaced with hydrogen or a group which is
hydrolysable under physiological conditions. The
protective groups R and Rg may be removed
independently from each other in separate reaction
steps or they may be removed in the same reaction
step. Likewise, the insertion of a group which is
hydrolysable under physiological conditions may take
place either in the same or in a subsequent reaction
step. In the present invention, conditions suitable to
produce oxadiazole derivatives comprise 



conditions which give the oxadiazole derivative in
high yield and purity. Preferably, the yield of the
desired oxadiazole derivative is at least 70%, more
preferably 75 to 99%, evenmore preferably 80 to 97%,
and most preferably 85 to 95%. Preferably, the purity
of the desired oxadiazole derivative is at least 90%,
more preferably at least 95%, even more preferably at
least 99%, and most preferably at least 99.5%.
Following the teaching of the present invention the
skilled person can routinely determine the most
suitable reaction conditions in order to optimize the
yield and purity of the oxadiazole. Parameters to be
taken into consideration by the skilled person
include, but are not limited to, reagents effecting
the condensation and dehydration agents, choice of
protective groups R8 and R9, solvent system, reaction
temperature and reaction time and solubility of
reagents. The compound of general formula III requires
activation before condensation with a compound of
formula IIA-IIC or VA-VC. Suitable reagents for
activation of the compound of formula III include
1,1-carbonyldiimidazole, thionyl chloride,
sulfonylchloride, N,N'-dicyclohexylcarbodiimide,
1-hydroxybenzotriazole and N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide, phosgene,
PCl3, POCl3, PCl5, anhydrides, trichlorotriazine and
chlorodimethoxytriazine and the like. Particularly
preferable are 1,1-carbonyldiimidazole and thionyl
chloride. In some cases, the same reagents can be
employed to effect the cyclisation step, which
consists of condensation and dehydration. Alternative
reagents to effect condensation and/or dehydration
include pyridine and tetrabutylammonium fluoride.
Preferably the dehydration can be effected by thermal
heating of the reaction mixture in conjunction with
the aforementioned reagents. The compound of general
formula III can be activated with an excess of a
reagent such as thionyl chloride in a suitable solvent
or without the need for additional solvent. If
preferred, the excess reagent can then be removed,
e.g. by distillation, and replaced with a solvent and
another reagent such as pyridine to effect the
condensation and dehydration steps. Preferred solvent
systems for activating the compound of general formula
III, and cyclisation with compounds of general
formulas IIA-IIC or VA-VC are dipolar aprotic solvents
including dimethylformamide, dimethylsulfoxide,
dimethylacetamide and N-methylpyrrolidinone.
Particularly preferable are dimethylsulfoxide and
dimethylacetamide. Suitable reaction temperatures and
reaction times depend on the reactivity of the
utilized reagents for effecting condensation and
dehydration. Preferably, the reaction temperature is
in the range of O0C to the boiling point of the
utilized solvent system, more preferably inthe range
of 20 to 15O0C, and most preferably in the range of 25
to 120 0C, Preferably, the reaction time is in the
range of 30 minutes to 24 hours, more preferably in
the range of 1 hour to 18 hours, and most preferably 2
to 6 hours. In an alternative preferred embodiment,
the condensation and dehydration reaction is carried
out in the presence of an organic or inorganic base.
Suitable preferred bases include triethylamine,
tributylamine, 2,6-lutidine, N-methylmorpholine,
pyridine, imidazole, N-methylimidazole and
4-dimethylaminopyridine. Particularly preferred bases
include pyridine, N-methylimidazole and
4-dimethylaminopyridine. In a preferred embodiment of
the present invention, the condensation and
dehydration are conducted in two separate reaction
steps. In this particular embodiment, different
condensation and dehydration agents and solvent
systems may be utilized to optimize yield and purity
of the obtained product. In an alternative preferred
embodiment of the present invention, the condensation
and dehydration are conducted sequentially in the same
vessel without isolation of the O-acylated
intermediates. In this particular embodiment, the
reagents effecting the condensation and dehydration
can be the same or different but are preferably
identical. The amount of reagents effecting the
condensation and dehydration are not critical. Typical
amounts of reagents effecting the condensation and
dehydration include at least an amount of 1 mol,
preferably 2.1 mol to 5 mol, more preferably 2.2 to 4
mol, and most preferably 2.3 mol to 3 mol, per mol
pyridine derivative. In cases in which the reagents
effecting the condensation and dehydration also serves
as solvent or co-solvent, the excess amount may be
much higher. As mentioned above, in preferred
embodiments the invention includes a step in which the
nitrogen atom of the pyridyl moiety VIA, VIB or VIC is
oxidized under suitable conditions to the
corresponding pyridyl-N-oxide derivative IVA, IVB or
IVC after the cyclisation reaction. In the present
invention, suitable oxidative conditions to produce
the pyridyl-N-oxide comprise conditions which give the
pyridyl-N-oxide derivative in high yield and
purity.Preferably, the yield of the desired
pyridyl-N-oxide derivative is at least 90%, more
preferably 92 to 99%, even more preferably 94 to 98%,
and most preferably 95 to 97%. Preferably, the purity
of the desired pyridyl-N-oxide derivative is at least
90%, more preferably at least 95%, even more
preferably at least 99%, and most preferably at least
99.5%. Following the teaching of the present invention
the skilled person can routinely determine the most
suitable reaction conditions in order to optimize the
yield and purity of the pyridyl-N-oxide. Parameters to
be taken into consideration by the skilled person
include, but are not limited to, oxidizing agent,
amount of oxidizing agent, choice of protective
groups, solvent system, reaction temperature and
reaction time and solubility of reagents. Preferred
oxidizing agents include hydrogen peroxide, MnO2,
peracetic acid, 



trifluoroperacetic acid, t-butylhydroperoxide,
m-chloroperoxybenzoic acid, persulfuric acids,
Oxone(r), urea hydrogen peroxide complex and
trifluoroacetic anhydride, pyridinium chlorochromate
and permanganate ions. Particularly preferred is urea
hydrogen peroxide complex and trifluoroacetic
anhydride. The preferred amount of oxidizing agent is
in the range of equimolar amounts to a 20-fold excess
to the pyridine derivative. Preferably, amount of
oxidizing agent is in the range of a 1.2- fold to
10-fold excess, more preferably 1.5-fold to 8-fold
excess and most preferably 2-fold to 5-fold excess.
Preferred solvent systems for conducting the oxidation
are solvents which are inert to the oxidizing agent.
Particularly preferred are halogenated solvents, such
as dichloromethane, chloroform, chlorobenzene and
carbon tetrachloride, aromatic solvents such as
benzene and toluene, alkanes such as cyclohexane and
hexane, and ethers such as THF, 1,4-dioxane and
tert-butylmethylether. Suitable reaction temperatures
and reaction times depend on the reactivity of the
utilized oxidizing agent. Preferably, the reaction
temperature is in the range of O0C to the boiling
point of the utilized solvent system, more preferably
in the range of 20 to 1000C, and most preferably in
the range of 40 to 80 C. Preferably, the reaction time
is in the range of 30 minutes to 24 hours, more
preferably in the range of 1 hour to 18 hours, and
most preferably 2 to 6 hours.The oxidation of the
pyridyl nitrogen atom can be carried out at any stage
of the process of preparation of compounds according
to the general formula I. Preferably, the oxidation is
conducted before formation of the compounds of
formulae IIA-IIC, or alternatively after formation of
the oxadiazole ring as in compounds of formulae
VIA-VIC. In another aspect of the invention, compounds
of formula HA, HB or HC are prepared by reacting
compounds of the general formula VIIA, VIIB or VIIC,
VIIA VIIB VIIC with hydroxylamine in the presence of a
chelating agent under suitable reaction conditions. In
another aspect of the invention, compounds of formula
VA, VB or VC are prepared by reacting compounds of the
general formula VIIIA, VIIIB or VIIIC, VIIIA VIIIB
VIIIC with hydroxylamine in the presence of a
chelating agent under suitable reaction conditions. In
the present invention, suitable reaction conditions of
the above reactions comprise conditions which give the
amidoxime derivative in high yield and purity.
Preferably, the yield of the desired amidoxime
derivative is at least 70%, more preferably 72 to 95%,
even more preferably 75 to 90%, and most preferably 78
to 85%. Preferably, the purity of the desired
amidoxime derivative is at least 90%, more preferably
at least 95%, even morepreferably at least 96%, and
most preferably at least 97%. Following the teaching
of the present invention the skilled person can
routinely determine the most suitable reaction
conditions in order to optimize the yield and purity
of the amidoxime. Parameters to be taken into
consideration by the skilled person include, but are
not limited to, amount of hydroxylamine, choice of
catalyst, nature of substituents R4 to R7, solvent
system, reaction temperature and reaction time and
solubility of reagents. The preferred amount of
hydroxylamine is in the range of equimolar amounts to
a 50-fold excess to the pyridine derivative.
Preferably, the amount of hydroxylamine is in the
range of a 1.2- fold to 20-fold excess, more
preferably 1.5-fold to 10-fold excess and most
preferably 3-fold to 5-fold excess. Preferred
chelating agents include 8-hydroxyquinoline,
ortho-phenanthroline and hydrates and derivatives
thereof. The preferred amount of chelating agent is in
the range 0.1-10 mol%, more preferably 0.5-5 mol%,
more preferably 0.75-3 mol% and most preferably 1- 1.5
mol%. The solvent system is not particularly limited
and includes water, alcohols such as methanol, ethanol
or isopropanol, ethers such as THF or 1,4-dioxane, and
dipolar aprotic solvents, such as dimethylsulfoxide
and the like or mixtures of these solvents.
Preferably, the reaction temperature is in the range
of O0C to the boiling point of the utilized solvent
system, more preferably in the range of 20 to 1000C
and most preferably in the range of 40 to 80 C.
Preferably, the reaction time is in the range of 30
minutes to 24 hours, more preferably in the range of 1
hour to 18 hours, and most preferably 2 to 8 hours.
For the preparation of pharmaceutical compositions of
general formula (I), inert pharmaceutically acceptable
carriers are admixed with the active compounds. The
pharmaceutically acceptable carriers may be either
solid or liquid. Solid form preparations include
powders, tablets, dispersible granules and capsules. A
solid carrier can be one or more substances which may
also act as diluents, flavouring agents, solubilizers,
lubricants, suspending agents, binders or tablet
disintegrating agents; it may also be an encapsulating
material.Preferably, the pharmaceutical preparation is
in unit dosage form, e.g. packaged preparation, the
package containing discrete quantities of preparation
such as packeted tablets, capsules and powders in
vials or ampoules. The dosages may be varied depending
on the requirement of the patient, the severity of the
disease and the particular compound being employed.
For convenience, the total daily 



dosage may be divided and administered in portions
throughout the day. Determination of the proper dosage
for a particular situation is within the skill of
those in the medical art. Materials and Methods Assay
of mouse COMT activity Liver samples from 60 days old
NMRI mice weighing 20-30 g (Harlan-Interfauna Iberica,
Barcelona, Spain) kept ten per cage under controlled
environmental conditions (12 h light/dark cycle and
room temperature 24 0C), were used in all experiments.
Saline perfused tissues, obtained from pentobarbitone
(60 mg/kg) anaesthetised mice, were used in the
experiments. Tissues were immediately removed and
homogenised in 5 mM phosphate buffer, pH 7.8 and
stored at -80 0C. COMT activity was evaluated by the
ability to methylate adrenaline to metanephrine, as
previously described (Vieira-Coelho, M.A.,
Soares-da-Silva, P., Brain Res, 1999, 821, 69-78).
Aliquots of 0.5 ml of liver homogenates were
preincubated for 20 min with 0.4 ml of phosphate
buffer (5 mM); thereafter, the reaction mixture was
incubated for 10 min with adrenaline (500 mM; 0.1 ml)
in the presence of a saturating concentration of
S-adenosyl-L-methionine, the methyl donor (250 mM).
The incubation medium also contained pargyline (100
mM), MgCl2 (100 mM) and EGTA ( 1 mM). The
preincubation and incubation were carried out at 37 0C
under conditions of light protection with continuous
shaking and without oxygenation. At the end of the
incubation period the tubes were transferred to ice
and the reaction was stopped by the addition of 200 ml
of 2 M perchloric acid. The samples were then
centrifuged (200 x g, 4 min, 4 0C), and 500 ml
aliquots of the supernatant, filtered on 0.22 mm pore
size Spin-X filter tubes (Costar) wereused for the
assay of metanephrine by high pressure liquid
chromatography with electrochemical detection. In
experiments designed to evaluate the effects of test
compounds upon liver COMT, test compounds (in 5%
carboxymethylcellulose) were given by gastric tube to
overnight fasted mice. Thereafter, at defined
intervals, livers were removed and used to determine
COMT activity as described above. Assay of rat COMT
activity Livers from 60 day old male Wistar rats
weighing 240-260 g (Harlan-Interfauna Iberica,
Barcelona, Spain), kept two per cage under controlled
environmental conditions (12 h light/dark cycle and
room temperature 24 0C) were used in all experiments.
After decapitation, the organs were immediately
removed and homogenised in 5 mM phosphate buffer of pH
7.8. COMT activity was evaluated by the ability to
methylate adrenaline to metanephrine. Aliquots of 0.5
ml of liver homogenates were preincubated for 20 min
with 0.4 ml of phosphate buffer (5 mM); thereafter,
the reaction mixture was incubated for 5 min with
epinephrine (1000 mM; 0.1 ml) in the presence of a
saturating concentration of S-adenosyl-L-methionine
(500 mM), the methyl donor; the incubation medium
contained also pargyline (100 mM), MgCl2 (100 mM) and
EGTA ( 1 mM). The preincubation and incubation were
carried out at 37 0C under conditions of light
protection with continuous shaking and without
oxygenation. In experiments designed to evaluate the
oral bioavailability of test substances, compounds
were given by gastric tube to overnight fasted rats.
Thereafter, at defined intervals, animals were killed
by decapitation and livers removed and used to
determine COMT activity as described above. At the end
of the incubation period (5 min) the tubes were
transferred to ice and the reaction was stopped by the
addition of 200 ml of 2 M perchloric acid. The samples
were then centrifuged (200xg, 4 min, 4 0C), and 500 ml
aliquots of the supernatant, filtered on 0.22 mm pore
size Spin-X filter tubes (Costar) were used for the
assay of metanephrine. The assay of metanephrine was
carried out by means of high pressure liquid
chromatography with electrochemical detection. The
lower limits for detection of metanephrine ranged from
350 to 500 fmol (0.5 to 1.0 pmol/mg protein/h).Levels
of L-DOPA and 3-O-methyl-L-DOPA in plasma Rats fasted
overnight were administered orally with tolcapone,
entacapone and compounds of general formula I (all at
3 mg/kg) or vehicle (0.5% carboxymethylcellulose, 4
ml/kg). One, 6 or 23 h later, rats were administered
orally with L-DOPA (12 mg/kg) plus benserazide (3
mg/kg) or with vehicle (0.5% carboxymethylcellulose, 4
ml/kg). One hour later rats were anaesthetised with
sodium pentobarbitone (60 mg/kg, i.p.), blood was
collected through the vena cava and the whole brain
was quickly removed. Blood samples were centrifuged
for 15 min at 3,000 g (4 0C) and the plasma samples
were stored at -80 0C till the assay of L-DOPA and
3-O-methyl-L-DOPA. All animals interventions were
performed in accordance with the European Directive
number 86/609, and the rules of the "Guide for the
Care and Use of Laboratory Animals", 7th edition,
1996, Institute for Laboratory Animal Research (ILAR),
Washington, DC. Assay of L-DOPA and catechol
derivatives L-DOPA and 3-O-methyl-L-DOPA in blood
samples were assayed by HPLC with electrochemical
detection, as previously described (Soares-da-Silva et
al., Brain Res. 2000;863:293-297). In brief, aliquots
of 20 ml were injected into the chromatograph. The
chromatographic system consisted of a pump (Gilson
307) and a stainless steel 5 mm ODS2 column (Biophase;
Bioanalytical Systems, West Lafayette, IN) of 25 cm
length and 4.6 mm diameter; samples were injected by
means of an automatic sample injector (Gilson 231)
connected to a Gilson dilutor (Gilson 401). The mobile
phase was a degassed 



solution of citric acid 0.1 mM; sodium octylsulphate
0.5 mM; sodium acetate 0.1 M; Na2EDTA 0.17 mM;
dibutylamine 1mM and methanol (10% v/v), adjusted to
pH 3.5 with PCA 2 M and pumped at a rate of 1.0 ml min
1. The detection was carried out electrochemically
with a glassy carbon electrode, an Ag/AgCl reference
electrode and an amperometric detector (Gilson 142);
the detector cell was operated at 0.75 V. The current
produced was monitored using the Gilson Unipoint HPLC
software.Cell toxicity The method, which detects cell
toxicity of a test substance, follows that described
by Pedrosa and Soares-da-Silva (Br. J . Pharmacol.,
137, 1 1305-1313, 2002). Briefly, Neuro 2A mouse
neuroblastoma cells were seeded in 96-well plates in
200 mL per well of culture medium for cell attachment
(CMA), under a CO2/air (5%/95%) humidified atmosphere
at 37 0C. Controls of the test system prior to
incubations consisted in a morphological control
(light microscopy) of the cultured cells: attachment,
spreading and density. Five days after seeding (24 h
after cells become confluent), the test compounds were
incubated for 24 h with cultured cells. Cultures with
no test article or ethanol were run in parallel as
negative and positive controls. All incubations
contained the same percentage of solvent needed for
the test compound. Cell viability was measured using
calcein-AM (Molecular Probes, Eugene, OR, USA). The
membrane permeant calcein-AM, a nonfluorescent dye, is
taken up and converted by intracellular esterases to
membrane impermeant calcein, which emits green
fluorescence. After treatment with test article or
vehicle for 24 h, cells are washed twice with Hanks'
medium (medium composition, in mM: NaCl, 137; KCl, 5;
MgSO 4, 0.8; Na2HPO 4, 0.33; KH2PO4, 0.44; CaCl 2,
0.25; MgCl 2, 1.0; Tris HCl, 0.15 and sodium butyrate,
1.0, pH=7.4) and loaded with 2 mM calcein-AM in Hanks'
medium, at room temperature for 30 min. Fluorescence
is measured at 485 run excitation and 530 nm emission
wavelengths in a multiplate reader. To determine
minimum staining for calcein-AM (calceinmin), eight
wells were treated with ethanol 30 min before
calcein-AM addition. The percent viability is then
calculated as [(calcein sampie - calcein min) /
(calceincontroi - calcein mjn)] x 100. Results Table 1
shows the effects of standard COMT inhibitors,
tolcapone and entacapone, and compounds of general
formula I upon mouse liver COMT activity 3 h after
their oral administration (3 mg/kg). Also shown in
table 1 is the cell viability after 24 h expsoure to
tolcapone, entacapone and compounds of general formula
I (all at 30 mM) in Neuro 2A cells.Table 1. Mouse
Liver COMT activity (% control) after 3 mg/kg (oral)
administration of compounds listed and Neuro 2A cell
viability (% of viable cells)WIRELESS COMMUNICATION
DEVICE WITH PHYSICAL-LAYER RECONFIGURABLE PROCESSING
ENGINES Technical Field Some embodiments of the
present invention pertain to wireless communications.
Some embodiments pertain to multicarrier communication
systems, such as systems that communicate with
orthogonal frequency division multiplexed (OFDM)
signals. Some embodiments pertain to wireless
networks. Background Wireless communication networks
are continually evolving. Older wireless communication
devices are many times unable to support newer
protocols making them obsolete rather quickly.
Furthermore, the inflexible hardware configurations of
many conventional wireless communication devices make
it difficult for such devices to efficiently run a
variety of complex processes. Thus, there are general
needs for wireless communication devices with flexible
processing architectures. Brief Description of the
Drawings FIG. IA illustrates a wireless communication
device in accordance with some embodiments of the
present invention; FIG. IB illustrates reconfigurable
processing circuitry of a wireless communication
device in accordance with some embodiments of the
present invention; FIG. 2 illustrates a block diagram
of a reconfigurable processing engine in accordance
with some embodiments of the present invention; FIG. 3
is a time-line illustrating operations performed by
reconfigurable processing circuitry of a wireless
communication device in accordance with some
embodiments of the present invention; and FIG. 4 is a
flow chart of processing procedure in accordance with
some embodiments of the present invention. Detailed
Description The following description and the drawings
illustrate specific embodiments of the invention
sufficiently to enable those skilled in the art to
practice them. Other embodiments may incorporate
structural, logical, electrical, process, and other
changes. Examples merely typify possible variations.
Individual components and functions are optional
unless explicitly required, and the sequence of
operations may vary. Portions and features of some
embodiments may be included in or substituted for
those of others.Embodiments of the invention set forth
in the claims encompass all available equivalents of
those claims. Embodiments of the invention may be
referred to, individually or collectively, herein by
the term "invention" merely for convenience and
without intending to limit the scope of this
application to any single invention or 



inventive concept if more than one is in fact
disclosed. FIG. IA illustrates a wireless
communication device in accordance with some
embodiments of the present invention. Wireless
communication device 100 may transmit and/or receive
wireless communication signals with one or more other
wireless communication devices. Wireless communication
device 100 may include one or more antennas 102,
physical (PHY) layer circuitry 104, media-access
control (MAC) layer circuitry 106, and higher-level
layer circuitry 108. Physical layer circuitry 104 may
include analog front-end circuitry 110 and
reconfigurable processing circuitry 112. In some
embodiments, during receiving operations, wireless
communication device 100 may receive radio-frequency
(RP) signals through one or more of antennas 102, and
analog front-end circuitry 110 may convert the
received RF signals to analog baseband signals.
Reconfigurable processing circuitry 112 may process
the analog baseband signals to generate decoded bits
of decoded MAC frames for MAC layer circuitry 106
which may generate application layer data for
higher-level layer circuitry 108. The operations of
reconfigurable processing circuitry 112 are discussed
in more detail below. In some embodiments, during
transmitting operations, MAC layer circuitry 106 may
provide un-encoded bits of MAC frames to
reconfigurable processing circuitry 112 of physical
layer circuitry 104. Reconfigurable processing
circuitry 112 may process the un-encoded bits of MAC
frames and generate baseband signals for analog
front-end circuitry 110, which may generate RF signals
for transmission by antennas 102. The operations of
reconfigurable processing circuitry 112 are discussed
in more detail below. FIG. IB illustrates
reconfigurable processing circuitry of a wireless
communication device in accordance with some
embodiments of the present invention. In some
embodiments, reconfigurable processing circuitry 172
may represent a part of a physical layer of a wireless
communication device and may represent only a portion
of the processing circuitry of a wireless
communication device. Processing circuitry 172 may
correspond to reconfigurable processing circuitry 112
(FIG. IA) and may be suitable for use in a wireless
communication device, such as wireless
communicationdevice 100 (FIG. IA). In some
embodiments, processing circuitry 172 may be
configured to process received signals and may be part
of a receiver, while in other embodiments, processing
circuitry 172 may be configured to generate signals
for transmission and may be part of a transmitter. In
some embodiments, processing circuitry 172 may be
reconfigured on-the-fly to perform either receiving
operations or transmitting operations allowing
processing circuitry 172 to function in either a
receiving or transmitting mode. In these embodiments,
different front-end circuitry may be used for
transmitting and receiving. From the receiving
perspective, processing circuitry 172 generates
decoded data 113 from baseband samples 115 generated
from receipt of radio-frequency (RF) signals. From a
transmitting perspective, processing circuitry 172
generates baseband samples 115 for RF transmission
from data 113. In accordance with some embodiments of
the present invention, processing circuitry 172 may
include processing unit 120 and two or more
reconfigurable processing engines 116 and 156. The two
or more reconfigurable processing engines 116 and 156
may communicate with processing unit 120 over system
bus 122. Data, in the form of soft-bit vectors for
example, may be transferred between reconfigurable
processing engines 116 and 156 over high-speed data
path 118. Reconfigurable processing engine 116 may
include registers (REGS) 132 coupled with system bus
122, memories (MEMS) 134 coupled with system bus 122
and run-time reconfigurator (RTR) 136 coupled with
systems bus 122. Reconfigurable processing engine 116
may also include reconfigurable interconnect network
130, which may be configured and reconfigured by
run-time reconfigurator 136 and may allow registers
132 and memories 134 to be coupled with a plurality of
functional units, discussed in more detail below.
Reconfigurable interconnect network 130 may also
couple with high-speed data path 118 allowing data to
be transferred to and from reconfigurable processing
engine 156 without interference from processing unit
120 and without the use of system bus 122. In some
embodiments, reconfigurable processing engine 116 may
be a reconfigurable baseband processing engine for
processing orthogonal frequency division multiplexed
(OFDM) signals, although the scope of the invention is
not limited in this respect. Reconfigurable processing
engine 156 may include registers (REGS) 142 coupled
with system bus 122, memories (MEMS) 144 coupled with
system bus 122, and run-time reconfigurator (RTR) 146
coupled with systems bus 122. Reconfigurableprocessing
engine 156 may also include reconfgurable interconnect
network 140, which may be configured and reconfigured
by run-time reconf gurator 146 and may allow registers
142 and memories 144 to be coupled with a plurality of
functional units. Reconf gurable interconnect network
140 may also couple with high-speed data path 118
allowing data to be transferred to and from reconf
gurable processing engine 116 without interference
from processing unit 120 and without the use of system
bus 122. In some embodiments, reconfigurable
processing engine 156 may be a decoding processing
engine and may perform Viterbi, low-density parity
check (LDPC), Turbo, and/or Reed Solomon forward-error
correcting (FEC), although the scope of the invention
is not 



limited in this respect. In some embodiments, reconf
gurable interconnect networks 130 and 140 may comprise
field-programmable gate-array (FPGA) circuitry,
although the scope of the invention is not limited in
this respect. In some embodiments, processing unit 120
may be a microprocessor or central processing unit
(CPU), although the scope of the invention is not
limited in this respect. In some embodiments,
processing unit 120 may be a managing processing
element of wireless communication device 100 (FIG.
IA). In some embodiments, processing unit 120 may
perform high-latency operations and may reconfigure
reconfigurable processing engines 116 and 156 with
run-time reconfigurators 136 and 146. Processing unit
120 may control reconfigurable processing engines 116
and 156 via state registers, such as registers 132 and
142. In some embodiments, reconfigurable processing
engine 116 may perform low-latency operations on
complex baseband signals 115. The low-latency
operations may include, for example, signal detection,
frequency correction and Fourier transform operations,
although the scope of the invention is not limited in
this respect. The performance of the low-latency
operations by reconfigurable processing engine 116 may
generate soft-bit vectors hi some embodiments,
reconfigurable processing engine 116 may be
reconfigured by processing unit 120 for separately and
sequentially performing each of the low-latency
operations. An example of this is described in more
detail below. In some embodiments, reconfigurable
processing engine 156 may be configured to perform
decoding operations on the soft-bit vectors generated
by reconfigurable processing engine 116. The soft-bit
vectors may be received from reconfigurable processing
engine 116 over high-speed data path 118 which may be
inaccessible by processing unit 120.In some
embodiments, complex baseband signals 115 may be
generated from received OFDM signals. In some
embodiments, processing circuitry 172 may allow a high
degree of hardware reuse and re-programming for
different and/or future communication protocols. In
some embodiments, reconfigurable processing engines
116 and 156 may be heterogeneous on-the-fly
reconfigurable processing engines. In some
embodiments, processing unit 120 may configure
reconfigurable processing engine 156 to perform
decoding operations, which may comprise Viterbi
decoding operations, Turbo-decoding operations,
Reed-Solomon decoding operations, or LDPC decoding
operations, although other decoding operations may
also be performed. In some embodiments, the operations
performed by reconfigurable processing engines 116 and
156 may be pipelined allowing for fast computations.
In some embodiments, processing unit 120 may track the
operations performed by reconfigurable processing
engines 116 and 156 by status registers, such as
registers 132 and 142, and memories, such as memories
134 and 144, coupled with system bus 122. In some
embodiments, reconfigurable processing engines 116 and
156 may allow partial reconfigurations to help reduce
reconfiguration time. In some embodiments,
interconnect networks 130 and 140 within
reconfigurable processing engines 116 and 156,
respectively, may be partially connected to reduce die
size and power consumption (i.e., unused connections
may be exclude from the interconnect network to reduce
power consumption). In some embodiments, after each
operation when a processing engine configuration
remains fixed, the engine may raise a corresponding
assigned interrupt request (IRQ), which may force
processing unit 120 to decide which operation to
perform next, although the scope of the invention is
not limited in this respect. In some embodiments, each
of reconfigurable processing engines 116 and 156 may
have logic elements configured and suited to perform
certain tasks, such as baseband processing operations
on OFDM signals, or decoding operations on soft-bit
vectors, although the scope of the invention is not
limited in this respect. Although processing circuitry
172 is illustrated as including reconfigurable
processing engine 156, in some embodiments,
reconfigurable processing engine 156 may be replaced
with non-reconfigurable logic circuitry when, for
example, only predetermined decoding operations need
to be performed. In some embodiments, wireless
communication device 100 (FIG. IA) maytransmit and/or
receive multicarrier communication signals, such as
OFDM communication signals. In some embodiments,
wireless communication device 100 (FIG. IA) may
communicate over a multicarrier communication channel.
The multicarrier communication channel may be within a
predetermined frequency spectrum and may comprise a
plurality of orthogonal subcarriers. In some
embodiments, the orthogonal subcarriers may be closely
spaced OFDM subcarriers, although the scope of the
invention is not limited in this respect. To help
achieve orthogonality between the closely spaced
subcarriers, each subcarrier may have a null at
substantially a center frequency of the other
subcarriers. In some embodiments, to help achieve
orthogonality between the closely spaced subcarriers,
each subcarrier may have an integer number of cycles
within a symbol period, although the scope of the
invention is not limited in this respect. In some
other embodiments, wireless communication device 100
(FIG. IA) may transmit and receive spread-spectrum
signals, although the scope of the invention is not
limited in this respect. 



In some embodiments, wireless communication device 100
(FIG. IA) may be a wireless access point (AP), such as
a Wireless Fidelity (WiFi), Worldwide Interoperability
for Microwave Access (WiMax), or broadband
communication station, although the scope of the
invention is not limited in this respect as wireless
communication device 100 (FIG. IA) may be almost any
wireless communication device. In some embodiments,
the frequency spectrums for multicarrier communication
signals communicated by wireless communication device
100 (FIG. IA) may comprise either a 5 gigahertz (GHz)
frequency spectrum or a 2.4 GHz frequency spectrum. In
these embodiments, the 5 GHz frequency spectrum may
include frequencies ranging from approximately 4.9 to
5.9 GHz, and the 2.4 GHz spectrum may include
frequencies ranging from approximately 2.3 to 2.5 GHz,
although the scope of the invention is not limited in
this respect, as other frequency spectrums are also
equally suitable. In some broadband and WiMax
embodiments, the frequency spectrum for communications
may comprise frequencies between 2 and 11 GHz,
although the scope of the invention is not limited in
this respect. In some embodiments, wireless
communication device 100 (FIG. IA) may transmit and/or
receive radio-frequency (RF) communications in
accordance with specific communication standards, such
as the Institute of Electrical and Electronics
Engineers (IEEE) standards including IEEE 802. 1 1(a),
802.1 l(b), 802.11(g), 802.11(h)and/or 802.1 l(n)
standards for wireless local area networks (WLANs),
although wireless communication device 100 (FIG. IA)
may also be suitable to transmit and/or receive
communications in accordance with other techniques
including the Digital Video Broadcasting Terrestrial
(DVB-T) broadcasting standard, and the High
performance radio Local Area Network (HiperLAN)
standard. In some broadband and WiMax embodiments,
wireless communication device 100 (FIG. IA) may
transmit broadband wireless communications in
accordance with the IEEE 802.16(e) standards for
wireless metropolitan area networks (WMANs). For more
information with respect to IEEE 802.1 1 standards,
please refer to "IEEE Standards for Information
Technology - Telecommunications and Information
Exchange between Systems - Local and Metropolitan Area
Network ~ Specific Requirements ~ Part 11: Wireless
LAN Medium Access Control (MAC) and Physical Layer
(PHY), ISO/IEC 8802-1 1: 1999" and related
amendments/versions . In some embodiments, wireless
communication device 100 (FIG. IA) may be part of a
portable wireless communication device, such as
personal digital assistant (PDA), a laptop or portable
computer with wireless communication capability, a web
tablet, a wireless telephone, a wireless headset, a
pager, an instant messaging device, a digital camera,
an access point, a television or other device that may
receive and/or transmit information wirelessly.
Antennas 102 (FIG. IA) may comprise one or more
directional or omnidirectional antennas, including,
for example, dipole antennas, monopole antennas, patch
antennas, loop antennas, microstrip antennas or other
types of antennas suitable for transmission of RF
signals. In some embodiments, instead of two or more
antennas, a signal antenna with multiple apertures may
be used. In some embodiments which employ antenna
diversity, such as multiple-input multiple output
(MIMO) embodiments, two or more of antennas 102 (FIG.
IA) may be used for communicating two or more data
streams. In some other embodiments, a single antenna
may be used for communicating. Although only one set
of antennas 102 (FIG. IA) are illustrated, in some
embodiments, separate analog front-end circuitry and
associated antennas may be used for transmitting and
receiving. FIG. 2 illustrates a block diagram of a
reconfgurable processing engine in accordance with
some embodiments of the present invention.
Reconfigurable processing engine 200 may correspond to
reconfigurable processing engine 116 (FIG. IB)
and/orreconfigurable processing engine 156 (FIG. IB).
In the embodiments illustrated in FIG. 2,
reconfigurable processing engine 200 may be configured
for performing various baseband processing operations,
such as the baseband processing operations that may be
performed by reconfigurable processing engine 116
(FIG. IB), although the scope of the invention is not
limited in this respect. hi these embodiments,
reconfigurable processing engine 200 comprises a set
of memories 234 for storing intermediate data or
buffering samples. Memories 234 may, for example,
correspond to memories 134 (FIG. IB). The intermediate
data may be received from a decoding engine, such a
reconfigurable processing engine 156 (FIG. IB) when
operating in a transmitting mode. When operating in a
receiving mode, samples may be received from digital
front end circuitry 114 (FIG. IB). Reconfigurable
processing engine 200 may also include functional
units (FUs) 233, which may comprise summers,
multipliers, barrel shifters, lookup tables, as well
as other functional elements. Although only three
functional units 233 are illustrated, reconfigurable
processing engine 200 may include additional or fewer
functional units. Reconfigurable processing engine 200
may also include reconfigurable interconnect network
230, which may correspond to reconfigurable
interconnect network 130 (FIG. IB). In these
embodiments, memories and state registers of
functional units 233 in engine 200 may be accessible
to processing unit 120 (FIG. IB) to perform control of



signal processing. Reconfigurable processing engine
200 may also include run-time reconfigurator 236,
which may correspond to run-time reconfigurator 136
(FIG. IB). Run-time reconfigurator 236 may provide a
configuration of address generators for memories 234,
a configuration for functional units 233, and an
interconnect configuration for reconfigurable
interconnect network 230, although the scope of the
invention is not limited in this respect. In some
embodiments, reconfigurable processing engine 156
(FIG. IB) may have a similar structure to
reconfigurable processing engine 200, however the
logic elements and memories may be specially
configured for decoding and may differ from those of
reconfigurable processing engine 116 (FIG. IB). In
some embodiments, reconfigurable processing engine 156
(FIG. IB) may be heterogeneous engines, although the
scope of the invention is not limited in this respect
hi some embodiments, for the support of LDPC decoding,
memories of reconfigurable processing engine 156(FIG.
IB) may be enhanced with logic (e.g., associative
memories) in order to help minimize data transfer,
although the scope of the invention is not limited in
this respect. Although wireless communication device
100 (FIG. IA), reconfigurable processing circuitry 172
(FIG. IB), and reconfigurable processing engine 200
(FIG. 2) are illustrated as having several separate
functional elements, one or more of the functional
elements may be combined and may be implemented by
combinations of software-configured elements, such as
processing elements including digital signal
processors (DSPs), and/or other hardware elements. For
example, some elements may comprise one or more
microprocessors, DSPs, application specific integrated
circuits (ASICs), and combinations of various hardware
and logic circuitry for performing at least the
functions described herein hi some embodiments, the
functional elements may refer to one or more processes
operating on one or more processing elements. In some
embodiments, the reconfiguration instructions received
from processing unit 120 (FIG. IB) may comprise
instructions to change connections within
reconfigurable interconnect network 130 and to change
at least some functions performed by the functional
units. In some embodiments, the instructions may
include instructions to upload an address table by the
address generators. For example, in some embodiments,
the functionality of one or more of functional units
233 (FIG. 2) may be changed to perform a summation
from a subtraction based on the reconfiguration
instructions, although the scope of the invention is
not limited in this respect. In some embodiments,
processing unit 120 (FIG. IB) may send configuration
instructions to configure and/or reconfigure each
reconfigurable processing engine over the system bus
122 (FIG. IB). In some embodiments, processing unit
120 (FIG. IB) may configure first and second
reconfigurable processing engines 116 and 156 (FIG.
IB) to perform, respectively, baseband processing
operations and decoding operations for processing
received orthogonal frequency division multiplexed
signals. Processing unit 120 (FIG. IB) may further
reconfigure first and second reconfigurable processing
engines 116 and 156 (FIG. IB) to perform,
respectively, baseband processing operations and
encoding operations for generating OFDM signals for
transmission. FIG. 3 is a time-line illustrating
operations performed by reconfigurable processing
circuitry of a wireless communication device
accordance with some embodiments of the present
invention. In some embodiments, some operations shown
intime line 300 are performed for one OFDM symbol,
although the scope of the invention is not limited in
this respect. Time line 300 illustrates some of the
operations performed when processing circuitry 172
(FIG. IB) operates in a receive-mode and processes
baseband samples generated from received RF signals to
generate decoded bits 113 (FIG. IB) for MAC layer
circuitry 106 (FIG. IA). Similar operations may be
performed in the reverse order for generating signals
for transmission in a transmit-mode, although the
scope of the invention is not limited in this respect.
Operations of line 301 illustrate the storage of
baseband samples in a sample buffer of front-end
circuitry 114 (FIG. IB), which may be referred to as a
front-end unit (FEU) buffer, although the scope of the
invention is not limited in this respect. The sample
buffer may correspond to registers 160 (FIG. IB).
Operations of line 303 illustrate the storage of data
in local memories 333 of reconfigurable processing
engine 116 (FIG. IB) and may correspond to memories
134 (FIG. IB) and/or registers 132 (FIG. IB).
Operations of line 305 illustrate the operations
performed by reconfigurable processing engine 116
(FIG. IB) (RPE1) when configured to perform baseband
processing operations. Operations of line 307
illustrate when processing unit 120 (FIG. IB) operates
in an interrupt mode. Operations of line 309
illustrate operations 361 for a current symbol and
operations 363 for a next symbol performed by
processing unit 120 (FIG. IB). Operations of line 3 11
illustrate the storage of data in an input buffer of
reconfigurable processing engine 156 (FIG. IB) and may
correspond to memories 144 (FIG. IB) and registers 142
(FIG. IB). Operations of line 313 illustrate the
operations performed by reconfigurable processing
engine 156 (FIG. IB) (RPE ) when performing decoding
operations. 



FIG. 4 is a flow chart of processing procedure in
accordance with some embodiments of the present
invention. In some embodiments, procedure 400 may be
performed by reconfigurable processing circuitry 172
(FIG. IB) to process baseband samples and generate a
decoded bit stream for MAC layer 106 (FIG. IA),
although the scope of the invention is not limited in
this respect. In some embodiments, procedure 400 may
be performed by wireless communication device 100
(FIG. IA) to generate decoded MAC frames from baseband
samples 115 (FIG. IB). In operation 402, complex
baseband samples (i.e., in-phase (I) and
quadraturephase (Q) samples) may be stored in a sample
buffer of a reconfigurable processingengine. In some
embodiments, complex baseband samples 115 (FIG. IB)
from front-end circuitry 114 (FIG. IB) may be stored
in sample buffer 302 (FIG. 3) associated with in
reconfigurable processing engine 116. Sample buffer
302 (FIG. 3) may correspond to registers 160 (FIG. IB)
of front-end circuitry 114 (FIG. IB). In some
embodiments, sample buffer 302 (FIG. 3) may be a
referred to as a front-end unit (FEU) buffer, although
the scope of the invention is not limited in this
respect. In operation 404, processing unit 120 (FIG.
IB) may send a command to reconfigure reconfigurable
processing engine 116 (FIG. IB) to perform frequency
correction. For example, when enough baseband samples
are stored from operation 402, processing unit 120
(FIG. IB) sends configuration instructions 353 (FIG.
3) to run-time reconfigurator 136 (FIG. IB) of
reconfigurable processing engine 116 (FIG. IB) which
may force a reconfiguration of reconfigurable
processing engine 116 (FIG. IB) for frequency
correction operations 304 (FIG. 3). In some
embodiments, the configuration pattern may be stored
in a memory associated with processing unit 120 (FIG.
IB), or in a configuration cache inside reconfigurable
processing engine 116 (FIG. IB) allowing for a fast
configuration switch. Operation 406 comprises
receiving notification from reconfigurable processing
engine 116 (FIG. IB) when frequency correction
operations 304 (FIG. 3) are complete. In some
embodiments, when frequency correction operations 304
(FIG. 3) are finished, reconfigurable processing
engine 116 (FIG. IB) may raise IRQ 354 (FIG. 3), which
may be a special assigned interrupt request of
processing unit 120 (FIG. IB). Operation 407 comprises
reconfiguring reconfigurable processing engine 116
(FIG. IB) for Fourier transformation operations 306
(FIG. 3), such as fast Fourier transform (FFT)
operations. In operation 407, processing unit 120
(FIG. IB) sends next configuration command 356 (FIG.
3) to reconfigurable processing engine 116 (FIG. IB)
in accordance with the program running. In the example
shown in FIG. 3, this configuration may correspond to
the first stage of radix-4 FFT (e.g., a 64 point FFT).
In some embodiments, three stages of FFT operations
306 (FIG. 3) may be performed, although the scope of
the invention is not limited in this respect. In some
embodiments, after the completion of each FFT stage, a
partial reconfiguration may be initiated by processing
unit 120 (FIG. IB) by providing partial
reconfiguration instructions or commands 357 (FIG. 3)
to reconfigurable processing engine 116 (FIG. IB).
After completion of each FFT stage, reconfigurable
processing engine 116 (FIG. IB) maygenerate interrupt
requests 355 (FIG. 3) to processing unit 120 (FIG.
IB). Data flow 353 (FIG. 3) may occur between local
memory 333 (FIG. 3) and reconfigurable processing
engine 116 (FIG. IB) during these operations.
Operation 408 comprises reconfiguring reconfigurable
processing engine 116 (FIG. IB) for performing
equalization operation 317 (FIG. 3), phase correction
operation 318 (FIG. 3) and/or demodulation operation
319 (FIG. 3) by providing command 358. In the example
illustrated in FIG. 3, after finishing the third stage
of FFT operations, processing unit 120 (FIG. IB) may
begin operating a corresponding IRQ handler which may
configure reconfigurable processing engine 116 (FIG.
IB) for performing a next operation, hi some
embodiments, the next operations may comprise
equalization, phase correction and/or demodulation
operations, which may be soft bit calculations,
although the scope of the invention is not limited in
this respect. The data used for these operations may
be stored in local memories 134 (FIG. IB) of
reconfigurable processing engine 116 (FIG. IB).
Operation 410 comprises storing the soft bits
generated in operation 408 in an input buffer of a
second reconfigurable processing engine, such as
reconfigurable processing engine 156 (FIG. IB). In
some embodiments, calculated soft bits 360 (FIG. 3)
from operation 408 may be supplied to input buffer 310
(FIG. 3) of reconfigurable processing engine 156 (FIG.
IB). In some embodiments, input buffer 310 (FIG. 3)
may be represented by a memory block with an address
generator allowing the interleaving of bit sequences
according to the protocol used. For example, a block
interleaving process may be performed in which bit
sequences are input to input buffer 310 (FIG. 3) in a
row-by-row fashion, and read out of input buffer 310
(FIG. 3) in a column-bycolumn fashion, although the
scope of the invention is not limited in this respect.
Operation 412 comprises receiving notification from
reconfigurable processing engine 116 (FIG. IB)
instructing reconfigurable processing engine 156 (FIG.
IB) to begin decoding operations 312 (FIG. 3).
Operation 412 may be performed when enough data is
processed in reconfigurable processing engine 116
(FIG. IB) hi some embodiments, baseband processing
engine 116 may raise IRQ 362 (FIG. 3) (shown as 



16) to initiate the start of the decoding process of
operations 312 (FIG. 3). Operation 414 comprises
receiving notification from reconfigurable processing
engine 156 (FIG. IB) when decoding operations 312
(FIG. 3) are complete hi some embodiments, after
finishing decoding, reconfigurable processing engine
156 (FIG. IB)may raise interrupt request 364 (FIG. 3)
(shown as IRQ 15) to inform processing unit 120 (FIG.
IB) that the frame decoding has finished. In the
example illustrated in FIG. 3, there may be no need
for re-configuring reconfigurable processing engine
156 (FIG. IB) because reconfigurable processing engine
156 (FIG. IB) may not need to be reconfigured to
decode a next block of bits from reconfigurable
processing engine 116 (FIG. IB). In some embodiments,
the decoded data may be stored in an input buffer of
MAC/PHY interface 158 (FIG. IB), such as registers
(REGS) 162 (FIG. IB). In some alternate embodiments,
reconfigurable processing engine 156 (FIG. IB) may be
reconfigured in the same or similar way as
reconfigurable processing engine 116 (FIG. IB) when,
for instance, a switch between decoders and puncturing
schemes is initiated. In some embodiments,
reconfigurable processing engine 156 (FIG. IB) may be
reconfigured when, for example, a switch between
encoding and decoding operations is required, such as
when processing circuitry 172 (FIG. IB) switches
between transmitting and receiving operations.
Although the individual operations of procedure 400
are illustrated and described as separate operations,
one or more of the individual operations may be
performed concurrently, and nothing requires that the
operations be performed in the order illustrated.
Unless specifically stated otherwise, terms such as
processing, computing, calculating, determining,
displaying, or the like, may refer to an action and/or
process of one or more processing or computing systems
or similar devices that may manipulate and transform
data represented as physical (e.g., electronic)
quantities within a processing system's registers and
memory into other data similarly represented as
physical quantities within the processing system's
registers or memories, or other such information
storage, transmission or display devices. Furthermore,
as used herein, computing device includes one or more
processing elements coupled with computerreadable
memory that may be volatile or non-volatile memory or
a combination thereof. Some embodiments of the
invention may be implemented in one or a combination
of hardware, firmware and software. Embodiments of the
invention may also be implemented as instructions
stored on a machine-readable medium, which may be read
and executed by at least one processor to perform the
operations described herein. A machine-readable medium
may include any mechanism for storing or transmitting
information in a form readable by a machine (e.g., a
computer). Forexample, a machine-readable medium may
include read-only memory (ROM), randomaccess memory
(RAM), magnetic disk storage media, optical storage
media, flashmemory devices, electrical, optical,
acoustical or other form of propagated signals (e.g.,
carrier waves, infrared signals, digital signals,
etc.), and others. The Abstract is provided to comply
with 37 C.F.R. Section 1.72(b) requiring an abstract
that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with
the understanding that it will not be used to limit or
interpret the scope or meaning of the claims. In the
foregoing detailed description, various features are
occasionally grouped together in a single embodiment
for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments
of the subject matter require more features than are
expressly recited in each claim. Rather, as the
following claims reflect, invention may lie in less
than all features of a single disclosed embodiment.
Thus the following claims are hereby incorporated into
the detailed description, with each claim standing on
its own as a separate preferred embodiment.CLAIMS What
is claimed is: 1. A wireless communication device
comprising: a first reconfigurable processing engine
for configuration by a processing unit to perform a
plurality of baseband processing operations on
baseband samples, the processing unit to reconfigure
the first reconfigurable processing engine for
performing each of the plurality of baseband
processing operations after completion of a prior one
of the baseband processing operations; and a second
reconfigurable processing engine for configuration by
the processing unit to perform decoding operations on
output data generated by the first reconfigurable
processing engine. 2. The wireless communication
device of claim 1 further comprising a high speed data
path coupling the first and second reconfigurable
processing engines, wherein the output data generated
by the first reconfigurable processing engine
comprises demodulated output data and is communicated
to the second reconfigurable processing engine over
the high-speed data path, and wherein the second
reconfigurable processing engine generates decoded
data for a media-access control layer of the wireless
communication device. 3. The wireless communication
device of claim 1 wherein after each of the 



baseband processing operations, a set of
reconfiguration instructions is provided by the
processing unit to reconfigure the first
reconfigurable processing engine. 4. The wireless
communication device of claim 3 wherein the first
reconfigurable processing engine generates an
interrupt after performing each of the baseband
processing operations, receives reconfiguration
instructions from the processing unit for a next of
the baseband processing operations, and generates a
next interrupt after completion of the next of the
baseband processing operations. 5. The wireless
communication device of claim 1 wherein the plurality
of baseband processing operations comprise at least
one of frequency correction operations, Fourier
transform operations and demodulation operations. 6.
The wireless communication device of claim 5 wherein
the plurality of baseband processing operations
further comprise at least one of equalization
operations and phase correction operations. 7. The
wireless communication device of claim 1 wherein the
first and secondreconfigurable processing engines each
comprise memory, address generators, functional units,
a reconfigurable interconnect network, and a run-time
reconfigurator, wherein the reconfiguration
instructions received from the processing unit
comprise instructions change connections within the
reconfigurable interconnect network and change one or
more functions performed by the functional units, and
wherein the instructions further include instructions
to upload an address table by the address generators.
8. The wireless communication device of claim 2
further comprising a system bus coupling the
processing unit and the first and second
reconfigurable processing engines, wherein the
processing unit sends configuration instructions to
reconfigure at least one of the reconfigurable
processing engines over the system bus, and wherein
the high-speed data path is inaccessible to the
processing unit. 9. The wireless communication device
of claim 2 wherein the processing unit configures the
first and second reconfigurable processing engines to
perform, respectively, baseband processing operations
and decoding operations for processing received
orthogonal frequency division multiplexed signals, and
wherein the processing unit reconfigures the first and
second reconfigurable processing engines to perform,
respectively, baseband processing operations and
encoding operations for generating orthogonal
frequency division multiplexed signals for
transmission. 10. A method comprising: configuring a
first reconfigurable processing engine by a processing
unit to perform a plurality of baseband processing
operations on baseband samples, the processing unit to
reconfigure the first reconfigurable processing engine
for performing each of the baseband processing
operations after completion of a prior one of the
baseband processing operations; and configuring a
second reconfigurable processing engine by the
processing unit to perform decoding operations on
output data generated by the first reconfigurable
processing engine. 11. The method of claim 10 further
comprising communicating the output data over a
high-speed data path coupling the first and second
reconfigurable processing engines,wherein the output
data generated by the first reconf gurable processing
engine comprises demodulated output data, and wherein
the method further comprises generating decoded data
by the second reconfigurable processing engine for a
media-access control layer of the wireless
communication device. 12. The method of claim 10
wherein after each of the baseband processing
operations, the method comprises providing a set of
reconfiguration instructions to reconfigure the first
reconfigurable processing engine. 13. The method of
claim 12 further comprising: generating an interrupt
by the first reconfigurable processing engine after
performing each of the baseband processing operations;
receiving reconfiguration instructions from the
processing unit for a next of the baseband processing
operations; and generating a next interrupt after
completion of the next of the baseband processing
operations. 14. The method of claim 10 wherein the
baseband processing operations comprise at least one
of frequency correction operations, Fourier transform
operations and demodulation operations. 15. The method
of claim 14 wherein the baseband processing operations
further comprise at least one of equalization
operations and phase correction operations. 16. The
method of claim 10 wherein the first and second
reconfigurable processing engines each comprise
memory, address generators, functional units, a
reconfigurable interconnect network, and a run-time
reconfigurator, wherein the method further comprises
receiving the reconfiguration instructions 



from the processing unit to change connections within
the reconfigurable interconnect network, to change one
or more functions performed by the functional units,
and to upload an address table by the address
generators. 17. The method of claim 1 1 further
comprising sending configuration instructions to
reconfigure at least one of the reconfigurable
processing engines over a system bus, wherein the
high-speed data path is inaccessible to the processing
unit. 18. The method of claim 1 1 further comprising:
configuring the first and second reconfigurable
processing engines to perform,respectively, baseband
processing operations and decoding operations for
processing received orthogonal frequency division
multiplexed signals; and reconfiguring the first and
second reconfigurable processing engines to perform,
respectively, baseband processing operations and
encoding operations for generating orthogonal
frequency division multiplexed signals for
transmission. 19. Processing circuitry for a wireless
communication device comprising: two or more
reconfigurable processing engines; and a processing
unit to perform high-latency operations and to
reconfigure the two or more reconfigurable processing
engines with run-time reconfigurators and to control
the two or more reconfigurable processing engines via
state registers, wherein a first of the reconfigurable
processing engines performs low-latency operations on
complex baseband signals including signal detection,
frequency correction and Fourier transform operations
to generate soft-bit vectors, the first reconfigurable
processing engine being reconfigured by the processing
unit for separately performing each of the low-latency
operations, and wherein a second of the reconfigurable
processing engines is configured to perform decoding
operations on the soft-bit vectors, the soft-bit
vectors being received from the first reconfigurable
processing engine over a high-speed data path
inaccessible by the processing unit. 20. The
processing circuitry of claim 19 wherein the complex
baseband signals are generated from received
orthogonal frequency division multiplexed signals, and
wherein the processing unit configures the second
reconfigurable processing engine to perform decoding
operations comprising one of Viterbi decoding
operations, Turbo-decoding operations, Reed-Solomon
decoding operations, or low-density-parity check
decoding operations. 21. The processing circuitry of
claim 20 wherein the first and second reconfigurable
processing engines each comprise memory, address
generators, functional units, a reconfigurable
interconnect network, and a run-time reconfigurator,
wherein the reconfiguration instructions received from
the processing unit comprise instructions to change
connections within the reconfigurable interconnect
network and to change one or more functions performed
by the functional units, the instructions further
including instructions to upload an address table by
the address generators.22. A method comprising:
performing high-latency operations in a processing
unit; and reconfiguring two or more reconfigurable
processing engines with run-time reconfigurators and
controlling the two or more reconfigurable processing
engines via state registers; configuring a first of
the reconfigurable processing engines to perform
lowlatency operations on complex baseband signals, the
low-latency operations comprising signal detection,
frequency correction and Fourier transform operations
to generate softbit vectors, the first reconfigurable
processing engine being reconfigured by the processing
unit for separately performing each of the low-latency
operations; configuring a second of the reconfigurable
processing engines to perform decoding operations on
the soft-bit vectors; and receiving the soft-bit
vectors from the first reconfigurable processing
engine over a high-speed data path inaccessible by the
processing unit. 23. The method of claim 22 wherein
the complex baseband signals are generated from
received orthogonal frequency division multiplexed
signals, and wherein configuring the second
reconfigurable processing engine comprises configuring
the second reconfigurable processing engine to perform
decoding operations comprising one of Viterbi decoding
operations, Turbo-decoding operations, Reed- Solomon
decoding operations, or low-density-parity check
decoding operations. 24. The method of claim 23
wherein the first and second reconfigurable processing
engines each comprise memory, address generators,
functional units, a reconfigurable interconnect
network, and a run-time reconfigurator, wherein the
method further comprises receiving the reconfiguration
instructions from the processing unit to change
connections within the reconfigurable interconnect
network, to change one or more functions performed by
the functional units, and to upload an address table
by the address generators. 25. A system comprising: a
substantially omnidirectional antenna; 



front-end circuitry to generate baseband samples from
signals received through the antenna; a first
reconfigurable processing engine for configuration by
a processing unit to perform a plurality of baseband
processing operations on the baseband samples,
theprocessing unit to reconfigure the first
reconfigurable processing engine for performing each
of the baseband processing operations after completion
of a prior one of the baseband processing operations;
and a second reconfigurable processing engine for
configuration by the processing unit to perform
decoding operations on output data generated by the
first reconfigurable processing engine. 26. The system
of claim 25 further comprising a high-speed data path
coupling the first and second reconfigurable
processing engines, wherein the output data generated
by the first reconfigurable processing engine
comprises demodulated output data and is communicated
to the second reconfigurable processing engine over
the high-speed data path, and wherein the second
reconfigurable processing engine generates decoded
data for a media-access control layer of the wireless
communication device. 27. The system of claim 26
wherein the first and second reconfigurable processing
engines each comprise memory, address generators,
functional units, a reconfigurable interconnect
network, and a run-time reconfigurator, wherein the
reconfiguration instructions received from the
processing unit comprise instructions change
connections within the reconfigurable interconnect
network and change one or more functions performed by
the functional units, and wherein the instructions
further include instructions to upload an address
table by the address generators. 28. A
machine-accessible medium that provides instructions,
which when accessed, cause a machine to perform
operations comprising: configuring a first
reconfigurable processing engine by a processing unit
to perform baseband processing operations on baseband
samples, the processing unit to reconfigure the first
reconfigurable processing engine for performing each
of the baseband processing operations after completion
of a prior one of the baseband processing operations;
and configuring a second reconfigurable processing
engine by the processing unit to perform decoding
operations on output data generated by the first
reconfigurable processing engine. 29. The
machine-accessible medium of claim 28 wherein the
instructions, when further accessed cause the machine
to communicate the output data over a high-speeddata
path coupling the first and second reconf gurable
processing engines, wherein the output data generated
by the first reconfigurable processing engine
comprises demodulated output data, and wherein the
instructions, when further accessed cause the machine
to generate decoded data by the second reconfigurable
processing engine for a media-access control layer of
the wireless communication device. 30. The
machine-accessible medium of claim 28 wherein the
first and second reconfigurable processing engines
each comprise memory, address generators, functional
units, a reconfigurable interconnect network, and a
run-time reconfigurator, and wherein the instructions,
when further accessed cause the machine to receive the
reconfiguration instructions from the processing unit
to change connections within the reconfigurable
interconnect network, to change one or more functions
performed by the functional units, and to upload an
address table by the address generators. 


