
USE OF HPPD INHIBITORS IN THE TREATMENT OF DEPRESSION
AND/OR WITHDRAWAL SYMPTOMS ASSOCIATED WITH ADDICTIVE
DRUGS The present invention relates to, inter alia,
the use of a 4-hydroxyphenylpyruvate dioxygenase
(HPPD) inhibitor in the treatment of depression and/or
the treatment of withdrawal symptoms associated with
an addictive drug which causes dopamine dependent
associative learning disorders. More specifically, the
HPPD inhibitor is selected from the group consisting
of: compound 1; compound 2; and compound 3.22.
Clinical depression is a state of sadness, melancholia
or despair that has advanced to the point of being
disruptive to an individual's social functioning
and/or activities of daily living. Clinical depression
is currently the leading cause of disability in the US
as well as other countries, and is expected to become
the second leading cause of disability worldwide
(after heart disease) by the year 2020, according to
the World Health Organization. The effectiveness of
antidepressants such as selective serotonin reuptake
inhibitors (SSRI) and tricyclic antidepressants per se
is modest and there is a therapeutic need for more
effective therapies It would therefore be desirable to
provide a pharmaceutical which can alleviate
depression. Throughout this specification the term
"depression" includes bipolar and unipolar disorders.
AUin all the present invention therefore seeks to
provide, inter alia, a pharmaceutical for use in the
treatment of depression which pharmaceutical overcomes
and/or ameliorates the problems mentioned herein.
Accordingly the present invention provides, amongst
other things, compositions and methods for their use
to inhibit 4-hydroxyphenylpyruvate dioxygenase in
animals such that an increase in dopamine synthesis
and/or turnover is achieved. According to the present
invention there is provided the use of at least one
compound capable of inhibiting 4-hydroxyphenylpyruvate
dioxygenase (HPPD) in an animal in the manufacture of
a medicament for use in the treatment and/or
prevention of depression. In a particular embodiment
said medicament comprises a compound selected from the
group consisting of: compound 1; 2; and 3.22 as
disclosed herein. In a particular embodiment said
medicament comprises the compound depicted as compound
1.The present invention still further provides the use
as described above wherein said medicament comprises a
selective serotonin reuptake inhibitor (SSRI) and/or a
tricyclic antidepressant (tricyclic). In a particular
embodiment said SSRI is selected from the group
consisting of: citalopram, escitalopram, fluoxetine,
fluvoxamine, paroxetine, and sertraline or mixtures
thereof and said tricyclic is selected from the group
consisting of: amitriptyline, clomipramine, dosulepin,
dothiepin, doxepin, maprotiline, mianserin, trazodone,
trimipramine, amoxapine, imiprarnine, lofepramine, and
nortriptyline or mixtures thereof. In a particular
embodiment said SSRI may be administered separately to
the medicament comprising said HPPD inhibitor. In a
particular embodiment said tricyclic may be
administered separately to the medicament comprising
said HPPD inhibitor. The present invention still
further provides a kit comprising a pharmaceutically
effective amount of a compound selected from the group
consisting of: compound 1; 2; and 3.22 or a
pharmaceutically acceptable salt thereof and a
pharmaceutically effective amount of a selective
serotonin reuptake inhibitor and/or a tricyclic
antidepressant and a means for the delivery thereof to
an animal. The present invention still further
provides a pharmaceutical composition 



comprising as an active ingredient a pharmaceutically
effective amount of a compound selected from the group
consisting of compound 1; 2; and 3.22 or a
pharmaceutically acceptable salt thereof and a
pharmaceutically effective amount of a selective
serotonin reuptake inhibitor and/or a tricyclic
antidepressant together with a pharmaceutically
acceptable diluent or carrier. In a particular
embodiment said SSRI is selected from the group
consisting of: citalopram, escitalopram, fluoxetine,
fluvoxamine, paroxetine, and sertraline or mixtures
thereof and said tricyclic is selected from the group
consisting of: amitriptyline, clomipramine, dosulepin
dothiepin, doxepin, maprotiline, mianserin, trazodone,
trimipramine, amoxapine, imipramine, lofepramine, and
nortriptyline or mixtures thereof. In a further aspect
the present invention provides the use of HPPD
inhibitors in the treatment of withdrawal symptoms
associated with an addictive drug which causes
dopamine dependent associative learning disorders.
Such addictive drugs include: psychostimulants like
cocaine and amphetamine and also narcotic analgesics,
opiate, nicotine, ethanol, tetrahydrocannabinol and
phencyclidine.Nicotine is a stimulant which
temporarily improves alertness and memory, but also
forms a strong physical and psychological chemical
dependence (addiction). Through the use of cigarettes,
cigars, and chewing tobacco, nicotine is one of the
most heavily used addictive drugs. Medical research
has determined that smoking is a major contributing
factor towards many health problems, particularly lung
cancer, emphysema, and cardiovascular disease. Many of
tobacco's health effects can be minimised through
smoking cessation. Many smokers wish to quit smoking
but need pharmacotherapy to assist them as dependence
on nicotine is difficult to treat. Pharmacological
options for the treatment of tobacco dependence are
currently limited to nicotine replacement therapy and,
more recently, sustained-release bupropion whichper.se
can have limited effectiveness. The present invention
provides for the use of a HPPD inhibitor to act as,
inter alia, a stimulant to increase production of
brain dopamine. This stimulant effect will be
exploited as an aid to achieving abstinence from
tobacco containing products by reducing craving,
lowering the brain reward-threshold and alleviating
some nicotine withdrawal symptoms, which may include
depressed mood, irritability, difficulty concentrating
and increased appetite. Cocaine is an example of
another addictive drag. Cocaine is a stimulant,
creating what has been described as a "euphoric sense
of happiness" and "increased energy". Cocaine can
cause physical and psychological dependence, making
withdrawal difficult. Cocaine has become the second
most widely used recreational drug in the U.S. There
are currently no approved or effective pharmacological
agents to help patients addicted to cocaine, withdraw
from their habit. The severity of withdrawal symptoms
is one of the major reasons for patients failing to
withdraw. The invention provides, inter alia, the use
a HPPD inhibitor to increase the brain concentration
or turnover of dopamine, and so reduce the adverse
symptoms of cocaine withdrawal, and increase the
likelihood of successful withdrawal. The present
invention therefore also seeks to provide, inter alia,
a pharmaceutical for use in the treatment of the
withdrawal symptoms associated with an addictive drug
which cause dopamine dependant associative learning
disorders, which pharmaceutical overcomes and/or
ameliorates the problems mentioned herein.- A -
Accordingly the present invention provides, amongst
other things, compositions and methods for their use
to inhibit 4-hydroxyphenylpyruvate dioxygenase in
animals such that an increase in dopamine synthesis
and/or turnover is achieved. 



The present invention therefore provides the use of at
least one compound capable of inhibiting
4-hydroxyphenylpyruvate dioxygenase (HPPD) in an
animal in the manufacture of a medicament for use in
the treatment of the withdrawal symptoms associated
with an addictive drug which causes dopamine dependant
associative learning disorders in said animal. In a
particular embodiment said addictive drug is a drug
selected from the group consisting of: cocaine,
amphetamine, opiate, nicotine, ethanol,
tetrahydrocannabinol and phencyclidine. In a
particular embodiment said drug is nicotine. In a
further embodiment said drug is cocaine. The present
invention still further provides the use as described
above wherein said medicament comprises a compound
selected from the group depicted as compound 1; 2; and
3.22. The present invention still further provides the
use as described above wherein the medicament
comprises a further compound which is also capable of
inhibiting Ahydroxyphenylpyruvate dioxygenase (HPPD)
in an animal. The present invention still further
provides the use as described above wherein said
medicament comprises a nicotine replacement therapy.
Such nicotine replacement therapies are well known in
the art and include gums, patches, tablets, dragees,
sprays and inhalers. The present invention still
further provides the use as described above wherein
said medicament comprises bupropion. The present
invention still further provides the use as described
above wherein said medicament is used in conjunction
with a nicotine replacement therapy. The present
invention still further provides the use as described
above wherein said medicament is used in conjunction
with bupropion. In a particular embodiment said
nicotine replacement therapy may be administered
separately to the medicament comprising said HPPD
inhibitor. In a particular embodiment said buproprion
may be administered separately to the medicament
comprising said HPPD inhibitor. In a still further
aspect the present invention provides a kit comprising
a pharmaceutically effective amount of compound
selected from the group consisting of: 1;3.22; and 2
or a pharmaceutically acceptable salt thereof and a
pharmaceutically effective amount of a nicotine
replacement therapy and/or bupropion and a means for
the delivery thereof to an animal. In a still further
aspect the present invention provides a pharmaceutical
composition comprising as an active ingredient a
pharmaceutically effective amount of a compound
selected from the group consisting of: compound 1;
3.22; and 2 or a pharmaceutically acceptable salt
thereof and a pharmaceutically effective amount of a
nicotine replacement therapy and/or bupropion together
with a pharmaceutically acceptable diluent or carrier.
The present invention still further provides a
pharmaceutical composition as described above which is
in a form suitable for oral or parenteral
administration. The present invention still further
provides a pharmaceutical composition as described
above which is in palatable form suitable for oral
administration selected from the group consisting of:
tablets; lozenges; hard capsules; aqueous suspensions;
oily suspensions; emulsions; dispersible powders;
dispersible granules; syrups and elixirs. The present
invention still further provides a pharmaceutical
composition as described above which is intended for
oral use and is in the form of hard or soft gelatin
capsules. The present invention still further provides
a pharmaceutical composition as 



described above which is in a form suitable for
parenteral administration. Thus, the compositions of
such HPPD inhibitors for use in the invention may be
in various conventional forms well know in the
pharmaceutical art and which are especially adapted
for pharmaceutical purposes that is for administration
to man and other warm-blooded animals. The
compositions of the invention may be obtained by
conventional procedures using conventional
pharmaceutical excipients, well known in the art.
Thus, compositions intended for oral use will normally
contain, for example, at least one or more colouring,
sweetening, flavouring and/or preservative agents and
may be in the form of hard gelatin capsules in which
the active ingredient is mixed with an inert solid
diluent, for example, calcium carbonate, calcium
phosphate or kaolin, Compositions for oral use may
also be in the form of soft gelatin capsules in which
theactive ingredient is mixed with water or an oil
such as arachis oil, liquid paraffin or olive oil.
Suitable pharmaceutically acceptable excipients for
use in tablet formulations include, for example, inert
diluents such as lactose, sodium carbonate, calcium
phosphate or calcium carbonate, granulating and
disintegrating agents such as corn starch or alginic
acid; binding agents such as gelatin or starch;
lubricating agents such as magnesium stearate, stearic
acid or talc; preservative agents such as ethyl or
propyl phydroxybenzoate, and anti-oxidants, such as
ascorbic acid. Tablet formulations may be uncoated or
coated either to modify their disintegration and the
subsequent absorption of the active ingredient within
the gastrointestinal tract, or to improve their
stability and/or appearance, in either case, using
conventional coating agents and procedures well known
in the art. Aqueous suspensions will generally contain
the active ingredient in finely powdered form together
with one or more pharmaceutically acceptable
suspending agents, such as sodium
carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate,
polyvinyl-pyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents such as lecithin or
condensation products of an alkylene oxide with fatty
acids (for example polyoxyethylene stearate), or
condensation products of ethylene oxide with long
chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products
of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides, for example polyethylene
sorbitan mono-oleate. Aqueous suspensions will also
typically contain one or more preservatives (such as
ethyl or propyl p-hydroxybenzoate, anti-oxidants (such
as ascorbic acid), colouring agents, normally together
with a flavouring and/or sweetening agent (such as
sucrose, saccharin or aspartame). Oily suspensions may
be formulated by suspending the active ingredient in a
vegetable oil (such as arachis oil, olive oil, sesame
oil or coconut oil) or in a mineral oil (such as
liquid paraffin).The oily suspensions may also contain
a thickening agent such as beeswax, hard paraffin or
cetyl alcohol. Sweetening agents such as those set out
above, and flavouring agents may be added to provide a
palatable oral preparation. These compositions may be
preserved by the addition of an anti-oxidant such as
ascorbic acid. Dispersible powders and granules
suitable for preparation of an aqueous suspension by
the addition of water generally contain the active
ingredient together with 



a dispersing or wetting agent, suspending agent and
one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified
by those already mentioned above. Additional
pharmaceutically acceptable excipients such as
sweetening, flavouring and colouring agents, will
generally also be present. The pharmaceutical
compositions of the invention may also be in the form
of oilin- water emulsions. The oily phase may be a
vegetable oil, such as olive oil or arachis oil, or a
mineral oil, such as for example liquid paraffin or a
mixture of any of these. Suitable emulsifying agents
may be, for example, naturally-occurring gums such as
gum acacia or gum tragacanth, naturally-occurring
phosphatides such as soya bean, lecithin, or esters or
partial esters derived from fatty acids and hexitol
anhydrides (for example sorbitan monooleate) and
condensation products of the said partial esters with
ethylene oxide such as polyoxyethylene sorbitan
monooleate. The emulsions may also contain sweetening,
flavouring and preservative agents. Syrups and elixirs
may be formulated with sweetening agents such as
glycerol, propylene glycol, sorbitol, aspartame or
sucrose, and may also contain a demulcent,
preservative, flavouring and/or colouring agent. The
pharmaceutical compositions may also be in the form of
a sterile injectable aqueous or oily suspension, which
may be formulated according to known proceduresusing
one or more of the appropriate dispersing or wetting
agents and suspending agents, which have been
mentioned above. A sterile injectable preparation may
also be a sterile injectable solution or suspension in
a non-toxic parenterally-acceptable diluent or
solvent, for example a solution in 1,3-butanediol.
Dosage The amount of active ingredient that is
combined with one or more excipients to produce a
single dosage form will necessarily vary depending
upon the host treated and the particular route of
administration. Generally, a formulation intended for
oral administration to humans will generally contain
for example from O.Olmg to lOmg of active agent per Kg
of bodyweight combined with an appropriate and
convenient amount of excipients. Dosage unit forms
will generally contain about 0.1 mg to about 500 mg of
an active ingredient. More specifically, a formulation
comprising compound 2, for example, intended for oral
administration to humans will generally contain for
example from O.Olmg to lmg of active agent per Kg of
bodyweight combined with an appropriate and convenient
amount of excipients. Dosage unit forms for a
formulation comprising compound 2 will generally
contain about 0.1 mg to about 100 mg of an active
ingredient. However, it will be readily understood
that it may be necessary to vary the dose of the
active ingredient administered in accordance with well
known medical practice in order to take account of the
nature and severity of the condition or disease under
treatment, any concurrent therapy, and of the age,
weight, genotype and sex of the patient receiving
treatment. Generally, in therapeutic use, it is
envisaged that a composition according to the
invention would be administered so that a dose of the
HPPD inhibitor (or of an equivalent amount of a
pharmaceutically acceptable salt thereof) is received
which is generally in the range 0.00002 to 10
mg/kg/day, or 0.001 to 500 mg/day morespecifically,
0.05-10mg/day and 0.1-5mg/day or 0.01 to 10 mg of
active agent per Kg of 



bodyweight daily given if necessary in divided doses.
More specifically, for a composition comprising
compound 3.22 or 2, in therapeutic use, it is
envisaged that a composition according to the
invention would be administered so that a dose of the
HPPD inhibitor (or of an equivalent amount of a
pharmaceutically acceptable salt thereof) is received
which is generally in the range 0.0002 to 1 mg/kg/day,
or 0.01 to 100 mg/day. More specifically, from between
0.05 to lOmg/day and 0.1 to 5mg/day or 0.01 to lmg of
active agent per Kg of bodyweight daily given if
necessary in divided doses. AUranges throughout this
specification are inclusive. For example from 0.01 to
100 includes the values 0.01 and 100. Intermittent
dosing of the HPPD inhibitor (or of a pharmaceutically
acceptable salt thereof) may also be desirable. In
addition to assessment of the overall condition of the
patient, the effects of administration of the HPPD
inhibitor thereof may be monitored by standard
clinical chemical and blood assays. In a still further
aspect of the invention there is provided a method of
treating and/or preventing depression comprising
administering to an animal a pharmaceutically
effective amount of a compound selected from the group
consisting of: compound 1; 2; and 3.22 or a
composition as described above. In a still further
aspect of the invention there is provided a method of
treating an animal suffering from withdrawal symptoms
resulting from addiction to a drug which is
responsible for the development of dopamine dependant
associative learning disorders in said animal
comprising administering to said animal a
pharmaceutically effective amount of a compound
selected from the group consisting of: compound 1;
3.22; and 2 or a composition as described above. In a
preferred embodiment of the invention said animal is a
human being. HPPD inhibitors that are applicable to
the present invention include compounds of formula I
(the term formula I may be interchanged with compound
1): (I) (Compound 1)wherein; T is T Wherein: G is C or
N wherein when G is N then only one of E and R2 are
present; D is hydrogen or R3; E is hydrogen or R4; or
D and E together are C2-C3alkylene which can be mono-
or poly-substituted by R6; A is Cj-Qalkylene which can
be mono- or poly-substituted by R5; or A may
additionally be carbonyl, oxygen or -N-R7- when D and
E are other than C2-C3alkylene; Ri, R2, R3, R4, R and
R are each independently of the others hydrogen, Ci-C
4alkyl, phenyl, Ci-C4alkoxy, halogen, hydroxy, cyano,
hydroxycarbonyl or Ci- C4alkoxycarbonyl; or R2 and R4
together form a C2-C4alkylene chain which can be
interrupted by oxygen and/or carbonyl and/or sulfur,
with the proviso that the oxygen and sulfur atoms are
separated by at least one methylene group; R7 is Ci-C
4alkyl, alkoxycarbonyl or Ci-C 4alkylcarbonyl; Ro36 is
hydroxy, 0 M+, wherein M+ is an alkali metal cation or
ammonium cation, halogen, d-C^alkylsulfonyloxy, amino,
C1-C4alkylthio, Ci-Ci 2alkylsulfinyl, C1-
C]2alkylsulfonyl, Ci-Ci 2haloalkylthio, d-C
haloalkylsulfinyl, Ci-C haloalkylsulfonyl, Ci-C
6alkoxy-CrC 6alkylthio, Ci-C 6alkoxy-C
1-C6alkylsulfmyl, Ci-Cealkoxy-Ci- C6alkylsulfonyl, C
-Ci 2alkenylthio, C3-C12alkenylsulfmyl,
C3-Ci2alkenylsulfonyl, C3- 



Ci2alkynylthio, C3-Ci 2alkynylsulfinyl, C3-Ci
2alkynylsulfonyl, Ci-C 4alkoxycarbonyl-Ci- Qalkylthio,
Ci-C 4alkoxycarbonyl-Ci-C 4alkylsulfinyl, Ci-C
4alkoxycarbonyl-Ci- Qalkylsulfonyl, (Ci-C 4alkoxy)
2P(O)O, Cr C4alkyl-(C r C4alkoxy)P(O)O, H(Ci-
C4alkoxy)P(O)O, Ro vRo sN , Ro39Ro4oNNH,
R041R042NC(O)O-, R043R044NC(O)NH-, -
C]8alkylcarbonyloxy, C2-Ci 8alkenylcarbonyloxy, C2-Ci
salkynylcarbonyloxy, C3- C6cycloalkylcarbonyloxy, or
Ci-C alkylthiocarbamoyl, wherein the alkyl, alkenyl
and alkynyl groups can be substituted by halogen, C]-C
6alkoxy, Ci-C 6alkylthio, Ci-C alkylsulfinyl, Ci-C
6alkylsulfonyl or by cyano; or R0 6 is phenoxy,
phenylthio, phenylsulfinyl, phenylsulfonyl,
phenylsulfonylamino, phenylsulfonyloxy, benzoyloxy or
benzoyl-d-C 6alkoxy, wherein the phenyl groups can in
turn be substituted one or more times by halogen,
nitro, cyano, C1-C4alkyl, - C4haloalkyl, Ci-C 4alkoxy
and/or Q-Qhaloalkoxy, or R036 is a group Het07-thio,
Hetos-sulfinyl, Heto9-sulfonyl, HCtO1O-(CO)O or Hetop-
N(Ro47); wherein Heto7, Het O8 , Het 9 , Hetoio and
Heto p are each independently of the others a five- to
tenmembered monocyclic or annellated bicyclic ring
system which may be aromatic or partially saturated
and may contain from 1 to 4 hetero atoms selected from
nitrogen, oxygen and sulfur, and each ring system may
contain not more than two oxygen atoms and not more
than two sulfur atoms, and the ring system itself can
be substituted by C1- Qalkyl, C]-C 6haloalkyl, Ci-C
6alkoxy, Ci-C 6haloalkoxy, C]-C 6alkylthio, Ci- C
alkylsulf nyl, Ci-C 6alkylsulfonyl, di(Ci-C
4alkyl)aminosulfonyl, di(C 1-C4alkyl)amino, halogen,
cyano, nitro or by phenyl, and the substituents on the
nitrogen atom in the heterocyclic ring are other than
halogen; Ro37, Ro38, Ro39 Ro4o, Ro4i, Ro42, Rq43, Ro44
and R0 7 are each independently of the others hydrogen
or Ci-C 6alkyl; or Ro37 and R038 together or Ro39 and
Ro together or Ro4 and Ro42 together or Ro43 and R044
together are pyrrolidino, piperidino, morpholino or
thiomorpholino, which can be monoor poly-substituted
by methyl groups; or T is T2 wherein R3 is hydrogen,
C]-C4alkyl, Ci-C 4haloalkyl, C3-C6cycloalkyl,
C2-C4alkenyl, C2- C4alkynyl or benzyl, it being
possible for the phenyl group to b e substituted one
or moretimes by C]-C6alkyl, d-Cehaloalkyl,
Ci-C6alkoxy, Ci-C 6haloalkoxy, halogen, cyano, hydroxy
and/or nitro; R35 is hydrogen, C1-C4alkyl, d-C
4haloalkyl, C3-C6cycloalkyl, C3-C4alkenyl, C3- C
alkynyl or benzyl, it being possible for the phenyl
group to be substituted one or more times by Ci-C
alkyl, d-C haloalkyl, Ci-C 6alkoxy, d-C 6haloalkoxy,
halogen, cyano, hydroxy and/or nitro; R36 is hydroxy,
0 M+, wherein M+ is an alkali metal cation or ammonium
cation, halogen, d-C^alkylsulfonyloxy, amino, d-C
4alkylthio, d-Ci 2alkylsulfinyl, C1- C alkylsulfonyl,
d-C 12haloalkylthio, d-C^haloalkylsulf nyl, Ci-C
haloalkylsulfonyl, Ci-Cealkoxy-d-Cealkylthio,
Ci-Cealkoxy-d-Qalkylsulfinyl, d-C 6alkoxy-d-
Calkylsulfonyl, C3-C12alkenylthio,
C3-Ci2alkenylsulfmyl, C3-Ci2alkenylsulfonyl, C3-
C12alkynylthio, C3-C12alkynylsulf nyl, C3-Ci
2alkynylsulfonyl, C]-C4alkoxycarbonyl-C - C4alkylthio,
Ci-C4alkoxycarbonyl-C 1-C4alkylsulfinyl,
C1-C4alkoxycarbonyl-C 1- C4alkylsulfonyl, (d-C
4alkoxy)2P(O)O, d-C 4alkyl-(d-C 4alkoxy)P(O)O, H(C1-
C4alkoxy)P(O)O, R37R 8N, R39R40NNH, R4 1R42NC(O)O-,
R43R44NC(O)NH-, d-C 18alkylcarbonyloxy,
C2-C1salkenylcarbonyloxy, C2-C1salkynylcarbonyloxy,
C3-C6- cycloalkylcarbonyloxy, d-dialkoxycarbonyloxy,
Ci-C alkylthiocarbonyloxy or C1- 



C12alkylthiocarbamoyl, wherein the alkyl, alkenyl and
alkynyl groups can be substituted by halogen,
Ci-C6alkoxy, Ci-C6alkylthio, Ci-Cealkylsulfnyl -d -C
alkylsulfonyl or by cyano; or R36 is phenoxy,
phenylthio, phenylsulfinyl, phenylsulfonyl,
phenylsulfonylamino, phenylsulfonyloxy, benzoyloxy or
benzoyl-CrC alkoxy, it being possible for the phenyl
groups in turn to be substituted one or more times by
halogen, nitro, cyano, d-C 4alkyl, d-C 4haloalkyl,
Ci-C4alkoxy and/or d-C 4haloalkoxy, or R36 is a group
Het7-thio, Het8-sulfmyl, Hetg-sulfonyl, Het Q-(CO)O or
Het p-N(R47); wherein Het7, Het8, Hetg, Het10 and Het
p are each independently of the others a five- to
tenmembered monocyclic or annellated bicyclic ring
system which may be aromatic or partially saturated
and may contain from 1 to 4 hetero atoms selected from
nitrogen, oxygen and sulfur, and each ring system may
contain not more than two oxygen atoms and not more
than two sulfur atoms, and the ring system itself can
be substituted by C1- C6alkyl, Ci-C 6haloalkyl, d-C
6alkoxy, C -C6haloalkoxy, d-C 6alkylthio, Ci-
C6alkylsulfinyl, d-C 6alkylsulfonyl, di(Ci-C
4alkyl)aminosulfonyl, di(Ci-C 4alkyl)amino,halogen,
cyano, nitro or by phenyl, and the substituents on the
nitrogen atom in the heterocyclic ring are other than
halogen; R37, R38 R-39, R JO R u R42, R R44 and R47
are each independently of the others hydrogen or d-C
6alkyl; or R37 and R38 together or R3 and R4 together
or R n and R42 together or R43 and R44 together are
pyrrolidino, piperidino, mof holino or thiomorpholino,
which can b e monoor poly-substituted by methyl
groups; or T is T3 wherein R4 is Ci-C 4alkyl, d-C
4haloalkyl, C3-C cycloalkyl or halo-substituted
C3-C6cycloalkyl; Z0 I is a chemical bond, S, SO or
SO2; or -CO 2- R50 is hydrogen or d-C 3alkylene which
can be substituted by the following substituents:
halogen, hydroxy, d-C 6alkoxy, C2-C6alkenyl,
C2-C6alkynyl, C3-C6cycloalkyl, C1- C6alkoxy-d-C
6alkoxy, d-C alkoxy-d-Cealkoxy-d-Qalkoxy,
(3-oxetanyl)-oxy, C1- C alkyl-substituted
(3-oxetanyl)-oxy, benzylthio, benzylsulfinyl,
benzylsulfonyl, phenyl, phenoxy, phenylthio,
phenylsulfinyl or phenylsulfonyl, it being possible
for the phenyland benzyl-containing groups in turn to
b e substituted by one or more Ci-C 6alkyl, C1-
C6haloalkyl, d-C 6alkoxy, d-C 6haloalkoxy, halogen,
cyano, hydroxy and/or nitro groups; or R50 is phenyl,
it being possible for the phenyl-containing group in
turn to be substituted by one or more Cj-C alkyl, Ci-C
6haloalkyl, Ci-C 6alkoxy, d-C haloalkoxy, halogen,
cyano, hydroxy and/or nitro groups, or R5o is
C3-C6cycloalkyl, d-C 6alkoxy- or Ci-C
6alkyl-substituted C3-C6cycloalkyl, 3- oxetanyl or
Ci-C 6alkyl-substituted 3-oxetanyl; or T is T4wherein
R045 is Ci-C6alkyl, Ci-C6haloalkyl, C3-C6cycloalkyl or
halo-substituted C3-C6cycloalkyl; and their
pharmaceutically acceptable salts, isomers and
enantiomers. The compounds of formula I also include
the salts which such compounds are able to form with
amines, alkali metal and alkaline earth metal bases or
quaternary ammonium bases. Among the alkali metal and
alkaline earth metal hydroxides as salt formers,
special mention should be made of the hydroxides of
lithium, sodium, potassium, magnesium and calcium, but
especially the hydroxides of sodium and potassium. 



Examples of amines suitable for ammonium salt
formation include ammonia as well as primary,
secondary and tertiary Q-Qsalkylamines,
Ci-C4hydroxyalkylamines and C2-C4alkoxyalkylamines,
for example methylamine, ethylamine, n-propylamine,
isopropylamine, the four butylamine isomers,
n-amylamine, isoamylamine, hexylamine, heptylamine,
octylamine, nonylamine, decylamine, pentadecylamine,
hexadecylamine, heptadecylamine, octadecylamine,
methylethylamine, methylisopropylamine,
methylhexylamine, methylnonylamine,
methylpentadecylamine, methyloctadecylamine,
ethylbutylamine, ethylheptylamine, ethyloctylamine,
hexylheptylamine, hexyloctylamine, dimethylamine,
diethylamine, di-n-propylamine, diisopropylamine, din-
butylamine, di-n-amylamine, diisoamylamine,
dihexylamine, diheptylamine, dioctylamine,
ethanolamine, n-propanolamine, isopropanolamine,
N,N-diethanolamine, N-ethylpropanolamine,
N-butylethanolamine, allylamine, n-butenyl-2-amine,
n-pentenyl- 2-amine, 2,3-dimethylbutenyl-2-amine,
dibutenyl-2-amine, n-hexenyl-2-amine,
propylenediamine, trimethylamine, triethylamine,
tri-n-propylamine, triisopropylamine,
tri-n-butylamine, triisobutylamine,
tri-sec-butylamine, tri-n-amylamine, methoxyethylamine
and ethoxyethylamine; heterocyclic amines, for example
pyridine, quinoline, isoquinoline, morpholine,
piperidine, pyrrolidine, indoline, quinuclidine and
azepine; primary arylamines, for example anilines,
methoxyanilines, ethoxyanilines, o-,m- and
p-toluidines, phenylenediamines, benzidines,
naphthylamines and o-, m- and pchloroanilines; but
especially triethylamine, isopropylamine and
diisopropylamine. Because the compounds of formula I
wherein T is T1 are preferably in enolised forms or in
the form of salts, formula I also includes the
enolised forms of formulae Ia, Ib, Ic and Id wherein M
is hydrogen or a metal ion or an ammonium ion. (Ia)
(Ib) (Ic) (Id) Since compounds of formula I may also
contain asymmetric carbon atoms, for 10 example in the
case of the carbon atom carrying R1, D and A, all
stereoisomer^ forms are also included. The organic
substituent Q may be an inert substituent of any
desired structure, provided that the compounds of
formula I retain their action as HPPD inhibitors in
animals. Such tests of these compounds may be carried
out in accordance with the 15 experimental methods
described herein. Q is preferably a mono- or
poly-substituted phenyl, pyridyl or heteroaryl group,
especially 2-benzoyl, 2-isonicotinoyl and 2-nicotinoyl
derivatives, the substitution pattern of those groups
being freely selectable provided that the compounds of
formula I retain their action as HPPD inhibitors in
animals. 20. In a particular embodiment said HPPD
inhibitors are compounds of formula I wherein
whereinAi or A are independently selected from
methine, C(Ra 1) or N(O)P; (wherein preferably at
least one of Ai or A2 is methine p is 0 or 1; Ra1 is
hydrogen, d-C 6alkyl, hydroxy, Ci-C6alkoxy, C -C
haloalkoxy, C3-C6alkenyloxy, C3-C6haloalkenyloxy,
C3-C6alkynyloxy, Ci-C4alkylcarbonyloxy,
Ci-C4alkylsulfonyloxy, tosyloxy, Ci-C4alkylthio, C
-C4alkylsulfmyl, Ci-C 4alkylsulfonyl, Ci-C4alkylamino,
di- Ci-C4alkylamino, C]-C4alkoxycarbonyl,
Ci-Qhaloalkyl, formyl, cyano, halogen, phenyl or
phenoxy; it being possible for phenyl in turn to be
substituted by Ci~C3alkyL - C3haloalkyl, Ci-C3alkoxy,
Ci-C3haloalkoxy, halogen, cyano or by nitro; or Rai is
a three- to ten-membered monocyclic ring system or,
together with Ra2 or Ra , annellated mono- or
bi-cyclic ring system which may be interrupted by
oxygen, sulfur, SO, SO2, NRa6, carbonyl and/or by
=NORa7, the ring system, unless it is annellated, 



being bonded to the carbon atom of the substituent A1
directly or by way of a Ci- C4alkylene, -CH=CH-, -C
C-, -CH2O-, -CH2N(Ci -C4alkyl)-, -CH2S-, -CH2SO- or -
CH2SO2- group, and the ring system may contain not
more than two oxygen atoms and not more than two
sulfur atoms, and the ring system can itself be mono-,
di- or trisubstituted by Ci-C6alkyl, C]-C6haloalkyl,
C2-C6alkenyl, C2-C6haloalkenyl, C2- C6alkynyl,
C2-C6haloalkynyl, Ci-C6alkoxy, Ci-C 6haloalkoxy,
C3-C6alkenyloxy, C3- Cpalkynyloxy, Ci-C6alkylthio,
Ci-C6haloalkylthio, C3-Cealkenylthio,
C3-C6IIaIoalkenylthio, C3-C6alkynylthio,
Ci-C4alkoxy-Ci-C 2alkylthio, Ci-C4alkylcarbonyl-
Ci-C2alkylthio, Ci-C4alkoxycarbonyl-Ci-C 2alkylthio,
cyano-Ci-C 4alkylthio, C1- C6alkylsulf nyl,
Ci-C6haloalkylsulfinyl, Ci-C alkylsulfonyl, Ci-C
haloalkylsulfonyl, aminosulfonyl,
Ci-C2alkylaminosulfonyl, di(Ci-C 2alkyl)aminosulfonyl,
di(Ci- C4alkyl)amino, halogen, cyano, nitro, phenyl
and/or benzylthio, it being possible for phenyl and
benzylthio in turn to be substituted on the phenyl
ring by Ci-C3alkyl, Cr C3haloalkyl, Ci-C 3alkoxy,
C]-C3haloalkoxy, halogen, cyano or by nitro, and
substituents on the nitrogen atom in the heterocyclic
ring are other than halogen; or Rai is the group -
X5-X7 or the group -X -X5-X7; wherein X is a C
-C6alkylene, C3-C6alkenylene or C3-C alkynylene chain
which can be mono- or poly-substituted by halogen
and/or by X8, the unsaturated bonds of the chain not
being bonded directly to the substituent X5; X is
hydroxy, Ci-C6alkoxy, C3-C6cycloalkyloxy, Ci-C
6alkoxy-Ci-C 6alkoxy, Ci- C6alkoxy-Ci-C 6alkoxy-Ci-C
6alkoxy or C]-C2alkylsulfonyloxy;X5 is oxygen,
-0(CO)-, -(CO)O-, -0(CO)O-, -N(Ci-C4alkyl)-O-, -O-N(Cr
C4alkyl)-, thio, sulfinyl, sulfonyl, -SO2N(C,-C
4alkyl)-, -N(Cr C4alkoxy)SO2-, -N(C,-C 4alkyl)SO2-,
-N(Ci-C2alkoxy-Ci-C2alkyl)SO2- or -N(C r C4alkyl)-;
Ra6 is hydrogen, Cr C4alkyl,
Ci-C4alkylthio-C1-C4carbonyl, Ci-C4alkylsulfmyl-Ci-
C4carbonyl, C1-C4alkylsulfonyl-C 1-C4carbonyl,
Q-Qalkoxycarbonyl, C - C4alkylcarbonyl, phenylcarbonyl
or phenyl, it being possible for the phenyl groups in
turn to be substituted by d-Qalkyl, d-C 4haloalkyl,
Ci-C4alkoxy, Ci-C4haloalkoxy, Ci- C4alkylcarbonyl,
Ci-C4alkoxycarbonyl, Ci-C4alkylamino,
di-C]-C4alkylamino, C1- C4alkyl-S-, Ci-C4alkyl-SO-, Cr
C4alkyl-SO2, Ci-C4akyl-S(O)2O, Ci-C4haloalkyl-S-, C,-
C4haloalkyl-SO, Cr C4haloalkyl-SO 2,
Ci-C4haloalkyl-S(O)2O, Ci-C4alkyl-S(O)2NH, Ci-
C4alkyl-S(O)2N(Ci-C4alkyl), halogen, nitro or by
cyano; Ra7 is C C4alkyl; Ra2 is hydrogen, Ci-C6alkyl,
Ci-C haloalkyl, C2-C6alkenyl, C2-C6haloalkenyl, vinyl
substituted by Ci-C2alkoxycarbonyl or by phenyl,
C2-C6alkynyl, C2-C6haloalkynyl, ethynyl substituted by
trimethylsilyl, hydroxy, Ci-C2alkoxy,
Ci-C2alkoxycarbonyl or by phenyl, C3-C6allenyl,
C3-C6cycloalkyl, halo-substituted C3-C6cycloalkyl,
Ci-C6alkoxy, C3-C6alkenyloxy, C3-C6alkynyloxy,
Ci-C6haloalkoxy, C3-C6haloalkenyloxy, cyano-Ci-
C4alkoxy, Ci-C4alkoxy-C!-C4alkoxy, Ci-C4alkylthio-Ci-C
4alkoxy, Ci-C4alkylsulfmyl- Ci-C4alkoxy,
Ci-C4alkylsulfonyl-Ci-C 4alkoxy,
Ci-C4alkoxycarbonyl-Ci-C 4alkoxy, Ci- Cealkylthio,
Ci-C6alkylsulfmyl, Ci-C 6alkylsulfonyl,
Ci-C6haloalkylthio, Ci- C6haloalkylsulfinyl, Ci-C
haloalkylsulfonyl, C]-C4alkoxycarbonyl-Ci-C
4alkylthio, C]- C4alkoxycarbonyl-C i-C4alkylsulfinyl,
Ci-C4alkoxycarbonyl-C i-C4alkylsulfonyl, benzyl- S-,
benzyl-SO-, benzyl-SO2-, Ci-C 6alkylamino,
di-C2-C6alkylamino, Ci-C6alkylaminosulfonyl, di(Ci-C
6alkylamino)sulfonyl, benzyloxy, benzyl, phenyl,
phenoxy, phenylthio, phenylsulfmyl or phenylsulfonyl,
it being possible for the phenyl-containing groups in
turn to be substituted by Ci-C3alkyl, Ci-C3haloalkyl,
Ci-C3alkoxy, Ci-C3haloalkoxy, halogen, cyano or by
nitro, Or Ra2 is OS-Ci-C4alkyl, OSO-Ci-C4alkyl,
OSO2-Ci-C4alkyl, OS-Ci-C 4haloalkyl,
OSO-C,-C^ialoalkyl, OSO2-Ci -Qhaloalkyl, N(C,-C
4alkyl)-S-Ci- 



C4alkyl, N(C,-C 4alkylj-SO-C,-C 4alkyl,
N(Ci-C4alkyl)-SO2-Ci-C4alkyl, cyano, carbamoyl,
Ci-C4alkoxycarbonyl, formyl, halogen, rhodano, amino,
hydroxy-Ci-C 4alkyl, Ci-C4alkoxy-Ci-C 4alkyl,
Ci-C4alkyl-S-Ci-C 4alkyl, Ci-C4alkyl-SO-Ci-C 4alkyl, C
C4alkyl-SO2-Ci-C4alkyl, cyano-Ci-C 4alkyl,
Ci-C6alkylcarbonyloxy-Ci-C 4alkyl, Ci-
C4alkoxycarbonyl-Ci-C 4alkyl, Ci-C
4alkoxycarbonyloxy-Ci-C 4alkyl,
Ci-C4rhodano-CiC4alkyl, benzoyloxy-C 1-C4alkyl,
C2-Cgoxiranyl, Ci-C4alkylamino-Ci-C4alkyl, di(Ci-
C4alkyl)amino-Ci-C4alkyl, C1-C12alkylthiocarbonyl-Ci-C
4alkyl or formyl-Ci-C 4alkyl, or Ra2 is a five- to
ten-membered monocyclic or annellated bicyclic ring
system which may be aromatic or partially saturated
and may contain from 1 to 4 hetero atoms selected from
nitrogen, oxygen and sulfur, the ring system being
bonded to the pyridine ring by way of a Ci-C4alkylene,
-CH=CH-, -CsC-, -CH2O-, -CH2N(Ci -C4alkyl)-, -CH2SO-
or -CH2SO2- group, and each ring system may contain
not more than two oxygen atoms and not more than two
sulfur atoms, and the ring system itself can be mono-,
di- or tri-substituted by Ci-C6alkyl, d-C 6haloalkyl,
C3-C6alkenyl, C3-C6haloalkenyl, C3-C6alkynyl, C3-
C6haloalkynyl, Ci-C6alkoxy, CrQhaloalkoxy,
C3-C6alkenyloxy, C3-C6alkynyloxy, mercapto, C
-C6alkylthio, d-C haloalkylthio, C3-C6alkenylthio,
C3-C6haloalkenylthio, C3-C6alkynylthio,
d-Csalkoxyalkylthio, C3-C5acetylalkylthio, C3-
C6alkoxycarbonylalkylthio, C2-C4cyanoalkylthio,
Ci-C6alkylsulfinyl, Ci-C6- haloalkylsulfinyl, d-C
alkylsulfonyl, d-C 6haloalkylsulfonyl, aminosulfonyl,
Ci-C2alkylaminosulfonyl, di(d-C2alkyl)aminosulfonyl,
di(d-C 4alkyl)amino, halogen, cyano, nitro, phenyl
and/or by benzylthio, it being possible for phenyl and
benzylthio in turn to be substituted on the phenyl
ring by Ci-C3alkyl, Ci-C3haloalkyl, Ci-C3alkoxy, C -
C3haloalkoxy, halogen, cyano or by nitro, and
substituents on the nitrogen atom in the heterocyclic
ring are other than halogen; or Ra2 is the group - X
-X3 or the group -X -Xi-X3; wherein X2 is a Ci-C
alkylene, C3-C6alkenylene or C3-C6alkynylene chain
which can be mono- or poly-substituted by halogen or
by X4, the unsaturated bonds of the chain not being
bonded directly to the substituent X1; X4 is hydroxy,
d-C 6alkoxy, C3-C6cycloalkyloxy, Ci-C6alkoxy-Ci-C
6alkoxy, Ci- C6alkoxy-Ci-C 6alkoxy-Ci-C 6alkoxy or
Ci-C2alkylsulfonyloxy; Xi is oxygen, -O(CO)-, -(CO)O-,
-0(CO)O-, -N(Ci-C4alkyl)-O-, -O-N(Ci-C4alkyl)-, thio,
sulfmyl, sulfonyl, -SO2N(C, -C4alkyl)-, -N(d-C
4alkyl)SO2-, -N(Ci-C2alkoxy-d- C2alkyl)SO2- or-N(d-C
4alkyl)-; X and X7 are each independently of the other
a Ci-C8alkyl, C3-C6alkenyl or C3- C6alkynyl group
which is mono- or poly-substituted by the following
substituents: halogen, hydroxy, amino, formyl, nitro,
cyano, mercapto, carbamoyl, Ci-C6alkoxy, C -
C6alkoxycarbonyl, C2-C6alkenyl, C2-C6haloalkenyl,
C2-C6alkynyl, C2-C6haloalkynyl, C3- C6cycloalkyl,
halo-substituted C3-C6cycloalkyl, C3-C6alkenyloxy,
C3-C6alkynyloxy, C -C6haloalkoxy, C3-C6haloalkenyloxy,
cyano-Ci-C 6alkoxy, Ci-C alkoxy-d-Qalkoxy, Ci-
C6alkoxy-Ci-C6alkoxy-C ]-C alkoxy, C\-C6alkylthio-Ci
-C alkoxy, Ci-C6alkylsulfmyl-d - C6alkoxy, Ci-C
alkylsulfonyl-d-C alkoxy, d-C
alkoxycarbonyl-Ci-Cealkoxy, C1- C6alkoxycarbonyl, Ci-C
6alkylcarbonyl, Ci-C6alkylthio, d-C 6alkylsulfinyl,
C1-C6- alkylsulfonyl, d-C haloalkylthio, d-C
haloalkylsulfinyl, Ci-C 6haloalkylsulfonyl, oxiranyl,
which can in turn be substituted by Ci-C alkyl,
(3-oxetanyl)-oxy, which can in turn be substituted by
C -C6alkyl, benzylthio, benzylsulfinyl,
benzylsulfonyl, Ci-C6alkylamino, di(Ci-C 6alkyl)amino,
Ci-C 4alkyl-S(O)2O, C1-C4alkyl-N(C 1-C4alkyl)SO2-,
rhodano, phenyl, phenoxy, phenylthio, phenylsulfinyl
and/or phenylsulfonyl; it being possible for the
phenyl- or benzyl-containing groups in turn to be
substituted by one or more Ci-C6alkyl, Ci-C
6haloalkyl, d-C 6alkoxy, d-C 6haloalkoxy, halogen,
cyano, hydroxy and/or nitro groups, or 



X3 and X7 are each independently of the other phenyl
which can be substituted one or more times by
C1-QaUCyI, C!-C6haloalkyl, d-C 6alkoxy, d-C
6haloalkoxy, halogen, cyano, hydroxy and/or nitro; or
X3 and X7 are each independently of the other
C3-C6cycloalkyl, d-C 6alkoxy- or C1-
C6alkyl-substituted C3-C6cycloalkyl, 3-oxetanyl or
Ci-C 6alkyl-substituted 3-oxetanyl; or X3 and X7 are
each independently of the other a five- to
ten-membered monocyclic or annellated bicyclic ring
system which may be aromatic or saturated or partially
saturated and may contain from 1 to 4 hetero atoms
selected from nitrogen, oxygen and sulfur, the ring
system being bonded to the substituent X1 or X5
directly or by way of a C1- C4alkylene, C2-C4alkenyl-C
1-C4alkylene, C2-C4alkynyl-Ci-C 4alkylene,
-N(Ci-C4alkyl)- Ci-C4alkylene, -SO-C 1-C4alkylene or
-SO2-Ci-C4alkylene group, and each ring system may
contain not more than two oxygen atoms and not more
than two sulfur atoms, and the ring system can itself
be mono-, di- or tri-substituted by Ci-C 6alkyl,
C!-C6haloalkyl, C2-C6alkenyl, C2-C6haloalkenyl,
C2-C6alkynyl, C2-C6haloalkynyl, Ci-C 6alkoxy, hydroxy,
Ci-C6haloalkoxy, C3-C alkenyloxy, C3-C6alkynyloxy,
mercapto, d-C 6alkylthio, C1- Qhaloalkylthio,
C3-C6alkenylthio, C3-C6haloalkenylthio, Cs-C
alkynylthio, C2- C5alkoxyalkylthio,
C3-C5acetylalkylthio, C -C alkoxycarbonylalkylthio,
C2-C4- cyanoalkylthio, d-C alkylsulfinyl, Cr
C6haloalkylsulfmyl, Ci-C 6alkylsulfonyl, Ci-
C6haloalkylsulfonyl, aminosulfonyl,
Ci-C2alkylaminosulfonyl, di(d-C 2alkyl)-
aminosulfonyl, di(Ci-C 4alkyl)amino, halogen, cyano,
nitro, phenyl and/or by benzylthio, it being possible
for phenyl and benzylthio in turn to be substituted on
the phenyl ring byC -C3alkyl, C1-C3haloalkyl,
Ci-C3alkoxy, Ci-C3haloalkoxy, halogen, cyano or by
nitro, and the substituents on the nitrogen atom in
the heterocyclic ring are other than halogen; Ra3 is
hydrogen, Ci-C 6alkyl, Ci-C6haloalkyl, C2-C6alkenyl,
C2-C6haloalkenyl, C2- C6alkynyl, C2-C6haloalkynyl,
C3-C6cycloalkyl, C -C6alkoxy, Ci-C6haloalkoxy, Ci-
C6alkylthio, Ci-C6alkylsulfmyl, C C6alkylsulfonyl,
Ci-C6haloalkylthio, Ci- C6haloalkylsulfinyl,
d-Cehaloalkylsulfonyl, d-C 6alkylamino,
di-C2-C6alkylamino, C - C6alkylaminosulfonyl,
di-C2-C6alkylaminosulfonyl, phenyl, phenylthio,
phenylsulfinyl, phenylsulfonyl or phenoxy, it being
possible for phenyl in turn to be substituted by
Cidalkyl, Ci-C3haloalkyl, Ci-C 3alkoxy,
Ci-C3haloalkoxy, halogen, cyano or by nitro, or Ra3 is
-N(C1-C4alkyl)-S-C,-C 4alkyl, -N(C,-C4alkyl)-SO-d-C
4alkyl, -N(C,-C4alkyl)-SO2- d-C 4alkyl, cyano,
halogen, amino, d-C 4alkoxy-Ci-C4alkyl,
Ci-C4alkyl-S-Ci-C4alkyl, Ci-C4alkyl-SO-Ci-C4alkyl or
d-C 4alkyl-SO2-C1-C4alkyl; Ra4 is hydrogen, d-C
6alkyl, hydroxy, Ci-C6alkoxy, Ci-C6haloalkoxy,
C3-C6alkenyloxy, C3-C6haloalkenyloxy, C3-C6alkynyloxy,
Ci-C4alkylcarbonyloxy, Ci-C4alkylsulfonyloxy,
tosyloxy, Ci-C4alkylthio, Ci-C4alkylsulfinyl, d-C
4alkylsulfonyl, C1-C4alkylamino, di- C1-C4alkylamino,
d-C 4alkoxycarbonyl, Ci-C4haloalkyl, formyl, cyano,
halogen, phenyl or phenoxy, it being possible for
phenyl in turn to be substituted by Ci-C3alkyl, C1-
C3haloalkyl, Ci-C3alkoxy, Ci-C 3haloalkoxy, halogen,
cyano or by nitro; or Ra4 is a five- to ten-membered
monocyclic ring system or, with Ra3, annellated
bicyclic ring system which may contain from 1 to 4
hetero atoms selected from nitrogen, oxygen and
sulfur, the ring system, unless it is annellated,
being bonded to the ring containing the substituent A
directly or by way of a Ci-C4alkylene, -CH=CH-, -CC-,
- CH2O-, -CH2N(C1-Qalkyl)-, -CH2S-, -CH2SO- or
-CH2SO2- group, and the ring system may contain not
more than two oxygen atoms and not more than two
sulfur atoms, and the ring system can itself be mono-,
di- or tri-substituted by d-C 6alkyl, C]-C6haloalkyl,
C2-C6alkenyl, C2-C6haloalkenyl, C2-C6alkynyl,
C2-C6haloalkynyl, d-C 6alkoxy, C1- C haloalkoxy,
C3-C6alkenyloxy, C3-C6alkynyloxy, Ci-C6alkylthio,
Ci-C6haloalkylthio, C3-C6alkenylthio, d-C
haloalkenylthio, C3-C6alkynylthio,
C1-C4alkoxy-Ci-C2alkylthio, 



Ci-C4alkylcarbonyl-Ci-C2alkylthio,
Ci-C4alkoxycarbonyl-Ci -C2alkylthio, cyano-Ci-
Qalkylthio, Ci-Cealkylsulfmyl, Ci-C6haloalkylsulfmyl,
Ci-C6alkylsulfonyl, C,- C6haloalkylsulfonyl,
aminosulfonyl, Ci-C2alkylaminosulfonyl, di(Ci-
C2alkyl)aminosulfonyl, di(C]-C 4alkyl)amino, halogen,
cyano, nitro, phenyl and/or by benzylthio, it being
possible for phenyl and benzylthio in turn to be
substituted on thephenyl ring by Ci-C3alkyl,
Ci-C3haloalkyl, Ci-C 3alkoxy, Ci-C3haloalkoxy,
halogen, cyano or by nitro, and substituents on the
nitrogen atom in the heterocyclic ring are other than
halogen; Ra5 is hydrogen, d-C 6alkyl, Ci-C6haloalkyl,
C2-C6alkenyl, C2-C6haloalkenyl, C - C6alkynyl,
C2-C6haloalkynyl, C3-C6cycloalkyl, Ci-C 6alkoxy, d-C
6haloalkoxy, Ci- C6alkylthio, d-C 6alkylsulfmyl,
Ci-C6alkylsulfonyl, Ci-C6haloalkylthio, C1-
C6haloalkylsulf nyl, d-C 6haloalkylsulfonyl, Ci-C
6alkylamino, di-C2-C6alkylamino, C1-
C6alkylaminosulfonyl, di-C2-C6alkylaminosulfonyl,
phenyl, phenylthio, phenylsulfinyl, phenylsulfonyl or
phenoxy, it being possible for phenyl in turn to be
substituted by C1- C3alkyl, Ci-C3haloalkyl, d-C
3alkoxy, Ci-C3haloalkoxy, halogen, cyano or by nitro,
or Ra5 is -N(C 1-C4alkyl)-S-C r C4alkyl, -N(C
1-C4alkyl)-SO-C 1-C4alkyl, -N(Ci-C4alkyl)-SO2-
Ci-C4alkyl, cyano, halogen, amino, d-C 4alkoxy-Ci-C
4alkyl, C1-C4alkyl-S-C1-C4alkyl, Ci-C4alkyl-SO-d-C
4alkyl or Ci-C4alkyl-SO2-C -C4alkyl, and
pharmaceutically acceptable
salts/N-oxides/isomers/enantiomers of those compounds.
The alkyl groups appearing in the above substituent
definitions may be straightchain or branched and are,
for example, methyl, ethyl, n-propyl, isopropyl,
n-butyl, secbutyl, isobutyl or tert-butyl. Alkoxy,
alkenyl and alkynyl radicals are derived from the
mentioned alkyl radicals. The alkenyl and alkynyl
groups may be mono- or poly unsaturated. Alkoxy is,
for example, methoxy, ethoxy, propoxy, isopropoxy,
n-butoxy, isobutoxy, sec-butoxy or tert-butoxy.
Alkoxycarbonyl is, for example, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
n-butoxycarbonyl, isobutoxycarbonyl,
sec-butoxycarbonyl or tert-butoxycarbonyl; preferably
methoxycarbonyl or ethoxycarbonyl. Halogen is
generally fluorine, chlorine, bromine or iodine. The
same is also true of halogen in conjunction with other
meanings, such as haloalkyl or halophenyl. Haloalkyl
groups having a chain length of from 1 to 6 carbon
atoms are, for example, fluoromethyl, difluoromethyl,
trifluoromethyl, chloromethyl, dichloromethyl,
trichloromethyl, 2,2,2-trifluoroethyl, 1-fluoroethyl,
2-fluoroethyl, 2-chloroethyl, 2- fluoroprop-2-yl,
pentafluoroethyl, l,l-difluoro-2,2,2-trichloroethyl,
2,2,3,3- tetrafluoroethyl and 2,2,2-trichloroethyl,
pentafluoroethyl, heptafluoro-n-propyl and
perfluoro-n-hexyl. Alkenyl and alkynyl groups can be
mono- or poly-unsaturated, so that alkyl, alkenyl and
alkynyl chains having one or more double or triple
bonds are also included.Alkenyl is, for example,
vinyl, allyl, isobuten-3-yl, CH2=CH-CH2-CH=CH-,
CH2=CHCH2- CH2-CH=CH- or CH3-CH=CH-CH 2-CH=CH-. A
preferred alkynyl is, for example, propargyl, and a
preferred allenyl is CH2=C=CH2- . An alkylene chain
can also be substituted by one or more Ci-C3alkyl
groups, especially by methyl groups. Such alkylene
chains and alkylene groups are preferably
unsubstituted. The same applies also to all groups
containing C3-C6cycloalkyl, C3- C5oxacycloalkyl,
C3-C5thiacycloalkyl, C3-C4dioxacycloalkyl,
C3-C4dithiacycloalkyl or C3-C4oxathiacycloalkyl which
occur, for example, also as part of oxygen- and
sulfurcontaining heterocyclic ring systems of the
radicals Rai and Ra2. A CrC 4alkylene, Q-Qalkenylene
or C2-C4alkynylene bridge which may be interrupted by
oxygen, -N(C1-C4alkyl)-, sulfur, sulfinyl and/or
sulfonyl, or in X2 or X6 in the meaning of a Q-C
alkylene, C3-C6alkenylene or C3-C6alkynylene chain
which can be 



mono- or poly-substituted by halogen and/or by X or X
, and wherein the unsaturated bonds of the chain are
not bonded directly to the substituent X or X , is to
be understood as being, for example, -CH 2-, -CH2CH2-,
-CH2CH2CH2-, -CH2CH2CH2CH2-, -CH(CH3)-, -CH2CH(CH3)-,
-CH2CH(CH3)CH2-, -CH2CH(Cl)CH2-, -CH2CH(OCH3)CH2-, -CH
2O-, - OCH2-, -CH 2OCH2-, -OCH2CH2-, -OCH2CH2CH2-,
-CH2OCH2CH2-, - CH2OCH(CH3)CH2-, -SCH2-, -SCH2CH2-,
-SCH2CH2CH2-, -CH2S-, -CH 2SCH2-, - CH2S(O)CH2-, -CH
2SO2CH2-, -CH 2SCH2CH2-, -CH 2S(O)CH2CH2-,
-CH2SO2CH2CH2-, -CH 2SO2NH-, -CH 2N(CH3)SO2CH2CH2-,
-N(SO 2Me)CH2CH2-, -CH2C(O)NH- or - CH2NHC(O)CH2-. A
C2-C4alkenylene chain which may be uninterrupted or
interrupted by oxygen is accordingly to be understood
as being, for example, -CH=CH-CH2-, - CH=CH-CH2CH2- or
-CH=CHCH 2OCH2-, and a C2-C4alkynylene chain which may
be uninterrupted or interrupted by oxygen is to be
understood as being, for example, -C=C-, -C=CCH2-,
-C=CCH2O-, -C=CCH2OCH2- or -OC=CCH2-. A three- to
ten-membered mono- or bi-cyclic ring system Ra1 or
Ra2, which may be interrupted once or up to three
times selected from oxygen, sulfur, S(O), SO2, N(Ra6),
carbonyl and C(=N0Ra 7) and which is bonded to the
carbon atom of the substituent Ai or to the group Q1
or Q2 either directly or by way of a C -C4alkylene,
Ci-C4alkenylene or C2-C4alkynylene bridge which may be
interrupted by oxygen, -N(Ci-C4alkyl)-, sulfur,
sulfinyl and/or sulfonyl, is to be understood as
being, for example, 1-methyl-lH-pyrazol- 3-yl,
1-ethyl- lH-pyrazol-3-yl, l-propyl-lH-pyrazol-3-yl,
lH-pyrazol-3-yl, 1,5-dimethyllH- pyrazol-3-yl,
4-chloro-l-methyl-lH-pyrazol-3-yl, lH-pyrazol-1-yl,
3-methyl-lHpyrazol-1-yl, 3,5-dimethyl-lH-pyrazol-l-yl,
3-isoxazolyl, 5-methyl-3-isoxazolyl, 3-
methyI-5-isoxazolyl, 5-isoxazolyl, lH-pyrrol-2-yl,
1-methyl- lH-pyrrol-2-yl, lH-pyrrol- 1-yl, 1-methyl-
lH-pyrrol-3-yl, 2-furanyl, 5-methyl-2-furanyl,
3-fliranyl, 5-methyl-2- thienyl, 2-thienyl, 3-thienyl,
1-methyl- lH-imidazol-2-yl, lH-imidazol-2-yl,
1-methyllH- imidazol-4-yl, 1-methyl- lH-imidazol-5-yl,
4-methyl-2-oxazolyl, 5-methyl-2- oxazolyl, 2-oxazolyl,
2-methyl-5-oxazolyl, 2-methyl-4-oxazolyl,
4-methyl-2-thiazolyl, 5- methyl-2-thiazolyl,
2-thiazolyl, 2-methyl-5-thiazolyl,
2-methyl-4-thiazolyl, 3-methyl-4- isothiazolyl,
3-methyl-5-isothiazolyl, 5-methyl-3-isothiazolyl,
1-methyl- IH- 1,2,3 -triazol- 4-yl,
2-methyl-2H-l,2,3-triazol-4-yl,
4-methyl-2H-l,2,3-triazol-2-yl, 1-methyl- IH- 1,2,4-
triazol-3-yl, l,5-dimethyl-lH-l,2,4-triazol-3-yl,
3-methyl-lH-l,2,4-triazol-l-yl, 5- methyl- IH-
1,2,4-triazol- 1-yl, 4,5-dimethyl-4H-
1,2,4-triazol-3-yl, 4-methyl-4H- 1,2,4- triazol-3-yl,
4H-l,2,4-triazol-4-yl, 5-methyl-l,2,3-oxadiazol-4-yl,
l,2,3-oxadiazol-4-yl, 3-methyl-l,2,4-oxadiazol-5-yl,
5-methyl-l,2,4-oxadiazol-3-yl, 4-methyl-3-furazanyl,
3- furazanyl, 5-methyl-l,2,4-oxadiazol-2-yl,
5-methyl-l,2,3-thiadiazol-4-yl, 1,2,3-
thiadiazol-4-yl, 3-methyl-l,2,4-thiadiazol-5-yl,
5-methyl-l,2,4-thiadiazol-3-yl, 4-methyll,
2,5-thiadiazol-3-yl, 5-methyl-l,3,4-thiadiazol-2-yl,
l-methyl-lH-tetrazol-5-yl, IHtetrazol- 5-yl, 5-methyl-
lH-tetrazol-1-yl, 2-methyl-2H-tetrazol-5-yl,
2-ethyl-2H-tetrazol- 5-yl, 5-methyl-2H-tetrazol-2-yl,
2H-tetrazol-2-yl, 2-pyridinyl, 6-methyl-2-pyridinyl,
4- pyridinyl, 3-pyridinyl, 6-methyl-3-pyridazinyl,
5-methyl-3-pyridazinyl, 3-pyridazinyl,
4,6-dimethyl-2-pyrimidinyl, 4-methyl-2-pyrimidinyl,
2-pyrimidinyl, 2-methyl-4- pyrimidinyl,
2-chloro-4-pyrimidinyl, 2,6-dimethyl-4-pyrimidinyl,
4-pyrimidinyl, 2- methyl-5-pyrimidinyl,
6-methyl-2-pyrazinyl, 2-pyrazinyl,
4,6-dimethyl-l,3,5-triazin-2-yl,
4,6-dichloro-l,3,5-triazin-2-yl, l,3,5-triazin-2-yl,
4-methyl-l,3,5-triazin-2-yl, 3-methyll,
2,4-triazin-5-yl, 3-methyl-l,2,4-triazin-6-yl, CH Oor
, wherein each R26 is methyl, each R27 independently
is hydrogen, Ci-C 3alkyl, d-C 3alkoxy, d-C 3alkylthio
or trifluoromethyl, and X9 is oxygen or sulfur. A
further annellated (fused-on), monocyclic or bicyclic
ring system which is formed, for example, by two
adjacent substituents Raj and Ra2 or Ra1 and Ra and
which 



is uninterrupted or interrupted once or up to three
times selected from oxygen, sulfur, S(O), SO2, -N(Ra
6)-, carbonyl and C(=NORa 7) and which may be
additionally substituted by one or more substituents
is to be understood as being, for example, an
annellated, bidentate ring system of formula R 6 is
hydrogen, halogen, Ci-C 4alkyl, Ci-C 4haloalkyl, Ci-C
4alkoxy or Ci-C 4alkylthio; R47 is hydrogen, halogen,
Q-Qalkyl or Cr C4alkoxy; and R50, R51, R52, R53, R54,
R55, R 6, R57,R58 and R5 are hydrogen or Ci-C 4alkyl;
and Xi0 is oxygen or NOR 5 . A number of HPPD
inhibitors of formula I are described within the art.
In a particular embodiment of the invention the HPPD
inhibitor comprises the compound of formula I wherein:
R1 and R are hydrogen; A is Ci-C 2alkylene;D and E
together are C2-C3alkylene; Q is Q1, wherein A1 is
methine, CRai or =N-(O)P, but preferably =N-(O)P; p is
O; Ra is hydrogen, d-C 6alkyl, hydroxy, Ci-C 6alkoxy,
d-C 6haloalkoxy, C3-C6alkenyloxy, C3-C6haloalkenyloxy,
C3-Cealkynyloxy, Ci-C 4alkylcarbonyloxy,
Ci-C4alkylsulfonyloxy, tosyloxy, d-C 4alkylthio,
C1-C4alkylsulfinyl, Ci-C4alkylsulfonyl,
C1-C4alkylamino, di- Ci-C4alkylamino,
Ci-C4alkoxycarbonyl, d-C 4haloalkyl, formyl, cyano,
halogen, phenyl or phenoxy; it being possible for
phenyl in turn to be substituted by d-C 3alkyl, C1-
C3haloalkyl, C]-C3alkoxy, Ci-C3haloalkoxy, halogen,
cyano or by nitro; Ra2 is hydrogen, Ci-C6alkyl, d-C
haloalkyl, C2-C6alkenyl, C2-C6haloalkenyl, vinyl
substituted by Ct -C2alkoxycarbonyl or by phenyl,
C2-C6alkynyl, C2-C6haloalkynyl, ethynyl substituted by
trimethylsilyl, hydroxy, d-C 2alkoxy,
C]-C2alkoxycarbonyl or by phenyl, C3-C6allenyl,
C3-C6cycloalkyl, halo-substituted C3-C6cycloalkyl, d-C
6alkoxy, C3-C6alkenyloxy, C3-C6alkynyloxy, d-C
haloalkoxy, C3-C6haloalkenyloxy, cyano-Ci- C4alkoxy,
C1-C4alkoxy-C1-C4alkoxy, Ci-C4alkylthio-d-C 4alkoxy,
C1-C4alkylsulfinyl- C1-QaIkOXy,
C1-C4alkylsulfonyl-Ci-C 4alkoxy, C1-C4alkoxycarbonyl-C
1-C4alkoxy, Ci- C6alkylthio, d-C 6alkylsulfmyl,
CpCealkylsulfonyl, d-C 6haloalkylthio, C1-
C6haloalkylsulfinyl, Ci-C6haloalkylsulfonyl, d-C
4alkoxycarbonyl-d-C 4alkylthio, Ci- C4alkoxycarbonyl-C
1-C4alkylsulfinyl, C1-C4alkoxycarbonyl-C
1-C4alkylsulfonyl, benzyl s , benzyl-SO-, benzyl-SO -,
d-C 6alkylamino, di-C2-C6alkylamino, C -
C6alkylaminosulfonyl, di(Ci-C6alkylamino)sulfonyl,
benzyloxy, benzyl, phenyl, phenoxy, phenylthio,
phenylsulfinyl or phenylsulfonyl, it being possible
for the phenylcontaining groups in turn to be
substituted by Ci-C 3alkyl, Ci-C3haloalkyl,
C]-C3alkoxy, Ci-C3haloalkoxy, halogen, cyano or by
nitro, or Ra2 is OS-Ci-C4alkyl, OSO-Ci-C 4alkyl,
OSO2-Ci -C4alkyl, OS-Ci-C4haloalkyl, OSO-Ci
-C4haloalkyl, OSO2-Ci-C4haloalkyl, N(Ci-C
4alkyl)-S-Ci-C 4alkyl, N(Ci-C 4alkyl)-SO-C,-C 4alkyl,
N(Ci-C 4alkyl)-SO2-Ci- C4alkyl, cyano, carbamoyl, Ci-C
4alkoxycarbonyl, formyl, halogen, rhodano, amino,
hydroxy-Ci-C 4alkyl, Cr C4alkoxy-Ci-C 4alkyl,
Ci-C4alkyl-S-Ci-C 4alkyl, d-C 4alkyl-SOCi- C4alkyl,
Ci-C 4alkyl-SO2-Ci-C 4alkyl, cyano-Ci-C 4alkyl,
Ci-C6alkylcarbonyloxy-Ci- C alkyl,
Ci-C4alkoxycarbonyl-C]-C 4alkyl,
C]-C4alkoxycarbonyloxy-Ci-C 4alkyl, Ci-C4- rhodano-C
-C4alkyl, benzoyloxy-Ci-C 4alkyl, C2-C6oxiranyl,
Ci-C4alkylamino-Ci- C4alkyl, di(C 1-C4alkyl)amino-C
1-C4alkyl, Ci-C] 2alkylthiocarbonyl-Ci-C 4alkyl or
formylCi-C4alkyl, or Ra is the group - X1-X3 or the
group -X2-Xi-X3; wherein X1, X2 and X3 are as defined
above; Ra3 and Ra4 are hydrogen and Ra is as defined
above. In a still further embodiment the invention the
HPPD inhibitor comprises a compound of formula I
wherein: 



Ri and R are hydrogen, A is methylene, D and E
together are ethylene, Ai is =N-(O)P; wherein p is 0;
Q is Qi, Ra3 and Ra are hydrogen, Ras is
Ci-C3haloalkyl, especially trifluoromethyl, and Ra2 is
Ci-C4alkoxy-C1-C4alkoxy-C 1-C4alkyl, especially
methoxyethoxymethyl. HPPD inhibiting compounds are
well known in the art and there are numerous tests
that can be employed to identify the capacity of a
test compound to inhibit HPPD. For example, in vitro
screening assays as described in the examples of the
present application may be use or alternative in vitro
screening methods can be employed such as the method
described in example 11 of WO02/46387 wherein a known
HPPD enzyme is selected and a test inhibitor compound
is applied. In a still further embodiment of the
invention the HPPD inhibitor is 2-(2-Nitro-4-
Trifluoromethylbenzoyl)-1,3-Cyclohexanedione (compound
2). The term compound 2 may be interchanged with
formula II). It will be appreciated that 2-(2-Nitro-4-
Trifluoromethylbenzoyl)-1 ,3-Cyclohexanedione
(compound 2) may exist in one or more tautomeric
forms, one of which is shown in formula (II) (i.e.
compound 2) : and which forms are readily
inter-convertible by keto-enol tautomerism. (Compound
2) It is to be understood that the invention includes
the use of 2-(2-Nitro-4-
Trifluoromethylbenzoyl)-1,3-Cyclohexanedione in any of
such tautomeric forms or as a mixture thereof.
2-(2-Nitro-4-Trifluoromethylbenzoyl)-l,3-Cyclohexanedi
one is acidic and readily forms salts with a wide
variety of bases.Particularly suitable salts of
2-(2-Nitro-4-Trifluoromethylbenzoyl)-l,3-
Cyclohexanedione suitable for use as active
ingredients in pharmaceutical compositions according
to the invention include, for example,
pharmaceutically acceptable baseaddition salts, for
example, alkali metal (such as potassium or sodium),
alkaline earth metal (such as calcium or magnesium)
and ammonium salts, and salts with organic bases
giving physiologically acceptable cations (such as
salts with methylamine, dimethylamine, trimethylamine,
piperidine and morpholine).
2-(2-Nitro-4-Trifluoromethylbenzoyl)-l,3-Cyclohexanedi
one may be obtained by conventional procedures of
organic chemistry already known for the production of
structurally analogous materials. Thus, for example,
2-(2-Nitro-4-Trifluoromethylbenzoyl)-l,3-Cyclohexanedi
one may be conveniently obtained by reaction of
2-nitro-4-trifluoromethylbenzoyl chloride with
cyclohexane-l,3-dione in the presence of acetone
cyanhydrin and a suitable base such as triethylamine.
. The starting 2-nitro-4-trifluoromethylbenzoyl
chloride may itself be obtained from the corresponding
benzoic acid, for example by reaction with thionyl
chloride or oxalyl chloride as is described in
Reagents for Organic Synthesis, (J Wiley and Sons,
1967; editors: Fieser L. F. and Fieser M.; VoI 1, pp.
767-769) and is generally used without special
purification. Similarly,
2-nitro-4-trifluroromethylbenzoic acid may be
obtained, for example, as described by Haupstein et
al. in J. Amer. Chem. Soc, 1954, 76, 1051, or by one
of the general methods well known to the skilled
person. hi a still further embodiment of the invention
the HPPD inhibitor or precursor is a compound having
the structure depicted in Table A below. Table
A.ROTATABLE BUILDING The present invention relates to
a building structure and, in particular, a rotatable
building structure. 



Rotating structures are known in the art, which
generally relate to the rotation of a single level or
enclosure, such as a rotating restaurant. However,
building structures may of course be very heavy and
consequently the design of a rotating building that is
capable of rotating, regardless of whether it is small
and light or large and heavy, is not straightforward.
The bearing requirements to move an entire building
can be considerable and consideration has to be given
to lateral loads applied due to the building, in
particular due to wind or seismic loads, as well as
the weight load of the building itself and its
contents. There is therefore a need for a rotatable
building structure that is able to rotate regardless
of whether the building is light or heavy and that is
able to withstand environmental and other factors, in
particular wind, seismic effects and variations in
temperature. The present invention provides a
rotatable building structure that comprises: a
vertically extending building having one or more
floors; a fixed core support for supporting the
building, located substantially centrally beneath the
building; a rotatable annular drive system for
rotating the building, located lower than the building
and with its centre substantially aligned with the
vertical centreline of the building, the system having
an upper surface and a planar lower surface;a fixed
outer support, located beneath the annular drive
system, the support having a planar upper surface that
contacts the planar lower surface of the annular drive
system; and wherein at least one of the lower surface
of the annular drive system and the upper surface of
the outer support comprises a bearing material,
permitting rotation of the annular drive system over
the fixed outer support, such that the annular drive
system is rotated via a planar to planar bearing
system. The use of a planar to planar bearing system
for rotation is particularly beneficial as it permits
the drive system to successfully rotate heavy as well
as light buildings, even in the presence of lateral
forces on the building such as wind or seismic loads.
Furthermore, such a system is tolerant in terms of
manufacturing maintenance and installation tolerances.
The system of the present invention may be used for
rotating any size, height and weight of building. In
particular, the system of the present invention may be
used for heavy buildings, e.g. buildings having loads
of up to 10000 ton mass or higher, preferably up to
25000 ton mass or higher, such as up to 50000 ton mass
or higher, e.g. 65000 ton mass or higher. (lton =
1000kg) . In comparison, non-planar bearing systems,
e.g. ball bearing or roller based bearing systems,
require each curved bearing surface on each ball
bearing or roller to be identical in order to ensure
even load distribution. Furthermore, the tracks on
which the curved surfaces lie also need to be
precisely installed and/or machined. This results in a
system that is expensive if it is to be reliable.The
rotatable annular drive system is suitable for
rotating the building. 



Accordingly, when the rotatable annular drive system
rotates, the building is likewise caused to rotate.
This may, for example, be due to forces such as
friction, or due to physical connectors being used to
connect the annular drive system to the building. In
one embodiment, when the rotatable annular drive
system rotates, the building is likewise caused to
rotate due to the upper surface of the system being
attached to the building. The attachment may be due to
the use of physical connectors for attaching a
building to a foundation component. Alternatively,
friction may be used to create a degree of attachment
between the upper surface of the system and the
building sufficient to cause the building to rotate
when the rotatable annular drive system rotates. For
example, a high friction surface may be used on the
upper surface of the system and/or on the lower
surface of the building. In one embodiment, the
present invention provides a rotatable building
structure that comprises: a vertically extending
building having one or more floors; a fixed core
support for supporting the building, located
substantially centrally beneath the building; a
rotatable annular drive system for rotating the
building, located lower than the building and with its
centre substantially aligned with the vertical
centreline of the building, the system having an upper
surface that is attached to the building and a planar
lower surface; a fixed outer support, located beneath
the annular drive system, the support having a planar
upper surface that contacts the planar lower surface
of the annular drive system; and wherein at least one
of the lower surface of the annular drive system and
the upper surface of the fixed outer support is a
bearingmaterial, permitting rotation of the annular
drive system over the fixed outer support, such that
the annular drive system is rotated via a planar to
planar bearing system. In the system of the present
claimed invention, the fixed outer support may be
discrete or continuous. In one embodiment, there is a
single continuous fixed outer support that extends
beneath the planar lower surface of the annular drive
system. This single continuous fixed outer support may
be any suitable shape, for example square, circular or
rectangular, provided that it is present beneath
sufficient of the lower surface of the annular drive
system such that the annular drive system can rotate
over the fixed outer support. In one embodiment, it is
present beneath substantially all or all of the lower
surface of the annular drive system. In a preferred
embodiment the single continuous fixed outer support
is annular. The annular shape may suitably have
substantially the same internal diameter as the
annular drive system. The annular shape may suitably
have substantially the same external diameter as the
annular drive system. In an alternative embodiment,
the fixed outer support is made up of two or more
discrete units. For example, the fixed outer support
may be made up of five or more discrete units,
preferably ten or more discrete 



units, such as twenty or more discrete units, for
example thirty or more discrete units, such as forty
or more discrete units, e.g. forty two or more
discrete units .The use of a modular system is
beneficial. The use of two or more discrete units may
be advantageous in that it allows for more ready
replacement of the fixed outer support in the event
its upper surface becomes worn. In one embodiment, the
discrete units making up the fixed outer support are
adapted such that each can be jacked up. This then
enables the adjacent discrete units to be pressurised,
thus relieving the load on the discrete unit to be
replaced. The fixed outer support made up from two or
more discrete units may be any suitable shape, for
example square, circular or rectangular, provided that
it is present beneath sufficient of the lower surface
of the annular drive system such that the annular
drive system can rotate over the fixed outer support.
In one embodiment, it is present beneath substantially
all or all of the lower surface of the annular drive
system. In a preferred embodiment the fixed outer
support made up from discrete units is annular. The
annular shape may suitably have substantially the same
internal diameter as the annular drive system. The
annular shape may suitably have substantially the same
external diameter as the annular drive system. The
fixed outer support and the fixed core support may, in
one embodiment be integral, forming a single support
unit. In an alternative embodiment, the fixed outer
support and the fixed core support are separate. The
planar upper surface of the fixed outer support and
the planar lower surface of the annular drive system
may be the same or different materials .Any suitable
materials may be used to form the planar upper surface
of the fixed outer support and the planar lower
surface of the annular drive system. However, at least
one of the planar lower surface of the annular drive
system and the planar upper surface of the fixed outer
support comprises a bearing material, permitting
rotation of the annular drive system over the fixed
outer support. As the skilled man would appreciate, it
is only necessary for at least one of these surfaces
to be a bearing material in the region where the
surfaces in use contact one another in order to permit
rotation of the annular drive system over the fixed
outer support via a planar to planar bearing system.
However, bearing material may additionally be present
in some or all of the remaining regions of these
surfaces . In one embodiment, at least one of the
planar lower surface of the annular drive system and
the planar upper surface of the fixed outer support is
a bearing material, permitting rotation of the annular
drive system over the fixed outer support. In one
embodiment both the planar lower surface of the
annular drive system and the planar upper surface of
the fixed outer support comprise bearing materials.
Suitably, each of these surfaces is a bearing material
in the region where the surfaces in use contact one
another in order to permit rotation of the annular
drive system over the fixed outer support 



via a planar to planar bearing system. In one such
embodiment both the planar lower surface of the
annular drive system and the planar upper surface of
the fixed outer support are bearing materials.In an
alternative embodiment, only the planar lower surface
of the annular drive system comprises bearing
material. Suitably, the planar lower surface of the
annular drive system is a bearing material in the
region where it in use contacts the planar upper
surface of the fixed outer support in order to permit
rotation of the annular drive system over the fixed
outer support via a planar to planar bearing system.
In one such embodiment, only the planar lower surface
of the annular drive system is bearing material. In a
further alternative embodiment, only the planar upper
surface of the fixed outer support comprises bearing
material. Suitably, the planar upper surface of the
fixed outer support is a bearing material in the
region where it in use contacts the planar lower
surface of the annular drive system in order to permit
rotation of the annular drive system over the fixed
outer support via a planar to planar bearing system.
In one such embodiment, only the planar upper surface
of the fixed outer support is bearing material. The
bearing material may be present due to there being a
coating or layer of bearing material provided on the
lower surface of the annular drive system and/or the
upper surface of the fixed outer support.
Alternatively, the bearing material may be present due
to the lower surface of the annular drive system being
made from bearing material and/or the upper surface of
the fixed outer support being made from bearing
material. Examples of suitable bearing materials
include: alloys, such as bronze; plastics materials,
such as PTFE (e.g. Teflon (r)) ; greased metals, such
as greased steel or greased stainless steel; and oil
filled pads.Preferably, the bearing materials have a
static coefficient of friction of 0.3 or lower, such
as 0.25 or lower; more preferably 0.2 or lower, such
as 0.15 or lower; most preferably 0.1 or lower, such
as 0.075 or lower, for example 0.05 or lower, such as
0.01 or lower, e.g. 0.0075 or lower. Preferably, the
bearing materials have a dynamic coefficient of
friction of 0.3 or lower, such as 0.25 or lower; more
preferably 0.2 or lower, such as 0.15 or lower; most
preferably 0.1 or lower, such as 0.075 or lower, for
example 0.05 or lower, e.g. 0.01 or lower. Preferably,
the bearing materials have a static coefficient of
friction and a dynamic coefficient of friction that
differ by 0.05 or less, preferably 0.01 or less, for
example 0.0075 or less, more preferably 0.005 or less,
most preferably 0.0025 or less, e.g. 0.001 or less.
The planar surfaces may be lubricated/greased or
unlubricated/ungreased in order to achieve an
appropriate coefficient of friction. The use of
bearing materials that have a small difference between
the dynamic and static coefficients of friction is
preferable, because a 'judder' could be created if a
significant variation between the static and dynamic
exists. It is therefore preferred that
lubricant/grease is present on the surfaces of the
planar to planar bearing system in order to reduce the
possibility of 'judder' occurring, in particular
through forced lubrication of the surfaces 



of the planar to planar bearing system. In those
embodiments where one of the planar lower surface of
the annular drive system and the planar upper surface
of the fixed outer support is not a bearing material,
the surface may be any other suitablematerial.
Equally, in those embodiments where not all of the
planar lower surface of the annular drive system
and/or not all of the planar upper surface of the
fixed outer support is not a bearing material, the
remaining surface may be any other suitable material.
For example, the surface may be steel or stainless
steel. The annular drive system and building may
contact each other directly. In one embodiment, the
annular drive system and building may contact each
other and be attached to one another directly.
Conventional physical connectors for attaching a
building to a foundation component may suitably be
used. Alternatively, the annular drive system may
cause the building to rotate when it rotates due to
indirect means. In one such alternative embodiment,
the annular drive system and building may be attached
indirectly. For example, the lower surface of the
building may be connected to the upper surface of the
annular drive system via one or more other components.
Conventional means for attaching a building to a
foundation component may suitably be used. The annular
drive system may be any suitable size in view of the
building size. Preferably, the annular drive system is
sized such that it is located close to the edge of the
building base, for example less than 0.5m from the
edge of the building base, such as less than 0.1m from
the edge of the building base. In on embodiment, the
annular drive system has a diameter of 15m or more,
such as 20m or more, e.g. about 20 to about 25m. The
annular drive system suitably comprises an annular
drive ring and one or more drive means for turning the
drive ring.The or each drive means may be attached to
the annular drive ring. Alternatively, the or each
drive means may contact and engage with the annular
drive ring to turn it, e.g. by engaging with teeth on
the drive ring. The or each drive means may be any
suitable means for turning the ring. For example, the
drive means may be selected from: linear actuators,
gears (for example gears that drive onto a gear
annulus ring) , and grip and push clamp systems. When
linear actuators are used, these may be mechanical or
electrical and may in particular be selected from
rams, including hydraulic and pneumatic rams, and
screw jacks, including ball screw jacks. The use of
linear actuators is particularly advantageous because
they allow the delivery of more torque than other
drive means, e.g. gearboxes, which is in particular
useful when the building to be rotated is heavy. In
one embodiment, the annular drive system comprises an
annular drive ring and one or more linear actuators
for turning the drive ring. Suitably, the annular
drive system comprises an annular drive ring and two
or more linear actuators for turning the drive ring,
such as four or more linear actuators, preferably six
or more linear actuators, for example ten or more
linear actuators. In one embodiment the annular 



drive system comprises an annular drive ring and
twenty or more linear actuators for turning the drive
ring, such as twenty-four or more linear actuators,
for example twenty-eight or more linear actuators.
Preferably, the linear actuators are equally
spaced.There may be drive means located only outside
the drive ring, or there may be drive means located
only inside the drive ring, or there may be drive
means located both inside and outside the drive ring.
In one embodiment there are linear actuators located
only inside the drive ring. In an alternative
embodiment there are linear actuators located only
outside the drive ring. In a preferred embodiment
there are linear actuators located both inside and
outside the drive ring. In particular, these linear
actuators may be provided in pairs, with one of each
pair being located outside the ring and the other
being at a corresponding location inside the ring.
Preferably, the linear actuators in each pair are at
an angle to each other; more preferably the linear
actuators in each pair are angled such that the force
they provide in the direction of turning the drive
ring is additive but the force each provides in
directions other than the direction of turning the
drive ring is cancelled out by the other actuator in
the pair. The annular drive system may be indexed or
continuous. Accordingly, the building may be rotatable
in an indexed fashion, by set increments, or
continuously. In one embodiment, the annular drive
system is indexed, and comprises a ratcheted annular
drive ring and a set of one or more drive means for
turning the drive ring by one or more ratcheted
amounts in a single direction. In one embodiment, the
system further comprises second set of one or more
drive means, in the opposite direction to the first
set of drive means, such that the building could be
indexed in either direction.The annular drive ring may
be discrete or continuous. In one embodiment, there is
a single continuous annular drive ring. In an
alternative embodiment, the annular drive ring is made
up of two or more discrete units. For example, the
annular drive ring may be made up of five or more
discrete units, preferably ten or more discrete units,
such as twenty or more discrete units, for example
thirty or more discrete units, such as forty or more
discrete units, e.g. forty two or more discrete units.
When the annular drive ring is made up of discrete
units, these may or may not contact each other,
provided that the annular drive ring units are able to
move over the fixed outer support such that the
annular drive system is rotated via a planar to planar
bearing system. The use of a modular system is
beneficial. The use of two or more discrete units may
be advantageous in that it allows for more ready
replacement of the annular drive ring in the event its
lower surface becomes worn. In one embodiment, the
discrete units making up the annular drive ring are
adapted such that each can be jacked up. This then
enables the adjacent discrete units to be pressurised,
thus relieving the load on the discrete unit to be
replaced. The annular drive ring and fixed outer
support may both be made up of two or more discrete
units. In this case, the annular drive ring and fixed
outer support therebelow, with the annular ring being
rotatable over the 



fixed outer support, may be provided by the use of pot
bearings arranged into a ring shape. For example
twenty or more pot bearings may be arranged into a
ring shape, preferably thirty or more pot bearings,
such as forty or more pot bearings, e.g. forty two or
more pot bearings. The pot bearings may have any
suitable combination of sliding/bearingsurfaces, in
accordance with the above discussion of the suitable
materials for the planar surfaces; for example dimpled
PTFE surface with a stainless steel surface. The units
for the annular drive ring and/or the units for the
fixed outer support may be any suitable shape and
size. They may, for example, each be independently be
selected from rectangular, square and circular shapes
. The number of units for the annular drive ring
and/or units for the fixed outer support may be
selected appropriately in view of the weight and
height of the building. Equally, the shape and size of
these units may be selected bearing in mind the weight
and height of the building. The building structure may
comprise one or more portions that are stationery and
that bear the majority of the building weight (load)
when the building is to be stationery, whilst the
annular drive system may comprise one or more portions
that move and that that bear at least a portion of the
building weight when the building is to be rotated,
the building structure further comprising means for
transferring load from the stationery portions to the
moveable portions. Sufficient load should be
transferred to the moveable portions such that when
the moveable portions are moved, this causes rotation
of the building. The stationery portions may, for
example, bear 80% or more, such as 90% or more, e.g.
95% or more of the building weight when the building
is to be stationery. Accordingly, when the building is
to be stationery the moveable portions may, for
example, bear 20% or less of the building weight, e.g.
about 5 to 20%.When load has been transferred, when
the building is to be rotated, the moveable portions
may, for example, bear at least 50% or more of the
building weight when the building is to be rotated,
such as 60% or more; preferably the moveable portions
bear 70% or more of the building weight when the
building is to be rotated, for example 80% or more,
e.g. 90% or more, such as 95% or more. In this
embodiment, in order to permit rotation of the annular
drive system over the fixed outer support via a planar
to planar bearing system, it is only necessary for at
least one of the planar lower surface of the moveable
portions of the annular drive system and the planar
upper surface of the fixed outer support to be a
bearing material in the region where the planar lower
surface of the moveable portions of the annular drive
system and the planar upper surface of the fixed outer
support in use contact one another. The means for
transferring load from the stationery portions to the
moveable portions may, for example, be pressurisers
that are used to apply pressure under the moveable
portions to transfer load from the stationery portions
to the moveable portions; for example inflation with a
gas, such as air, or with a liquid, such as oil or
water, or with wedges 



could be used to apply pressure under the moveable
portions to transfer load from the stationery portions
to the moveable portions. In one embodiment, a
hydraulic fluid is used to apply pressure under the
moveable portions to transfer load from the stationery
portions to the moveable portions. Suitably, the load
transferors are also able to transfer load back to the
stationery portions from the moveable portions. For
example, ifpressurisers are used, the pressure under
the moveable portions can be released by
de-pressurising. The moveable portions suitably have a
high friction surface, so that when the 1oad is
transferred to the moveable portions there is a degree
of attachment, directly or indirectly, to the building
by friction. In one embodiment, the annular drive
system includes an annular drive ring that is moveable
and that bears at least a portion of the building
weight when the building is to be rotated and the
building system includes a stationery ring that bears
the majority of the building weight (load) when the
building is to be stationery, the building structure
further comprising means for transferring load from
the stationery portions to the moveable portions. The
stationery ring may be located inside or outside the
annular ring. In one embodiment, the annular drive
system includes an annular drive ring that comprises
one or more moveable pads. The annular drive ring may
comprise any suitable number of pads but may
preferably comprise four or more moveable pads, e.g.
eight or more, such as ten or more; preferably 12 or
more, e.g. 20 or more, such as 24 or more moveable
pads. The moveable pads preferably can move in a
circumferential motion; most preferably they slide in
a circumferential motion. In this embodiment, the
building structure also includes one or more
stationery pads. The building structure may comprise
any suitable number of stationery pads. Preferably it
comprises four or more stationery pads, e.g. eight or
more, such as ten or more; preferably 12 or more, e.g.
20 or more, such as 24 or more stationery pads. In one
embodiment, there are at least the same number of as
stationery pads asmoveable pads. Preferably, there are
twice as many stationery pads as moveable pads. In one
embodiment, the moveable pads are interspaced between
the stationery pads. In particular, the movable pads
and the stationery pads may together form a ring that
comprises alternating moveable pads and stationery
pads. When the building is stationery, the majority of
the building weight (load) is on the stationery
portions. However, when the building is to be rotated,
at least a portion of this load is transferred onto
the moveable portions and the drive means, e.g. linear
actuators, move the moveable portions to in turn cause
rotation of the building. Sufficient load should
therefore be transferred to the moveable portions such
that when the moveable portions are moved, this causes
rotation of the building. After movement of the
moveable portions, the load is transferred back onto
the stationery portions. The moveable portions may
then be returned to their original position. The use
of such a system avoids the need for a ratchet system.



Additionally, bearing material need only be present at
the area of contact, during movement, between the
moveable portions of the annular drive ring and the
outer support. The rotatable building structure of the
present invention may be provided with one or more
seals as appropriate to protect the planar to planar
bearing system from ingress of dirt or other
contaminants . The rotatable building structure may
further comprise a load bearing body below the
building. In particular, the load bearing body may be
a sealedbody of liquid, such as water. The sealed body
of liquid may be pressurised as required to provide a
desired level of load bearing. The inclusion of such a
load bearing body is advantageous as with high weight
buildings the weight on the bearing may became too
high, and therefore an additional load bearing body
reduces the weight on the bearing. In particular, when
the load bearing body is a sealed body of liquid, such
as water, the liquid pressure removes some of the
effective weight to the bearings and lowers the
required rotational resistive force. The pressure of
the liquid is set low enough to still ensure stability
of the building. The liquid pressure may be applied
via a header tank, e.g. from the top of the building,
and trimmed to achieve the desired operating pressure.
When not rotating it is preferred that the liquid
pressure is maintained but is isolated to avoid
excessive liquid loss in the accidental event of seal
failure. During rotation the pressure will be
reapplied and monitored to ensure correct residual
bearing loads. The pressure may be selected to reduce
frictional resistance but to maintain sufficient
bearing load to prevent any lift-off during extreme
wind loading. In a seismic event any lift-off of the
bearings will cause seal rupture and will
instantaneously restore the full building load to the
bearing. As a further security feature, in the event
of any abnormal conditions a fast-acting valve will
release the liquid pressure and restore the full
building load to the bearing. The building may be
rotatable by any suitable amount, for example one
degree or more, such as 10 degrees or more, such as 30
degrees or more; preferably 45 degrees or more, for
example 60 degrees or more; preferably 90 degrees or
more, for example 135 degrees or more, such as150
degrees or more; more preferably 180 degrees or more,
for example 225 degrees or more; more preferably 270
degrees or more, for example 315 degrees or more; for
example the building is rotatable by 360 degrees or
more; most preferably continuously rotatable for one
revolution or more, i.e. it is fully rotatable.
Preferably, the building is rotatable in both a
clockwise and an anti clockwise direction. However, in
one embodiment the building may be rotatable in one
direction only, for example the building may be
rotatable in only an anti clockwise direction or the
building may be rotatable in only a clockwise
direction. In one embodiment, the building comprises a
first set of one or more linear actuators located so
as to be able to push clockwise, and a second set of
one or more linear actuators located in the opposite
direction so as to be able to push anticlockwise, and
thus the building is rotatable in both 



a clockwise and an anti-clockwise direction. The
building may be rotated at any suitable speed. In one
embodiment, the building can be rotated at an annular
speed of lmm/sec or more, such as 2mm/sec or more,
preferably 3mm/sec or more, e.g. 5mm /sec or more. The
building may be rotated at any suitable average (mean)
speed. In one embodiment, the building can be rotated
at an average (mean) annular speed of 2.5mm/min or
more, such as 5mm/min or more, preferably 7.5mm/min or
more, e.g. 10mm /min or more. In one embodiment, the
building can be rotated at an average (mean) annular
speed of lmm/sec ormore, such as 2mm/sec or more,
preferably 3mm/sec or more, e.g. 5mm /sec or more. The
building rotation speed may be changed during
rotation. In this regard, the building rotation speed
may be increased and/or decreased during rotation. In
one embodiment, there is one or more speed change
during the rotation, e.g. two or more, such as three
or more speed changes. The speed changes may be
independently selected from one or more increase in
speed and one or more decrease in speed. When the
rotation of the building is indexed, the building may
rotate any suitable distance per index. For example,
the building may rotate by 10mm or more per index,
such as 50mm or more per index, preferably 100mm or
more per index, such as 250mm or more per index, more
preferably 500mm or more per index, such as 750mm or
more per index, e.g. 800 mm or more per index. In one
embodiment, the building can be used as a time piece,
e.g. a lunar time piece, weekly time piece or a time
piece that indicates any other measurement of time.
The building may be any type of commercial or
non-commercial building. Preferably, the building is a
commercial building. For example, the building may be
a hotel, restaurant, conference centre, multi-storey
car park, office block, pub or club. In one
embodiment, the building is a tower. The building may
have any suitable number of floors; for example it may
have two or more floors, such as five or more floors;
preferably ten or more floors, such as twenty or more
floors, for example thirty or more floors.The present
invention will now be further described, by means of
example only, with reference to the accompanying
drawings in which: Figure 1 is a cross sectional
diagram of the lower part of a rotatable building
structure in accordance with the invention; Figure 2
is a cross sectional diagram showing in detail the
annular drive system of the building structure of
Figure 1; Figure 3 is a plan diagram from above
showing in detail the annular drive system of the
building structure of Figure 1; Figure 4 is a plan
diagram from above showing in detail a first
alternative annular drive system that could be used in
the building structure of Figure 1; Figure 5 is a plan
diagram from above showing in detail a second
alternative annular drive system that could be used in
the building structure of Figure 1; and 



Figure 6 is a perspective view showing in detail part
of an alternative annular drive system that could be
used in the building structure of Figure 1. Figures
1-3 show a rotatable building structure 1 that
comprises a vertically extending building 2 having a
number of floors 2a. The building is provided with a
base slab 2b at its base.The structure 1 also
comprises a fixed central foundation support 3 for
supporting the building 2. This support 3 is located
centrally beneath the building 2, where it contacts
the building and takes load therefrom. The structure 1
further comprises an outer support 7, which is annular
and located lower than the building 2. The annular
outer support 7 is located such that the fixed central
foundation support 3 is at its centre. The outer
support 7 has a planar upper surface 7a. The upper
surface 7a of the outer support 7 is stainless steel.
The structure 1 further comprises a rotatable annular
drive system 4. This system is located lower than the
building 2, but above the outer support 7. The annular
drive system 4 acts to rotate the building 2. The
annular drive system 4 comprises an annular drive ring
5 and linear actuators 6 for turning the drive ring.
The annular drive ring 5 has an upper surface 5a that
is attached to the building 2 and a lower surface 5b
that is planar and contacts the planar upper surface
7a of the outer support 7 . The annular drive ring 5
is ratcheted, being provided with a number of engaging
teeth 8 around its outer curved surface 5d and its
inner curved surface 5c. In the embodiment pictured,
there are a total of 84 engaging teeth around its
outer curved surface 5d and a total of 84 engaging
teeth around its inner curved surface 5c, but the
skilled man will appreciate that any suitable number
of teeth may be used depending upon the desired number
of degrees to be turned per index.In the embodiment
pictured, there are twenty-eight linear actuators 6,
with fourteen spaced equally around the outer curved
surface 5d of the annular drive ring 5 and fourteen
spaced equally around the inner curved surface 5c of
the annular drive ring 5. Again, the skilled man will
appreciate that any suitable number of actuators may
be used depending upon the desired amount of torque.
As illustrated in Figure 3, in this embodiment the
linear actuators 6 are provided in pairs, with one of
each pair being located outside the ring 5 and the
other being at a corresponding location inside the
ring 5. However, in alternative embodiments the linear
actuators 6 may be provided only on the inside 5c of
the ring 5, or only on the outside 5d of the ring 5.
Figure 4 illustrates such an alternative annular drive
system, where there are only linear actuators 6 on the
outside 5d of the ring 5. In the embodiment of Figure
4 the annular drive ring 5 is also not ratcheted. In
the embodiment of Figure 3, the linear actuators 6 in
each pair are tangentially angled such that the force
they provide in the direction of turning the drive
ring 5 is additive but the force each provides in
directions other than the direction of turning the
drive ring 5 is cancelled out by the other actuator in
the pair. The linear actuators 6 may in particular be
hydraulic rams or screw jacks. 



The planar lower surface 5a of the annular drive
system is provided with a layer of bearing material
having a coefficient of friction of 0.3 or lower. In
one embodiment this material is PTFE or
bronze.Accordingly, the annular drive system 4 rotates
via a planar to planar bearing system, with the planar
lower surface of the annular drive ring 5 being able
to rotate over the upper surface 7a of the outer
support 7. Optionally, the surfaces of this planar to
planar bearing system may be lubricated. In use, the
linear actuators 6 are used to drive the annular drive
ring 5, with each linear actuator 6 engaging with an
engaging tooth 8 on the annular drive ring 5. The
annular drive ring therefore rotates over the upper
surface 7a by a set ratcheted amount. The rotation of
the annular drive ring 5 lead to a corresponding
rotation of the building 2 that is attached to the
drive ring 5. The building 2 is rotatable in discrete
indexed rotation through as many degrees as required,
i.e. it is fully rotatable. In this example the
building is only rotated in the clockwise direction as
all the linear actuators are positioned so as the push
in a clockwise direction. However, as illustrated in
Figure 5, by including a second set of linear
actuators 6a pointing in the opposite direction the
building can be rotated in both a clockwise and an
anti-clockwise direction. In the embodiment of Figure
5, as in Figure 4, there are only linear actuators 6
on the outside 5d of the ring 5 and the ring is not
ratcheted. In Figure 6 part of an alternative annular
drive system is shown, which could be used in the
system of Figure 1. The alternative annular drive
system comprises an annular drive ring made up of a
number of themoveable pads 15 shown in Figure 6. The
skilled man will appreciate that any suitable number
of the moveable pads 15 could be used to make up the
annular drive ring. The total number of pads to be
used may in particular be selected in view of the
height and weight if the building; however, there may,
for example, be 24. The moveable pads 15 are
interspaced between stationery pads 17. Linear
actuators 16 for moving the moveable pads are also
provided. The annular drive ring has an upper surface
that contacts the building and a lower surface that is
planar and contacts the planar upper surface of the
outer support. Each moveable pad 15 is shown to be
attached to a pair of linear actuators 16 for moving
the pad. However, the skilled man would understand
that any suitable number of linear actuators could be
used for moving each pad. The linear actuators 16 may
in particular be hydraulic rams or screw jacks. Each
moveable pad 15 is also provided with a pressuring
system (not shown) , such as an oil based inflation
system, for transferring at least a portion of the
weight of the building (load) to the moveable pads 15
from the stationery pads 17. When the inflation system
is pressurised, load is transferred to the moveable
pads 15; when it is depressurised the load is
transferred back to the stationery pads 17. Sufficient
load must be transferred to the moveable pads 15 such
that when the moveable pads 15 are moved, the building
is rotated.The upper surface 7a of the outer support
is provided with a layer of 



bearing material having a coefficient of friction of
0.3 or lower in the region where it contacts the lower
surface of the moveable pads 15. Accordingly, the
annular drive system rotates via a planar to planar
bearing system, with the planar lower surface of the
moveable pads 15 being able to rotate over the upper
surface 7a of the outer support. The surfaces of this
planar to planar bearing system may be lubricated.
When the building is stationery, the majority of the
load is on the stationery pads 17. However, when the
building is to be rotated, load is transferred onto
the moveable pads 15 and the linear actuators 16 move
the moveable pads 15 to cause rotation of the
building. After movement of the moveable pads, the
load is transferred back onto the stationery pads 17.
The moveable pads 15 may then be returned to their
original position.CLAIMS 1. A rotatable building
structure that comprises: a vertically extending
building having one or more floors; a fixed core
support for supporting the building, located
substantially centrally beneath the building; a
rotatable annular drive system for rotating the
building, located lower than the building and with its
centre substantially aligned with the vertical
centreline of the building, the system having an upper
surface and a planar lower surface; and a fixed outer
support, located beneath the annular drive system, the
support having a planar upper surface that contacts
the planar lower surface of the annular drive system;
wherein at least one of the lower surface of the
annular drive system and the upper surface of the
fixed outer support comprises a bearing material,
permitting rotation of the annular drive system over
the fixed outer support, such that the annular drive
system is rotated via a planar to planar bearing
system. 2. The rotatable building structure of Claim 1
wherein the fixed outer support is a single continuous
fixed outer support that extends beneath the planar
lower surface of the annular drive system. 3. The
rotatable building structure of Claim 1 wherein the
fixed outer support is made up of two or more discrete
units. 4. The rotatable building structure of Claim 3
wherein the fixed outer support is made up of twenty
or more discrete units .5. The rotatable building
structure of Claim 4 wherein the fixed outer support
is made up of forty or more discrete units. 6. The
rotatable building structure of any one of the
preceding claims wherein the fixed outer support is
present beneath substantially all or all of the lower
surface of the annular drive system. 7. The rotatable
building structure of any one of the preceding claims
wherein the fixed outer support is annular. 8. The
rotatable building structure of any one of the
preceding claims wherein both the planar lower surface
of the annular drive system and the planar upper
surface of the fixed outer support are bearing
materials. 9. The rotatable building structure of any
one of claims 1 to 7 wherein only the planar lower
surface of the annular drive system is 



bearing material. 10. The rotatable building structure
of any one of claims 1 to 7 wherein only the planar
upper surface of the fixed outer support is bearing
material. 11. The rotatable building structure of any
one of the preceding claims wherein the bearing
material is present due to there being a coating or
layer of bearing material provided on the lower
surface of the annular drive system and/or the upper
surface of the fixed outer support. 12. The rotatable
building structure of any one of the preceding claims
wherein the bearing material is selected from alloys,
plastics materials, greased metals, and oil filled
pads.13. The rotatable building structure of Claim 12
wherein the bearing material is selected from bronze
and PTFE. 14. The rotatable building structure of any
one of the preceding claims wherein in use the bearing
material has a static coefficient of friction of 0.3
or lower. 15. The rotatable building structure of
Claim 14 wherein in use the bearing material has a
static coefficient of friction of 0.1 or lower. 16.
The rotatable building structure of Claim 15 wherein
in use the bearing material has a static coefficient
of friction of 0.05 or lower. 17. The rotatable
building structure of any one of the preceding claims
wherein in use the bearing material has a dynamic
coefficient of friction of 0.3 or lower. 18. The
rotatable building structure of Claim 17 wherein in
use the bearing material has a dynamic coefficient of
friction of 0.1 or lower. 19. The rotatable building
structure of Claim 18 wherein in use the bearing
material has a dynamic coefficient of friction of 0.05
or lower. 20. The rotatable building structure of any
one of the preceding claims wherein in use the bearing
material has a static coefficient of friction and a
dynamic coefficient of friction that differ by 0.05 or
less. 21. The rotatable building structure of Claim 20
wherein in use the bearing material has a static
coefficient of friction and a dynamic coefficient of
friction that differ by 0.005 or less.22. The
rotatable building structure of any one of the
preceding claims wherein the planar surfaces are
lubricated in order to achieve an appropriate
coefficient of friction for the bearing material. 23.
The rotatable building structure of any one of the
preceding claims wherein the annular drive system
comprises an annular drive ring and one or more drive
means for turning the drive ring. 24. The rotatable
building structure of Claim 23 wherein the or each
drive means is selected from: linear actuators, gears,
and grip and push clamp systems. 25. The rotatable
building structure of Claim 24 wherein the or each
drive means is a linear actuator selected from rams
and screw jacks. 26. The rotatable building structure
of any one of claims 23 to 25 wherein the annular
drive system comprises an annular drive ring and ten
or more linear actuators for turning the drive ring.
27. The rotatable building structure of any one of
claims 23 to 26 wherein there are drive means located
only outside the drive ring. 28. The rotatable
building structure of any one of claims 23 to 26 



wherein there are drive means located only inside the
drive ring. 29. The rotatable building structure of
any one of claims 23 to 26 wherein there are drive
means located both inside and outside the drive ring.
30. The rotatable building structure of Claim 29
wherein the drive means are linear actuators and these
linear actuators are provided inpairs, with one of
each pair being located outside the ring and the other
being at a corresponding location inside the ring. 31.
The rotatable building structure of any one of the
preceding claims wherein there is a single continuous
annular drive ring. 32. The rotatable building
structure of any one of claims 1 to 30 wherein the
annular drive ring is made up of two or more discrete
units. 33. The rotatable building structure of Claim
32 wherein the annular drive ring is made up of twenty
or more discrete units . 34. The rotatable building
structure of Claim 33 wherein the annular drive ring
is made up of forty or more discrete units. 35. The
rotatable building structure of any one of the
preceding claims wherein the building is rotatable by
180 degrees or more. 36. The rotatable building
structure of Claim 35 wherein the building is
rotatable by 360 degrees or more. 37. The rotatable
building structure of Claim 36 wherein the building is
continuously rotatable for one revolution or more. 38.
The rotatable building structure of any one of the
preceding claims wherein the building is rotatable in
both a clockwise and an anti clockwise direction. 39.
The rotatable building structure of any one of the
preceding claims wherein the building is a hotel,
restaurant, conference centre, multi storey car park,
office block, pub or club.40. The rotatable building
structure of any one of the preceding claims wherein
the building has ten or more floors. 41. The rotatable
building structure of Claim 40 wherein the building
has twenty or more floors. 


