
CHEMICAL COMPOUNDS The present invention relates to
piperidine derivatives, to processes for preparing
them, to insecticidal, acaricidal, molluscicidal and
nematicidal compositions comprising them and to
methods of using them to combat and control insect,
acarine, mollusc and nematode pests. Piperidine
derivatives with fungicidal properties are disclosed
in for example in EP494717. It has now surprisingly
been found that certain piperidines have insecticidal
properties. The present invention therefore provides a
method of combating and controlling insects, acarines,
nematodes or molluscs which comprises applying to a
pest, to a locus of a pest, or to a plant susceptible
to attack by a pest an insecticidally, acaricidally,
nematicidally or molluscicidally effective amount of a
compound of formula (I): Y is a single bond, C=O, C=S
or S(O)m where m is 0, 1 or 2; the ring is a 6
membered aromatic ring or is a 5 or 6 membered
heteroaromatic ring; r I Z and Z' are joined by a
single or a double bond and are =C- or -N- provided
that both are not N;R1 is hydrogen, optionally
substituted alkyl, optionally substituted
alkoxycarbonyl, optionally substituted alkylcarbonyl,
aminocarbonyl, optionally substituted
alkylaminocarbonyl, optionally substituted
dialkylaminocarbonyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally
substituted alkoxy, optionally substituted aryloxy,
optionally substituted heteroaryloxy, optionally
substituted heterocyclyloxy, cyano, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted cycloalkyl, optionally
substituted cycloalkenyl, formyl, optionally
substituted heterocyclyl, optionally substituted
alkylthio, NO or NR13R14 where R13 and R14 are
independently hydrogen, COR15, optionally substituted
alkyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted
heterocyclyl or R13 and R14 together with the N atom
to which they are attached form a group -N=C(R
16)-NR17R18 or R13 and R14 together with the N atom to
which they are attached form a five, six or
seven-membered heterocyclic ring which may contain one
or two further heteroatoms selected from O, N or S and
which may be optionally substituted by one or two Ci-6
alkyl groups; R15 is H, optionally substituted alkyl,
optionally substituted alkoxy, optionally substituted
aryl, optionally substituted aryloxy optionally
substituted heteroaryl, optionally substituted
heteroaryloxy or NR19R20; R16 , R17 and R18 are each
independently H or lower alkyl; R19 and R20 are
independently optionally substituted alkyl, optionally
substituted aryl or optionally substituted heteroaryl;
R2 is H, hydroxy, optionally substituted alkoxy or
optionally substituted alkyl; or R1 and R2 together
with the groups Y and N form a 5-or 6-membered
heterocyclic ring which may optionally contain one
further heteroatom selected from O, N or S and which
may be optionally substituted by C1-4 alkyl, C1-4
haloalkyl or halogen; R3 is H, OH, halogen or
optionally substituted alkyl; R3a is H or R3 and R3a
together form a bond; each R4 is independently
halogen, nitro, cyano, optionally substituted C1-8
alkyl, optionally substituted C2-6 alkenyl, optionally
substituted C2-6 alkynyl, optionally substituted
alkoxycarbonyl, optionally substituted alkylcarbonyl,
optionally substituted alkylaminocarbonyl, optionally
substituted dialkylaminocarbonyl, optionally
substituted C3-7 cycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally
substituted heterocyclyl, optionally substituted
alkoxy, optionally substituted aryloxy, optionally
substituted heteroaryloxy, optionally substituted
alkylthio or R2 1R22N where R2 1 and R22 are,
independently, hydrogen, Ci-8 alkyl, C3-7 cycloalkyl,
C3-6 alkenyl, C3-6 alkynyl,C3-7 cycloalkyl(C1-4)alkyl,
C2-6 haloalkyl, C1-6 alkoxy(C1-6)alkyl, C1-6
alkoxycarbonyl or R21 and R22 together with the N atom
to which they are attached form a five, six or
sevenmembered heterocyclic ring which may contain one
or two further heteroatoms selected from O, N or S and
which maybe optionally substituted by one or two C1-6
alkyl groups, or 2 adjacent groups R4 together with
the carbon atoms to which they are attached form a 4,
5, 6,or 7 membered carbocyclic or heterocyclic ring
which may be optionally substituted by halogen; n is
0, 1, 2, 3 or 4; R8 is optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted alkoxy,
optionally substituted aryloxy, optionally substituted
alkoxycarbonyl, optionally substituted alkylcarbonyl
or optionally substituted alkenylcarbonyl; each Ra is
independently halogen, hydroxy, cyano, optionally
substituted C1-8 alkyl, optionally substituted C2-6
alkenyl, optionally substituted C2-6 alkynyl,
optionally substituted alkoxycarbonyl, optionally
substituted alkylcarbonyl, optionally substituted 



alkylaminocarbonyl, optionally substituted
dialkylaminocarbonyl, optionally substituted C3-7
cycloalkyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted
heterocyclyl, optionally substituted alkoxy,
optionally substituted aryloxy, optionally substituted
heteroaryloxy, optionally substituted alkylthio,
optionally substituted arylthio or R R N where R and R
are, independently, hydrogen, C1-8 alkyl, C3-7
cycloalkyl, C3-6 alkenyl, C3-6 alkynyl, C3-7
cycloalkyl(C1-4)alkyl, C2-6 haloalkyl, C1-6
alkoxy(C1-6)alkyl, C1-6 alkoxycarbonyl or R23 and R24
together with the N atom to which they are attached
form a five, six or seven-membered heterocyclic ring
which may contain one or two further heteroatoms
selected from O, N or S and which may be optionally
substituted by one or two C1-6 alkyl groups, or two Ra
groups attached to the same carbon atom are =O, =S,
=NRb, =CRcRd where Rb, Rc and Rd are independently H
or optionally substituted alkyl; p is 0, 1, 2, 3 or 4
or salts or N-oxides thereof. The compounds of formula
(I) may exist in different geometric or optical
isomers or tautomeric forms. This invention covers all
such isomers and tautomers and mixtures thereof in all
proportions as well as isotopic forms such as
deuterated compounds. Each alkyl moiety either alone
or as part of a larger group (such as alkoxy,
alkoxycarbonyl, alkylcarbonyl, alkylaminocarbonyl,
dialkylaminocarbonyl) is a straight or branched chain
and is, for example, methyl, ethyl, n-propyl, n-butyl,
n-pentyl, n-hexyl, iso- Apropyl, n-butyl, sec-butyl,
iso-butyl, tert-butyl or neo-pentyl. The alkyl groups
are suitably C1 to C12 alkyl groups, but are
preferably C1-C10, more preferably C1-C8, even more
preferably preferably C1-C6 and most preferably C1-C4
alkyl groups. When present, the optional substituents
on an alkyl moiety (alone or as part of a larger group
such as alkoxy, alkoxycarbonyl, alkylcarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl) include one
or more of halogen, nitro, cyano, NCS-, C3 7
cycloalkyl (itself optionally substituted with C1-6
alkyl or halogen), C5-7 cycloalkenyl (itself
optionally substituted with C1-6 alkyl or halogen),
hydroxy, C1-10 alkoxy, C1-10 alkoxy(C 1-10)alkoxy,
tri(C 1-4)alkylsilyl(C 1-6)alkoxy, C1-6
alkoxycarbonyl(C 1-10)alkoxy, C1-10 haloalkoxy,
aryl(C1-4)- alkoxy (where the aryl group is optionally
substituted), C3-7 cycloalkyloxy (where the cycloalkyl
group is optionally substituted with C1-6 alkyl or
halogen), C2-10 alkenyloxy, C2-10 alkynyloxy, SH,
C1-10 alkylthio, C1-10 haloalkylthio,
aryl(C1-4)alkylthio (where the aryl group is
optionally substituted), C3-7 cycloalkylthio (where
the cycloalkyl group is optionally substituted with
C1-6 alkyl or halogen), tri(C
1-4)alkylsilyl(C1-6)alkylthio, arylthio (where the
aryl group is optionally substituted), C1-6
alkylsulfonyl, C1-6 haloalkylsulfonyl, C1-6
alkylsulfmyl, C1-6 haloalkylsulfmyl, arylsulfonyl
(where the aryl group may be optionally substituted),
tri(C 1-4)alkylsilyl, aryldi(C1-4)alkylsilyl,
(C1-4)alkyldiarylsilyl, triarylsilyl, C1-10
alkylcarbonyl, HO2C, C1-10 alkoxycarbonyl,
aminocarbonyl, C1-6 alkylaminocarbonyl, di(C1-6
alkyl)aminocarbonyl, N-(C 1-3 alkyl)-N-(C 1-3
alkoxy)aminocarbonyl, C1-6 alkylcarbonyloxy,
arylcarbonyloxy (where the aryl group is optionally
substituted), di(C1-6)alkylaminocarbonyloxy, oximes
such as =NOalkyl, =NOhaloalkyl and =NOaryl (itself
optionally substituted), aryl (itself optionally
substituted), heteroaryl (itself optionally
substituted), heterocyclyl (itself optionally
substituted with C1-6 alkyl or halogen), aryloxy
(where the aryl group is optionally substituted),
heteroaryloxy, (where the heteroaryl group is
optionally substituted), heterocyclyloxy (where the
heterocyclyl group is optionally substituted with C1-6
alkyl or halogen), amino, C1-6 alkylamino,
di(C1-6)alkylamino, C1-6 alkylcarbonylamino, N-(C
1-6)alkylcarbonyl-N-(C 1-6)alkylamino, C -6
alkenylcarbonyl, C2-6 alkynylcarbonyl, C3-6
alkenyloxycarbonyl, C3-6 alkynyloxycarbonyl,
aryloxycarbonyl (where the aryl group is optionally
substituted) and arylcarbonyl (where the aryl group is
optionally substituted).Alkenyl and alkynyl moieties
can be in the form of straight or branched chains, and
the alkenyl moieties, where appropriate, can be of
either the (E)- or (c)-configuration. Examples are
vinyl, allyl and propargyl. When present, the optional
substituents on alkenyl or alkynyl include those
optional substituents given above for an alkyl moiety.
In the context of this specification acyl is
optionally substituted C1-6 alkylcarbonyl (for example
acetyl), optionally substituted C2-6 alkenylcarbonyl,
optionally substituted C2-6 alkynylcarbonyl,
optionally substituted arylcarbonyl (for example
benzoyl) or optionally substituted heteroarylcarbonyl.
Halogen is fluorine, chlorine, bromine or iodine.
Haloalkyl groups are alkyl groups which are
substituted with one or more of the same or different
halogen atoms and are, for example, CF3, CF Cl, CF3CH2
or CHF2CH2. In the context of the present
specification the terms "aryl", "aromatic ring" and
"aromatic ring system" refer to ring systems which may
be mono-, bi- or tricyclic. Examples of such rings
include phenyl, naphthalenyl, anthracenyl, indenyl or
phenanthrenyl. A 



preferred aryl group is phenyl. In addition, the terms
"heteroaryl", "heteroaromatic ring" or "heteroaromatic
ring system" refer to an aromatic ring system
containing at least one heteroatom and consisting
either of a single ring or of two or more fused rings.
Preferably, single rings will contain up to three and
bicyclic systems up to four heteroatoms which will
preferably be chosen from nitrogen, oxygen and
sulphur. Examples of such groups include furyl,
thienyl, pyrrolyl, pyrazolyl, imidazolyl,
1,2,3-triazolyl, 1,2,4-triazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, 1,2,3-triazinyl,
1,2,4-triazinyl, 1,3,5-triazinyl, benzofuryl,
benzisofuryl, benzothienyl, benzisothienyl, indolyl,
isoindolyl, indazolyl, benzothiazolyl,
benzisothiazolyl, benzoxazolyl, benzisoxazolyl,
benzimidazolyl, 2,1,3- benzoxadiazole quinolinyl,
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, benzotriazinyl, purinyl,
pteridinyl and indolizinyl. Preferred examples of
heteroaromatic radicals include pyridyl, pyrimidyl,
triazinyl, thienyl, furyl, oxazolyl, isoxazolyl,
2,1,3-benzoxadiazole and thiazolyl.The terms
heterocycle and heterocyclyl refer to a non-aromatic
ring containing up to 10 atoms including one or more
(preferably one or two) heteroatoms selected from O, S
and N. Examples of such rings include 1,3-dioxolane,
tetrahydrofuran and morpholine. When present, the
optional substituents on heterocyclyl include C1-6
alkyl and C1-6 haloalkyl as well as those optional
substituents given above for an alkyl moiety.
Cycloalkyl includes cyclopropyl, cyclopentyl and
cyclohexyl. Cycloalkenyl includes cyclopentenyl and
cyclohexenyl. When present, the optional substituents
on cycloalkyl or cycloalkenyl include C1-3 alkyl as
well as those optional substituents given above for an
alkyl moiety. Carbocyclic rings include aryl,
cycloalkyl and cycloalkenyl groups. When present, the
optional substituents on aryl or heteroaryl are
selected independently, from halogen, nitro, cyano,
NCS-, C1-6 alkyl, C1-6 haloalkyl, C1-6 alkoxy-
(C1-6)alkyl, C2-6 alkenyl, C2-6 haloalkenyl, C2-6
alkynyl, C3-7 cycloalkyl (itself optionally
substituted with C1-6 alkyl or halogen), C -7
cycloalkenyl (itself optionally substituted with C1-6
alkyl or halogen), hydroxy, C1-10 alkoxy, C1-10
alkoxy(C1-1o)alkoxy, tri(C1-4)alkylsilyl( C1-6)alkoxy,
C1-6 alkoxycarbonyl(C1-10)alkoxy, C1-10 haloalkoxy,
aryl(C1-4)alkoxy (where the aryl group is optionally
substituted with halogen or C1-6 alkyl), C3-7
cycloalkyloxy (where the cycloalkyl group is
optionally substituted with C1-6 alkyl or halogen),
C2-10 alkenyloxy, C2-10 alkynyloxy, SH, C1-10
alkylthio, C1-10 haloalkylthio, aryl(C1-4)alkylthio
C3-7 cycloalkylthio (where the cycloalkyl group is
optionally substituted with C1-6 alkyl or halogen),
tri(C 1-4)-alkylsilyl(C 1-6)alkylthio, arylthio, C1-6
alkylsulfonyl, C1-6 haloalkylsulfonyl, C1-6
alkylsulfmyl, C1-6 haloalkylsulfmyl, arylsulfonyl,
tri(C1-4)alkylsilyl, aryldi(C1-4)-alkylsilyl,
(C1-4)alkyldiarylsilyl, triarylsilyl, C1-10
alkylcarbonyl, HO2C, C1-10 alkoxycarbonyl,
aminocarbonyl, C1-6 alkylaminocarbonyl, di(C1-6
alkyl)-aminocarbonyl, N- (C1-3 alkyl)-N-(C1-3
alkoxy)aminocarbonyl, C1-6 alkylcarbonyloxy,
arylcarbonyloxy, di(C1-6)alkylamino-carbonyloxy, aryl
(itself optionally substituted with C1-6 alkyl or
halogen), heteroaryl (itself optionally substituted
with C1-6 alkyl or halogen), heterocyclyl (itself
optionally substituted with C1-6 alkyl or halogen),
aryloxy (where the aryl group is optionally
substituted with C1-6 alkyl or halogen), heteroaryloxy
(where the heteroaryl group is optionally substituted
with C1-6 alkyl or halogen), heterocyclyloxy (where
the heterocyclyl group is optionally substituted with
C1-6 alkyl or halogen), amino, C1-6 alkylamino, di(C1-
6)alkylamino, C1-6 alkylcarbonylamino, N-(C
1-6)alkylcarbonyl-N-(C 1-6)alkylamino,arylcarbonyl,
(where the aryl group is itself optionally substituted
with halogen or C1-6 alkyl) or two adjacent positions
on an aryl or heteroaryl system may be cyclised to
form a 5, 6 or 7 membered carbocyclic or heterocyclic
ring, itself optionally substituted with halogen or
C1- alkyl. Further substituents for aryl or heteroaryl
include aryl carbonyl amino (where the aryl group is
substituted by C1-6 alkyl or halogen),
(C1-6)alkyloxycarbonylamino
(C1-6)alkyloxycarbonyl-N-(C 1-6)alkylamino,
aryloxycarbonylamino (where the aryl group is
substituted by C1-6 alkyl or halogen),
aryloxycarbonyl-N-(C1-6)alkylamino, (where the aryl
group is substituted by C1-6 alkyl or halogen),
arylsulphonylamino (where the aryl group is
substituted by C1-6 alkyl or halogen),
arylsulphonyl-N-(C 1-6)alkylamino (where the aryl
group is substituted by C1-6 alkyl or halogen),
aryl-N-(C1-6)alkylamino (where the aryl group is
substituted by C1-6 alkyl or halogen), arylamino
(where the aryl group is substituted by C1-6 alkyl or
halogen), heteroaryl amino (where the heteroaryl group
is substituted by C1-6 alkyl or halogen),
heterocyclylamino (where the heterocyclyl group is
substituted by C1-6 alkyl or halogen),
aminocarbonylamino, C1-6 alkylaminocarbonyl amino,
di(C 1-6)alkylaminocarbonyl amino, arylaminocarbonyl
amino where the aryl group is substituted by C1-6
alkyl or halogen),
aryl-N-(C1-6)alkylaminocarbonylamino where the aryl
group is substituted by C1-6 alkyl or halogen), C1-6
alkylaminocarbonyl-N-(C 1-6)alkyl amino,
di(C1-6)alkylaminocarbonyl- 



N-(C 1-6)alkyl amino, arylaminocarbonyl-N-(C 1-6)alkyl
amino where the aryl group is substituted by C1-6
alkyl or halogen) and
aryl-N-(C1-6)alkylaminocarbonyl-N-(C 1-6)alkyl amino
where the aryl group is substituted by C1-6 alkyl or
halogen). For substituted phenyl moieties,
heterocyclyl and heteroaryl groups it is preferred
that one or more substituents are independently
selected from halogen, C1-6 alkyl, C1-6 haloalkyl,
C1-6 alkoxy(C1-6)alkyl, C1-6 alkoxy, C1-6 haloalkoxy,
C1-6 alkylthio, C1-6 haloalkylthio, C1-6 alkylsulfmyl,
C1-6 haloalkylsulfinyl, C1-6 alkylsulfonyl, C1-6
haloalkylsulfonyl, C2-6 alkenyl, C2-6 haloalkenyl,
C2-6 alkynyl, C3-7 cycloalkyl, nitro, cyano,
CO2H,"C1-6 alkylcarbonyl, C1-6 alkoxycarbonyl, R25R26N
or R27R28NC(O); wherein R25, R26, R27 and R28 are,
independently, hydrogen or C1-6 alkyl. Further
preferred substituents are aryl and heteroaryl groups.
Haloalkenyl groups are alkenyl groups which are
substituted with one or more of the same or different
halogen atoms. It is to be understood that
dialkylamino substituents include those where the
dialkyl groups together with the N atom to which they
are attached form a five, six or sevenmembered
heterocyclic ring which may contain one or two further
heteroatoms selected fromO, N or S and which is
optionally substituted by one or two independently
selected (C1-6)alkyl groups. When heterocyclic rings
are formed by joining two groups on an N atom, the
resulting rings are suitably pyrrolidine, piperidine,
thiomorpholine and morpholine each of which maybe
substituted by one or two independently selected
(C1-6) alkyl groups. Preferably the optional
substituents on an alkyl moiety include one or more of
halogen, nitro, cyano, HO2C, C1-10 alkoxy (itself
optionally substituted by C1-10 alkoxy),
aryl(C1-4)alkoxy, C1-10 alkylthio, C1-10
alkylcarbonyl, C1-10 alkoxycarbonyl, C1-6
alkylaminocarbonyl, di(C1-6 alkyl)aminocarbonyl,
(C1-6)alkylcarbonyloxy, optionally substituted phenyl,
heteroaryl, aryloxy, arylcarbonyloxy, heteroaryloxy,
heterocyclyl, heterocyclyloxy, C3-7 cycloalkyl (itself
optionally substituted with (C1-6)alkyl or halogen),
C3- 7 cycloalkyloxy, C -7 cycloalkenyl, C1-6
alkylsulfonyl, C1- alkylsulfinyl, tri(Ci-4)alkylsilyl,
tri(C 1-4)alkylsilyl(C 1-6)alkoxy,
aryldi(C1-4)alkylsilyl, (C1-4)alkyldiarylsilyl and
triarylsilyl. Preferably the optional substituents on
alkenyl or alkynyl include one or more of halogen,
aryl and C3-7 cycloalkyl. A preferred optional
substituent for heterocyclyl is C1-6 alkyl. Preferably
the optional substituents for cycloalkyl include
halogen, cyano and C1-3 alkyl. Preferably the optional
substituents for cycloalkenyl include C1-3 alkyl,
halogen and cyano. Preferred groups for T, Y, Ra, R1,
R2, R3, R3a, R4 and R8 in any combination thereof are
set out below. Preferably Y is a single bond, C=O or
C=S. More preferably Y is a single bond or C=O. Most
preferably Y is C=O. Preferably R1 is hydrogen, C1-6
alkyl, C1-6 cyanoalkyl, C1-6 haloalkyl, C3-7
cycloalky^C^alkyl, C1-6 alkoxy(C1-6)alkyl,
heteroaryl(C 1-6)alkyl (wherein the heteroaryl group
may be optionally substituted by halo, nitro, cyano,
C1-6 alkyl, C1-6 haloalkyl, C1-6 alkoxy, C1-6
haloalkoxy, C1-6 alkylsulfonyl, C1-6 alkylsulfinyl,
C1-6 alkylthio, C1-6 alkoxycarbonyl, C1-6
alkylcarbonylamino, arylcarbonyl, or two adjacent
positions on the heteroaryl system may be cyclised to
form a 5, 6 or 7 membered carbocyclic or heterocyclic
ring, itself optionally substituted with halogen),
aryl(C1-6)alkyl (wherein the aryl group may be
optionally substituted by halo, nitro, cyano, C1-6
alkyl, C1-6 haloalkyl, C1-6 alkoxy, C1-6haloalkoxy,
C1-6 alkylsulfonyl, C1-6 alkylsulfinyl, C1-6
alkylthio, C1-6 alkoxycarbonyl, C1-6
alkylcarbonylamino, arylcarbonyl, or two adjacent
positions on the aryl system maybe cyclised to form a
5, 6 or 7 membered carbocyclic or heterocyclic ring,
itself optionally substituted with halogen), C1-6
alkylcarbonylamino(C1-6)alkyl, aryl (which may be
optionally substituted by halo, m'tro, cyano, C1-6
alkyl, C1-6 haloalkyl, C1-6 alkoxy, C1-6 haloalkoxy,
C1-6 alkylsulfonyl, C1-6 alkylsulfinyl, C1-6
alkylthio, C1-6 alkoxycarbonyl, C1-6
alkylcarbonylamino, arylcarbonyl, or two adjacent
positions on the aryl system maybe cyclised to form a
5, 6 or 7 membered carbocyclic or heterocyclic ring,
itself optionally substituted with halogen),
heteroaryl (which may be optionally substituted by
halo, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6
alkoxy, C1-6 haloalkoxy, C1-6 alkylsulfonyl, C1-6
alkylsulfinyl, C1-6 alkylthio, C1-6 alkoxycarbonyl,
C1-6 alkylcarbonylamino, arylcarbonyl, or two adjacent
positions on the heteroaryl system maybe cyclised to
form a 5, 6 or 7 membered carbocyclic or heterocyclic
ring, itself optionally substituted with halogen),
C1-6 alkoxy, C1-6 haloalkoxy, phenoxy (wherein the
phenyl group is optionally substituted by halogen,
C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino), heteroaryloxy (optionally substituted
by halo, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl,
C1-6 alkoxy or C1-6 haloalkoxy), heterocyclyloxy
(optionally substituted by halo, C1-6 alkyl, C1-6
haloalkyl, C1-6 



alkoxy or C1-6 haloalkoxy), cyano, C -6 alkenyl, C2-6
alkynyl, C3-6 cycloalkyl, C5-7 cycloalkenyl,
heterocyclyl (optionally substituted by halo, nitro,
cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6 alkoxy or C1-6
haloalkoxy), C1-6 alkylthio, C1-6 haloalkylthio or
NR13R14 where R13 and R14 are independently hydrogen,
C1-6 alkyl, C1-6 haloalkyl, C1-6 alkoxytQ. 6)alkyl,
phenyl (which maybe optionally substituted by halogen,
C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO , aryl, heteroaryl, amino,
dialkylamino or C1-4 alkoxycarbonyl), phenyl
(C1-6)alkyl (wherein the phenyl group maybe optionally
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino, dialkylamino, C1-6 alkylsulfonyl, C1-6
alkoxycarbonyl, or two adjacent positions on the
phenyl ring maybe cyclised to form a 5, 6 or 7
membered carbocyclic or heterocyclic ring, itself
optionally substituted with halogen), heteroaryl
(C1-6)alkyl (wherein the heteroaryl group maybe
optionally substituted by halo, nitro, cyano, C1-6
alkyl, C1-6 haloalkyl, C1-6 alkoxy, C1-6 haloalkoxy,
C1-6 alkylsulfonyl, C1-6 alkylsulfinyl, C1-6
alkylthio, C1-6 alkoxycarbonyl, C1-6
alkylcarbonylamino, arylcarbonyl, or two adjacent
positions on the heteroaryl system maybe cyclised to
form a 5, 6 or 7 membered carbocyclic or
heterocyclicring, itself optionally substituted with
halogen) or heteroaryl (which may be optionally
substituted by halo, nitro, cyano, C1-6 alkyl, C1-6
haloalkyl, C1-6 alkoxy or C1-6 haloalkoxy, C1- 4
alkoxycarbonyl C1-6 alkylcarbonylamino,
phenyloxycarbonylamino (wherein the phenyl group is
optionally substituted by halogen, C1-4 alkyl, C1-4
alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, CN, NO ,
aryl, heteroaryl, amino or dialkylamino), amino, C1-6
alkylarnino or phenylamino (wherein the phenyl group
is optionally substituted halogen, C1-4 alkyl, C1-4
alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, CN, NO2,
aryl, heteroaryl, amino or dialkylamino)). More
preferably R1 is C1-6 alkyl, C1-6 haloalkyl, C1-6
alkoxy(C1-6)alkyl, heteroary^Ci. 3)alkyl (wherein the
heteroaryl group may be optionally substituted by
halo, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6
alkoxy, C1-6 haloalkoxy, C1-6 alkylsulfonyl, C1-6
alkoxycarbonyl, or two adjacent positions on the
heteroaryl system may be cyclised to form a 5, 6 or 7
membered carbocyclic or heterocyclic ring, itself
optionally substituted with halogen),
phenyl(C1-3)alkyl (wherein the phenyl group may be
optionally substituted by halogen, C1-4 alkyl, C1-4
alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, CN, NO2,
aryl, heteroaryl, amino, dialkylamino, C1-6
alkylsulfonyl, C1-6 alkoxycarbonyl, or two adjacent
positions on the phenyl ring may be cyclised to form a
5, 6 or 7 membered carbocyclic or heterocyclic ring,
itself optionally substituted with halogen), phenyl
(which may be optionally substituted by halogen, C1-4
alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy,
CN, NO2, aryl, heteroaryl, amino, dialkylamino, C1-6
alkylsulfonyl, C1-6 alkoxycarbonyl, or two adjacent
positions on the phenyl ring may be cyclised to form a
5, 6 or 7 membered carbocyclic or heterocyclic ring,
itself optionally substituted with halogen),
heteroaryl (which maybe optionally substituted by
halo, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6
alkoxy, C1-6 haloalkoxy, C1-6 alkylsulfonyl, C1-6
alkoxycarbonyl, or two adjacent positions on the
heteroaryl system maybe cyclised to form a 5, 6 or 7
membered carbocyclic or heterocyclic ring, itself
optionally substituted with halogen), C1-6 alkoxy,
C1-6 haloalkoxy, C2-6 alkenyl, heterocyclyl
(optionally substituted by halo, cyano, C1-6 alkyl,
C1-6 haloalkyl, C1-6 alkoxy or C1-6 haloalkoxy), C1-6
alkylthio, C1-6 haloalkylthio or NR13R14 where R13 and
R14 are independently hydrogen, C1-6 alkyl or C1-6
haloalkyl, C1-6 alkoxy(C1-6)alkyl, C2-6 alkylcarbonyl,
phenylcarbonyl, (where the phenyl is optionally
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino), phenyl(C 1-3)alkyl (wherein
the phenyl group may be optionally substituted by
halogen, C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino,
dialkylamino, C1-6alkylsulfonyl, C1-6 alkoxycarbonyl,
or two adjacent positions on the phenyl ring maybe
cyclised to form a 5, 6 or 7 membered carbocyclic or
heterocyclic ring, itself optionally substituted with
halogen) or heteroaryl(C 1-3)alkyl (wherein the
heteroaryl group may be optionally substituted by
halo, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6
alkoxy, C1-6 haloalkoxy, C1-6 alkylsulfonyl, C1-6
alkylsulfmyl, C1-6 alkylthio, C1-6 alkoxycarbonyl,
C1-6 alkylcarbonylamino, arylcarbonyl, or two adjacent
positions on the heteroaryl system maybe cyclised to
form a 5, 6 or 7 membered carbocyclic or heterocyclic
ring, itself optionally substituted with halogen).
Even more preferably R1 is C1-6 alkyl, C1-6 haloalkyl,
heteroaryl(C 1-3)alkyl (wherein the heteroaryl group
may be optionally substituted by halo, cyano, C1-6
alkyl, C1-6 haloalkyl and where the heteroaryl group
is a thiazole, pyridine, pyrimidine, pyrazine or
pyridazine ring), heteroaryl (optionally substituted
by halo, cyano, C1-6 alkyl, C1-6 haloalkyl and where
the heteroaryl group is a pyridine, pyrimidine,
2,1,3-benzoxadiazole, pyrazine or pyridazine ring),
C1-6 alkoxy, C1-6 alkoxy(C1-6)alkyl, C1-6 alkylamino,
C1-6 alkyoxy(C1-6)alkylamino or heteroaryl(C
1-3)alkylamino (wherein the heteroaryl group may be
optionally substituted by halo, cyano, C1-6 alkyl,
C1-6 haloalkyl and where the heteroaryl group is a
thiazole, pyridine, pyrimidine, pyrazine or pyridazine
ring). 



Most preferably R1 is pyridyl (optionally substituted
by halo, C1-3 alkyl or C1-3 haloalkyl) especially
halo-substituted pyridyl. It is preferred that:R2 is
hydrogen, hydroxy, C1-6 alkyl or C1-6 haloalkyl. More
preferably R2 is hydrogen, C1-4 alkyl or C1-4
haloalkyl. Even more preferably R2 is hydrogen or C1-4
alkyl. Yet more preferably R2 is independently
hydrogen or methyl. Most preferably R2 is hydrogen. It
is preferred that R3 is hydrogen, hydroxy, halogen,
C1-6 alkyl or C1-6 haloalkyl. More preferably R3 is
hydrogen, hydroxy, halogen,C 1-4 alkyl or C1-
haloalkyl. Even more preferably R3 is hydrogen or C1-4
alkyl. Yet more preferably R3 is independently
hydrogen or methyl. Most preferably R3 is hydrogen.
R3a is preferably hydrogen or R3 and R3a together form
a double bond. Preferably each R4 is independently
halogen, cyano, C1-8 alkyl, C1-8 haloalkyl,
cyanoalkyl, C1-6 alkoxy(C1-6)alkyl, C3-7
cycloalkyl(C1-6)alkyl, C5-6
cycloalkenyl(C1-6)alkyl,C3-6 alkenyloxy(C 1-6)alkyl,
C3-6 alkynyloxy(C1-6)alkyl, aryloxy(C1-6)alkyl, C1-6
carboxyalkyl, C1-6 alkylcafbonyl(C 1-6)alkyl, C2-6
alkenylcarbonyl(C 1-6)alkyl, C2-6
alkynylcarbonyl(C1-6)- alkyl, C1-6 alkoxycarbonyl(C
1-6)alkyl, C3-6 alkenyloxycarbonyl(C 1-6)alkyl, C3-6
alkynyloxycarbonyl(C 1-6)alkyl, aryloxycarbonyl(C
1-6)alkyl, C1-6 alkylthio(C1-6)alkyl, C1-6
alkylsulfinyl(C 1-6)alkyl, C1-6
alkylsulfonyl(C1-6)alkyl5 ammocarbony^C^alkyl, C1-6
alkylaminocarbonyl(C 1-6)alkyl,
di(C1-6)alkylaminocarbonyl(C 1-6)alkyl, phenyl(C
1-4)alkyl (wherein the phenyl group is optionally
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino), heteroaryl(C 1-4)alkyl
(wherein the heteroaryl group is optionally
substituted by halo, nitro, cyano, C1-6 alkyl, C1-6
haloalkyl, C1-6 alkoxy or C1-6 haloalkoxy),
heterocyclyl(C 1-4)alkyl (wherein the heterocyclyl
group is optionally substituted by halo, nitro, cyano,
C1-6 alkyl, C1-6 haloalkyl, C1-6 alkoxy or C1-6
haloalkoxy), C2-6 alkenyl, aminocarbonyl(C2-6)alkenyl,
C1-6 alkylaminocarbonyl(C 2-6)alkenyl,
di(C1-6)alkylaminocarbonyl(C 2-6)alkenyl,
phenyl(C2-4)- alkenyl, (wherein the phenyl group is
optionally substituted by halogen, C1-4 alkyl, C1-4
alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, CN, NO2,
aryl, heteroaryl, amino or dialkylamino), C2-6
alkynyl, trimethylsilyl(C 2-6)alkynyl, aminocarbonyl(C
2-6)alkynyl, C1-6 alkylaminocarbonyl(C 2.6)alkynyl,
di(C1_6)alkylaminocarbonyl(C 2-6)alkynyl, C1-6
alkoxycarbonyl, C3-7 cycloalkyl, C3-7 halocycloalkyl,
C3-7 cyanocycloalkyl, C1-3 alkyl(C3-7)- cycloalkyl,
C1-3 alkyl(C3-7)halocycloalkyl,phenyl (optionally
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino), heteroaryl (optionally
substituted by halo, nitro, cyano, C1-6 alkyl, C1-6
haloalkyl, C1-6 alkoxy or C1-6 haloalkoxy),
heterocyclyl (wherein the heterocyclyl group is
optionally substituted by halo, nitro, cyano, C1-6
alkyl, C1-6 haloalkyl, C1-6 alkoxy or C1-6
haloalkoxy), or 2 adjacent groups R4 together with the
carbon atoms to which they are attached form a 4, 5, 6
or 7 membered carbocylic or heterocyclic ring which
may be optionally substituted by halogen, C1-8 alkoxy,
C1-6 haloalkoxy, phenoxy (optionally substituted by
halo, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6
alkoxy or C1-6 haloalkoxy), heteroaryloxy (optionally
substituted by halo, nitro, cyano, C1-6 alkyl, C1-6
haloalkyl, C1-6 alkoxy or C1-6 haloalkoxy), C1-8
alkylthio or R19R20N where R19 and R20 are,
independently, hydrogen, C1-8 alkyl, C3-7 cycloalkyl,
C3-6 alkenyl, C3-6 alkynyl, C2-6 haloalkyl, C1-6
alkoxycarbonyl or R19 and R20 together with the N atom
to which they are attached form a five, six or
seven-membered heterocyclic ring which may contain one
or two furtherheteroatoms selected from O, N or S and
which may be optionally substituted by one or two C1-6
alkyl groups; n is 0, 1, 2 or 3. More preferably each
R4 is independently halogen, cyano, C1-8 alkyl, C1-8
haloalkyl, C1-8 cyanoalkyl, C1-6 alkoxy(C 1-6)alkyl,
C2-6 alkynyl, trimethylsilyl(C 2-6)alkynyl, C1-6
alkoxycarbonyl, C3-7 cycloalkyl, C1-3 alkyl (C3-7)
cycloalkyl, phenyl (optionally substituted by halogen,
C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino), heterocyclyl (optionally substituted by
halo, nitro, cyano, C1-6 alkyl, C1-6 haloalkyl, C1-6
alkoxy or C1-6 haloalkoxy), C1-8 alkoxy, C1-6
haloalkoxy, phenoxy (optionally substituted by
halogen, C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino), heteroaryloxy (optionally substituted
by halo, nitro, cyano, C1-3 alkyl, C1-3 haloalkyl,
C1-3 alkoxy or C1-3 haloalkoxy), Oi(C1- 8)alkylamino,
or 2 adjacent groups R4 together with the carbon atoms
to which they are attached form a 4, 5, 6 or 7
membered carbocylic or heterocyclic ring which may be
optionally substituted by halogen; n is 0, 1, 2 or 3.
Even more preferably each R4 is independently halogen,
cyano, C1-8 alkyl, C1-8 haloalkyl, C1-8 cyanoalkyl,
C1-6 alkoxy(C 1-6)alkyl, C -6 alkynyl, heterocyclyl
(optionally substituted by C1-6 alkyl), C1-8 alkoxy,
C1-6 haloalkoxy, phenoxy (optionally substituted by 



halo, cyano, C1-3 alkyl or C1-3 haloalkyl),
heteroaryloxy (optionally substituted by halo, cyano,
C1-3 alkyl or C1-3 haloalkyl), di(Ci -8)alkylamino or
2 adjacent groups R4 together with the carbon atoms to
which they are attached form a 4, 5, 6 or 7 membered
carbocylic or heterocyclic ring which may be
optionally substituted by halogen; n is 0, 1, 2 or 3.
Yet more preferably each R4 is independently fluoro,
chloro, bromo, cyano, C1-4 alkyl, C1-4 haloalkyl, C1-4
cyanoalkyl or C1-3 alkoxy(C 1-3)alkyl; n is 0, 1, 2 or
3, preferably 0, l or 2. Most preferably each R4 is
independently fluoro, chloro, bromo, C1-4 alkyl or
C1-4 haloalkyl; n is 1, 2 or 3, preferably 1 or 2.
Preferably R8 is C1-10 alkyl, C1-10 haloalkyl, aryl(C
1-6)alkyl (wherein the aryl group is optionally
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino), heteroaryl(C 1-6)alkyl
(wherein the heteroaryl group is optionally
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino), arylcarbonyl-(C 1-6)alkyl
(wherein the aryl group may be optionally substituted
by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4haloalkyl,
C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino and the alkyl group may be optionally
substituted by aryl), C2-8 alkenyl, C2-8 haloalkenyl,
aryl(C2-6)-alkenyl (wherein the aryl group is
optionally substituted halogen, C1-4 alkyl, C1-4
alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, CN, NO2,
aryl, heteroaryl, amino or dialkylamino, C1-6
alkoxycarbonyl, or two adjacent substituents can
cyclise to form a 5, 6 or 7 membered carbocyclic or
heterocyclic ring), heteroaryl(C 2-6)-alkenyl (wherein
the heteroaryl group is optionally substituted
halogen, C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino, C1-6 alkoxycarbonyl, or two adjacent
substituents can cyclise to form a 5, 6 or 7 membered
carbocyclic or heterocyclic ring), C2-6 alkynyl,
phenyl(C2-6)alkynyl (wherein the phenyl group is
optionally substituted by halogen, C1-4 alkyl, C1-4
alkoxy, C1-4 haloalkyl, C1-4 haloalkoxy, CN, NO2,
aryl, heteroaryl, amino or dialkylamino), C3-7
cycloalkyl, C1-6 alkoxycarbonyl, C1-6 alkylcarbonyl,
C1-6 haloalkylcarbonyl or aryl(C2-6)alkenylcarbonyl
(wherein the aryl group may be optionally substituted
halogen, C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino), or -C(R 5 1)(R52)-[CR53=CR 54]z-R55
where z is 1 or 2, R5 1 and R52 are each independently
H, halo or C1-2 alkyl, R53 and R54 are each
independently H, halogen, C1-4 alkyl or C1-4 haloalkyl
and R55 is optionally substituted aryl or optionally
substituted heteroaryl. More preferably R8 is phenyl(C
1-4)alkyl (wherein the phenyl group is optionally
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino), heteroaryl(C 1-6)alkyl
(wherein the heteroaryl group is optionally
substituted halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino), phenyl(C2-6)alkenyl (wherein
the phenyl group is optionally substituted by halogen,
C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino), heteroaryl(C2-6)alkenyl (wherein the
heteroaryl group is optionally substituted by halogen,
C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino) or phenyl(C2-6)alkynyl (wherein the
phenyl group is optionally substituted by halogen,
C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino, or - C(R5 1)(R52)-[CR53=CR54]z-R55 where
z is 1 or 2, R5 1 and R52 are each independently H,
halo or C1-2 alkyl, R53 and R54 are each independently
H, halogen, C1-4 alkyl or C1-4 haloalkyl and R55 is
optionally substituted aryl or optionally substituted
heteroaryl.Most preferably R8 is -C(R 5
1)(R52)-[CR53=CR54]z-R55 where z is 1 or 2, preferably
1, R5 1 and R52 are each independently H or C1-2
alkyl, R53 and R54 are each independently H, halogen,
C1-4 alkyl or C1-4 haloalkyl and R55 is phenyl
substituted by halogen, C1-4 alkyl, C1-4 alkoxy, C1-4
haloalkyl, C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl,
amino or dialkylamino or heteroaryl substituted by
halogen, C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino. R5 1 and R52 are preferably hydrogen.
R53 and R54 are preferably hydrogen or halogen,
especially hydrogen. R55 is preferably phenyl
substituted with one to three substituents selected
from halogen, C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl,
C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino. Preferably each Ra is independently
halo, cyano, C1-3 alkyl, hydroxy or two Ra groups
together with the carbon atom to which they are
attached form =O, =S, =NRb, =CRcRd where Rb, Rc and Rd
are idependently H or optionally substituted alkyl,
and p is 0, 1 or 2. More preferably each Ra is
independently fluoro, methyl, hydroxy or two Ra groups
together with the carbon atom to which they are
attached form a carbonyl group and p is 0, 1 or 2. 



Most preferably p is 0. It is preferred that that ring
is a 6-membered aromatic ring or is 5 or 6 membered
heteroaromatic ring wherein the ring members other
than Z and Z' are each independently CH, S, N, NR4, O,
or CR4 provided that there are no more than one O or S
atoms present in the ring. More preferably the ring is
a benzene, pyridine, pyrimidine, pyrazine, pyridazine,
triazine, pyrrole, imidazole, quinoline, isoquinoline,
thiophene, pyrazole, oxazole, thiazole, isoxazole,
isothiazole, [l,2,3]triazole, [l,2,3]oxadiazole or
[l,2,3]thiadiazole.Most preferably the ring is a
benzene, pyridine, pyrimidine, pyrazine, thiophene or
pyrazole ring, especially a benzene ring. Certain
compounds of formula (I) are novel and as such form a
further aspect of the invention. One group of novel
compounds are compounds of formula F wherein R1, R2,
R3, R3a, R4 Ra, T,Y, n and p are as defined in
relation to formula I and R8 is -C(R5
1)(R52)-[CR53=CR54]z-R55 where z is 1 or 2, preferably
1, R51 and R52 are each independently H or C1-2 alkyl,
R53 and R54 are each independently H, halogen, C1-4
alkyl or C1-4 haloalkyl and R55 is phenyl substituted
by halogen, C1-4 alkyl, C1-4 alkoxy, Cm haloalkyl,
C1-4 haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino or heteroaryl substituted by halogen,
C1-4 alkyl, C1-4 alkoxy, C1-4 haloalkyl, C1-4
haloalkoxy, CN, NO2, aryl, heteroaryl, amino or
dialkylamino or salts or N-oxides thereof. The
compounds in Tables I to XCV below illustrate the
compounds of the invention. Table I prpvides 1127
compounds of formula Ia wherein the values of R ,
R>4a, rR>44bD, t R>44cC and R44da are given in Table
1.Table 1Planar inductor This invention relates to
planar inductors and methods of manufacture of the
same as well as their use in semiconductor devices
such as integrated circuits. Planar inductors are
frequently used where an inductor is required which
occupies minimal space. Typically, a planar inductor
comprises a conductive track, in the form of a spiral
pattern, which is laid on a substrate. Connections are
made to each end of the spiral track. Planar inductors
can be realized as discrete elements using thin-film
technologies, or as integrated components using
integrated circuit (IC) manufacturing processes.
Planar inductors are often used in radio frequency
(RP) circuitry to achieve functions such as voltage
controlled oscillators (VCOs) and low noise amplifiers
(LNAs). There is a requirement, in some applications,
to make a further electrical connection to an
intermediate point of the conductive track. This can
be a mid-point. Figs. 1 and 2 show two types of planar
inductor and the position of a mid-point. Firstly,
Fig. 1 shows a planar inductor with concentric track
segments 1IA, 1IB, 11C. A spiral path is formed
between end terminals 10, 12 by interconnecting ends
of the segments. The mid-point, in terms of distance
and resistance, of the total path between the end
terminals 10, 12 is shown by cross 15. Fig. 2 shows a
planar inductor with semi-circular track segments
which are interconnected in a symmetrical
configuration. A spiral path is formed between end
terminals 20, 22 by interconnecting pairs of segments.
The mid-point, in terms of distance and resistance, of
the total path between the end terminals 20, 22 is
shown by cross 25. The disadvantage of such a
configuration, however, is that voltage differences
between neighbouring winding segments (e.g. segments
26, 27) is generally larger than in case of the spiral
configuration shown in Fig. 1 and hence more energy
will we stored in the capacitance that exists between
the winding segments. This leads to a lower resonant
frequency of the coil. It is desirable for a planar
inductor to have a high quality (Q) factor. However,
the quality factor can be degraded by current
crowding, resulting from the preference of theRF
current to take the path of least inductance instead
of that of least resistance at elevated frequency.
This current crowding is caused by the "skin" and
"proximity" effects and results in a significant
increase in the resistance seen in series with the
inductor. In order to reduce this current crowding it
has been proposed to divide the spiral inductor into
several current paths which are electrically in
parallel with one another, each path having an
identical resistance and inductance. WO 03/0151 10
describes a planar inductor of this type. Figs. 3 and
4 show two possible ways of providing a pair of
parallel paths. When a high Q factor and resonant
frequency are required the arrangement of Fig. 3 is
preferred. However, when a connection to an
intermediate point is required, this can disturb the
balance of currents flowing in each of the parallel
paths, and can nullify any benefits in the Q factor
that such a layout provides. The present invention
seeks to provide, a further type of connection to an 



intermediate point of a planar inductor. A first
aspect of the present invention provides a planar
inductor comprising: a conductive path in the form of
a spiral pattern, and a conductive connecting path
which connects a terminal to an intermediate tap point
along the conductive path, the connecting path
comprising a portion which is radially directed with
respect to the spiral pattern. The provision of a
connecting path which is, at least in part, radially
directed helps to minimise any disturbance to the
current flow in the main conductive path of the
inductor. The connecting path can be routed via the
inside of the spiral pattern. The connecting path can
comprise only radially-directed path portions, in
which case path portions from one or more intermediate
tap points are commonly joined at the centre of the
spiral pattern. Each path portion connects to the
desired intermediate tap point of its respective
conductive path. As an alternative to providing an
entirely radial connecting path, the connecting path
can comprise an additional section of track which is
parallel to the conductive path which forms the spiral
pattern. This has an advantage of reducing the length
of the connecting path, and thereby reduces the
resistance of the connecting path. Where there are a
plurality of conductive paths, a separate
radially-directed path portion connects an
intermediate point on each conductive path with the
additional section of track.Preferably, where an
additional section of track is used which is aligned
with the spiral pattern, the position of the
intermediate point is adjusted to compensate for the
effects of current passing along the track. The
intermediate point can be a mid-point or any other
desired position along the length of the conductive
path. While the spiral pattern is shown in the
accompanying drawings as being a generally circular
pattern, it will be appreciated that it can be square,
rectangular, elliptical, octagonal or indeed any other
shape. Thus, the term 'radially-directed' is to be
construed as being directed towards the centre of the
pattern, whatever shape it has. The present invention
does not only apply to planar inductors, but it can be
applied to planar transformers as well. Embodiments of
the invention will be described with reference to the
accompanying drawings in which: Figs. 1 and 2 show
examples of planar inductors; Figs. 3 and 4 show
planar inductors with parallel conductive paths to
improve their quality (Q) factor; Fig. 5 shows an
embodiment of the invention in which a connection is
made to an intermediate point of the inductor via a
centre point of the spiral pattern; Fig. 6 shows
another embodiment of the invention in which a
connection is made to an intermediate point of the
inductor via a further conductive track within the
spiral pattern; Fig. 7 shows a further embodiment of
the invention in which a connection is made to an
intermediate point of the inductor via a further
conductive track outside the spiral pattern; Fig. 8
shows a further embodiment of the invention in which a
connection is made to an intermediate point of the
inductor via a centre point of the spiral pattern;
Fig. 9 shows a way of connecting terminals in the
vicinity of a planar inductor. The present invention
will be described with respect to particular
embodiments and with reference to certain drawings but
the invention is not limited thereto but only by the
claims. The drawings described are only schematic and
are non-limiting. Inthe drawings, the size of some of
the elements may be exaggerated and not drawn on scale
for illustrative purposes. Where the term "comprising"
is used in the present description and claims, it does
not exclude other elements or steps. Where an
indefinite or definite article is used when referring
to a singular noun e.g. "a" or "an", "the", this
includes a plural of that noun unless something else
is specifically stated. The term "comprising", used in
the claims, should not be interpreted as being
restricted to the means listed thereafter; it does not
exclude other elements or steps. Thus, the scope of
the expression "a device comprising means A and B"
should not be limited to devices consisting only of
components A and B. It means that with respect to the
present invention, the only relevant components of the
device are A and B. Furthermore, the terms first,
second, third and the like in the description and in
the claims, are used for distinguishing between
similar elements and not necessarily for describing a
sequential or chronological order. It is to be
understood that the terms so used are interchangeable
under appropriate circumstances and that the
embodiments of the 



invention described herein are capable of operation in
other sequences than described or illustrated herein.
Moreover, the terms top, bottom, over, under and the
like in the description and the claims are used for
descriptive purposes and not necessarily for
describing relative positions. It is to be understood
that the terms so used are interchangeable under
appropriate circumstances and that the embodiments of
the invention described herein are capable of
operation in other orientations than described or
illustrated herein. Figs. 5 and 6 show two embodiments
of a planar inductor in accordance with the present
invention. The general layout of the planar inductor
is the same in both embodiments, the embodiments
differing in the manner in which connections are made
to intermediate points. Referring to Fig. 5, the
planar inductor 50 comprises four concentric annular
rings, each ring being formed as two separate
semi-circular segments, e.g. 53A, 54D. The segments
can be formed as a layer of conducting material on a
substrate using conventional semiconductor
manufacturing techniques. A useful description of
inductors can be found in the book "Design, Simulation
and Applications of Inductors and Transformers for Si
RF ICs", A.M. Niknejad, R. G. Meyer, Kluwer Academic,
2000. A first terminal 5 1 and a second terminal 52
form the two ends of the conductive paths through the
inductor. Two paths, which are electrically in
parallel with one another, connect the first and
second terminals 51, 52, each path taking the form of
a generally spiral pattern. The term'electrically in
parallel' has been used to avoid any confusion with
the paths needing to be parallel in the sense of being
next to each other for their entire path. Each of the
spiral paths comprises a series of the semi-circular
segments, with selected pairs of segments being
interconnected by links, one of which is shown as 55.
Considering one of the parallel paths, this starts at
first terminal 5 1 and includes segments 53A, 53B, 53C
and 54D before finishing at terminal 52. Similarly,
the second parallel path also starts at terminal 5 1
and comprises segments 54A, 54B, 54C, 54D before
finishing at terminal 52. Links 55 can be realised as
short conductive tracks formed on a different layer of
the structure, with vias 56 providing a connecting
path between the different layers. The planar inductor
can be manufactured from a thick Al layer (having a
typical thickness of several microns) which is
patterned by etching. The interconnections between the
segments of the inductor can be made by W or Al plugs.
Because of the low resistivity of Cu, it is
advantageous to use Cu for both for the segments and
for the interconnections. Preferably a Cu Damascene
process is used. First a groove is formed in the
dielectric (e.g. silicon oxide or a low-k material
like BCB). A barrier layer is deposited such as TaN.
Subsequently a Cu layer is electro plated to a
thickness in the range of 500 nm to 5 micron. The Cu
is chemical mechanical polished (CMP), in which the Cu
is removed from the planar surface and a Cu pattern in
the groove is formed. The Cu pattern in the grooves is
the track of the inductor. In a dual Damascene Cu
process, both the tracks as well as the connections
(vias) are etched in the dielectric and are
subsequently filled with a barrier layer and Cu. The
planar inductor may be manufactured in the back-end of
a standard CMOS process or deposited on top of the
final product. In a 0.13 mm CMOS process a typical 3
mm thick copper top metal layer pattern is used. From
a manufacturing point of view, it is advantageous to
use several parallel tracks with a small width. For
instance, 8 tiny 3 mm wide tracks suffer much less
from CMP dishing (in a Damascene process) than one big
24 mm wide track. A reduced dishing allows lower
values for the resistance. The semi circular track
segments are interconnected in a symmetrical
configuration. The interconnections comprise a via and
a metal track. The resistance is kept as low as
possible by using Cu in the via and for the metal
track. Preferably the same material having a low
resistivity is used in the via and as metal track, so
that contact resistances are minimized. The mid-point
of the first spiral path is shown by cross 6IA. The
mid-point is the point that is exactly mid-way along
the total inductance of the first spiral path
betweenterminals 51, 52. Similarly, the mid-point of
the second spiral path is shown by cross 6IB. This
again is the point that is exactly mid-way along the
total inductance of the second spiral path between
terminals 51, 52. The mid-point is defined here as the
point where the impedance at the intended operating
frequency is half of its total value. This point can
be approximated by taking the mid-point as the point
where the inductance is half of its total value. A
connecting link 62A connects the mid-point 6 1A of the
first spiral pattern to a centre point 64 of the
overall inductor pattern. A further connecting link
62B connects the mid-point 61B of the second spiral
path to centre point 64. Each of the connecting links
62A, 62B is directed radially with respect to the
overall pattern, i.e. perpendicular to each of the 



current-carrying semicircular track segments that it
crosses. The radial paths 62 are oriented in such a
way that the inductive coupling to the spiral inductor
is equal to zero. A further radially directed
connecting link 63 extends between centre point 64 and
the external terminal 60 from where a connection can
be made to other integrated or external components.
Conveniently, link 63 is aligned with the gaps that
exist between neighbouring semicircular segments and
can be formed on the same layer of the structure as
the semi-circular segments. A mid-point is required
for a differential negative resistance oscillator such
as described in fig. 16.31 in the book "The design of
CMOS radio frequency integrated circuits" by T.H. Lee,
Cambridge University Press 1998. This arrangement is
based on an understanding that connections between
points of the inductor experience the influence of the
magnetic field of the coil. This magnetic field causes
induced voltages which can result in a current that
may disturb the normal current distribution over the
parallel spiral current paths. This induced voltage
only appears in interconnecting paths which are
circumferentially directed, i.e. paths which are more
or less parallel to the coil windings, and not in
radial paths. Thus, the mid-points 6IA, 6IB are
connected to the external terminal 60 only via paths
62A, 62B, 63 that are radially directed. Fig. 6 shows
another planar inductor which has the same general
layout as that shown in Fig. 5. The main difference in
this embodiment is the manner in which midpoints of
the spiral paths are connected to the external
terminal. A further conducting track 85 is laid
alongside the innermost annular ring of the inductor.
A first connecting link 83A connects a point 82A of
the first spiral pattern to a point 84A on the track
85. Link 83A is radially directed with respect to the
spiral pattern, Le. it perpendicularly crosses the
current-carrying segments. Similarly, a further
connecting link83B connects a point 82B of the second
spiral path to a point 84B on the track 85. For
reasons that will be explained below, points 82A, 82B
are not the mid-points of their respective spiral
paths. A further radially directed connecting link 87
extends between external terminal 60 and a point on
track 85 which is radially aligned with the link 87.
Conveniently, link 87 is aligned with the gaps that
exist between neighbouring semicircular segments.
Conducting track 85 only requires a length which is
sufficient to join points 84A, 84B and 86 and does not
need to be any longer. In the arrangement shown in
Fig. 5 current is first carried from point 6 1A to the
centre point 64 of the inductor via link 62A and then
carried from the centre point 64 to the external
terminal 60 via link 63. While this has the least
disturbing effect on the spiral paths the length of
this path incurs additional resistance and hence will
incur a voltage drop. In contrast, in the arrangement
shown in Fig. 6 the mid-point interconnecting path is
shortened by using track 85. It is possible to
calculate what effect the passage of current along
track 85 will have on the remaining pattern as a
function of angle difference and distance to the
centre of the coil. By adjusting the angular position
of the radial interconnect (i.e. from the true
mid-point 6 1A to point 82A, and from mid-point 61B to
82B) the induced voltage can easily be corrected for.
Modern simulation tools can easily calculate the
necessary corrections. Below is an example of such a
calculation. The self and mutual inductances Mij of
the inductor loops of the inductor of Fig. 6 are given
in the table below. Here an outer diameter of 200 mm,
a loop width and spacing of 10 mm and 2.5 mm were
assumed. The numbering starts at loop segment 85 and
ends at the loop 53A-54D. The voltage across each of
the loops can now be calculated using: V = j wS5 Mul j
(1)where we have neglected the resistance of the
loops. We see that the voltage V across each loop is a
function of the currents flowing in all loops. Lets
assume an RF current with a frequency w of 109 and an
RMS value of 2 Ampere is forced between the inductor
contacts 5 1 and 52 and that this current splits
equally between the two electrically parallel paths
and the current in the segments 83A, 83B and 85 is
zero. We than have I 1=O and I2=Is=I4=Is=I A. Using
equation (1) we find that the RMS values of the
voltages induced over the five loops are Vi=0.80,
V2=I. 29, V3=1.57, V4=1.71, and V5=1.67 Volt. These
voltages apply to the full 360 degree loop. Adding the
voltage across the half loops 2,3,4, and 5 we find
that voltage induced between the inductor contacts
will be 3.12 Volt. Since the corresponding current is
2A, we conclude that the inductance seen between
contacts 5 1 and 52 is 1.56 nH for this particular
inductor. Similarly we can calculate that the voltage
between the connection from 53B to 53C and the contact
5 1 is 1.48 Volt, and the voltage between the
connection from 54B to 54C and the contact 5 1 is 1.43
Volt. The midpoints 6 1A and 61B should be located
where the voltage is 1.56 Volt. Since the total
voltage drop across loop 3 =1.57 V it is easily
calculated that midpoint 61A is 19 degrees to the left
of the connection from 53B to 53C, and 



since the total voltage drop across loop 4 =1.71 V it
is easily calculated that midpoint 61B is 27 degrees
to the left of the connection from 54B to 54C. We will
now calculate the preferred position of the connecting
lines 82A-83A-84A and 82B-83B-84B. The desired
midpoint voltage at position 86 is 1.56 Volt. The
voltages at point 84A and 84B will be: V 4A=I -56 +
0.80X and 0.80Y, where X and Y denote the required
angular extends of the loop 85. Similarly the voltages
at point 82A and 82B will be: V82A=I .48 + 1.57X and
To fulfill the initial assumption made in this
calculation that the high frequency currents in the
connecting lines 83A and 83B are zero we require
V82A=V84A and and Y=0.1428, which implies that the
connecting lines 83A and 83B need to be located at
angles of 37 and 5 1 degrees to the left of the
midpoint connection 60. In Fig. 6 paths 83A, 83B
connect mid-points of the spiral paths with an
additional track 85 positioned inside the overall
pattern. In an alternative embodiment, shown in Fig.
7, the additional track is positioned outside of the
overall pattern. Here, the additional track 90 lies
alongside, and is parallel to, the outermost
semi-circular segment of the pattern.
Radially-directed links 91A, 91B connect to points on
the track 90 at points 92A, 92B respectively. A
connection can be made at point 60, as shown, or at
any other point along track 90.In the above described
embodiments connections are made to the mid-points of
each spiral path. However, the invention is not
limited just to mid-points, but can be applied to
connections to any intermediate point along the length
of the spiral paths. The spiral pattern is shown here
as being formed by semi-circular segments (which
together form annular rings), but the overall shape of
the segments can be square, rectangular, elliptical,
octagonal or indeed any other shape. The segments need
not be semi-circular, but may be quadrants, as shown
in Fig. 4, or any other shape and the way in which the
segments are interconnected to form a spiral path can
be varied to suit the particular shape and layout
required. While the radial interconnecting path offers
the ideal connection, the interconnecting path can
have a direction which is not entirely radial, i.e. it
has a significant radial component and a smaller
component which is directed parallel to the tracks
forming the spiral path. Preferably, where a path
which is not entirely radial is used the position of
the intermediate point is varied to accommodate any
effect. In the above described embodiments, two
parallel paths are shown between the end terminals,
with connections being made to intermediate points of
both paths. The invention can be applied to any number
of parallel paths although, for reasons of maintaining
a balance between the parallel paths, it is preferred
for the parallel paths to be provided in multiples of
two. Referring back to Fig. 1, the planar inductor has
a single conductive path in the form of a spiral with
a mid-point 15. It is desirable to route a connecting
path between the mid-point 15 and a position adjacent
the end terminals 10, 12 so that all connections can
be made at a common point. The connecting path to the
mid-point can be achieved by two radially directed
paths; one between the mid-point 15 and a centre point
of the pattern, and another between the centre point
and a point between the terminals 10, 12 in the same
manner as shown in Fig. 5. The result is shown in Fig.
8. Alternatively, the connecting path to the mid-point
can include an arc-shaped track which lies inside (or
outside) the segments forming the spiral pattern, and
parallel to them, in the same manner as shown in Fig.
6. The position of the mid-point tap will need to be
altered to offset for the effects of using this track.
The principles of the present invention can also be
applied to all interconnections that are in the
vicinity of the inductor, even if the interconnection
is not intended for connection to the inductor. Fig. 9
shows an example with A representing a first
connecting point, such as the input of a sensitive
amplifier, and B representing a secondconnecting
point, such as a connection to a decoupling filter
which has to protect the inputs of the amplifier
against disturbing high frequency signals. When the
connecting path between points A and B is made as
short as possible, as shown by path 101, a disturbance
voltage may be induced into the path due to the coil.
By using a longer path shown as path 102, the induced
disturbance is minimised. Path 102 comprises sections
102A-G which are generally either radially directed
(sections 102C, 102G) or are directed substantially
parallel to the tracks forming the spiral pattern. A
curved connecting path may be used in preference to
the multiple straight sections shown here. The
invention is not limited to the embodiments described
herein, which may be modified or varied without
departing from the scope of the invention.CLAIMS: 1. A
planar inductor (50) comprising: a conductive path in
the form of a spiral pattern (53A-53D), and 



a conductive connecting path (62A, 63; 83A, 85, 87)
which connects a terminal (60) to an intermediate tap
point (61A; 82A) along the conductive path, the
connecting path comprising a portion (62A, 63; 83A,
87) which is radially directed with respect to the
spiral pattern. 2. A planar inductor according to
claim 1 wherein the connecting path comprises a first
portion (62A; 83A) which joins the intermediate tap
point (61A; 82A) to a connecting point which is inside
the spiral pattern, the first portion being radially
directed with respect to the spiral pattern. 3. A
planar inductor according to claim 2 wherein the
connecting point is substantially at the centre (64)
of the spiral pattern. 4. A planar inductor according
to claim 3 wherein there are at least two conductive
paths, each being electrically in parallel with one
another, and there is a separate first portion (62A,
62B) of the connecting path for each of the conductive
paths, each first portion joining a respective
intermediate tap point (6IA, 61B) along one of the
paths to the connecting point (64). 5. A planar
inductor according to any one of claims 2 to 4 wherein
the connecting path further comprises a second portion
(63) which joins the connecting point within the
spiral pattern to a point outside the spiral pattern,
the second portion being radially directed with
respect to the spiral pattern. 6. A planar inductor
according to claim 2 wherein the first portion of the
connecting path joins the intermediate tap point (82A)
to a connecting point (84A) which is located between
the tap point (82A) and a centre point (64) of the
spiral pattern.7. A planar inductor according to claim
6 further comprising a further conductive track (85)
which is parallel to the conductive path. 8. A planar
inductor according to claim 7 wherein there are at
least two conductive paths (53A-53D, 54A-54D), each
being electrically in parallel with one another, and
there is a first portion (83A, 83B) of the connecting
path for each of the conductive paths, each first
portion joining a respective intermediate tap point
(82A, 82B) along one of the conductive paths to a
respective connecting point (84A, 84B), and wherein
the conductive track (85) joins the respective
connecting points (84A, 84B). 9. A planar inductor
according to claim 8 wherein the position of the
intermediate tap point (84A, 84B) along each
conductive path is chosen to offset the effect of the
further conductive track (85). 10. A planar inductor
according to any one of claims 7 to 9 wherein the
connecting path further comprises a second portion
(87) which joins the further conductive track to a
point outside the spiral pattern, the second portion
being radially directed with respect to the spiral
pattern. 11. A planar inductor according to claim 5 or
10 wherein the connecting path comprises a plurality
of concentric segments which each include a gap, the
gaps being radially aligned, and wherein the second
portion of the connecting path is aligned with the
gaps. 12. A planar inductor according to claim 11
wherein the second portion connects to a point (60)
outside the spiral pattern which is adjacent the end
points of the conductive path. 13. A planar inductor
according to claim 1 wherein the connecting path
comprises a first portion (91A) which joins an
intermediate tap point along the conductive path to a
connecting point (92A) which is outside the spiral
pattern, the first portion (91A) being radially
directed with respect to the spiral pattern, and a
second portion (90) which is substantially parallel to
the conductive path.14. An electrical circuit
comprising a planar inductor according to claim 1 and
at least two further terminals (A, B) external to the
inductor, wherein the further terminals are connected
via a connecting path (102) comprising path portions
(102C, 102G) that are radially directed with respect
to the spiral pattern of the inductor. 


