
QUINOLINE DERIVATIVESAS AXL KINASE INHIBITORS The present invention relates
to novel compounds which are inhibitors of receptor tyrosine kinases of the
AXL receptor family. These compounds are suitable for the treatment or
prevention of disorders associated with, accompanied by or caused by
hyperfunction of a receptor of the AXL family. The compounds are suitable
for the treatment of hyperproliferative disorders, such as cancer,
particularly cancer metastases. Breast cancer is the most common malignant
disease in western women. In these patients, it is not the primary tumour,
but its metastases at distant sites that are the main cause of death (1).
Despite surgical removal of the primary tumour, relapse at local or distant
sites may occur because of incomplete removal of primary tumour tissue or
the presence of micrometastases undetectable at the time of diagnosis. The
development of chemotherapy as well as endocrine-a pd radiation therapy,
administered as adjuvant treatment after surgery, has led to a reduction in
the risk of relapse to 20-40%. However, adjuvant treatment has a wide range
of acute and long-term side effects. Over the past twenty years, with the
advances in understanding the molecular basis of signalling pathway
dysregulation in various cancers, a new era of cancer therapy has begun,
which is characterized by the identification of critical regulators of
malignant properties of cancer cells as molecular targets (2, 3).
Deregulated expression of protein kinases by gene deletion, -mutation or
-amplification has been found to be important for tumour initiation and
-progression, involving cancer cell proliferation, -survival, -motility and
-invasivity as well as tumour angiogenesis and chemotherapy resistance (4,
5). Because of the advanced understanding of their critical functions in
oncogenesis, protein kinases have been at the forefront of targeted cancer
therapy development since the 1980s. Most of the novel targeted cancer
therapeutics currently approved by the FDA in clinical use is interfering
withthe signalling action of protein kinases. More than 100 additional
protein kinase inhibitors and antibodies are in clinical trials, making
kinases after G protein-coupled receptors the second most popular drug
target class in the pharmaceutical and biotech industries (3). In breast
cancer, the receptor tyrosine kinase HER2/neu is overexpressed due to gene
amplification in tumours of about 25% of breast cancer patients, and
enhanced expression correlates with lack of response to adjuvant therapy
and poor prognosis (6). Based on this discovery, Herceptin, a monoclonal
antibody against HER2/neu oncoprotein, has been developed and is in
clinical use since 1998 both as a single agent and in combination with
chemotherapies for HER2/neu overexpressing metastatic breast cancer, which
has helped to significantly prolong survival of patients (7, 8). However,
metastatic breast cancer patients showing no overexpression of HER2/neu do
not benefit from this therapy. Therefore, novel therapeutic targets are
still urgently needed for intervention in breast cancer metastatic
progression. To identify the genes that mediate progression of breast
cancer, we have focused on key elements of the phosphoprotein-mediated
signalling system because of its established role in human cancer. After
systematically analyzing expression profiles of kinases of thirteen weakly
invasive and eight highly invasive breast cancer cell lines and normal
mammary epithelia cell lines by cDNA array hybridization analysis, we
identified a cluster of genes characteristic for highly invasive cell
types. The RTK AXL was part of the gene cluster predictive of the
aggressiveness of breast cancer cells. The mammalian AXL RTK subfamily
includes three closely related members: AXL, SKY, and MER. The subfamily is
characterised by an extracellular domain, consisting of two
immunoglobulin-like domains followed by two fibronectin type 3-like
domains. GAS6, originally isolated as a growth arrestspecific gene, is the
common ligand for AXL subfamily receptors (9-1 1). GAS6 has the highest
affinity for AXL followed by SKY, and finally MER ( 1 1). GAS6-AXL
signalling has been implicated in a host of discrete cellularresponses
including cell survival, proliferation, migration and adhesion (12). 



AXL was originally isolated from patients with chronic myelogenous
leukaemia and was shown to have transforming potential when overexpressed
(13, 14). Subsequently, AXL expression has been reported in a wide variety
of human cancers(15-20). Especially, in breast cancer patients a
significant correlation was found between AXL and tumour stage (15).
Moreover, some reports indicated that AXL might be involved in cancer
progression (21, 22). SUMMARY OF THE INVENTION According to the present
invention, compounds represented by formula (I) or pharmaceutically
acceptable salts or solvates thereof are provided: 1 wherein - R1, R2, R3
and R4, which may be the same or different, represent hydrogen, hydroxyl,
nitro, halogen, cyano, NR12R13, Ci-6 alkyl, C2-6 alkenyl, C2 6 alkynyl, or
Ci-6 alkoxy, wherein the Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, and Ci-6
alkoxy groups are optionally mono- or polysubstituted by hydroxyl; halogen,
Ci-6 alkoxy; Ci-6 alkylcarbonyl; carboxyl; C1-6 alkoxycarbonyl; -(C=O)-NR
12R13 , and/or -NR 12R13 wherein R12 and R13, which may be the same or
different, represent a hydrogen atom or C1-4 alkyl optionally substituted
by hydroxyl, or alternativelyR12 and R13 may combine with the nitrogen atom
attached thereto to form a saturated or unsaturated five- or six-membered
heterocyclic group; which is optionally mono- or polysubstituted by
hydroxyl, an oxygen atom, Ci alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-6
alkoxy, Ci -6 alkoxycarbonyl, or a saturated or unsaturated three- to
twelve-membered carbocyclic or heterocyclic ring system; wherein the Ci-6
alkyl, C2 6 alkenyl, and C2.6 alkynyl groups are optionally substituted by
hydroxyl, Ci-6 alkoxy, or a saturated or unsaturated three- to
twelve-membered carbocyclic or heterocyclic ring system; wherein R2 and/or
R3 also may be -O-(CH 2)n-R14 wherein n is an integer of 0 to 6, -(CH 2)n-
is optionally substituted by Ci-6 alkyl, hydroxyl, or a halogen atom, and
R14 represents a hydrogen atom; hydroxyl; a halogen atom; d -b alkoxy; C1.6
alkylcarbonyl; carboxyl; Ci-6 alkoxycarbonyl; -(C=O)-NR 12R13 , -NR 12R13
wherein R12 or R13 which may be the same or different, represent a hydrogen
atom or Ci 4 alkyl optionally substituted by hydroxyl, or alternatively R12
and R13 may combine with the nitrogen atom attached thereto to form a
saturated or unsaturated five- or six-membered heterocyclic group; in which
the heterocyclic group is optionally substituted by hydroxyl, an oxygen
atom, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-6 alkoxy, Ci-6
alkoxycarbonyl, or a saturated or unsaturated three- to twelve-membered
carbocyclic or heterocyclic ring system; wherein the Ci-6 alkyl, C2-6
alkenyl, and C2-6 alkynyl groups are optionally substituted by hydroxyl,
Ci-6 alkoxy, or a saturated or unsaturated three- to twelve-membered
carbocyclic or heterocyclic ring system; amino in which one or two hydrogen
atoms on the amino group are optionally substituted by Ci-6 alkyl or a
saturated or unsaturated three- to twelvemembered carbocyclic or
heterocyclic ring system, and the Ci-6 alkyl group is optionally
substituted by hydroxyl, Ci-6 alkoxy, or a saturated or unsaturated three-
to twelve-membered carbocyclic or heterocyclic ring system; or a saturated
or unsaturated three- to twelve-membered carbocyclic or heterocyclic ring
system optionally substituted by hydroxyl, an oxygen atom, Ci -6 alkyl,
C2-6 alkenyl, C2-6 alkynyl, Ci-6 alkoxy, Ci-6 alkoxycarbonyl, or a
saturated or unsaturated three- to twelve-membered carbocyclic or
heterocyclic ring system wherein the Ci-6 alkyl, C2-6 alkenyl, and C2-6
alkynyl groups are optionally substituted by hydroxyl, C1-6 alkoxy, or a
saturated orunsaturated three- to twelve-membered carbocyclic or
heterocyclic ring system; when the carbocyclic or heterocyclic group is
substituted by two Ci-6 alkyl groups, the two alkyl groups may combine
together to form an alkylene chain; and the carbocyclic or heterocyclic
group may be condensed with another saturated or unsaturated five- to
seven-membered carbocyclic or heterocyclic group to form a bicyclic group.
When n = 0, -(CH 2)n- represents a bond, 



- R5 and R6, which may be the same or different, represent a hydrogen atom,
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-6 alkoxy, halogen, cyano or
nitro, wherein the Ci-6 alkyl, C2 alkenyl, C2-6 alkynyl, and Ci-6 alkoxy
groups are optionally mono- or polysubstituted by hydroxyl; halogen, Ci-6
alkoxy; Ci-6 alkylcarbonyl; carboxyl; Ci-6 alkoxycarbonyl; -(C=O)-NR 12R13
, and/or -NR12R13; wherein R12 and R13, which may be the same or different,
represent a hydrogen atom or Ci-4 alkyl optionally substituted by hydroxyl,
or alternatively R12 and R13 may combine with the nitrogen atom attached
thereto to form a saturated or unsaturated five- or six-membered
heterocyclic group; in which the heterocyclic group is optionally
substituted by hydroxyl, an oxygen atom, Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, Ci-e alkoxy, Ci-6 alkoxycarbonyl, or a saturated or unsaturated
three- to twelvemembered carbocyclic or heterocyclic ring system; wherein
the Ci-6 alkyl, C2-6 alkenyl, and C2-6 alkynyl groups are optionally
substituted by hydroxyl, Ci-6 alkoxy, or a saturated or unsaturated three-
to twelve-membered carbocyclic or heterocyclic ring system, - R7, R8, R9
and R10 , which may be the same or different, represent a hydrogen atom,
halogen, nitro, Ci-6 alkyl, Ci-6 alkoxy, wherein the Ci-6 alkyl or Ci-6
alkoxy groups are optionally mono- or polysubstituted by hydroxyl and/or
halogen, Ci-4 alkyl and/or alkoxy, wherein the Ci-e alkyl, Ci-6 alkoxy,
wherein the Ci-6 alkyl or Ci-6 alkoxy groups are optionally mono- or
polysubstituted by hydroxyl and/or halogen, - R11 represents (i) a
saturated or unsaturated three- to twelve-membered carbocyclic or
heterocyclic ring system which is optionally mono- or polysubstituted by an
oxygen atom, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-6 alkoxy, a halogen
atom,or a saturated or unsaturated three- to eight-membered carbocyclic or
heterocyclic group, and the Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, and
Ci-6 alkoxy groups are optionally substituted by a halogen atom or a
saturated or unsaturated three- to eight-membered carbocyclic or
heterocyclic group, (H) Ci-e alkyl or Ci-6 alkoxy which is unsubstituted or
substituted by a saturated or unsaturated three- to twelve-membered
carbocyclic or heterocyclic ring system which is optionally mono- or
polysubstituted by an oxygen atom, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl,
Ci 6 alkoxy, a halogen atom, or a saturated or unsaturated three- to
eight-membered carbocyclic or heterocyclic group, and the Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, and Ci-6 alkoxy groups are optionally substituted by
a halogen atom or a saturated or unsaturated three- to eight-membered
carbocyclic or heterocyclic group, or (iii) a nitrogen atom substituted
with a saturated or unsaturated three- to twelve-membered carbocyclic or
heterocyclic ring system which is optionally mono- or polysubstituted by an
oxygen atom, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-6 alkoxy, a halogen
atom, or a saturated or unsaturated three- to eight-membered carbocyclic or
heterocyclic group, and the Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, and
Ci-6 alkoxy groups are optionally substituted by a halogen atom or a
saturated or unsaturated three- to eight-membered carbocyclic or
heterocyclic group, and - R15 represents a hydrogen atom or Ci-6 alkyl. In
one embodiment, the present invention relates to compounds as described
above, preferably with the proviso that the compound is not N-[4-
[(6,7-dimethoxy-4-quinolinyl)oxy]-3-fluorophenyl]-
benzenemethanesulfonamide, N-[4-[(6,7-dimethoxy-4-quinolinyl)oxy]-3-
fluorophenyl]-benzeneethanesulfonamide, or N-[4-[(6,7-dimethoxy-4-
quinolinyl)oxy]-3-fluorophenyl]-benzenepropanesulfonamide. In a further
embodiment, the present invention refers to compounds as described above,
preferably with the proviso that compounds wherein R7 is F and R10 is H are
excluded. The compounds of the present invention are efficient inhibitors
of AXLreceptor tyrosine kinase autophosphorylation and, thus, are suitable
for the treatment of hyperproliferative disorders associated with,
accompanied by and/or caused by AXL hyperfunction, particularly AXL
receptor tyrosine 



kinase induced hyperproliferative disorders. DETAILED DESCRIPTION OF THE
INVENTION The compounds of the present invention are quinoline-substituted
sulfonamide derivatives which are inhibitors of autophosphorylation of
receptors of the AXL family, particularly of the human AXL receptor. The
compounds of the invention are capable of inhibiting cell proliferation
and, thus, are suitable for the treatment and/or prevention of AXL receptor
tyrosine kinase induced hyperproliferative disorders, particularly selected
from the group consisting of cancer and primary tumor metastases. In a
preferred embodiment of the invention, the AXL receptor tyrosine kinase
induced disorders are associated with AXL receptor tyrosine kinase receptor
overexpression and/or hyperactivity, e.g. an increased degree of
autophosphorylation compared to normal tissues. The disorders may be
selected from breast, colon, prostate, lung, gastric, ovarian, endometrial,
renal, hepatocellular, thyroid, uterine, esophagus, squamous cell cancer,
leukemia, osteosarcoma, melanoma, glioblastoma and neuroblastoma. In an
especially preferred embodiment, the disorders are selected from breast
cancer, glioblastoma, renal cancer, non-small cell lung cancer (NSCLC), and
melanoma. Most preferably, the disorder is breast cancer. It should be
noted, however, that the compounds of the present invention are also
suitable for the prevention and/or treatment for other hyperproliferative
disorders, particularly benign hyperproliferative disorders such as benign
prostate hyperplasia. In a further especially preferred embodiment of the
present invention, the compounds as described above are used for the
treatment of cancer metastases, particularly primary metastases, optionally
in combination with surgery, irradiation and/or administration of further
antitumor agents, such aschemotherapeutic agents and/or antitumor
antibodies. The compounds of the present invention are characterized by
their ability to inhibit AXL receptor tyrosine kinase autophosphorylation
in a cellular system, e.g. in NIH3T3 cells. In a preferred embodiment of
the present invention, the compounds have an IC5Ovalue of 10 mM or less,
more preferably of 5 mM or less, even more preferably of 2.5 mM or less,
and most preferably of 1 mM or less. In the compounds of formula (I), the
terms "alkyl," "alkoxy," "alkenyl," and "alkynyl" as used herein as a group
or a part of a group respectively mean straight chain or branched chain
alkyl, alkoxy, alkenyl, and alkynyl. d-6 alkyl is preferably alkyl. Ci-6
alkoxy is preferably Ci-4 alkoxy. C2-6 alkenyl is preferably C2- alkenyl.
C2-6 alkynyl is preferably C2 alkynyl. Examples of Ci-6 alkyl include
methyl, ethyl, n-propyl, isopropyl, n-butyl, ibutyl, s-butyl, t-butyl,
n-pentyl, and n-hexyl. Examples of Ci-6 alkoxy include methoxy, ethoxy,
n-propoxy, i-propoxy, nbutoxy, i-butoxy, s-butoxy, and t-butoxy. Examples
of C2-6 alkenyl include allyl, butenyl, pentenyl, and hexenyl. Examples of
C2-6 alkynyl include 2-propynyl, butynyl, pentynyl, and hexynyl. The
expression "alkyl optionally substituted by" as used herein refers to
alkyl, in which one or more hydrogen atoms on the alkyl group have
beensubstituted by one or more substituents which may be the same or
different, and unsubstituted alkyl. It will be apparent to a person having
ordinary skill in the art that the maximum number of substituents may be
determined depending upon the number of substitutable hydrogen atoms on the
alkyl group. This is true of a group having a substituent other than the
alkyl group. The term "halogen" means a fluorine, chlorine, bromine, or
iodine atom. Preferably, the term halogen means a fluorine or chlorine
atom. The three- to twelve-membered ring system may comprise a saturated or
unsaturated three- to eight-membered carbocyclic ring, preferably a four-
to seven-membered, more preferably five- or six-membered, saturated or
unsaturated carbocyclic ring. Examples of saturated or unsaturated three-
to 



ten-membered carbocyclic rings include phenyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and cycloheptyl. Further, the three- to
twelve-membered ring system may comprise a saturated or unsaturated three-
to eight-membered heterocyclic group containing at least one hetero-atom
selected from oxygen, nitrogen, and sulfur atoms. The heterocyclic group
preferably contains one, two or three hetero-atoms with the remaining
ring-constituting atoms being carbon atoms. The heterocyclic group
preferably comprises a saturated or unsaturated four- to seven-membered
heterocyclic ring, more preferably a saturated or unsaturated five- or
six-membered heterocyclic ring. Examples of saturated or unsaturated three-
to eight-membered heterocyclic groups include thienyl, pyridyl,
1,2,3-triazolyl, thiazolyl, imidazolyl, isoxazolyl, pyrazolyl, piperazinyl,
quinolinyl, piperidyl, morpholinyl, homopiperazinyl, thiomorpholinyl,
tetrahydropyrrole, and azepanyl. Further, the saturated or unsaturated
carboxylic and heterocyclic ring systems include condensed ring systems
wherein a cyclic group is condensed with another saturated or unsaturated
five- to seven-membered carbocyclic or heterocyclic ring to form a bicyclic
group, preferably asaturated or unsaturated nine- to twelve-mem bered
bicyclic carbocyclic o r heterocyclic group. Such bicyclic groups include
naphthyl, quinolyl, 1,2,3,4- tetrahydroquinolyl, 1,4-benzoxanyl, indanyl,
indolyl, 1,2,3,4- tetrahydronaphthyl, and phthalimidyl. R1 preferably
represents a hydrogen atom or C1-4 alkyl, e.g. methyl. More preferably, R1
represents a hydrogen atom. R2 and R3 may be the same or different.
Preferably, one of R2 and R3 represents a group other than a hydrogen atom.
More preferably, R2 and/or R3 represent hydroxyl, optionally substituted
C1-6 alkoxy, halogen, or cyano. In a preferred embodiment, Ci-6 alkoxy is
not substituted by amino. In an especially preferred embodiment, R2
represents unsubstituted Ci-6 alkoxy, still more preferably methoxy or
fluorine. In a further preferred embodiment, R2 represents unsubstituted Ci
6 alkoxy, still more preferably, methoxy, and R3 represents hydroxyl or
optionally substituted Ci-6 alkoxy, or alternatively R2 represents hydroxy!
or optionally substituted Ci-6 alkoxy and R3 represents unsubstituted Ci-6
alkoxy, still more preferably unsubstituted methoxy. For example, R2 and R3
both represent methoxy. In a further preferred embodiment, R2 is halogen,
e.g. fluorine and R3 is hydrogen. According to another preferred
embodiment, R3 is preferably selected from the group consisting of
benzyloxy, 3-amino-propoxy, 2-morpholin-4-yl-ethoxy, 3-(4-
methyl-piperidin-1 -yl), 3-(3-methyl-piperidin-1 -yl),
3-morpholin-4-yl-propoxy). In a particular preferred embodiment, R2 is
methoxy and R3 is selected from said group. In a still further preferred
embodiment, R2 and/or R3 may represent -O- (CH 2)n-R14 wherein n is an
integer of 0 to 6, -(CH 2)n- is optionally substituted by Ci-6 alkyl,
hydroxyl, o r a halogen atom, and R14 represents a hydrogen atom; hydroxyl;
a halogen atom; Ci-6 alkoxy; d-e alkylcarbonyl; carboxyl; Ci. 6
alkoxycarbonyl; -(C=O)-NR 12R13 , -NR 12R13 wherein R12 or R13 which may be
the same or different, represent a hydrogen atom or Ci-4 alkyl optionally
substituted by hydroxyl, or alternatively R12 and R13 may combine with
thenitrogen atom attached thereto to form a saturated or unsaturated five-
or six-membered heterocyclic group, in which the heterocyclic group is
optionally substituted by hydroxyl, an oxygen atom, Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, Ci-6 alkoxy, Ci-6 alkoxycarbonyl, or a saturated or
unsaturated three- to twelve-membered carbocyclic or heterocyclic ring
system; wherein the C1-6 alkyl, C2-6 alkenyl, and C2-6 alkynyl groups are
optionally substituted by hydroxyl, Ci-6 alkoxy, or a saturated or
unsaturated three- to twelvemembered carbocyclic or heterocyclic ring
system, amino in which one or two hydrogen atoms on the amino group are
optionally substituted by Ci-6 alkyl or a saturated or unsaturated three-
to twelve-membered carbocyclic or heterocyclic ring system, and the C1-6
alkyl group is optionally substituted by hydroxyl, Ci-6 alkoxy, or a
saturated or unsaturated three- to twelvemembered 



carbocyclic or heterocyclic ring system; or a saturated or unsaturated
three- to twelve-membered carbocyclic or heterocyclic ring system
optionally substituted by hydroxyl, an oxygen atom, Ci-6 alkyl, C2-6
alkenyl, C2 alkynyl, Ci-6 alkoxy, Ci-6 alkoxycarbonyl, or a saturated or
unsaturated three- to twelve-membered carbocyclic or heterocyclic ring
system wherein the Ci-6 alkyl, C2-6 alkenyl, and C2-6 alkynyl groups are
optionally substituted by hydroxyl, Ci-6 alkoxy, or a saturated or
unsaturated three- to twelve-membered carbocyclic or heterocyclic ring
system; when the carbocyclic or heterocyclic group is substituted by two
Ci-6 alkyl groups, the two alkyl groups may combine together to form an
alkylene chain; and the carbocyclic or heterocyclic group may be condensed
with another saturated or unsaturated five- to seven-membered carbocyclic
or heterocyclic group to form a bicyclic group. When n = 0, -(CH 2)n-
represents a bond. More preferably, R14 may represent a saturated
heterocyclic ring attached through its nitrogen atom, wherein R14 is
selected from the following:More preferably, R14 may represent an
unsaturated heterocyclic ring attached through its CH2 group, wherein R14
is selected from the following: R4 is preferably hydrogen, Ci-6 alkyl or
Ci-6 alkoxy, wherein the Ci-6 alkyl or Ci-6 alkoxy group is optionally
substituted with one or more halogen atoms. More preferably, R4 is hydrogen
or trifluoromethyl. In an especially preferred embodiment, R1 and R4 are
hydrogen and R2 and R3 are Ci-6 alkoxy, particularly methoxy. In a further
especially preferred embodiment, R1, R2 and R3 are hydrogen and R4 is Ci 6
alkyl optionally substituted, particularly trifluoromethyl. In a still
further especially preferred embodiment, R1, R3 and R4 are hydrogen and R2
is halogen, e.g. fluorine. R5 and R6 are preferably selected from hydrogen,
Ci-6 alkyl or Ci-6 alkoxy, optionally substituted, e.g. by halogen and/or
NR12R13 as described above.More preferably, R5 and R6 are hydrogen. R7, R8,
R9 and R10, which may be the same or different, preferably represent a
hydrogen atom, a halogen atom, nitro or C1-4 alkyl, or C alkoxy, each
optionally halogenated such as methoxy or trifluoromethyl. More preferably,
R7 and R10 are hydrogen and at least one of R8 and R9 is different from
hydrogen, e.g. halogen, such as fluorine. More preferably, the carboxylic
ring substituted by R7, R8, R9 and R10 is selected from the following: In
one embodiment, it is preferred that in case R11 is Ci 6 alkyl substituted
by a phenyl ring, the phenyl ring is mono- or polysubstituted. R1 1
preferably represents a saturated or unsaturated three- to twelve-membered
carbocyclic or heterocyclic ring system which is optionally substituted,
e.g. mono-, di- or trisubstituted by an oxygen atom, Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, Ci-6 alkoxy, a halogen atom, or a saturated or
unsaturated three- to eight-membered carbocyclic or heterocyclic group, and
the Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, and Ci -6 alkoxy groups are
optionally substituted by a halogen atom or a saturated or unsaturated
three- to eight-membered carbocyclic or heterocyclic group. Examples of
preferred substituents on thecarbocyclic or heterocyclic group are halogen,
e.g. F, Cl or Br, C alkyl optionally halogenated, such as methyl, ethyl, or
trifluoromethyl, C1.4 alkoxy, optionally halogenated such as methoxy,
difluoromethoxy or trifluoromethoxy, hydroxy I, cyano, and optionally
substituted amino. Still more preferably the carbocyclic or heterocyclic
group in R11 comprises at least one halogen, e.g. fluorine or chlorine,
trifluoromethyl or trifluoromethoxy substituent. More preferably, R11
represents an optionally substituted carbocyclic ring selected from the
following (connecting atom attached to the sulfonyl group):Description
CLOSURE Technical Field [0001] This invention relates to a closure. In
particular, it relates to the combination of a closure and a container, the
container typically including threads. The closure is of the two-part type
of closure, which comprises an inner cap or disc part, and a ring or skirt
part. Background Art 



[0002] Two-part closures typically comprise a cap or disc which is held
onto a container by a skirt, which is sometimes referred to as a ring, or
overcap. The two parts may be of the same material, or different materials
as in a combination closure or "combo-cap" which uses a metal disc and a
plastic skirt. The skirt often defines threads or lugs, which cooperate
with complementary features on a container neck. Sealing material is
conventionally applied to the disc to form a seal between the disc and the
mouth of the container. [0003] There are many examples of two-part
closures, of which US 3446381 A (PODESTA ET AL) is one of the older
examples. That patent describes a two-part metallic cap with a separate
disc and "sleeve-like" skirt. Another two-piece metallic cap from the same
inventor is shown in US 3836033 A (PODESTA) . In US 3836033 Athe disc has
an edge portion which projects beyond the container mouth, an annular
portion which sits on the top edge of the container mouth and a middle
portion covering the opening of the container. The entire middle portion of
the disc moves between concave and convex configurations by pivoting of the
annular portion about the top edge of the container mouth. Both of these
closures can be used for containers such as glass bottles, pots and the
like. [0004] It has also been popular to provide screw threads or lugs on
the skirt, whether this is of metal or of plastics material. For example,
the skirt may be part of a threaded outer cap, as in US 4473163 B (ERNST &
CO.) in which the outer cap prises the inner cap off the container during
unscrewing. This is particularly useful when the closure is used for the
packaging of food products, which during processing "pull" a
negativepressure, often called a "vacuum". This vacuum creates a
substantial resistance to opening. The two-piece cap of EP 1686070 A (PLATO
PRODUCT CONSULTANTS V.O.F.) has a special feature to reduce torque on
opening. This feature is similar to a dimple, which during opening, pushes
up a disc-shaped inner cap to overcome the forces between jar and closure,
which create the sealing of the package. [0005] The 2-piece closure design
allows the breaking of the container seal to be controlled. The initial
twisting of the skirt is sometimes used to activate a tamper-evident
feature, such as breaking a tamper-evident band, whilst the disc remains
sealed to the container. Thereafter, a further feature may be provided on
the skirt to prise the disc from the container, thereby breaking the seal
between the disc and the container to equalise any difference between the
internal pressure in the container and the external environment. This
2-stage opening reduces the torque required to open the closure and allows
the closure to be removed more easily. [0006] Although known features such
as these can reduce the force necessary to break vacuum, there are still
problems inherent in the combined opening force requirements of unscrewing
and breaking the vacuum. This invention seeks to overcome those problems.
Disclosure of Invention [0007] According to the present invention, there is
provided a two-part closure comprising a disc and a skirt, in which the
disc has a seal and a surrounding rim and is held moveably between an
inwardly projecting rim at the upper end of the skirt and an annular inward
projection on the skirt wall and/or lugs at the lower end of the skirt
wall, the closure being adapted for use with a container and the sum of the
distance (B) between the seal and the contact point of the disc rim and
lower skirt rim, plus the effective thickness (A) of the lugs is greater
than the distance (C) between the top of threads on the container and the
top of the container. [0008] The term "disc" is used to define the whole of
an inner cap component and is not intended to infer that that component is
simply a thin circular component. Preferably, the centre portion of the
disc is a substantially flat planar panel and radially outwardly of this
panel the disc is profiled forsealing a container to which the closure is
attached, as discussed in more detail below. 



[0009] It is thus possible to manufacture the closure of the invention from
fairly stiff material, for example from a single piece of metal (e.g.
steel) and as described in WO/2008/053014. In any event, the closure disc
is not intended to be overly flexible or moveable from concave to convex
and returning to concave as is required in US 3836033 A, which is
equivalent to FR 21771 18 . [0010] The effective thickness of the lugs is
the axial distance (A) between a position (X), which is the contact point
between the lug and the top of the container thread, and a position (Y),
which is the contact point of disc rim and skirt rim. The references refer
to figures 9 and 10 of this application. Clearly the invention is only
applicable to closures, which have a skirt depth that is more than that of
a simple overcap or lid. [001 1] The container, which the closure of the
invention is suitable to close may be a jar or bottle (of glass or plastics
material) or even a metal can. Although a usual use for the closure of the
invention would be with a glass jar, the expressions are used
interchangeably in this application. The jar generally includes threads but
one or more waves, cams or projections may be used in the place of threads.
A single continuous thread, as in a rolled-on thread, may also be provided
on the jar. [001 2] During opening of the closure of the invention, the
first stage of torque application to rotate the skirt and release the lug
from the underside of the thread is distinctly separate from the second
stage which is needed to prise the disc axially away from the container by
forcing the lugs between the top of the threads and the underside of the
disc rim. There is thus no effort required to slide the seal of the disc
part relative to the top of the jar and the disc may audibly jump when the
seal is broken on first opening. [001 3] The strength of the lugs required
to prise the disc from the jar during opening is less than that required
for lugs on a conventional twist closure as the lugs of the present
invention only have to resist crushing between the thread and the disc and
do not have to resist bending. Thinner material may thus be used to form
the skirt. Although the disc is typically of metalfor optimum barrier
properties, for example, the skirt may be a plastics material or metal.
[0014] The most preferred embodiment of the invention is an all-metal
closure. Of course, if both parts of the closure were made from the same
piece of metal, this would result in cost saving, environmental and
resources conservation, even if the panels and rings were mixed and matched
from the metal sheets or discs from which they were formed. Also, the metal
could be decorated, and decoration of skirt (ring) and disc matched for
aesthetic purposes for example. [0015] Where the closure is of metal, this
is preferably steel. The thickness of steel may be less than that used for
the manufacture of vacuum twist closures. Thus the steel used for the
closures of the present invention may be less than 0.14mm for closures of
48mm nominal diameter and below, less than 0.15mm for closures of 48mm
nominal diameter and below, less than 0.16mm for closures of 66mm nominal
diameter and below, less than 0.17mm for closures of 77mm nominal diameter
and below, less than 0.18mm for closures of 82mm nominal diameter and
below, and less than 0.20mm for closures of 110mm nominal diameter and
below. The metal may be a polymer-coated metal. [0016] Generally, the
inwardly projecting rim on the top of a metal skirt is curled inwardly to
hide the upper cut edge. Not only does this enhance the appearance of the
skirt, but it also provides a safe edge. The lower end of the skirt is also
usually curled inwardly to obscure the lower cut edge of the skirt and to
provide a smooth surface against which to push the rim of the disc part
during opening. The rim of a metal disc part is usually curled (inwardly or
outwardly) to obscure the cut edge of the disc and the disc part may be
sealed or even filled with compound or sealing material. Cut edge
protection may be enhanced by conventional processes such as by 



the use of roller-coated lacquers. Of course it is possible for all cut
edges to be coated after cutting. [001 7] The radius of curvature of any of
the curled regions, either on skirt or disc, is typically no less than 0.4
mm This gives a good appearance and smooth feel, and avoids damage to
decoration or protective coatings, which couldoccur if the curl is too
tight, for example. [0018] The inwardly projecting rim on the top end of
the skirt part may be discontinuous so that inwardly projecting rim
portions are only provided where there is no lug opposite. This simplifies
manufacture of the ring, particularly if the ring is made from plastic
because ejection from the mould is simpler and insertion of the disc into a
more flexible ring is easier. [0019] In one embodiment, the height of the
disc rim may vary around its circumference. Another alternative is for the
height or thickness of the skirt lugs or adjacent curled regions to vary.
In yet another embodiment, the height or thickness of the top of the
container threads may vary. Any of these alternatives have the advantage
that during the second stage of opening, the force to prise the disc from
the top of the container is focussed at one part of the circumference, and
so less torque is required. [0020] Either or both of the surfaces of the
disc and skirt, which contact one another when the container is closed, may
undulate or include protrusions/dimples to provide a gap or gaps between
the skirt and disc. This reduces the area, which might stick during
handling and any gap or gaps provide ventilation between the skirt and
disc. Spaces between skirt, disc and container dry more effectively in
these closures after filling and closing a container. Furthermore,
accidental movement of the skirt may be avoided and evidence of movement
such as opening may be provided. Flexibility of the panel and/or ring
allows release of stuck surfaces either individually (disc/ring) or when
assembled into closures. Addition of solid or liquid slip material or
non-stick coatings may limit application torque and minimise sticking.
[0021] For tamper evidence or to avoid accidental movement of the ring, the
skirt may be joined to the disc by a breakable material or strap. [0022]
When the closure is used to close a container, the top of the skirt in one
embodiment is typically a little higher than the top of the disc before the
closure is tightened onto the jar, and may flex slightly in combination
with the disc to become substantially level when the desired tightness is
achieved. Over-tightening of the closure in so-called "top-belt driven
cappers" may thus be avoided.[0023] Although the closure of the invention
does not require the entire middle portion of the disc to move between
concave and convex as described in US 3836033 , it is common for the middle
portion of closures of different types to have a small central bi-stable
part or "button" which moves when internal vacuum is released and vice
versa . This vacuum button feature may be included in the disc of our
invention but it plays no part in any pivoting or in the sealing of the
container itself. Brief Description of Figures in the Drawings [0024]
Preferred embodiments of the invention will now be described, by way of
example only, with reference to the drawings, in which: [0025] Figures 1A
and 1B are partial side sections of an all-metal closure with an annular
projection on skirt wall; [0026] Figure 2 is a partial side section through
a curl of a closure with plain wall; Figure 3 is a partial side section
through a lug of the closure of figure 2; Figure 4 is an underplan view
showing four lugs; Figure 5 is a partial side section through a curl of an
alternative closure with an outward disc curl; Figure 6 is the partial side
section of figure 5 through a lug of the closure; Figure 7 is a partial
side section through the curl of the closure of figures 2 and 3 in closed
position on a jar; Figure 8 is a partial side section through a lug of the
closure of figures 2 and 3 in closed position on a jar; 



Figure 9 is a partial side section through the curl of the closure of
figures 2 and 3, above a jar after opening; Figure 10 a partial side
section through a lug of the closure of figures 2 and 3, above a jar after
opening; Figure 11 is a partial side section through a curl of a closure
with an outward curl on the disc; Figure 12 is a partial side section
through a curl of a closure, with the top of the ring above the disc;
Figure 13 is a partial side section through a lug of the closure of figure
12; Figures 14a and 14b are perspective views of a closure ring and closure
with four inwardly projecting rim portions opposite gaps between lugs;
Figure 15 is a perspective view of a disc having "flats"; and Figure 16 is
a perspective view of the disc of figure 15, fitted in a ring. Mode(s) for
Carrying Out the Invention [0027] Figures 1A and 1B are side sections of a
two-part closure manufactured for example in accordance with unpublished
patent application PCT/EP2007/061744. Alternatively, the ring could be
manufactured separately by techniques such as welding (e.g. laser welding),
extrusion, or by using tubing. This of course means that the ring is not
necessarily formed from metal, although this is the preferred material for
closures of this invention. The closure comprises a metal disc 30, having
its cut edge protected by a curl 32, and a circumferential ring 40. The
disc 30 is trapped within the ring 40 by two curls 42, 43 at the opposed
axial ends of the ring. Figure 1A is a section through a curl 43 and figure
1B is a section through a lug 44. [0028] A retention feature, or features
45 is/are provided to position the disc 30 loosely within the ring 40,
whilst allowing the disc 30 freedom to move rotationally relative to the
ring 40 and limiting axial movement. The retention feature 45 may take the
form of spaced projections around the circumference of the ring 40, or
alternatively may be provided by a circumferential bead, either full or
segmented. A channel 34 is provided about the inside periphery of the disc
30, surrounding a flat centre panel, and this channel is used to hold
sealing material 36. The provision of the channel 34 ensures proper
location of the sealing material to interface with the neck of a container
50 and also reduces the quantity of sealing material 36 because of its
better and more accurate distribution. A portion of thread 52 is also shown
in figures 1A and 1B. For opening, unscrewing of the closure causes lugs 44
to move over threads 52, causing retention feature 45 to push upwards
against disc curl 32, thereby raising the disc 30 from the container 50.
[0029] Figures 2 and 3 show an all-metal two-part closure 1 having a disc
part 2 and a skirt or ring part 3. Disc 2 has a flat central panel 4,
surrounded by upwardly extending groove 5, shoulder 6, annulus 7 and
terminating in inward curl 8. The groove 5 is profiled so as to retain
sealing material orother material 9, in this example from the edge of
planar central panel 4 to the curl 8. [0030] The skirt 3 of figures 2 and 3
has inward curls 11 and 12 at both upper and lower ends and lugs 13
(typically four, equi-spaced) around the lower edge. The lugs 13 are shown
most clearly in the underplan view of figure 4 . The top of the skirt
(ring) in figures 2 and 3 is below the level of the top of the channel 5,
so that this embodiment is sometimes referred to as "ring below disc" or
"disc over ring". [0031] This ring below disc configuration has a smooth
feel. When the closure is used to close a filled container, there is less
risk of scuffing of the ring. For these reasons, this is the most preferred
format for the invention.An alternative ring below disc closure may have
the disc panel extending outside the top curl of the ring. [0032] When the
container is a glass jar which is closed by the ring below disc closure, it
is well suited for stacking. The top of the closure may nest with a
stacking bead around the bottom rim of the jar above. 



[0033] In its form independently of any container, the disc 2 is free to
move between a lower position when the curl on the disc abuts curl 12
and/or lug 13, and an upper position, as shown, when the disc abuts curl
11. The shoulder 6 of the disc of figures 2 and 3 contacts upper curl 11.
Sealing material 9 could of course be contained more locally by shaping the
disc. [0034] Either curl may be inward or outward (reversed), with the ring
above or below the panel. The curls may be partly or fully closed, rest on
or in features of the disc 2 or ring 3, or other possible variants. In one
arrangement, as shown in figures 5 and 6, the disc curl 8 may be outward
and the top curl 11 may be inward, such that the surface of the ring curl
11 that was originally on one side (preferably the decorated side) of the
metal sheet contacts the surface of the disc curl 8 that was originally on
the other side of the metal sheet. In this arrangement the contacting
surfaces may have different coatings or one may not be coated at all, in
order to avoid similar coatings sticking to one another, and the possibly
undecorated surface of the outside of the disc curl 8 may be hidden from
view when looking from the outside of the closure. Figure 5 shows the
inward top curl11 resting on the outward disc curl 8 at a section through
the lower curl 12 and figure 6 shows the same closure at a section through
the lower lug 13. [0035] Many features of the closures become more clear
when closures are used to close a container. Although any screw container
could be closed by any closure according to the invention, the drawings of
figures 7 to 10 show a glass jar, which has very distinct threads. [0036]
Figures 7 and 8 show the closure of figures 2 and 3, closing a glass jar
20. When the closure is applied to a glass jar, the top of the jar presses
into sealing material 9 forming an imprint and improved seal 10. The skirt
(ring) is rotated and the lug 13 is moved under the thread 2 1 to pull the
disc down. [0037] The relative positions of improved seal 10, underside of
disc rim 24 and inwardly projecting lug 13 can be seen in figure 8. The
seal is defined by that part of the sealing material 9 imprinted by the jar
20. [0038] In the closed position of figures 7 and 8, shoulder 6 presses
against upper curl 11 on the skirt, and lugs 13 press against the underside
of threads 2 1. In the closed position of figure 8, the lug is under the
thread of the glass jar, effectively pulling the disc into place and
squeezing the sealing material. [0039] Counter-rotation of the ring causes
the lugs to move to positions above the adjacent threads and application of
further torque causes lifting of the disc and full opening of the closure
(see figures 9 and 10). In the open position, the user has rotated the ring
such that the lug 13 is now resting on top of the thread portion 2 1
(figure 10) and the adjacent portion of the bottom curl 12 has moved to
contact the bottom of the disc curl 8 (figure 9). Moving the curls into
contact with each other raises the disc, thereby breaking the seal. [0040]
In the final position of figure 10, a lug 13 contacts screw thread 2 1 at
position 'X'. In figure 9, the contact point of curls 8 and 12 is shown as
Y'. The effective lug thickness, which is the axial distance between X and
Y, is distance 'A'. The axial (vertical) distance from the uppermost part
'Z' of compressed material (seal 10) to the bottom of disc curl 8 is 'B'.
The distance from the glass finish (top of the container) to the top of
thread 2 1is 'C. [0041] In order for the seal to be broken, it is necessary
for the sum of distances A + B to be greater than distance C. This
invention is therefore not applicable to shallow cap-like closures. [0042]
An alternative version as shown in figure 11 has an outward curl 8'. Figure
11 also shows how the sealing material 9 may be contained more locally by
shaping the disc 2 into two parts: an upper annulus or horizontal portion
7a adjacent the shoulder 6 and a depending or vertical portion 7b, which
terminates in an outward curl 8'. This is, of course an option which may be
used in any of the other embodiments of the invention. 



[0043] Figure 11 shows the ring above the level of the top of groove 5 as
it is in a "ring over disc" closure. [0044] The embodiment of figures 12
and 13, which is also of the "ring over disc" type, has a disc with inward
curl 8, inclined shoulder 6 and single part annulus 7. The "ring over disc"
closures have uppermost part of disc 3 lower than the top of the skirt,
which may assist tightening of the skirt during closing. Over-tightening of
the container may be avoided by flexing of the skirt in combination with
the disc and at most the skirt will become level with the disc. [0045] It
is conventional to provide curls where an exposed edge of cut metal might
otherwise be dangerous during handling, to obscure edges for cosmetic
purposes, or to protect against corrosion. [0046] Although the most
preferred embodiments of closure shown in figures 2 to 13 have all metal
forms, it is clearly possible to have a metal disc and a plastic skirt.
This enables the form shown in figures 14a and 14b to be made more easily,
although it could still be made from metal. Figure 14a shows the skirt 3'
alone. The top projection 11' is in four parts, with lugs 13 positioned
below gaps between projections 11'. If the skirt 3' is made from plastic,
the ejection of the skirt from the mould is easier, as is insertion of the
metal disc 2 into the more flexible skirt. [0047] Other features, which the
closure may include, are flats or similar undulations 14 around the disc
which form gaps 15 when inserted in skirt 3 (figures 15 and 16). This
provides a ventilation path and drying of thespaces between the skirt, disc
and container is improved after filling. Although the invention has
predominantly been described with reference to an all-metal closure and a
glass jar, the scope of the invention is also intended to include changes
and modifications to materials etc and numbers of features such as lugs, as
defined by the scope of the claims.Claims 1. A two-part closure comprising
a disc and a skirt, in which the disc has a seal and a surrounding rim and
is held moveably between an inwardly projecting rim at the upper end of the
skirt and an annular inward projection on the skirt wall and/or lugs at the
lower end of the skirt wall, the closure being adapted for use with a
container and the sum of the distance between the seal and the contact
point of the disc rim and lower skirt rim, plus the effective thickness of
the lugs is greater than the distance between the top of threads on the
container and the top of the container. 2. A closure according to claim 1,
in which the top of the skirt is lower than the top of the disc ("ring
below disc"), or vice versa, with the top of the skirt higher than the top
of the disc ("ring above disc"). 3. A closure according to claim 1 or claim
2, in which the disc and skirt are both made of metal. 4 . A closure
according to claim 3, in which the metal from which the disc is formed in a
single piece of decorated metal. 5. A closure according to claim 3 or claim
4, in which the metal is steel having a thickness, which is less than that
used for the manufacture of vacuum twist closures of the same diameter. 6.
A closure according to any of claims 3 to 5, in which the inwardly
projecting rim on the top of a metal skirt is curled inwardly and the lower
end of the skirt is curled inwardly. 7. A closure according to any one of
claims 3 to 6, in which the rim of the metal disc part is curled either
inwardly or outwardly and, optionally, includes sealing material. 8. A
closure according to claim 6 or claim 7, in which the curl or curls are no
less than 0.4 mm. 9. A closure according to any one of claims 1 to 8, in
which the inwardly projecting rim on the top end of the skirt part is
discontinuous, so that inwardly projecting rim portions are only provided
where there is no lug opposite. 


