
POLY -iff-HETEROCYCLIC CARBENE TRANSITION METAL
COMPLEXES AND JRT-HETEROCYCLIC CARBENE TRANSITION
METAL COMPLEXES FOR CARBON- SULFUR AND CARBON-OXYGEN
COUPLING REACTIONS This application claims the benefit
of U.S. Provisional Patent Application Serial No.
60/924,164, filed May 2 , 2007, which is incorporated
herein by reference in its entirety. FIELD This
invention relates to a poly-iNT-heterocyclic carbene
(p-NHC) transition metal complex and a N -
heterocyclic carbene (NHC) transition metal complex
for carbon-sulfur (C-S) and carbon-oxygen (C-O)
coupling reactions. This invention further relates to
a p-NHC nickel complex and a NHC nickel complex, which
may be used for C-S and C-O coupling reactions.
BACKGROUND Organosulfur chemistry has been receiving
more and more attention since sulfur-containing groups
serve an auxiliary function in organic synthetic
sequences , Aryl sulfides are also a common functional
group in numerous pharmaceutically active compounds.
However, synthesis of aryl-sulfur bonds was still
considered a challenge until the development of a
series of palladium organophosphane (Pd-PR3)
catalysts, including those developed by Buchwald,
Hartwig and others. (See, for example, M . Murata, S .
L . Buchwald, Tetrahedron 2004, 60, 7397; and M . A .
Fernandez -Rodriguez, Q . Shen, J . F . Hartwig, J .
Am. Chem. Soc. 2006, 128, 2180.) However, limitations
of Pd-PR 3 catalysts have been reported, including low
turnover number, high cost and toxicity of the
organophosphane (PR3) ligands. The development of
severalother transition metal organophosphane -based
catalysts has been reported. However, they have also
been reported as exhibiting a number of limitations,
including low activities. For C-O coupling, as
compared to C-S coupling, success with an analogous
process for the addition of alcohols to produce
aromatic ethers has been reported. Problems in the
existing approaches for C-O coupling, involving
Mitsunobu processes, copper catalysts and Pd-PR 3
catalysts, have also been reported. It has been
reported that Mitsunobu processes may be complicated
by the formation of by-products . Slow reaction rates
and low tolerance of substrates of copper/pyridine
catalysts have been reported. Palladium catalysts in
C-O coupling have also been reported to exhibit the
same limitations observed in C-S coupling, including
low turnover numbers, and the use of expensive and
toxic PR3 ligands . jW-heterocyclic carbenes have been
reported as a class of ligands which can be used for
transition metal catalysis in view of their similarity
to electron-rich organophosphanes, and the s-donating
properties of HHCs. Use of metal -NHC complexes in
many processes, including olefin metathesis,
carbon-carbon (C-C) or carbon- nitrogen (C-K)
cross-coupling, olefin hydrogenation, transfer
hydrogenation of ketones, and symmetric or asymmetric
hydro siIyIation, have been reported. The development
of several types of supported transition metal-NHC
complexes to exploit the benefits of heterogeneous
catalysts, including resin- supported Pd-NHC complexes
for Heck reaction, has been reported. The 



development of metal-NHC complexes supported on
mesoporousmaterials and particles/polymer hybrid
materials for various reactions has been reported.
However, limitations of the catalysts supported on
polymeric or mesoporous materials have been reported,
including low activity, multi-step syntheses, low
catalyst loading and others issues. The development of
a class of heterogeneous NHC catalysts, main chain
p-NHCs, which spontaneously form nanometer- or
micron-sized colloidal particles, has been reported
(WO 2007/114,793). Poly-imidazolium salts or p-NHC
particles were reported to be insoluble in common
solvents, and used as heterogeneous catalysts or solid
ligands for catalysis . The synthesis of p-NHC metal
complexes from the poly-imidazolium salt, and the
catalytic properties of Pd-p- NHCs in heterogeneous
Suzuki coupling reactions have been reported (WO
2007/114,793). p-NHC is a polymer material with free
carbene units in its main chain, and has been reported
to be easy to synthesize. p-NHC has also been reported
as having versatile properties in coordination with
different transition metals and can support metals to
generate heterogeneous organometallic catalysts. It
has been reported that Ni-NHC complexes demonstrated
efficient carbon- fluorine and carbon- carbon bond
activation. Ni-NHC catalyzed hydrothiolation of
alkynes has also been reported. Ni complexes have been
reported to catalyze C-S coupling. However, it has
been reported that good activities were only achieved
with aryl iodides . Organophosphane-free catalysts for
C-S and C-O coupling reactions are desired.SUMMARY In
one broad aspect of the invention, there is provided a
method for carbon-sulfur (C-S) or carbon-oxygen (C-O)
coupling comprising: a ) mixing, in any order, a thiol
- containing compound, an aryl laalide and a
transition metal complex to obtain C-S coupling; or b
) mixing, in any order, an alkoxide or aryloxide, an
aryl halide and a transition metal complex to obtain
C-O coupling, wherein the transition metal complex
comprises a heterocyclic carbene ligand somplexed with
a transition metal other than palladium. In another
broad aspect of the invention, there is provided a
method for carbon-sulfur (C-S) or carbon-oxygen (C-O)
coupling comprising: a ) mixing, in any order, a thiol
- sontaining compound, an aryl halide and a transition
metal complex to obtain C-S coupling; or b ) mixing,
in any order, an alkoxide or aryloxide, an aryl halide
and a transition metal complex to obtain C-O coupling,
wherein the transition metal complex comprises a
heterocyclic carbene ligand complexed with nickel . In
a further broad aspect of the invention, there is
provided a transition metal complex comprising a
poly-Nheterocyclic carbene complexed with nickel. In
still another broad aspect of the invention, there is
provided a transition metal complex comprising a N -
heterocylic carbene complexed with nickel. BRIEF
DESCRIPTION OF THE DRAWINGS Embodiments of the
invention will be discussed with reference to the
following Figures:Figure 1 displays the structures of
a poly-imidazolium salt 1 , a poly-imidazolidene
carbene 2 and a poly-imidazolidene carbene metal
complex 3 . Figure 2 displays synthesis of a N i-p
-NHC catalyst B from a 



p-NHC A . DETAILED DESCRIPTION The present invention
relates to methods for C-S and C-O coupling using a
transition metal complex. In an embodiment of the
invention, the transition metal complex may comprise,
for example, and without limitation, heterocyclic
groups. For example, and without limitation, the
transition metal complex may comprise a heterocylic
carbene ligand complexed with a transition metal . In
an embodiment, the heterocyclic carbene ligand may be,
for example, and without limitation, a
poly-JJTheterocycli s carbene. For example, and
without limitation, the transition metal complex may
comprise one or more monomer units comprising two
heterocyclic groups joined by a linker group. In an
embodiment, the transition metal complex may comprise,
for example, and without limitation, one or more
monomer units represented by the formula (I) .In
formula (I) , each of R and R2 is a linker group. Each
of Ri and R2 ay be independently a rigid linker group,
a non-rigid linker group or a semi-rigid linker group.
R i and R2 may be the same or different. Suitable
rigid linker groups would be understood to and can be
determined by those of ordinary skill in the art, and
may include, for example, and without limitation,
aromatic groups, heteroaromatic groups, sycloaliphatic
groups, suitably rigid alkenes and suitably rigid
alkynes. Suitable rigid linker groups may include, for
example, optionally substituted ethenyl {e.g.
ethenediyl, propen-1,2- diyl, 2-butene-2,3-diyl,
etc.), ethynyl (e.g. ethynediyl, propynediyl,
but-2,3-yne-l,4-diyl, etc.), aryl (1,3- phenylene, 1,4
-phenyl ene, 1,3-naphthylene, 1,4-naphthylene,
1,5-naphthylene, 1 6-naphthylene / 1,7-naphthylene, 1
,8-naphthylene, etc.), heteroaryl (e.g. 2
,6-pyridinediyl, 2,6-pyrandiyl, 2 ,5-pyrrolediyl,
etc.), and cycloalkyl (e.g. 1,3-cyclohexanediyl,
1,4-cyclohexanediyl, 1,3- cyclopentanediyl ,
1,3-cyclobutanediyl, etc.) linker groups. Suitable
non-rigid and semi-rigid linker groups would be
understood to and can be determined by those of
ordinary skill in the art, and may include, for
example, and without limitation, an alkyl, alkenyl
(other than ethenyl) , alkylaryl and other suitable
linker groups. Suitable nonrigid or semi-rigid linker
groups may include, for example, -(CH2) - , where u is
between 1 and about 10, and which nonrigid or
semi-rigid linker groups may be optionally substituted
and/or branched (e.g. 1,2-ethanediyl, 1,2- or
1,3-propanediyl, 1,2-, 1,3-, 1,4- or 2 ,3-butanediyl,
2 - methyl -butane -3, 4-diyl, etc.).The linker groups
may be optionally substituted (e.g. by an alkyl group,
an aryl group, a halide or some other substituent) or
may comprise a heteroatom such as 0 , S , N (e.g. R1
or R2 may independently be -CH2OCH2- , -CH2OCH2CH2- ,
-CH2OCH(CH 3)-, - (CH2OCH2)p- (where p is between 1
and about 100 ) , -CH2NHCH 2-, CH2N (CH3)CH2-, -CH2
(Ph) CH2-, -CH2SCH2- , etc.) . The heteroatom may be
disposed so that it is also capable of complexing or
bonding to the transition metal . In an embodiment,
for example, and without limitation, R i may be a
rigid linker group and R2 may be a non-rigid or
semi-rigid linker group. 



In formula (I) , M is a transition metal and the
symbol * indicates an end of the monomer unit . In
formula (I) , X " is a counterion. In an embodiment,
i" may be, for example, and without limitation, a
halide, such as, for example, bromide, chloride or
iodide. Other suitable Xa " may be, for example,
acetate, nitrate, trifluoroacetate, etc. In an
embodiment, X i" may be coordinated with the
transition metal. The formulae described throughout
this entire specification representing the monomer
unit(s) of the transition metal complex may be
represented with a m+ charge on M as shown above, or
the formulae may be represented as having bonds
linking the X i"s to M . Those of ordinary skill in
the art will appreciate that the transition metal M
may be doubly coordinated as represented in the
formula above, or the transition metal M may be
coordinated differently, for example, and without
limitation, the transition metal M may be singly or
triply coordinated. Thus, the transition metal may be
Mm+, where m is an integer of 1 , 2 , 3 , 4 , 5 , 6or
7 , although typically m will be l , 2 or 3 . The
number of X1 " groups will then generally be TnX1
groups, where m is defined as above. While each X1 "
might be the same or different, generally each X " is
selected to be the same counterion. In formula (I) , n
is the degree of polymerisation. In an embodiment, n
may be, for example, and without limitation, a value
where the transition metal complex is insoluble in
solvents used for the coupling reactions, n may be,
for example, and without limitation, greater than
about 5 , or greater than about 10, 15, 20, 30, 40,
50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 70O
800, 900 or 1000, or may be between about 5 and 1000,
10 and 1000, 50 and 1000, 100 and 1000, 200 and 1000,
500 and 1000, 5 and 500, 5 and 200, 5 and 100, 5 and
50, 5 and 20, 5 and 10, 10 and 50, 50 and 500, 50 and
200, 50 and 100 or 100 and 300, and including any
specific value within these ranges, such as, for
example, and without limitation, about 5 , 6 , 7 , 8 ,
9 , 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150,
200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900
or 1000. In formula (I) , represents a single bond or
a double bond, wherein when represents a double bond,
E , F , G and H are not present. In an embodiment,
each of A , B , C and D , and, if present, E , F , G
and H may independently be, for example, and without
limitation, hydrogen or a substituent which is not
hydrogen. Each of A , B , C1 D , E , F , G and H may
independently be, for example and without limitation,
hydrogen, alkyl (e.g. straight chain, branched chain,
sycloalkyl, etc.), aryl (e.g. phenyl, naphthyl, etc.},
halide (e.g. bromo, chloro, etc.), heteroaryl (e.g
pyridyl, pyrrolyl, furanyl, furanylmethyl ,
thiofuranyl, imidazolyl, etc.), alkenyl (e.g. ethenyl,
1-, or 2-propenyl,etc.), alkynyl (e.g. ethynyl, 1- or
3-propynyl, 1-, 3- or A - but-l-ynyl, 1- or
4-but-2-ynyl, etc.) or some other substituent. A , B ,
C and D and, if present, E , F , G and H , may be all
the same, or some or all may be different. The alkyl
group may have, for example, and without limitation,
between about 1 and 20 carbon atoms (provided that
cyclic or branched alkyl groups have at least 3 carbon



atoms), or between about 1 and 12, 1 and 10, 1 and 6 ,
1 and 3 , 3 and 20, 6 and 20, 12 and 20, 3 and 12 or 3
and 6 , including any specific number within these
ranges. For example, and without limitation, the alkyl
group may be, methyl, ethyl, 1 - or 2-propyl,
isopropyl, 1- or 2-butyl, isobutyl, tert -butyl,
cyclopentyl, cyclopentylmethyl, cyclohexyl,
cyclohexylmethyl, methylcyclohexyl, etc. The
substituents may be optionally substituted (e.g. by an
alkyl group, an aryl group, a halide or some other
substituent) or may comprise a heteroatom such as O ,
S , (e.g. the substituent may be methoxymethyl ,
methoxyethyl , ethoxymethyl , polyoxyethyl ,
thiomethoxymethyl , methylaminomethyl,
dimethylaminomethyl, etc.). Each of A , B , C and D ,
and, if present, E , F , G and H may independently be
chiral or achiral. In an embodiment, for example, and
without limitation, any two of A , B , C and D , and,
if present, E , F , G and H may be joined to form a
cyclic structure. In an embodiment, at least one
heterocyclic ring of formula (I) may have fused or
spiro- joined rings. For example, and without
limitation, when r--- represents a single bond, any
pair of substituents A , B , C , D , E , F , G and H
attached to the same carbon atom may be joined to
form, for example, a cyclopentyl, cyclohexyl or some
other ring. For example,where A and E form a
cyclopentyl ring, a 1,3- diazaspiro [4.4]nonane
structure may be formed. In an embodiment, for
example, and without limitation, any pair of
substituents A , B , C , D , E F , G and H attached to
adjacent carbon atoms may be joined to form, for
example, a cyclopentyl, cyclohexyl or some other ring.
For example, where A and B form a cyclopentyl ring, a
1,3- diazabicyclo [3 .3 .0 ]octane structure may be
formed. In an embodiment, when represents a single
bond, any pair of substituents A , B , C , D , E , F ,
G and H attached to the same carbon atom may represent
a single substituent attached to the carbon atom by a
double bond. In an embodiment, the monomer unit(s) may
be represented by, for example, and without
limitation, the formula (Ia) , (Ib) wherein each of
Ri, R2 , * , X i , A , B , C , D , E , F , G , H , m
and n may be defined as anywhere above, and each of J
, K , L and T may independently be, for example, and
without limitation, =CPQ or =NP, where P and Q may
independently be,for example, and without limitation,
hydrogen or a substituent which is not hydrogen
including those defined for A to H above. J , K , L
and T may independently be, for example, =CH2, =CHCH3
, =CHPh, =NCH3 or =NPh, or some other suitable double
bonded group. In an embodiment, when represents a
double, at least one heterocyclic ring of formula (I)
, may be, for example, and without limitation, fused
with an aromatic or heteroaromatic ring. In an
embodiment, the monomer unit(s) may be represented by,
for example, and without limitation, the formula
wherein each of Ri, R2, M , * , X i", m and n may be
defined as anywhere above . In an embodiment of the
invention, the heterocyclic carbene ligand may be, for
example, and without limitation, a N -heterocyclic
carbene copolymer. For example, and without
limitation, the copolymer may comprise two or more
different monomer units. In an embodiment, one, some
or all of the different monomer units may be 



represented by the formulae as described anywhere
above. In an embodiment, the copolymer may be an
alternating copolymer .In an embodiment of the
invention, the transition metal complex may be, for
example, nickel poly-imidazolidene (Ni-plpi) or nickel
poly-benzoimidazolidene (Hi-pBIm) . In an embodiment,
the carbene centres of the p-MEHC as described
anywhere above, may be in the main chain of the
polymer. In an embodiment, the transition metal
complex may be, for example, and without limitation,
in the form of one or more particles. The transition
metal complex may be, for example, in the form of
amorphous particles, spherical particles or
misrosrystalline particles. The particles may be, for
example, and without limitation, colloidal particles.
The particles may be, for example, and without
limitation, micron-sized or nanometer-sized colloidal
particles. The particles may be, for example, and
without limitation, between about 100 nm to about 10
microns in diameter. The particles may have, for
example, and without limitation, a diameter between
about 100 nm and 1 micron, 100 and 500 nm, 500 nm and
10 microns, 1 and 10 microns, or 100 nm and 1 micron,
and including any specific value within these ranges,
such as, for example, and without limitation, about
100, 200, 300, 400, 500, 600, 700, 800 or 900 nm, or
about 1 , 1.5, 2 , 2.5, 3 , 3.5, 4 , 4 . 5 , 5 , 6 , 7
, 8 , 9 or 10 microns. Those of ordinary skill in the
art will appreciate that the size and shape of the
particles may depend on the nature of the monomer unit
(s) used, and the conditions of synthesis of the
polymer, particularly the solvent used in the
polymerisation process. In an embodiment of the
invention, the heterocyclic carbene ligand may be, for
example, and without limitation, a N -heterocyclic
carbene. In an embodiment ofthe invention, the NHC
ligand of the transition metal complex may be
represented by, for example, and without limitation,
the formula (III). In formula (III) , each of X1 -, A
, B and, if present, E and F may be defined as
anywhere above. Each of R3 and K4 represents a
substituent which is not hydrogen including those
defined for A to H anywhere above. represents a single
bond or a double bond, wherein when represents a
double bond, E and F are not present. In an
embodiment, any two of A , B and, if present, E and F
may be joined to form a cyclic structure including
those described for formula (I) above. In an
embodiment, when represents a single bond, any pair of
substituents A , B , E and F attached to the same
carbon atom may represent a single substituent
attached to the carbon atom by a double bond. In an
embodiment, the NHC ligand may be represented by, for
example, and without limitation, the formula (IlIa),
(IIIb) or (Illc): wherein each of X1 -, A , B , E , F
, R3, R4, J and K may be as defined anywhere above.In
an embodiment, when is a double bond, the heterocyclic
ring of formula (III) may be, for example, and without
limitation, fused with an aromatic or heteroaromatic
ring. In an embodiment, the NHC ligand may be
represented by, for example, and without limitation,
the formula (IV) : wherein i , R3 and R4 are as
defined anywhere above. 



In an embodiment of the invention, the NHC ligand may
be, for example, and without limitation, a bridged
bidentate ligand. In an embodiment, the MHC ligand may
be represented by, for example, and without
limitation, the formula (V) or (VI) : wherein X i ,
R3, R , , A , B , C , D and, if present, E , F , G and
H may be described as anywhere above. R5 may be, for
example, and without limitation, a linker group
including those described for R and R2 above. In an
embodiment, the transition metal complex may have, for
example, and without limitation, a NHC
ligand/transition metal ratio of from 1 to 5 including
any specific value within this range, such as, for
example, and without limitation, 1 , 2 , or 3 . In an
embodiment, the NHC ligand/transition metal ratio may
be, for example, 2 .Transition metals are understood
as falling within Groups IHB, IVB, VB, VIB, VIIB,
VIIIB, IB and H B in the Periodic Table of the
Elements. In an embodiment of the invention, the
transition metal of the transition metal complex may
be, for example, and without limitation, a transition
metal capable of complexing with one, two or three
carbene (-C:-) centres, and also optionally with a
heteroatom, wherein the transition metal is not
palladium. In one embodiment, the transition metal may
be, for example, and without limitation, a Group VIIIB
metal. In an exemplary embodiment, the transition
metal may be, for examp Ie, nickel. The transition
metal complexes may be prepared from the corresponding
free heterocyclic carbenes and/or the corresponding
heterocyclic salts (see, for example, WO
2007/114,793). By way of example only, and without
limitation, a poly-imidazolium salt 1 , a free
polyimidazolidene carbene 2 and a poly-imidazolidene
carbene metal complex 3 are shown in Figure 1 ,
wherein M represents a transition metal as described
anywhere above and L represents a ligand, including,
for example, and without limitation, syclooctadiene
(COD) . For example, and without limitation, Figure 2
shows the synthesis of nickel polyimidazolidene
(Ni-plm) catalyst B from poly-imidazolidene free
carbene polymer particles A and Ni(COD) 2 . The
transition metal complexes as described anywhere above
may be used to catalyse C-S or C-O coupling reactions.
In an embodiment of the invention, the C-S coupling
reaction may involve an aryl halide substrate and a
thiol -containing compound.Suitable aryl halides for
the C-S coupling reactions would be understood to or
can be determined by those of ordinary skill in the
art, and may include, for example, and without
limitation, aryl iodides, aryl bromides and aryl
chlorides. The aryl group of the aryl halide may be
optionally substituted with a substituent which is not
hydrogen including those defined for A to H anywhere
above . The aryl group of the aryl halide may be fused
with an aromatic or heterocyclic ring. In an
embodiment of the invention, the aryl halide may be
activated, non-activated or deactivated. Suitable
thiol -containing compounds for the C-S coupling
reactions would be understood to or can be determined
by those of ordinary skill in the art, and may
include, for example, and without limitation, aryl
thiols and alkyl thiols. The aryl and alkyl moieties
of the aryl 



and alkyl thiols may include the aryl and alkyl groups
as defined anywhere above. An embodiment of the
present invention may be represented by, for example,
and without limitation, the following scheme: wherein
B represents Ni-plm, of the aryl halide represents
hydrogen or a substituent which is not hydrogen as
described anywhere above, and R of the thiol
represents aryl or alkyl as described anywhere above.
The mechanism of Pd-PR 3 catalysts in coupling
reactions has been well studied. By way of example,
and without limitation and without being bound by
theory, it is believed that Ni-WHC catalysts are
undergoing the sameoxidative addition and reductive
elimination cycle, as represented in the following
scheme: wherein R and X are as defined anywhere above
. While sterically hindered ligands are generally good
in the reductive elimination step they would generally
slow down the oxidative addition process. On the other
hand, strong electron- donating ligands may help the
oxidative addition of aryl halides but are generally
not good in reductive elimination. It is believed that
tuning the steric hindrance and electron-donating
properties of ligands may be a consideration in
catalyst development. In an embodiment of the
invention, the C-O coupling reaction may involve an
aryl halide and an alkoxide or aryloxide.Suitable aryl
halides for the C-O coupling reactions would be
understood to or can be determined by those of
ordinary skill in the art, and may include those aryl
halides defined for the C-S coupling above. Suitable
alkoxides and aryloxides for the C-O coupling
reactions would be understood to and can be determined
by those of ordinary skill in the art. The alkyl and
aryl moieties of the alkoxides and aryloxides may
include the alkyl and aryl groups as defined anywhere
above. Suitable alkoxides may include, for example,
and without limitation, primary, secondary and
tertiary alkoxides. The alkoxides and aryloxides may
be substituted with a substituent which is not
hydrogen including those defined for A to H anywhere
above . n embodiment of the present invention may be
represented by, for example, and without limitation,
the following scheme: wherein B represents Ni-plm, R
of the aryl halide is as defined anywhere above and R"
represents an alkyl or aryl group as defined anywhere
above . The transition metal complex, the thiol
-containing compound and the aryl halide for the C-S
coupling, or the transition metal complex, the
alkoxide or aryloxide and the aryl halide for the C-O
coupling may be mixed in any order. For the C-S
coupling, for example, and without limitation, the
transition metal complex may be first mixed with any
one of the thiol -containing compound and the aryl
halide, or the thiol -containing compound and the aryl
halide may be firstmixed together before mixing with
the transition metal complex. For the C-O coupling,
for example, and without limitation, the transition
metal complex may be first mixed with any one of the
alkoxide or aryloxide and the aryl halide, or the
alkoxide or aryloxide and the aryl halide may be first
mixed together before mixing with the transition metal
complex. 



The reaction conditions of the C-S and C-O coupling
reactions would be understood to and can be determined
by those of ordinary skill in the art. The coupling
reactions may be carried out in the presence of a
solvent . Suitable solvents would be understood to and
can be determined by those of ordinary skill in the
art, and may include, for example, and without
limitation, N ,N - dimethylformamide (DMP),
tetrahydrofuran (THP) or toluene. In an embodiment,
the transition metal complex may be insoluble in the
solvent, i.e. the transition metal complex may
function as a heterogeneous catalyst. In an
embodiment, the transition metal complex may be
soluble or at least partially soluble in the solvent,
i.e. the transition metal complex may function as a
homogeneous catalyst. Suitable reaction temperatures
would be understood to and can be determined by those
of ordinary skill in the art, and may include, for
example, and without limitation, from about 80 to 120
C , and including any specific value within this
range, such as, for example, 100 or 110 C . The amount
of transition metal complex used would be understood
to and can be determined by those of ordinary skill in
the art, and may include from less than about 5 mol%,
between about 0.1 to 3 mol%, and including any
specific value within these ranges, for example, 0.1
mol%, 1.5 mol%, 3 mol% or 4 mol%. Suitable amounts of
the arylhalide and thiol -containing compound in the
C-S coupling reactions and the aryl halide and
aryloxide or alkyloxide in the C-O coupling reactions
would be understood to and can be determined by those
of ordinary skill in the art . For example, and
without limitation, the coupling reagents may be used
in accordance with their stoichiometric ratios. In an
embodiment, the C-S coupling reaction may be carried
out in the presence of a suitable base. For example,
and without limitation, suitable bases may include KO1
Bu, Cs2CO3, Na2CO3 and NaO Bu. In an embodiment, the
transition metal complex may be recycled to catalyse
one or more subsequent reactions. Those of ordinary
skill in the art will appreciate that the method may
optionally comprise separating the product from the
reaction mixture, for example, and without limitation,
by filtration, chromatographic separation,
recrystallization or other suitable separation
processes . EXAMPLES All solvents were used as
obtained from commercial suppliers, unless otherwise
noted. Centrifugation was performed on Eppendorf(tm)
Centrifuge 5810R (4000 rpm, 10 min) . Gas liquid
chromatography was performed on Agilent(tm) 6890N
Series gas chroma tograph equipped with a split -mode
capillary injection system and flame ionization
detector. Gas chromatography- mas s spectrometry
(GC-MS) was performed on Shimadzu(tm) GCMS QP2010.
Inductively coupled plasma mass spectrometry (ICP-MS)
was performed on ELAN(tm) 9000/DRC system. Progress of
the catalytic reactions was typically monitored by GC
or GC-MS analysis of reaction aliquots.Synthesis of
Ni(O) -p-NHC Catalyst 82.5 m g o f Ni(COD) 2 (COD =
cyclooctadiene) (0.3 mmol) were added to a suspension
o f poly-imidazolidene (p-Im) A (1 g ) in THP in the
glove box. The mixture was stirred for 16 h at room
temperature. The suspension was then filtered, and
washed with DMF (10 ml) , THF (10 m l x 2 ) and ether
(10 ml) . The nickel poly-imidazolidene (KTi -plm) 



catalyst B was dried in vacuum, and collected a s a
yellow powder. The nickel loading on polymer (0.3
mmol/g) was confirmed by ICP-MS. Nickel
poly-benzoimidazolidene (Ni-pBIm) D (0.3 mmol/g) was
prepared from polybenzoimidazolidene (pBIm) C by using
the same procedure a s the synthesis o f Ni-plm B .
C-S Coupling Reactions over Ni-p-NHC Catalysts All
reactions were carried out in inert atmosphere. Ni-plm
B (10 mg, 0.003 mmol o f Ni), KOfc Bu (0.25 mmol),
thiophenol (0.22 mmol), 4-chlorobenzenetrif luoride
(0.2 mmol) were mixed with 2 m l o f DMF in a reaction
vial. The vial was capped, and the reaction mixture
was stirred at 100 C for 16 h . After completion of
the reaction, the reaction mixture was centrifuged,
and the solution was removed. This procedure was
repeated at least three times by using dry DMF as the
washing solvent. The combined liquid was collected for
yield measurement. The recovered catalyst was used
directly for the next run. C-O Coupling Reactions over
Ni-p-NHC Catalysts Ni-plm B (10 mg, 0.003 mmol o f
Ni), KO Bu (0.25 mmol), 4-chlorobenzenetrif luoride
(0.2 mmol) were mixed with 2 m l o f DMF in a reaction
vial. The vial wascapped, and the reaction mixture was
stirred at 100 C for 16 h . After completion of the
reaction, the reaction mixture was centrifuged, and
the solution was removed. This procedure was repeated
at least thrice using dry DMF as the washing solvent.
The combined liquid was collected for yield
measurement . The recovered catalyst was used directly
for the next run. The catalytic activity of Nl-pltn
catalyst B was investigated in C-S coupling of aryl
halides. Several solvents and bases were examined for
the reaction of 4-chlorobenzotri fluoride and
thiophenol over Ni-plm catalyst B (1.5 mol%) . Sulfide
products were obtained in excellent yields (94%) in
DMF/potassium terfc-butoxide (KO Bu) system, but
moderate or low yields were obtained in other solvents
(toluene or THF) . Conversion of both activated and
non-activated aryl halides to the corresponding
sulfides was generally observed with good to excellent
yields. However, only moderate or low yields were
typically observed for deactivated aryl bromides and
chlorides. Yields above 95% are considered excellent
yields, yields from 80 to 95% are considered good
yields, yields from 50 to 80% are considered moderate
yields and yields less than 50% are considered low
yields. Results from experiments conducted are
presented in Table 1 .[a] Reaction conditions: 0.2
mmol of aryl halides, 0.22 mmol of thiols in 2 ml of
DMF, 100C, 16 h . [b] GC yields . [c] 3-Bromopyridine
was used as the substrate . [d] Recycled catalyst, [e]
Reaction was conducted at 80C for 4 h . [f]
Deactivated aryl halide was used as the substrate. [g]
Non-activated aryl halide was used as the substrate,
[h] Activated aryl halide was used as the substrate
.The C-S coupling reaction of various aryl iodides,
bromides and chlorides with thiophenol was examined
over Kfi-plm catalyst B (Table 1 ) . High activities
of the catalyst for aryl iodides, bromides and
chlorides were observed in these experiments . The
catalyst was observed to be tolerant of different
functional groups on aryl halides. 



In addition to aryl thiols, alkyl thiols were also
tested over catalyst B . Similar activities of
catalyst B towards alkyl thiols and towards aryl
thiols were observed. The Ni-plm catalyst also
demonstrated excellent reusability. No deactivation
was observed for the recycled catalyst (see Table 1 )
. The Hl-plm catalyst was observed to maintain
excellent catalytic activity over multiple runs.
Comparable activities of catalyst B to most
homogeneous Pd-PR 3 catalysts were observed. Catalyst
B was observed to provide C-S coupling activity
similar to or lower than the expensive homogeneous
Pd{dba) 2/CyPF~fc-Bu catalyst developed by Hartwig.
Similar activities as catalyst B in the C-S coupling
reactions were observed for catalyst D .[a] Reaction
conditions: 0.2 mmol of aryl halid.es, 0.22 mmol of
alkoxides in 2 ml of DMF, 100 C , 16 h . [b] GC
yields. [c] Activated aryl halide was used as the
substrate. Direct coupling of aryl halides with
alkoxides and aryloxides was investigated by using
Ni-plm catalyst B using similar reaction conditions as
C-S coupling. High activities of Ni-plm catalyst B
towards coupling aryl halides with all primary,
secondary and tertiary alkoxides to form the
associated esters were observed (Table 2 ) .
Activities are considered relative to other
comparative catalysts. Good yields with less than 1%
catalyst loading is considered as high activity. Low
conversions were observed for the coupling of aryl
halides with aryloxides, and for the coupling of
deactivated aryl chlorides or bromides with alkoxides.
The activity of Ni-plm catalyst B towards alkoxides
was observed to be comparable with Buchwald's Pd-PR 3
catalysts (see, for example, A . V . Vorogushin, X .
Huang, S . L . Buchwald, J . Am. Chem. Ssc . 2005,
127, 8146.). Synthesis of Ni(O)-HHC Catalysts Nickel
1,3-dibenzylimidazolidene ((C) 2-Ni(O)) catalyst was
synthesized by adding 82.5 mg of KTi(COD) 2 (0.3 mmol)
in a glovebox to a mixture of 195 mg of c (0.6 mmol)
and 68 mg of KO Bu (0.6 mmol) in 10 mL of DMP. The
mixture was stirred for 1 h at room temperature, and
used as the catalyst stock solution for catalytic
reactions.C-S Coupling Reactions over Ni-NHC Catalysts
All reactions were performed in inert atmosphere. (C)
2-Ni solution (1 ml, 0.03 mmol of Ni), KO Bu {125 mg 7
1.1 mmol), thiophenol (1.05 mmol), and 4-bromotoluene
(1 mmol) were mixed with 3 mL of DMP in a reaction
vial. The vial was capped, and the reaction mixture
was stirred at 110 C for 16 h . Yields were measured
by gas liquidchromatography (GLC) and isolation of
pure product. Products were confirmed, by gas
chromatography- mass spectrometry (GC-MS) an nuclear
magnetic resonance (NMR) . C-O Coupling Reactions over
Ni-NHC Catalysts C-O coupling reactions over Ni-NHC
catalysts were performed using similar procedures as
those used for the C-O coupling reactions over
Ni-p-NHC catalysts. For reaction conditions see Table
6 . Table 3 C-S Coupling Reactions over Ni-NHC
Catalysts [a][a] Unless otherwise specified, the
reaction conditions are 0.2 mraol of aryl halides,
0.22 mmol of thiols and N i catalyst in 1 mL of DMF,
100 C, IS h . [b] GC yields, [c] Reaction run using
0.24 mmol of potassium tert -but oxide (KObBu) . Ed]
Reaction run using 0.25 mmol of KO1 Bu. Different
types of NHC ligands a-i and different NHC/Ni ratios
in the coupling of different aryl halides with 



thiophenol were investigated (Table 3 ) . The
different types of Ni-NHC catalysts investigated were
observed to be all active in this coupling reaction.
Strong electron-donating NHC generated from c was
observed generally to show thehighest activity among
WHCs a-e (Table 3 ) . The catalytic activity was
observed to be optimized at a NHC/Ni ratio of 2 (Table
3 ) . Bridged bidentate NHC ligands -i were prepared,
and the coupling of 4-bromotoluene with thiophenol
over these catalysts was also investigated (Table 3 )
. It was observed that with 3 mol% of nickel
catalysts, the activities of catalysts with bidentate
ligands were similar or slightly higher than that of
(c) 2-Ni (NHC/Ni=2) . However, it was observed that
when 1.5 mol% of nickel catalysts was used, the
activities of catalysts with f-i were -10 to 20%
higher than that of (c) 2-Ni. No byproduct was
observed over bidentate catalyst systems in contrast
to ~3 to 5% symmetric byproduct observed over (C)
2-Ni. Although the bidentate catalysts did not show
significant increase in activity, they demonstrated
greater stability compared to the monodentate
catalysts, when more ligands were introduced in the
reaction system, for instance, (C) 3-Ni or (h+c)-Ni,
the catalytic activities were observed to decrease
substantially. It is believed that steric hindrance
from overcrowding or saturated coordination sphere of
nickel center resulted in lower activities, and that
further modification of the steric and electronic
properties of NHC ligand to balance the catalyst
stability and activity may be a consideration toward
developing superior catalytic systems. Without being
bound by theory, it is believed that the bidentate
ligands would form more stable Ni complexes with a
longer catalytic lifetime and prevent the formation of
anionic or briding thiolate complexes (which might
undergo slow reductive elimination as demonstrated in
Pd-PR3 systems) .APPARATUS AND METHOD FOR REUSABLE,
NO-WASTE COLLAPSIBLE TUBE DISPENSERS WITH CONTROL RIBS
AND/OR DETENT, AND CAP CLOSURE TECHNICAL FIELD The
invention relates to controlled flow and cap closure
mechanisms with particular application to forming
collapsible tube dispensers. BACKGROUND OF THE
INVENTION The earliest collapsible tube dispensers in
the US patent database date from the early nineteenth
century. Since that time, there has been continued
innovation, leading to the various collapsible tube
dispensers used for pharmaceuticals, personal care
products, toothpaste, foods, paints, glues, hazardous
chemicals, grease products, and viscous plastics, to
name some of the more common uses of these tubes. As
used herein, personal care products include but are
not limited to, cosmetics, facial care products, skin
care products, over-the-counter health products,
and/or hair products. There are problems with the
collapsible tube technologies of the prior art. They
do not lend themselves both to being reusable and
supporting the complete, controlled dispensing of
their contents. As the term is used herein, reusable
will refer to the capability to dispense small, or
controlled, portions of the contents multiple times,
perhaps on different occasions. Reusable will also
refer to the capability to secure the closure to the
same degree repeatedly, each time it is engaged.
Reusable may further refer to the capability to refill
the contents multiple times. And reusable may further
refer to a container, which can be cleaned, and
refilled with differing contents. Four prior art
collapsible tubes dispense all the tube's contents and
are reusable. One is not a tube but a pouch that has a
mechanism of closing the throat requiring no
conventional screw cap, but is an "airless" suction
closure. Another is a tube shape that also uses an
airless closure. Both these tubes are unfamiliar
designs which consumers 



may or may not trust or prefer because of the absence
of a cap and thus the suggestion, true or untrue, that
the contents will not remain completely sealed if
subjected to outside pressures (as in air travel), or
that the contents may not be completely safe
fromcontaminants from the outside environment. Such
tubes may be undesirable for personal care and other
products demanding a high degree of aesthetic
features, such as oversized caps allowing the tube to
stand vertically. Third, there are some one-time use
containers made essentially of a squeeze tube with a
narrow end, which is cut to open the tube. AU of the
contents are then squeezed out, and the tube is
discarded. Thus these one-time use containers are not
reusable. Fourth, a collapsible tube with flexible
shoulder and screw threads allows compression of the
shoulder and threaded throat of the tube that is
usually rigid, however it has two structural problems
that undermine its intended effects. The first problem
stems from over tightening the cap, which in certain
instances can apply an excess pressure to the flexible
throat, causing it to deform and thereby break the
seal formed with the cap, allowing contents to escape
or environmental contaminants to enter. The second
problem comes from the flexibility of the flexible
shoulder, which can buckle or fold when squeezed,
causing the contained product to be dispensed
erratically. With the exception of the four examples
above, prior art collapsible tube dispensers typically
possess a rigid shoulder and a rigid throat. The rigid
throat provides an exterior, rigid screw. This
exterior rigid screw mates with a cap providing a
matching interior screw pattern. When the cap is
screwed onto the exterior screw of the throat, a seal
is formed, which seals in the contents of the
collapsible tube and protects the contents from
environmental contamination. For the last century or
two, screws have been built with either threads that
taper away from the body, or remain of constant
thickness. These screw threads will be referred to
herein as open threads. Up until now, using these open
thread screws required that the throat and the threads
of a collapsible tube be essentially rigid. An
essentially rigid throat on a collapsible tube
dispenser virtually guarantees that some of the tube
contents will not readily leave the tube, causing the
tube to waste some of its contents. The rigid shoulder
further guarantees this waste. The use of tubes for
carrying food in sports and wilderness exploration
environments is well known. None on the market,
however, are both reusable andcompletely collapsible.
Thus, they do not dispense all their contents. A
refillable tube that does dispense all its contents is
especially desirable when food is otherwise scarce.
Figure IA shows a prior art exterior screw 20 with a
prior art external flexible thread form 22. The prior
art external flexible thread form 22 is shown in an
expanded view through the following examples shown in
Figures IB and C with a matching internal thread form
24. There is a local coordinate system in Figure IA,
which will be used throughout this document. The z
axis 10 extends through the center of the cylinder of
the prior art exterior screw 20, and is the central
axis of the cylinder. The r axis 12 is the radial
direction of the thread at a point, which, for the
sake of discussion, is referred to as thread point 22
in Figure IA. The n axis 14 is normal to the thread
point 22. When the screw is turned in the n direction,
it engages more of the threads. The engagement of an
exterior screw thread and matching interior screw is
shown in the expanded view of the prior art open screw
thread 22 in Figure IA. The expanded view is a
cross-section of the threads taken in the plane of the
z axis 10 and the r axis 12. Figure IB shows an
example of Figure IA using a standard acme thread for
the external flexible thread form 22 and the matching
internal thread form 24. A first external acme thread
22-1 matches the first internal acme thread 24-1. A
second external acme thread 22-2 with the second
internal acme thread 24-2. Figure 1C shows an example
of Figure IA using a standard buttress thread for the
external flexible thread form 22 and the matching
internal thread form 24. A first external buttress
thread 22-3 matches the first internal buttress thread
24-3. A second external buttress thread 22-4 with the
second internal buttress thread 24-4. Figure ID shows
an example of Figure IA using a box thread for the
external flexible thread form 22 and the matching
internal thread form 24. A first external box thread
22-5 matches the first internal box thread 24-5. A
second external box thread 22-6 with the second
internal box thread 24-6. One skilled in the art will
recognize that Figures IB to ID show some of the many
variations in open threads in use today. Other
commonly used threads include various "V" shaped
threads, as well as variations in 



angles of the walls, variations in the shape of the
peaks and troughs of the threads.To summarize what is
needed are reusable collapsible tubes able to dispense
in a completely controlled manner essentially all of
its contents with closure mechanism able repeatedly to
create a complete seal of its contents.SUMMARY OF THE
INVENTION Certain embodiments of the invention include
a collapsible tube for containing at least one
product, comprising a flexible throat coupled to a
flexible shoulder. The flexible throat and the
flexible shoulder flatten to dispense essentially all
the contained product. The flexible throat is engaged
with a mating closure of variable shapes, including
but not limited to a screw and cap mechanism, or a
mechanism of interlocking protrusions that engage
flexible protrusions on the flexible throat with
mating essentially rigid protrusions included in the
cap. The screw and cap closure is comprised of at
least one external flexible thread form that mates
with an internal thread form, included in the cap,
urging the flexible throat to seal against the cap
when the cap is twisted onto the flexible throat. The
flexible shoulder may comprise a raised detent near
the widest circumference of the flexible shoulder that
stops a cap when twisted onto the flexible throat at a
final position. Alternatively, the flexible shoulder
may comprise at least two raised flexible ribs to
control the flattening of the flexible shoulder in a
single direction. Or the flexible shoulder may
comprise both the raised detent for stopping the cap
and the raised flexible ribs to control the
flattening, which may be preferred in certain
situations. The raised detent may include a raised rim
near the widest circumference of the flexible shoulder
sufficient to create a barrier to the cap turning
beyond when the cap is in the final position. The
raised detent may include at least one gap for
engaging with a bump on the cap to create a cue
indicating to a user that the final position has been
reached. In embodiments where the flexible shoulder
includes raised ribs, the flexible shoulder may
include at least two external raised ribs and/or at
least two internal raised ribs. The number of external
or internal raised ribs may be even or odd. Aspects of
the invention include manufacturing the collapsible
tube with the flexible shoulder including the raised
detent by molding a first injected material to create
the collapsible tube with the raised detent included
in the flexible shoulder. Certainembodiments of the
invention include the collapsible tube with the raised
detent as a product of this manufacturing process.
Aspects of the invention include manufacturing the
collapsible tube with the raised flexible ribs by
molding a first injected material to create the
collapsible tube with the raised flexible ribs
included in the flexible shoulder. Certain embodiments
of the invention include the collapsible tube with the
flexible ribs as a product of this manufacturing
process. Certain embodiments include a flexible thread
form on the flexible throat that is interrupted in two
or more places and may result in said thread form
appearing as a series of protrusions that mate to
protrusions included in a cap. The cap's internal
protrusions engage with the flexible throat's flexible
protrusions to create a seal and may include a bump or
post to provide a tactile or auditory cue that the
final and fully engaged position of the closure has
been reached. One skilled in the art appreciates there
are many variations possible in the dimensions of such
protrusions, including their slope and profile, bumps
or ridges on the protrusions that snap together or
those in the shape embodied in childproof or tamper
proof closures that until now have been essentially
rigid. Certain embodiments include a cap for the
collapsible tube, including an interior bulge to act
upon the flexible throat to urge the flexible throat
to engage the internal thread form and the external
flexible thread form or an interior rim to act upon
the flexible throat to urge the flexible throat to
engage the internal thread and the external flexible
thread form. The cap for the collapsible tube with the
flexible shoulder including the raised detent may
include a lower surface to engage with the raised
detent to stop the cap from twisting past the final
position. The cap for the collapsible tube with the
flexible shoulder including raised flexible ribs may
include an internal rib that snaps over the raised
flexible ribs to indicate the cap turning to the final
position or an internal post with sufficient length to
snap over the raised flexible ribs of the flexible
throat as the cap is turned into the final position, 



producing a cue indicating to the user that the final
position has been reached.Aspects of the invention
include manufacturing the cap for collapsible tube
with the raised detent on the flexible shoulder by
molding a second injected material to create the cap
including the lower surface for engaging the raised
detent on the flexible shoulder of the collapsible
tube. Certain embodiments include the cap with the
lower surface as a product of this process. Other
aspects of the invention include manufacturing the cap
for the collapsible tube with a flexible shoulder
including raised ribs by either molding the second
material to create the cap with the internal rib for
snapping over the raised flexible ribs or to create
the cap with the internal post for snapping over the
raised flexible ribs, or to create the cap with
internal protrusions to mate with external flexible
protrusions on the flexible throat. Any of these caps
are products of this process. Using the collapsible
tube permits dispensing essentially all the contained
product, which is advantageous in a variety of fields
where today everyone is forced to waste the last part
of the contained product. This is valuable in such
diverse areas of application as pharmaceuticals,
personal care products, over the counter health
products, paints, toothpaste, foods, glues, hazardous
chemicals, viscous plastics or pastes and grease
products.BRIEF DESCRIPTION OF THE FIGURES Figure IA
shows a prior art exterior screw with a prior art
external flexible thread form; Figure IB shows a prior
art example of Figure IA using a standard acme thread
for the external flexible thread form and the matching
internal thread form; Figure 1C shows a prior art
example of Figure IA using a standard buttress thread
for the external flexible thread form and the matching
internal thread form; Figure ID shows a prior art
example of Figure IA using a box thread for the
external flexible thread form and the matching
internal thread form; Figure 2A shows a side view of a
collapsible tube in accord with the invention
including a raised detent near the widest
circumference of its flexible shoulder; Figure 2B
shows a top view of the collapsible tube of Figure 2A
including the raised detent and its raised rim; Figure
2C shows a top view of an alternative collapsible tube
where the raised detent includes a first and second
gap separating a first and second raised rim; Figure
2D shows an alternative flexible throat for the
collapsible tube of Figures 2A through 2C; Figure 3A
shows a side view of a collapsible tube including at
least one external raised rib on the flexible
shoulder, in accord with the invention; Figure 3B
shows a top view of a collapsible tube including two
external raised ribs in accord with the invention;
Figure 3C shows a top view of a collapsible tube
including two internal raised ribs in accord with the
invention; Figure 3D shows a top view of a collapsible
tube including two external raised ribs and two
internal raised ribs in accord with the invention;
Figure 4A shows a side view of a collapsible tube with
two external raised ribs included on its flexible
shoulder; Figure 4B shows a top view of a collapsible
tube with six external raised ribs included on its
flexible shoulder;Figure 4C shows a top view of a
collapsible tube with five external raised ribs
included on its flexible shoulder; Figure 5A shows a
side view of a collapsible tube including at least one
external raised rib and a raised detent on the
flexible shoulder, in accord with the invention;
Figure 5B shows a top view of a collapsible tube
including two external raised ribs and a raised detent
in accord with the invention; Figure 5C shows a top
view of a collapsible tube including two internal
raised ribs and a raised detent in accord with the
invention; Figure 5D shows a top view of a collapsible
tube including two external raised ribs, two internal
raised ribs and a raised detent in accord with the
invention; Figures 6A to 6D show the side view of the
squeezing of the collapsible tube in accord with the
invention, with the contained product being dispensed;
Figure 7A shows a side view of a cap engaged through a
lower surface to the raised detent of the collapsible
tube in accord with the invention; Figure 7B shows a
cross section of the cap of Figure 7A with an interior
rim 



engaging the flexible throat of the collapsible tube;
Figure 7C shows a cross section of an alternative cap
including an internal bulge for engaging the flexible
throat, and the lower surface engaging the raised
detent of the collapsible tube; Figures 8A and 8B show
an internal post in the cap engaging with a raised rib
on the flexible shoulder of the collapsible tube;
Figures 9A and 9B show the cap with an internal post
and a bump, where the internal post engages a raised
rib and the bump engages a gap in the raised detent of
the collapsible tube; and Figures 9C and 9D show a cap
including the bump engaging a gap in the raised detent
included in the collapsible tube.DETAILED DESCRIPTION
QF THE INVENTION The invention relates to controlled
flow and closure mechanisms with threaded screw and
cap or mating protrusion cap with particular
application to forming collapsible tube dispensers.
Certain embodiments of the invention include a
collapsible tube 500 for containing at least one
contained product 900, comprising a flexible throat
coupled to a flexible shoulder with detent as shown in
Figure 2A 512 and/or control ribs 505 as shown in
Figure 4A. The flexible throat may include an external
flexible thread form 502 as shown in Figures 2A to 5D.
The flexible thread form may be interrupted as shown
in Figure 2B in at least two places or in more places
to create, in effect, a series of protrusions. The
flexible throat and the flexible shoulder flatten to
dispense essentially all the contained product 900, as
shown in Figures 6A to 6D. The external flexible
thread form or flexible protrusion mates with an
internal thread form or protrusion, included in the
cap 800, urging the flexible throat to seal against
the cap when the cap is twisted onto the flexible
throat. The flexible shoulder 504 may include a raised
detent 512 near the widest circumference of the
flexible shoulder 504 as shown in Figures 2A to 2C,
and 5A to 5D. The raised detent stops a cap 800 when
twisted onto the flexible throat 502 at a final
position as shown in Figures 7A to 7C. Alternatively,
the flexible shoulder 504 may comprise at least two
raised flexible ribs 505 as shown in Figures 3A to 4C.
These raised ribs serve to control the flattening of
the flexible shoulder 504 in a single direction. Or
the flexible shoulder 504 may comprise both the raised
detent 512 for stopping the cap 800 and the raised
flexible ribs 505 to control the flattening, which may
be preferred in certain situations and is shown in
Figures 5A to 5D. The raised detent 512 may include a
raised rim 516 near the widest circumference of the
flexible shoulder 504 as shown in Figures 2A to 2C, 5A
to 5D, and 7A to 7C. The raised detent is sufficient
to create a barrier to the cap 800 turning beyond when
the cap is in the final position. Figures 5A and 7A to
7C show the raised detent and its raised rim
ascreating the widest circumference of the flexible
shoulder. Figures 2A to 2C and 5B to 5D show the
raised rim as part or near the widest circumference.
The raised detent 512 may include at least one gap 514
for engaging with a bump 824 of the cap 800 to create
a cue indicating to a user that the final position has
been reached as shown in Figures 9B to 9D. Figure 2C
shows an example with the raised detent including a
first gap 514-1 and a second gap 514-2, separating the
first raised rim 516-1 from the second raised rim
516-2. In embodiments where the flexible shoulder 504
includes raised ribs, the flexible throat may include
at least two external raised ribs and/or at least two
of an internal raised ribs, as seen in the following
examples: Figure 3A shows one side of the flexible
shoulder 504 including a first external raised rib
505-1. Figures 3B and 5B show the flexible shoulder
including a first external raised rib 505-1 and a
second external raised rib 505-2. Figures 3C and 5C
show the flexible shoulder including a first internal
raised rib 507-1 and a second internal raised rib
507-2. Figures 3D and 5D show the flexible shoulder
including both a first external raised rib 505-1 and a
second external raised rib 505-2, as well as a first
internal raised rib 507-1 and a second internal raised
rib 507-2. Figures 4A and 5A show one side of the
flexible shoulder including a first external raised
rib 505-1 and a second external raised rib 505-2,
which when the flexible 



shoulder is symmetric with its other side, would thus
include four external raised ribs. In certain
embodiments, this may be a preferred configuration.
Figure 4B shows the flexible shoulder including more
than four external raised ribs, in fact including a
first external raised rib 505-1, a second external
raised rib 505-2, a third external raised rib 505-3, a
fourth external raised rib 505-4, a fifth external
raised rib 505-5 and a sixth external raised rib
505-6. Figure 4C shows the flexible shoulder including
an odd number of external raised ribs, in fact
including a first external raised rib 505-1, a second
external raised rib 505-2,a third external raised rib
505-3, a fourth external raised rib 505-4, and a fifth
external raised rib 505-5. Various embodiments of the
flexible shoulder may have an even or odd number of
external or internal raised ribs. The number these
internal and/or external raised ribs may further be
any number that maximizes flow control according to
the viscosity of the contents and/or the dimensions of
the throat, which, as understood by one skilled in the
art, may vary on any of its dimensions including
length, width, size of aperture, angle of taper, and
wall thickness. Using the collapsible tube 500 permits
dispensing essentially all of the contained product
900 as shown in Figure 6A to 6D, which is advantageous
in a variety of fields where today everyone is forced
to waste the last part of the contained product. The
contained product may be any of the following: a
pharmaceutical, a personal care product, a toothpaste,
a food, an artist's paint, a glue, a hazardous
chemical, a grease product, a viscous plastic, a
decorative paste, and/or a casting product. A
contained product 900 will be referred to herein as a
viscous plastic product when it is viscous enough to
be pressed out of a collapsible squeeze tube to form a
blob or a line for various purposes, such as caulk or
other sealants, a compound used to create a Braille
letter, or other identifying mark on items for the
blind, or a decorative substance that is not simply
paint but creates texture and mass when applied, or at
least one compound that dries when exposed to air
forming durable shapes, marks, seals, decorations, and
the like. The collapsible tube 500 may preferably be
made of at least one flexible thermoset elastomeric
and/or flexible thermoplastic elastomer. Elastomeric
plastics include, but are not limited to, urethane,
polyvinyl chloride, ThermoPlastic elastomer Olefin
(TPO), Thermal Polyvinyl chloride (TPV),
ThermoPlasRubber (TPR) and/or Silicone based
compounds. The cap 800 to which the flexible threads
mate may also be manufactured using existing
collapsible tube manufacturing technology and
materials. Aspects of the invention include
manufacturing the collapsible tube 500 with the
flexible shoulder 504 including the raised detent 512
by molding a first injected material to create the
collapsible tube with the raised detent included in
the flexible shoulder.Certain embodiments of the
invention include the collapsible tube with the raised
detent as a product of this manufacturing process.
Another aspect of the invention includes manufacturing
the collapsible tube 500 with the raised flexible ribs
505 by molding the first injected material to create
the collapsible tube with the raised flexible ribs
included in the flexible shoulder 504. Certain
embodiments of the invention include the collapsible
tube with the flexible ribs as a product of this
manufacturing process. As used herein, the first
injected material may be but is not limited to, at
least one thermoset elastomeric and/or thermoplastic
elastomer. Elastomeric plastics include, but not
limited to, urethane, polyvinyl chloride,
ThermoPlastic elastomer Olefin (TPO), Thermal
Polyvinyl chloride (TPV), ThermoPlasRubber (TPR)
and/or Silicone based compounds. Other manufacturing
processes may be used to make embodiments of the
collapsible tube 500. The threads on the flexible
throat 502, the flexible shoulder 504, and when
applicable, the collapsible tube body 506, are
preferably made of flexible materials including, but
are not limited to, at least one thermoset elastomeric
and/or thermoplastic elastomer. Elastomeric plastics
include, but not limited to, urethane, polyvinyl
chloride, ThermoPlastic elastomer Olefin (TPO),
Thermal Polyvinyl chloride (TPV), ThermoPlasRubber
(TPR) and/or Silicone based compounds. An elastomeric
plastic is typically a polymer blend or compound,
which above its melting temperature, exhibits a
thermoplastic behavior enabling it to be shaped into a
fabricated article, such as a collapsible tube or cap.
When the article is within its design temperature
range, it exhibits elastomeric behavior without
cross-linking during 



fabrication. The fabrication process is reversible.
The article can be reprocessed and remolded. The
method of making these collapsible tubes 500 may
include, but is not limited to, using a mold, into
which the material(s) are injected and/or blown. The
material may be injected one or more times. When
material is injected more than one time, the process
is often known as a multi-shot molding. Certain
embodiments include a cap 800 for the collapsible tube
500 as shown in Figures 7A to 9D, including an
interior bulge 802 to act upon the flexible throat 502
asshown in Figure 7C or an interior rim 822 to act
upon the flexible throat as shown in Figure 7B. Both
the interior bulge 802 and interior rim 822 act upon
the flexible throat 502 to urge the flexible throat to
engage the internal thread form 804-1 to 804-N, where
in these two examples N is four. Further, the cap 800,
for the collapsible tube 500 with the flexible
shoulder 504 including the raised detent 512, may
include a lower surface 830 to engage with the raised
detent to stop the cap from twisting past the final
position as shown in Figures 7A to 7C. The cap 800,
for the collapsible tube 500 with the flexible
shoulder 504 including raised flexible ribs 505, may
include an internal post 823 that snaps over a raised
flexible rib 505-1 to indicate the cap turning is in
the final position as shown in Figures 8A and 8B. The
cap 800 may include a bump 824 engaging the gap 514 in
the raised detent 512 as the cap is turned into the
final position, producing a cue indicating to the user
that the final position has been reached, as shown in
Figures 9A through 9D. The may include the internal
post 823 as shown in Figures 9A and 9B, or may not
include the internal post as shown in Figures 9C and
9D. In further detail, Figure 7C shows a cross section
of Figure 7A of the collapsible shoulder 504, flexible
throat 502 engaging the internal thread form and the
external flexible thread form. The internal thread
form includes internal buttress threads 804-1 to
804-4. The external flexible thread form includes
external buttress threads 702-1 to 702- 4. The
internal thread form and the external flexible thread
form collectively urge the cap 800 and the flexible
throat 502 to seal the contained product into the
collapsible tube. The cap 800 further, preferably
includes an interior bulge 802 which acts upon the
flexible throat 502 to urge the flexible throat 502 to
engage the internal thread form and the external
flexible thread form. In Figures 7B and 7C, the
internal thread form of the cap 800 slides along the
external flexible thread form of the collapsible tube,
and the external flexible thread form slides along the
internal thread form to slide along each other, when
the internal thread form and the external flexible
thread form engage. After they engage, continued
sliding causes the internal thread form and the
external flexible thread form to seal the
containedproduct 900 into the collapsible tube 500
until the surface of the cap 830 meets the rim surface
of the detent 512 which stops the cap turning. In
Figure 7B, the interior rim 822 included in the cap
800 may preferably extend to below at least the first
external thread 804-1 to aid in urging the reforming
of the flexible throat 502. It may further preferred
that the interior rim 822 extend below the second
external thread 804-2, and so on. One skilled in the
art will recognize that many variations in the cap 800
are preferred in different situations, causing
variation in at least their size, shape, number of
threads, and whether or not they are hollow. The cap
800 shown in the preceding Figures may preferably be
made from the second injected material containing at
least one rigid thermoset elastomeric and/or rigid
thermoplastic elastomer. Elastomeric plastics include,
but not limited to, urethane, polyvinyl chloride,
ThermoPlastic elastomer Olefin (TPO), Thermal
Polyvinyl chloride (TPV), ThermoPlasRubber (TPR)
and/or Silicone based compounds. The cap to which the
flexible threads mate may also be manufactured using
existing cap molding technology and materials. The
interior bulge 802 on the cap that inserts into the
flexible throat 502 may also be a standard cap design.
The interior rim 822 on the cap that inserts into the
flexible throat 502 may also be a standard cap design.
These caps may also be made from conventional cap
materials. Aspects of the invention include
manufacturing the cap 800 for collapsible tube 500
with the raised detent 512 on the flexible shoulder
504 by molding a second injected material to create
the cap including the lower surface for engaging the
raised detent on the flexible shoulder 504 of the
collapsible tube. Certain embodiments include the cap
with the lower surface as a product of this process.
Other aspects of the invention include manufacturing
the cap 800 for the 



collapsible tube 500 with a flexible shoulder 504
including raised ribs by either molding the second
material to create the cap with the internal rib for
snapping over the raised flexible ribs 505 or to
create the cap with the internal post for snapping
over the raised flexible ribs. Either of these caps
are products of this process. In further detail,
Figures 2B and 2C show a top view of the collapsible
tube 500 including a first break 600 and a second
break 602. Figures 3A shows a side view of
thecollapsible tube 500 with the first break 600
forming rectangular column on the flexible throat.
Figures 3A shows the flexible throat 502 with an
external flexible thread form including at least one
and in this case four open threads. These threads
could, be by way of example, external acme threads,
external buttress threads, external V threads,
external box threads, or combinations or modifications
of these well known open threads. The first break 600
in Figure 2A forms a canted column on the flexible
throat 502. The first break 600 is rectangular on the
flexible throat in Figure 2D. The collapsible tube 500
may have a tube closure, repeatedly opened and sealed
shut by using a mechanical device (sometimes known as
a key). Versions of key typically include a plastic
cylinder with a slit in its center that slides over
the open end of the tube, rolls toward the flexible
throat 504 of the collapsible tube 500 to seal the
tube closure, and locks itself in the closed position.
The preceding embodiments have been provided by way of
example and are not meant to constrain the scope of
the following claims.CLAIMS What is claimed is: 1. A
collapsible tube for containing at least one product,
comprising an external flexible thread form on a
flexible throat coupled to a flexible shoulder;
wherein said flexible shoulder comprises a raised
detent near the widest circumference of said flexible
shoulder that stops a cap when twisted onto said
flexible throat at a final position; wherein said
external flexible thread form mates with an internal
thread form, included in said cap, urging said
flexible throat to seal against said cap when said cap
is twisted onto said flexible throat; and wherein said
flexible throat and said flexible shoulder flatten to
dispense essentially all of said product; 2. The
collapsible tube of Claim 1, further comprising said
flexible shoulder mating to a collapsible tube body;
wherein said flexible throat and said flexible
shoulder flatten with said collapsible tube body to
dispense essentially all of said product. 3. The
collapsible tube of Claim 1, wherein said raised
detent comprises a raised rim near said widest
circumference sufficient to create a barrier to said
cap turning beyond when said cap is in said final
position. 4. The collapsible tube of Claim 1, wherein
said raised detent comprises at least one gap for
engaging with a bump on said cap to create a cue
indicating to a user that said final position has been
reached. 5. The collapsible tube of Claim 1, wherein
said contained product is a member of the group
consisting of a pharmaceutical product, a personal
care product, a paint product, a toothpaste, a food
product, a glue product, a hazardous chemical, a
grease product, a decorative paste or casting product,
and a viscous plastic product.6. The collapsible tube
of Claim 1, wherein said flexible shoulder comprises
at least two raised flexible ribs to control the
flattening of said flexible shoulder in a single
direction. 7. The collapsible tube of Claim 6, wherein
said raised flexible ribs are external to said
flexible shoulder. 8. The collapsible tube of Claim 6,
wherein said raised flexible ribs are internal to said
flexible shoulder. 9. The cap for use with said
collapsible tube of Claim 1, comprising a lower
surface to engage with said raised detent to stop said
cap from twisting past said final position; and
further comprising a member selected from the group
consisting of an interior bulge to act upon said
flexible throat to urge said flexible throat to engage
said internal thread form and said external flexible
thread form; and an interior rim to act upon said
flexible throat to urge said flexible throat to engage
said internal thread and said external flexible thread
form. 10. A method of manufacturing for at least one
of the members of a group consisting of said
collapsible tube and said cap of Claim 9, wherein said
method comprises at least 



one member selected from the the group consisting of
the steps of: molding a first injected material to
create said collapsible tube with said raised detent
included in said flexible shoulder; molding a second
injected material to create said cap including said
lower surface for engaging said raised detent. 11. A
collapsible tube for containing at least one product,
comprising an external flexible thread form on a
flexible throat coupled to a flexible shoulder;
wherein said flexible shoulder comprises at least two
raised flexible ribs, either internal or external
tosaid flexible shoulder, to control the flattening of
said flexible shoulder in a single direction; wherein
said flexible throat and said flexible shoulder
flatten to dispense essentially all of said product;
wherein said flexible throat comprises at least one
external flexible thread form that mates with an
internal thread form, included in a cap, urging said
flexible throat to seal against said cap when said cap
is twisted onto said flexible throat. 12. The
collapsible tube of Claim 11, further comprising said
flexible shoulder mating to a collapsible tube body;
wherein said flexible throat and said flexible
shoulder flatten with said collapsible tube body to
dispense essentially all of said product. 13. The
collapsible tube of Claim 11, comprising at least four
raised flexible ribs external to said flexible
shoulder. 14. The collapsible tube of Claim 11,
comprising at least four raised flexible ribs internal
to said flexible shoulder. 15. The collapsible tube of
Claim 11, wherein said contained product is a member
of the group consisting of a pharmaceutical product,
an over the counter health product, a personal care
product, a paint product, a toothpaste, a food
product, a glue product, a hazardous chemical, a
grease product, and a viscous plastic or paste
product. 16. The collapsible tube of Claim 11, wherein
said flexible shoulder further comprises a raised
detent near the widest circumference of said flexible
shoulder that stops said cap when twisted onto said
flexible throat at a final position. 17. The
collapsible tube of Claim 16, wherein said raised
detent comprises a raised rim of flexible material
near said widest circumference sufficient to create a
barrier to said cap turning beyond when said cap is in
said final position.18. A cap for use with said
collapsible tube of Claim 11, comprising an internal
post with sufficient length to snap over said raised
flexible ribs of said flexible shoulder as said cap is
turned into said final position, producing a cue
indicating S to the user that said final position has
been reached; wherein said cue includes at least one
member selected from the group consisting of an
auditory cue and a tactile cue; and wherein said cap,
further comprises a member selected from the group
consisting of an interior bulge to act upon said
flexible throat to urge said flexible throat to 0
engage said internal thread form and said external
flexible thread form; and an interior rim to act upon
said flexible throat to urge said flexible throat to
engage said internal thread and said external flexible
thread form. 19. A method of manufacturing at least
one member selected from the group of said collapsible
tube and said cap of Claim 18, comprising at least one
member selected from the group consisting of the steps
of: molding a first injected material to create said
collapsible tube with said raised flexible ribs
included in said flexible throat; and molding said
second injected material to create said cap with said
internal post for snapping over said raised flexible
ribs. 


