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POLY -iff-HETEROCYCLI C CARBENE TRANSI TI ON METAL

COVPLEXES AND JRT- HETEROCYCLI C CARBENE TRANSI TI ON
WORIRI46OWVPLEXES FOR CARBON- SULFUR AND CARBONPOKYGEIN7/012114

COUPLI NG REACTIONS This application clains 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-ihﬁ-heterocyclic car bene

%mimﬁw e %-WAS QuABSIBLE

coupling reactions. This i ' further relates to

a p- NHC ni ckel conplex and a NHC ni ckel conpl ex, which

may be used for G S and C- O coupling reactions.
TE YUﬂgxhlPI BlgAnosul fur chemistry has been receiving

mor €4 mggntF na}élgl!g,% Q" f’g t%iﬁads &"llot’\}J 'an§ OLK ? RJ Px% gf{eQ:HBﬁsms with

serve an alx I'n organic s etic
paﬁquuafwlcanm ol fosmirfg cmlapsibre tabsdispersersnon f uncti onal

group i n numerous pharmaceutically active conpounds.

However, synthesis of aryl-sul fur bonds was stil

BAURGROENDOF PHECINGENTION t he devel opment of a

Serres of palladr um or gangphosphane (Pd- PR3)
cat allhe tearliesinedliapsible gsbsnmws dpdke BiP puentddtabase date from the

o T S 558l GGl o i

thEananaas elelade:dhf tubealispefisers Sheah for\bha:rﬁaceutﬂaalb,vybegsonél care products,

Che 2006, 12 80.). However, limt
top PR RO, it Bl DN FRBIRS ErPsnE) RIS g0 viscous
plhstd3 06 Hanti B of fh Gibre Siniituded $F SHcby tudks.t A8 used herein, personal

organophosphane (PR3) ligands. The devel opnent of
case pegdyict insludertyitsare ingh limitas) tog cgametite Samialneare pradigts, skin care

pr%&ﬁ&é Yover- tﬁéac}dﬂ?e?ri;e fotdﬁgts dYEMEr r%;ﬁfx‘l shave al so

een report as ex tln a nunber mtations,
i ncl Teragré probdarns Wllhl the col-‘lapsﬂﬂecmb@ tqahncviggleaswf the prior art. They

g AR RR pihsayed GaloiBihe, PSS ot Poind e 85 PRte, controlled

disieRsingi 6f @idieconidat. DELhd efal ﬁ@d;secPﬂﬁE&@ Meeusible N@ill refer to the
exi sting approaches for G O cqupling, i nvol vi ng

cappbilith &0 Aipredse small, aopppirolied: Roytians aihihegopiRnty multiple times,
9:{3%” > &fer&ﬁv&cﬁéléﬂs Q%gal';l@ R S0 rdfer lf@sthé)@fﬂ%blhty to secure the

that Mt sunobu processes may be conpli cated
clégpre tocthe samm idegnee @qﬁpebgedbf od@lctnme it iSlepgageda Rausable miaySurther refer

dIo t.ol er str sofc er/ i din
to 208 st S v ANE ettt b BiE sfes  ARR SRABYIE B Fyrther refer t0 2
coftathed owhichn:gn ibav:aeaab@mnb emlécemth tdetweri:fg @dﬂadﬁs t the

sane_limtation rved in CGS i ncl udi n

| ow FQUFRSIPE Aty F@f gs divee eﬁgf%e B%ﬁsﬁov@nasn@dgm reusable.
oA ot PRAbe! lﬂﬂ"&jﬁouchl ﬁ%hﬁ&ﬁﬁ Qﬁé&hhi@mcé‘f bies®g th@\ﬂﬁoﬁﬁ%umng no

reported as a class of an s which can be used for
copyeniional spievweep) bwds any’ er s§ hsugitiew cdgsurd eAnotienis afubeyshape that

0 t r r [:

alstor %S%ér z{elggsosf élﬁ»{lﬁg: ﬁiﬂ ?g%pﬂp%e %eM%gthhgl ex%?lgi%%ﬂlag consumers
mayaoympy owe srsisisor prefdrisicagead fahe rabsm:tatolﬁesuaz;,and thus the suggestion,

carbon-ca (G Q) .or. arbon- nitro C-.K) . . .
tmE%é@t@Su%’F? ﬂ-)é co&te)é:f 985’ @6%??‘88%?%{ gﬁ%l?% }f subjected to outside
prdiyatedqandhi sin tedveietangnt 1O boniie nidyC n6f bRSYSHIFIEtelf safe from

hydro silylation, have been reported. The devel opnent

of several types of supported transition netal-NHC

conpl exes to exploit the benefits of heterogeneous

catal ysts, including resin- supported Pd-NHC conpl exes
for Heck reaction, has been reported. The
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devel opnent of netal - NHC conpl exes supported on
mesoporousmaterials and particl es/ pol yner hybrid
woat@ri4adiz for various reactions has been repoPCeMS2007/012114
However, limtations of thez2catal ysts supported on
pol yneric or nmesoporous materials have been reported,
including low activity, nmulti-step syntheses, |ow
catal yst | oading and others issues. The devel opnent of
a class of heterogeneous NHC catal ysts, nmain chain
- N [ S 0 s ;
cofeptignes Wf e QA R Hfer PSR ABANTI e Bldcsiable for porsonal
cafe D POME pro@udts AemaRding-ai ighl degle wihassthetéc featypes\si®h as oversized
particles were reported. to be insoluble in common
capy ‘ﬁ‘lng,th%lﬂ@elﬁgé%“‘éé’eﬁ'é?li?ogeneous catal ysts or solid;

|'i gafylad, [tRdre GRE 88 bfie-timENEseSeontdifdrs e d@sdﬂﬁ@lﬂbf alsqueeze tube
conpl exes fromthe poly-imdazoliumsalt, and the

withya atagroivcensk, opideh iseentde open ghe fbes Alh of tectasitedrgsthen squeezed

o S D REC RIS BB d SR oY Ry .
car beneth,n tcpllapsibles tubei withhfliexiblearstiotilder @dnserewotireadls allows

to be, easy. to synthesize. p-NHC h al so en._reporte
comprraininRy e sashiprrdh battd feoa: i SuShRR AR SROGRT S nowever
it 8hf tR6 fuchr ANSloblcats Rt ahdermiifle G@NinfnABA IeffeBR! alke fidst problem
gener ate het erogeneous organonetallic catalysts. It

stanas frome rpvee fightendng g cap.- WHIChcignperéaie SRefantss stanatRRly an excess
LeCle ‘ gl 3 QR Ghe scal formed

bl ABKPR g DAL 79 36 RPRg SRRt sl e

wizth Klyeneap, hdlowahs cotiterts toagscarieeat. erNiironprepladeostanzivantp ée gnter. The

r eport to catalyz = S..C [ing. VEr i a
selBhPIoBisgh Patiot el BSaIEAnt Pt RIS SaRYTeh iy gap buckle or
fol WherPégtlee 2 L&lBSng thOcoARRE PSR Oy be dispantatitaticalliyor

C-S and GO coupling reactions are desired. SUMVARY I n .

one Withathea seentions of Hbe | ioVe XpBwles; BB, | RIGS BV e%‘iapélble tube

. - < T-Ur, a - X . .
0 AR b i 0 SRty rovices
an-extarivrar gidnsproveiplois eaterianrigidderéva andterewithd eap providing a matching

. transition pet conplex to obtajn CS C |ing.
i Sy P Y 4B can s B e Gy Mo B fhe dhroms o
sedll 1§ fdraleddeviden saalk ridnthe t doditent® lofll the wnblapsibleotubbtaad n protects the
C- O coupling, wherein the transition nmetal conplex
coptsatsrirara snyirpppenighsantapinatithene | i gand sonpl exed with
a tr@fshe 180 cBRuA} oPERE sci@ AR B IBHilt With &R ieads that taper
broad aspect of t’he invention, there is provided a . .
awapt front fher bedy, barnremdin af qapsient ghickeaspo njlgbéngéﬁe‘t’ ¢hrgpds will be
refead ItI HefiPiPoden! tﬂ%agg iJ Wit Pgw 1.13 gm’esg LB& thr@ad.tg&a*'s required
-'sont arni ng comnpound, ah aryl ha g and a transition
tharethalthatrphed thd thredatsanfhia CoMapsthip tubeg be @ssentipllyririgidhgAn essentially

. L any order, an.al kaxide or aryloxide, an aryl halid

rigih it P oYl e dspitess vimyally Biaraideds that s T the tobe

coNfeBiseivill hberdatidy $ddve QRe WBJe caGifPtR*uBO 1P WaSRSscne of its contents.
het erocyclic carbene |igand conpl exed with nickel . In

Thg rigid shraidey fyethergyseanteesthisiastenvent i on, there is

proviyfledsa Lf q{ﬁﬁést legn c%@'&?gc g@&qjliﬁxgﬁxﬂf@raina! Wdldémess exploration

pol y-Nheterocyclic car npl exed wth nickel. In

endirorrheris ds heell knoan. adNpaetowftha mearkety dowever, arbidoth jrgusable and
provided a transition netal conplex conprising a N -
het erocyl i c carbene conpl exed with nickel. BRIEF
DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the
invention wll be discussed with reference to the
followi ng Figures: Figure 1 displays the structures of
a poly-imdazoliumsalt 1, a poly-imdazolidene
carbene 2 and a poly-im dazolidene carbene netal
conplex 3 . Figure 2 displays synthesis of a Ni-p
-NHC catalyst B froma
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p- NHC A . DETAI LED DESCRI PTI ON The present invention

relates to nmethods for GS and C- O coupling using a
wonenssi4tdiion nmetal conplex. In an enbodi nent of PCiAIS2007/012114

invention, the transition netal conplex may conpri se,

for exanple, and without limtation, heterocyclic

groups. For exanple, and without limtation, the

transition netal conplex may conprise a heterocylic

carbene ligand conplexed with a transition netal . In
j t
ccﬁ’HOPI%gEi)yg ?f%lﬁ%@fbé% d&vﬁmu%lﬁtg% 8§ 3{1%& 'tdgslpgﬁsrebaqp fhelr SHEchtS A Rfillable tube

dﬁoﬂqes\hlﬁﬂ%ﬁtﬂlb ity contersts toespecially Eemrabhﬂnhﬁxefood nslotherwise scarce..
Wi th tation, the transition t al Iexma .
corpFEEE SheSIBIvb PEOR OGO ASFS" GOBIEP & PP i Sxtemal flexible

tHAEIdCToRRY B, ITheprbiat ERRRS ABYible tHréddeforsl 22/ sHowiRih an expanded
enmbodi ment, the transition nmetal conplex may conprise,

viewr thagugipites follrivinit ergmplesi shavm iiaFigwies B andr© with a matching
epresented by the formula (1) .In

n?%ﬁ%?g%atj?éﬁr?zéach of Rand R2 is a |linker group. Each

of RThereds R2oayl doerdinatepysidenin Figare 1 4j evhicinivdl bgruseg throughout

on ri |nker rou of, a sepi-ri id I'nk L group. .
Sy w6 1GeRehieiupuh feaeath ofshf £ilindét St Bhe prior ar
eitél%xdsdrb\ﬂkﬁ &idOidPhe Ventrlll REs lﬁf%ésdyﬁﬂdett Thenel agi8M DB the radial
determ ned by those of ordinary skill in the art, and

dingeyion e therdreadat ampintpwaichafis the sake@f dischssion. iipFeferred to as thread
; t

pAlEEIRA S OVRSTHORUREO P Rk & B Phread KEl:R3b! Bhiifc sorew s

tuadddyindabe n Sire¢tidnl, @ engages rhonekﬁrthegtlqus may i ncl ude for

S;( ﬁgﬂtﬁ F9$ gteb%gg(é#%is Qrsutg: %y?etvs g"ﬁﬂ{l mﬁicgm%] IWenor screw is shown

in€thé ekpaRicd Wil dfehd prii Hﬁlb@eh XébrcwpﬂlﬂmdﬁmjinyF igure 1A. The expanded
but -2, 3-yne-|, 4- d|yF etc.), IX phenylene 1,4
viewHe ﬁerSéﬁ@ctwp %ﬁ%ﬁﬁmﬁl@f?@ in fzu:ﬂﬁa f Rf thyizepas 10 and the r axis 12,

1,5- P%W'sﬁ@% ah &aﬂwwrhg‘iﬂ@ 1A &snzg aasmdaad £d1fe thread for the

8 na yl ene, etc. heteroaryl (e.g
ext@np}yﬂwdbln dhiiepd ,form 32 pyd thednsgtching 11;1tsn}§t}' thrgehdgfmm 24. A first external
acfeﬂl%%/%‘f gﬂ'é%‘ﬁ e | h?/ f:‘tl’(sg _11%85%1} gcrﬁg ‘ihr% 3 ’é@”le dA ysec‘:ond external acme

pent aned
thiead- nﬂmuhamhalinteﬁfatadmé thdazl 2432 oups Sui t abl e

non-rjgid and sem -ri ker oy woul. d
undeF gt shows an ¢ é‘n @le%e\{png%alsmggdgyﬁress thread for the

ex@érﬂhln@éﬂbﬁ lﬂ'u'e!ad !E(Shﬁ f‘?aﬁ‘d the xﬁﬁghlﬁg)lntleﬁﬁ'l Hﬂf@ad fo?ﬁl 24 A first external
exanpl e, Wi thout limtation, an al

b\:(r@stethrqaﬁaR dthatal¢s) the ﬁISkymtawl baﬁtfsﬁ)t&/\‘@ﬁd %r:‘l a%lsgcond external
o 5o 995 P AP BRUAOU s 5 2611 I 11 ke

where u is
bet V\Elgnrelllamho&ksmﬂ e)ﬂaﬁnplamf ngumhlﬁmrsmga bosrthread for the external

ﬂ%ﬁg}: a.‘;ul'eg%i g"ﬂ g? ?rép oul%stfgg%hbe Og)}hgerg’%l é%no#ﬂo SA Ift r&t external box
thr%a@ ‘29[5391%&%% We firbt ﬂnemﬂl l%x, th}eaﬂ 2408, & seconidxediRali Bolx thread 22-6
- nmet hyl -butane - d) The |inker groups

Wl#h}}'lek?@%‘pﬁ intrraal ngxStbisr«}fl |214uﬁ Qpe(sfkllbe itheart il yecagpigg ghat Figures

1890 1! sHIWP YBmedof #d Har' v ntiiepeit BatidsU G ke Qbday. Other
may conprise a heteroato suc as 0 ,°S, N (ge. g. R1

commdifly egd ithrtede nududd yatieus OA2 GBaped thregtld? @SHREH2s variations in

ang Al atont RSBt SAERE Bl B B hrocs.
(Ph) CH2-, -CH2SCH2- , etc.) . The heteroatom may be
di sposed so that it is also capable of conpl exing or
bonding to the transition nmetal . In an enbodi nent,
for exanple, and without limtation, Ri may be a
rigid linker group and R2 may be a non-rigid or
sem -rigid |inker group.




In formula (1) , Mis a transition netal and the

synbol * indicates an end of the nononmer unit . In
woaomsulkas1¢l) , X " is a counterion. In an enmbo@8CWAIS2007/012114

I" may be, for exanple, and4without limtation, a

hal i de, such as, for exanple, brom de, chloride or

i odide. Oher suitable Xa " may be, for exanple,

acetate, nitrate, trifluoroacetate, etc. In an

enbodi nent, X i" may be coordinated with the

transition netal.. The f I ' : :

i ore iR, Bey elig S S6eebE EorlanSibyd RLBLABRUD dispense in o
cottiplédtély)comtrolléd nahaarsdskemialiyeailadf icoemitents nth dlesure mechanism able

represented with a m+ charge on M as shown above, or

Rl segl oL

repagtedhpionsreate a RORENSs havi ng bonds
linking the X i"s to M. Those of ordinary skill in
the art will appreciate that the transition netal M

may be doubly coordinated as represented in the
formul a above, or the transition netal M nmay be
coordinated differently, for exanple, and w thout
l[imtation, the transition netal Mmay be singly or
triply coordinated. Thus, the transition netal may be
Mnt, where mis an integer of 1, 2, 3, 4, 5, 6or
7 , although typically mwll bel , 2 or 3. The
nunber of X1 " groups will then generally be TnXl
groups, where mis defined as above. Wiile each X1 "
m ght be the same or different, generally each X" is
sel ected to be the sane counterion. In formula (1) , n
is the degree of polynerisation. In an enbodi nent, n
may be, for exanple, and without [imtation, a value
where the transition netal conplex is insoluble in

sol vents used for the coupling reactions, n nmay be,
for exanple, and without limtation, greater than
about 5 , or greater than about 10, 15, 20, 30, 40,
50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700
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 i ncludi ng any
speci fic value within these ranges, such as, for
exanple, and without Iimtation, 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 (1) , represents a single bond or
a doubl e bond, wherein when represents a doubl e bond,
E, F, Gand H are not present. In an enbodi nent,
each of A, B, Cand D, and, if present, E, F, G
and H may i ndependently be, for exanple, and w thout
limtation, hydrogen or a substituent which is not
hydrogen. Each of A, B, C1 D, E, F, Gand H my

i ndependently be, for exanple and without |imtation,
hydr ogen, al kyl (e.g. straight chain, branched chain,
sycl oal kyl, etc.), aryl (e.g. phenyl, naphthyl, etc.},
halide (e.g. brono, chloro, etc.), heteroaryl (e.g
pyridyl, pyrrolyl, furanyl, furanyl nethyl ,

t hi ofuranyl, imdazolyl, 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 sone other substituent. A, B,
Cand Dand, if present, E, F, Gand H, may be all
the same, or sone or all may be different. The al kyl
group may have, for exanple, and without limtation,
bet ween about 1 and 20 carbon atons (provi ded that
cyclic or branched al kyl groups have at |east 3 carbon
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atons), 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
wanwsa43ciz ncl udi ng any specific nunber within POESS2007/012114

ranges. For exanple, and wishout [imtation, the alkyl

group may be, nethyl, ethyl, 1 - or 2-propyl,

i sopropyl, 1- or 2-butyl, isobutyl, tert -butyl,

cycl opentyl, cycl opentyl methyl, cycl ohexyl,

cyclohexylnethyl nmet hyl cycl ohexyl, etc. The

t naIIy substltuted (e.g. by an

-Jiﬁﬁﬁéﬁ THE Iy ﬁ¥%b p, a halide or sone other

S u bSCd:daiﬂ re\h')bodl‘méiﬁy of thpinverttich ihelvde aatoblapsiblehtubs fdD containing at

(e.g. the substit ent

leﬁpﬂ%gs%i(uﬁg, |compgﬂr,1g oaw% q:x1§l>é shoulder. The flexible
thid 'tgﬂﬁﬁlfgmfﬁm@mouldﬁﬁ%h de‘ik‘ﬁ@%é“é@sentlaély allCthe caontamed product.

m nonet hyl, etc.). EacCh D
T}mﬂ::xxblfc throas mmgazed wtth a rgatingiclpsura pf ivatehle shenes| ipclyding but not

or._ achi [ 0
lnwt?ci] g‘h? Serew ?‘%‘{ c%pn meé:ny rgngro ? n%ecﬂgxgsﬁa @' %ﬁeﬁl‘%&cﬁ!g a;%g’g'usnons that
enigﬁgepﬂ@&BIH profrusiofs on ﬁaeaﬂna‘inlbie nipab@ith @hating dsserftiatlynrigid protrusions
yclic structur In an nbodlnent at Iea(% al
(THs Fe GRreR {P9orey CHRpESId,ebar dfast one exter

b1k %eb@'f&%g tﬁdt NHstes Hoth AXAMA. thidd f¥irhRkiuded in the cap, urging
Imtation, when r--- represents a S|ngle bond

n
thp ﬁlemblﬁ thsod§go Sfta!l egaipstthe cap whep themap igtwisted on @ﬁd%éﬂlble throat.
att a'f;llgeﬂe)tugle s'ﬂ%uf‘c@%a&ago?%&sgtaqgisgﬁiﬁeﬁgﬁ}]ﬁ&ﬁ Qﬁ"éjwtl&st circumference
form tor cl dgpentyl, cyc exyl  or sone
ofah&dlexible ghmﬂdér ﬂmasqobe avdaprweheh tawviste& ohty theaflexible throat at a final
{plopentyl ring, a 1,3- diazaspiro [4.4]nonane
H%tmermybefonmd In an enbodi nent, for

exang|t@nad{ély Vihe rﬂB}k‘iblE |sHbﬁlaéﬂ ﬂﬁy c@ﬁén@@h{ le@t two raised flexible ribs
substituents A, and H attached to

to gaptzeldhe fletiening oéﬂmﬂemhly sbeulfl@r inecsingle diFeetion: or
exan@} fhe il"l‘e:ﬁyl‘élsﬂeﬁﬂ Yin %éﬁ#p?igg b¥th BE r§1‘§&? th‘éH@for sidpBing the cap
For éexanple, where orma cyclopentyl ring, a
andl, tBe raised dlekibje ribs [t8 coﬁtronﬂﬂeoﬂatta:nmgs twhich may bapreferred in certain
forned In an enbodi ment, when represents a single
SIYBUPS- any pair of substituents A, B, C, D, E, F

G anthdtaiddasdiad th&y BudeAUTEni Sl AN neak GHe Wiklest eft@ARRdnce of the
a S|ngle substituent attached to _the carbon atom hy

a
flexihlp skowddercsutiicientfocnestie Ramter tq e G3p Nyming laﬁa/méésheﬁﬁpe cap is in
spnted by, for exanple, and w thout
th?ﬁn??%%lon the fornmula (1a) (I'b) wherein each of
R, Re gaxSed defent mayainclugle, atd}aast pne gap forrengaging with ajpump on the

r C
o UL RS ARRRE h £ DA 4G 0 el
WI t Hauémbodihicats thre.c@EQﬂembtd\IEhoMbm mchd&a da@ednybs, the flexible
ep endentlé be, for exa

tatio
shogldFtmex ibrude st lert 1R Fg e 42%%%1@% two Internal raised
nusn@‘h&ﬂm&geﬁctmeerﬂafdrnﬁtén{a@Ealé%dtrcbskhlaiaayevergor odd., L

may i ndependently be, for exanple, =CHZ, CHCHB
, —@mets—m dnvenhph inglude dﬁ@!ﬁeﬂwn& the goilapsiblgbube with the
{

ﬂeg%g%@g%%ﬁglgg ggtﬁg b ?dglriéggxg}tc ylﬂgfﬁrl nég gf;'ﬁsiﬁ_tyc&d%?teslal to create
the colapsidde thbe veixtarid eaisechdetent veduddd mi thet ifleriblé sbewdder. Certain

with an aromatic or heteroaromatic ring. In an

enbodi nment, the nonomer unit(s) may be represented by,

for exanple, and without limtation, the fornula

wherein each of R, R2, M, * , Xi", mand n may be

defi ned as anywhere above . In an enbodi nent of the

i nvention, the heterocyclic carbene |ligand may be, for

exanpl e, and without Iimtation, a N -heterocyclic

carbene copol yner. For exanple, and w thout

limtation, the copolyner nmay conprise two or nore

di fferent nonomer units. In an enbodi ment, one, sone

or all of the different nononmer units may be
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represented by the fornul ae as descri bed anywhere

above. In an enbodi nent, the copol yner may be an
weaho®rinzdir ng copol ymer .1n an enbodi nent of theCcT/US2007/012114

invention, the transition netal conplex nay be, for

exanpl e, nickel poly-imdazolidene (N -plpi) or nicke

pol y- benzoi m dazol idene (H -pBIm . In an enbodi nent,

the carbene centres of the p-MEHC as descri bed

anywhere above, may be in the main chain of the

pol yner. | n_an enbodi ment he trar |t| n_net
¢ exts ffythgdnverdioncpgiide dhe gatiasy! < it ﬁ%fﬁab%%d detent as a
prb&hc&'&?tlﬂ?fd%ﬁfac%g%’roé@% e particl es The transition

metal conplex may be, for exanple, in the form

f
anorpsmsgts phithe deantion phelude anmpéaqﬂ%n&éh% rcollapSIble tube with the

G OB BB S5 By e i
thd hﬁs&ﬁ&kkiﬁl@&nbﬁﬁhehﬂed ﬁ@ rthe ferible ,shaﬂdew\nﬁdntam embodlments of the

l'imtation, micron- SI r naponeter zed col | oi da
inygtiom pasuderiee | sallppaiblestubg, WHB, theof é@ﬁﬁ 3%, fyy product of this
midiQitin éb{gcggstl on, betvveen about 100 nmto about 10

mcrons 1h dlaneter The particles nma ave, for
ex ar@mam andaqdm%atmqludﬁ 2 flexibie thyead éam@ theeflgudble throat that is

o Wl y R0 09000, R 5 0o s

of@j’x!dtl'us’icths.lﬂlaﬂglamﬂy) proeasibhe mcaidftd iniat dupn Theesp’s angagl, protrusions

engiy, WaBihe i ioia SFosty SebloproRssions o GploR sedl Ahd pay include a
bu@xjﬂlet p(;st 10 iaro'iude?—a tactiler ahditody Sue that thé finab and Bully éngagdd position
m crons. Those of ordinary skill in the

ofamp vlpwre alpagr besnareachetht Onp skilledeim the gf pRpregiates dhere are many
d r t

o ROLE B 0 U GRIG%oF B rhehe, TRARIRS ik tipe and

profiley Mpspmr tidged anlthe tmetrsmbneetltat s98mpl togethctreor those in the shape

erfhagle I, RERoR BF R Per ElEP Rt o o B bep,sssentially

riggfanpl e, and without limtation, a N -heterocyclic
carbene. In _an enbodi nent ofthe inveptiagn,

t.he  NHC )
| i gdertain eprhodimenis inalule aeamfordbasPuapsiply § tyfe, including an interior
I
bui%o{ofegftw E}?él %ﬂB%e 4 r%ﬁﬁg@? ?hé’";ﬂ%{?ﬂg@aéﬂﬁb%@ foa&ié&@e the internal
threa® farm, andf ther egerma) flexibiel tireadyfotne atedn inderiers nm to act upon the
bove d

SRR, RS Y Rk B TRERR a0 e v
fletitlé tlﬁdadﬁimﬂ to H anywhere above. represents a single

383%[1g Eﬁ?}]goou e 50 ggsdlglpvm %t%‘lnﬁar &eﬂ?mg‘% Fﬁiﬁﬂier including the raised
det%’ﬁp ﬁﬁiyrfﬁﬂhde ﬁrleEi/\@m%fce'% en,?ag’érkdbth itfle FAisRA QIdkent ko 810 the cap from

joined to forma cyclic structure including
Mtsnag@aétébefmelemﬂmnfor mula (1) above. In an
! n ¢, sRMdAinchiing raised
R R R
flegibidcibs ataynnnln;ie an fntesiahtib ahatisngpscoven et riatsed ftexible ribs to indicate

attached to .t arb n_atom.by a,doubl ond. a
SRR £ e Bl og A A oty Do i SRR ient ferfhfo snap over
the?ml & bl)ﬂBXIBl(@:i‘llflﬁ @mm\ﬁtn ﬂé)dllﬂlbttﬁidaﬁﬁs Fﬁd;(aiapf rtated 1ﬁtd ihe)ﬁnal position,

or Cc) erein each o

produgmg epe ipdigalng ity user that ta%fmaleapsgw\m ‘@ea 5%\98@4 n

an enbodi nent, when is a double bond, the heterocyclic

ring of fornula (rrr) may be, for exanple and wi t hout

limtation, fused with an aromatic or heteroaromatic

ring. In an enbodi nent, the NHC |ligand may be

represented by, for exanple, and wi thout limtation,

the formula (1V) : whereini , R3 and R4 are as

defi ned anywhere above.
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In an enbodi nent of the invention, the NHC Iigand nmay

be, for exanple, and without Iimtation, a bridged
woizemnuadie | i gand. I n an enbodi ment, the MHC | pgans2006912114

be represented by, for exanple, and w thout

limtation, the formula (V) or (VI) : wherein X i ,

R3, R, , A, B, C, Dand, if present, E, F, G and

H nmay be descri bed as anywhere above. R5 nay be, for

exanpl e, and without limtation, a linker group

' ncI d' n (tyfht?,ﬁ énY"i”iﬂ??r :1?1: dﬁé ?}&“gf%ﬁg% ex%ﬁ%%:ﬁé&laﬁﬁfble tube with

thé i‘aﬁm &eterﬁrbﬁll the ifleRible khdtildettyomoldingNieecond mJected material to create
ligand/transition metal ratio of from &%o 5ingc

the.pgp insluding heJawersurfach for egrgingdhgraised defeni on o fiexiblt showider
o SHE TR GO R LAt 02 cop e it s
mbmunbﬁﬂﬁepﬂn$ke 2 .Transition netals are under st ood

2 Gt Bt 0 e bR o B or he colpsivi
tubd mru flexiblt SHbURIMRQRLIGERE réiked HBs bpeahér mﬁldlﬁ@ ¢he second material
transition netal of the transition netal
to béeatff the cerayifh e intamahrip rf%qﬁnappmgtom g, ra'éeg?lg ibiq fibor to create
q e
Car enea%%gh?eflﬁl éfotgmr ship g"otvgr ﬂ{éet:axsjewq‘]e%blé be% For to create the

res and I'so optlona Yy W t
capevith datearml pedtensions tohmater withi extanalnfiexiblei mouusxons on the flexible

Iladlﬁgb In one err‘oa}Ilt ﬂ@ﬁ thef}ran3|t|on nmetal may
ﬂ”g’é SiFT2ES AE RFCRRTH LY PI8F¥5ti on, a Group VITIB
met alJsing NtheN cEMAEmIar abe Mg eite disperisitg tersaenﬁiallyomll the contained

net al be, for exanp le, nlckel The tra S|t|on
produci WthX'p‘ls é@é‘@ﬂtﬁ&fip"é dnpr wpishe gt fiekls, Whize tedavessormie g foreed to
w%s'iete She RE Qx‘iyd:fl ? oﬁﬂ&/ %st RevARiBIESRYEh Mverse areas of
erocyc I C sa see, or exanpl e, WO
appli€atichlas, ﬁiﬁl’ﬁl)lacﬁywaksypmom sarsl p;'oduntg,, ovgnthertaungerthealth products,

oy ISt o S demgol rhamicaty, vitkank Bpripa or pastes and

gréaeppoduciet al conplex 3 are shown in Figure 1 ,
wherein Mrepresents a transition netal as descrlbed
anywhere above and L represents a l|igand, including,
for exanple, and without limtation, syclooctadiene
(COD) . For exanple, and without [imtation, Figure 2
shows the synthesis of nickel polyimdazolidene
(N -plm catalyst B from pol y-im dazolidene free
carbene polyner particles A and Ni(COD) 2 . The
transition netal conplexes as descri bed anywhere above
may be used to catalyse CS or C- O coupling reactions.
In an enbodi nent of the invention, the G S coupling
reaction may involve an aryl halide substrate and a
thiol -containing conpound. Suitable aryl halides for
the C-S coupling reactions would be understood to or
can be determ ned by those of ordinary skill in the
art, and may include, for exanple, and w thout
limtation, aryl iodides, aryl brom des and aryl
chlorides. The aryl group of the aryl halide may be
optionally substituted with a substituent which is not
hydr ogen i ncl udi ng those defined for Ato H anywhere
above . The aryl group of the aryl halide nay be fused
with an aromatic or heterocyclic ring. In an
enbodi nent of the invention, the aryl halide may be
activated, non-activated or deactivated. Suitable
thi ol -containing conpounds for the G S coupling
reacti ons woul d be understood to or can be determ ned
by those of ordinary skill in the art, and may
i nclude, for exanple, and without limtation, aryl
thiols and al kyl thiols. The aryl and al kyl noieties
of the aryl
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and al kyl thiols may include the aryl and al kyl groups

as defined anywhere above. An enbodi nent of the
wonesaateir nventi on may be represented by, for egamshb®;o12114

and without limtation, thesfollow ng schene: wherein

B represents Ni-plm of the aryl halide represents

hydr ogen or a substituent which is not hydrogen as

descri bed anywhere above, and R of the thio

represents aryl or alkyl as described anywhere above.

s PRELRIPTON G-Aiskiiget s 1n coupling
. By way of exanpl e,
and FigtuedllA shows & atibpart artérior strowtwitlea pgiobextreattdmpal flexible thread
theory, it is believed that N -WHC catal ysts are
foUﬂdergomg t he sameoxi dative addition and reductive

el | IFiBafel 08 SRYWS @ pridt ArCHRFRE LEFidule 1ACudiAg ltardard acme thread
schene: wherein R and X are as defined anywhere above

for twmendtfbmhiaﬂuyadwfm@@écth@ mgtahirg intengldheead fosmigood

t
o1 o Bl st bl b Bkl BT Mk £ ERREG Hldess theead
fohﬂﬁdzxtei'ﬁdl(ﬂegllﬂé drtadformcodathe n@tdlﬁ@imda'nmyrelaé fgrmi;he

oxi d t|ve ddition of a hal i d ener.al

ot e 1 Shotisc poar art st F Figire; OX GifRng bk tizgad for the
extémmmaxtmgﬂﬁ&&[ f&nﬁxﬂ%@%@c}ﬂﬁ@m@émgtmactmt i ng

properties of |igands may be a consjderation in

cat aﬁlggte Hesbpwp r?efﬁtie VIGY &h ae‘??é’éﬂﬁ“h@rﬁi gfin @pgerd with the invention
b o iy SRR SRELRE S AN Py,
haI |Eigaref2iB shhes G (chvmp'l mﬁ@ercwdiapmblnstuho of Figure 2A including the
o or .can be determ ned by those of .

rst 0o
ralaf%g&?é? Rslrlmsieﬂ"ﬁre art, and may include those aryl

hal i piggredBE ishees fadtopt ViewGofSart altnhig: adliupeiblSuiticalhere the raised
al koxi des and ar | oxi des for the G O caoupling

defen inclesies adbsl conhieansteapating adine 204 rorRndaised Aithed
by tﬁ%{) dfe A1) sﬁé\g? 4a’, Ytelsnﬁhlvé g&btl@ fhrddtifor feclap¥ibiedRle of Figures
aryl leties o koxi des and aryl oxi des” may

2A ticdughe2@he al kyl and aryI groups as defined anywhere
gggﬁﬁ?ﬁ?ﬂ% ﬁ‘%"'ﬁf ?lglé( ex\lngsvsoﬁﬁé?ﬂapg ggeciﬁ;lrtl) u%lu&" %g'gelleeast one external

raiséd #ib anthahkablekhoul defidn abdma lvdﬁﬁthambemmhom des may
be substltuted w th a _subs

hydfiges 15 ehows Agoprdew ofe : bolGapsinlt ok g Ngm%ym gxternal raised

ribRR9¥Ecord Wit tRehvERAbnOf the present invention may be
represented by, for exarrpl e, and without limtation,

t he Higwiegi§ shpvechiomeriewiof neoHapsible sihesiapiuding twg injerpal raised ribs
mQécoW@w rtxjeu{@nr gg is as defined anywhere above and R’
resents an alkyl or aryl group as defined anywhere
abO\Rrgure'BE shown i ﬂoponewmfaai c«xltlnnsibdae( tuuehmckuldmg two external raised
-contal nin and the .aryl .hali.de for the CGS
ris G POOgRL PR 6 eras it e IRRPES. t he
al kgpigale 44 sRéws @Xdidievithdof Beolapsiblealibsl eithoiwd Ebﬁeﬁa&alsed ribs

coupl |rh]§s may. be m xed in any order. For the CGS

inclerdnd) 9 ‘F’@Pleﬁﬁﬁﬁﬁ% and without linitation, the
tr arﬁ# gﬁ&@% aCtQ) View OPY cBAafdibie tubd ¥ath Wk! &t&mﬂ raised ribs
one the t ntai ning conpound and the aryl
inchlaidddmumﬂemhl@dmuldbr cont ai ni ng conpound and the aryl
hal i de may be firstm xed together before mxing with
the transition netal conplex. For the C O coupling,
for exanple, and without limtation, the transition
nmetal conplex may be first mxed with any one of the
al koxi de or aryl oxide and the aryl halide, or the
al koxi de or aryl oxide and the aryl halide nmay be first
m xed together before mxing wth the transition netal
conpl ex.
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The reaction conditions of the GS and C O coupling

reacti ons woul d be understood to and can be determ ned
woyodashaesa7of ordinary skill in the art. The compriusgoo7/012114

reactions may be carried out in the presence of a

solvent . Suitable solvents would be understood to and

can be determ ned by those of ordinary skill in the

art, and may include, for exanple, and w thout

l[imtation, N ,N - dinethylformam de (DW),

: ﬁte r ]?lgé%;?{: :JSE}ﬁQVﬁéqTﬁ@ ‘éi%{!]\zpﬁt)fgé( %ﬁfg%)sgﬂelg i“%%o %O@ﬁ@eﬂ\gl raised ribs

inSRU¥EHH its ifleRibld Eeuldednsi tion netal conpl ex may
function as a heter oge,neow.s

] . us catalyst. In an_. .

enmbodEHEnA spﬂgrstarsaql&yppvp %cﬁ ps@%bggn%mg@t least one external
1Rl BBla8d Araflbd ERRE oPfelfeattlY sl £ dcBoid Witk Bhe/i@0éntion;

I.e. the transition netal conplex may function as a )

honobigneodB shawala tip. vigwi efadcellapsille itehe inshysking twe @xternal raised
.woul.d be der st ood t can determ ned by those
“‘b%a“é‘raofiaﬁ's#g‘e‘?k‘?r‘} acicﬁrc{) gﬂg} {%V%rﬁgonﬁay i ncl ude, for

exanpigare 50 ehow Bosy vielwndftaadollapsiblertabe mhuding3@vd ntérAdl raised ribs

C, and .incl udi ngﬁf&@s ecific value within this
andygised dtet ipsacep ¥eDUQF) or 110 C . The anpunt

of tFRAR SDAUMONR R kot ¥iER 6Xa ¢SRADLIBLE | thbe) thclitHey W6 @fiternal raised
to and can be determ ned by those of ordinary skill in

ribsh bvainternahuaisedyribismotl adaised detentas aceord vidlphgtinwentiony,
bet ween_a % . i,nc ' . .
CenF RS o Ot el TBAL s R el B coapive e i
actoidwith tHe iawétiion3 withl the oontdined poduStbding dispemsednt s of

the arylhalide and thiol -cpntainin opnpound i.n the

oS Bl T ouiot sRsvIaoL REoR PRI THOLEYf 1ower Surface to the
rafed UOhOSY ME callipHitlY kiR ihAcédi@ witHIhe Gupintiog; react i ons

woul d be understood to and can be determ ned by those

of oFigirea?B shems ajcrpss fection of thgypap phdpgwe Thvith an interior rim
i1 I, [ ' ' .eagents may be used
en}gﬁélggg%er %%%%%%Eofwgﬁpﬁg m%%ﬁrﬁet ric ratios. In an

enmb oBigmenTC shbws G Gossozeptiom gf ar ali¢inetiveredp ineludimg améhternal bulge

out in the presence of i.,tabl e hase. Faor anpl e
fo2 e, i LFTIRIG Svbr G ARG SBAenpaging TAF THech dspont o the
colldpsibledahs8, Na2CO3 and NaO Bu. In an enbodi nent, the

transition metal conplex may be recycled to catalyse |, )

one Biguresh audSBohemt a1t winrlRest Inthg<ap sneegiag WA ratsed rib on
the kkibld dhoultfer BFtheMdilap@BRE6d;at e that the nmethod may

optionally conprise separating the product fromthe

r eackigores A and OB fshowethearepb evithan inernad rost prd @alyrap, where the

. fil ' j ' . .
P e » ST S48 AL B BASQL P in e rid detentof
coflapsibietatse; anEXAMPLES Al | sol vents were used as

obt aj.ned from rcial suppliers nl ess otherw se. .

not SHEvEE A FRd Gt s efed psTrdipe dhe B erEneEq R in the raised
defedirdddédsn B ORApdBRObEM 10 nin) . Gas liquid

chr omat ogr aphy was perforned on Agilent(tm 6890N

Series gas chroma tograph equipped with a split -node -
capillary injection systemand flane ionization
detector. Gas chromat ography- mas s spectronetry
(GC-M5) was perforned on Shimdzu(tm GCVS QP2010.

I nductively coupl ed plasnma mass spectronetry (I CP-MV5)
was performed on ELAN(tm) 9000/ DRC system Progress of
the catalytic reactions was typically nonitored by GC
or GC-MS analysis of reaction aliquots. Synthesis of

Ni (O -p-NHC Catalyst 82.5 mg o f N (COD) 2 (COD =
cycl ooct adi ene) (0.3 mml) were added to a suspension
o f poly-imdazolidene (p-Im A(1 g ) in THP in the
gl ove box. The m xture was stirred for 16 h at room
tenperature. The suspension was then filtered, and
washed with DMV (10 m) , THF (10 ml| x 2 ) and ether
(10 m) . The nickel poly-imdazolidene (KTi -plm
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catalyst B was dried in vacuum and collected a s a

yel |l ow powder. The nickel | oading on polyner (0.3
wonuwis/igdeinas confirmed by | CP-MS. Ni ckel PCT/US2007/012114

pol y- benzoi m dazol i dene (NiwpBInm) D (0.3 mmol/g) was

prepared from pol ybenzoi m dazol i dene (pBlm C by using

the sane procedure a s the synthesis of Ni-plmB .

C- S Coupling Reactions over Ni-p-NHC Catal ysts All

reactions were carried out in inert atnosphere. N -plm

Q02 1 ) (0.25 mml ),

Qﬁﬁ&g@m ‘..u.(ilir% 'ﬁ&f# etrif luoride

(0. 2rHeiHventiex geldies @d cohtrbllé Motv and cloblirei mechanisast with threaded
vial. The vial was capped, and the reactjon mx
scrgi ar ¢4 @IAHNE BIPTSSIgk Capgvith parhicylar 2eRiiAHeR {6 fpiisfng collapsible

b &sh&RELd on, the reaction mxture was centrifuged,
. %?ﬁ% sol ution was renoved. This procedure was

r epe@drtadnaembe@mentdwoefeﬂw rlmeenbyn ubichiledry codigpsible tthbe 500 for
| Th
e T T B e R A IV s o

ﬂﬁlms @‘II\I(%_%déCIthfl Beteﬁﬁﬁi sHolwh. lg@%ms 10 mgbcgesﬁmdnonﬁ}mﬂes as shown
| - p- ta ysts I - pl m ng, m“nl)]

inyiguredd. B Theofley l?n*é\mat SR BR S o oaFet AP Blsofhrid form 502 as
sh()gmzmrﬂcir%lél) V:@f R0 DX ePheMibfibie rdadCfdrmDMBy IR iter@pedd &)shown in

vi al wascapped, and the reacti on m xture was
Figuier 2B dinaat 106t ©v6 places ¢r in afarerplagssploeeteats, dn effet, a series of
reacti opy t e e
P e SRS B YU B T P 00 penialy
thalcohtaimetl prbdu ©00S asghowy 1DIFEgmss ﬁhetcwﬁsh’lmg esteinad flexible thread
The co ned liquid was collected for yjeld .. .
forfB 5 B A PR Pt et crae) LPeliope prgipeap peinded in
thé ©4p MUE di‘%fﬁ@ théNexibltethecHt 8 ¥dal 8gARitithé Eap WhedMheDaplis twisted onto
cat al was investigated in G S coupling of aryl
the Hexig ®&bveral solvents and bases were exani ned for
the | Qa0REH? At 512 the widest
t hi op eno}(%g?/cegrho |d-%gl5(r?1r40§l;aa i%fuhg %%Q{Sé&j%e/@ Su In?alud & wides
cnmnnﬂeren&- oitthe fizixitde sboulder ii)écssl shemn 1 1y1| Rigares @941%2¢,rand 5A to 5D.

siumterfc O Bu :
T B oty § ot USRS Tt S BEREI Uhperesgput o fina
positidnly€ BRowh i Figures mmeSI on of bot h actlvat ed and
non-activated aryl halides to the corres

ondj
Sul TAKRRaEY JBR ety SoRdm A4 TpY ROUBBR Folcastawiraised Aexible
nﬁé' 545 s PBQ{W%M igured3 X 1fRAESTRALS: fsel Qits Xél%b(i§ c¥RttSl the flattening of

pi cal observed for deactivated aryl brom des and
th@ﬂbngblecbémuldv—‘réO‘élm abiogle dig¥tiane consi dered excel | ent

yi el th VK bﬂé ﬁ.&ﬁﬁé%%mt r?xa)zgﬁglﬁ% & %ﬁéjl%[is%g C%D%%g?é% gor stopping

yi el ds; yi e rom e consi dere
they Iceb d90ammtl yhectaised Hesibichsibs 505 tar eortxh shel dlatteningyvwhich may be

s. Results from experinents con are
prdfeBed i eATAhSHIRIonS 00 [ RONBAR F BT S D SPons
mm'T&fraﬁebl'deféﬁt Sﬂﬁina QnglﬁdéTHEéls&f rifnlS 16 1feat fhe2wi'd|esthircumference

. el ds F?ejé 3- Brono
ofm%ﬂ@g@@ sé@umé 584 l§§§h‘a"¥’é In F{%«}es %PGdSééPaﬁ%@d %}0 7C. The
f
LBt Te SR R et o o fn b pevont whey thecap s

in Nenfised ppmmadFrgu;ds JtabndidAva ICrhow the raibed detbuitandtits, raised rim as
[h] Activated aryl halide was used as the substrat.e
. The C- S coupling reaction of various aryl i odides,
brom des and chl orides with thiophenol was exam ned
over Kfi-plmcatalyst B (Table 1 ) . Hi gh activities
of the catalyst for aryl iodides, brom des and
chlorides were observed in these experinents . The
catal yst was observed to be tolerant of different
functional groups on aryl halides.
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In addition to aryl thiols, alkyl thiols were also
tested over catalyst B. Simlar activities of
woatmlysd17B t owar ds al kyl thiols and towards apgi/us2007/012114
thiols were observed. The Ni-pl mcatal yst al so
denonstrated excellent reusability. No deactivation
was observed for the recycled catalyst (see Table 1)
The H -pl m catal yst was observed to maintain
excellent catalytic activity over nultiple runs.
- & achi viid {
orpROE e SateliEia by 0 Beitbhe AchMePWikures 24 [0 26 and 5B to
5IBshas tiexaised eiin aopant ov heke the Videstgirduntferate.vi t y

simlar to.or |lo t han e expensive h eneous .

P RS raed Ao o1 B s iugS ot KBSEoe Gap 1 R Frgiiae with a bump
829 HF 1R! caPC00Vtd tREted® ch@imliddtingBol 41 uidiahdt-the TP lpbsiion has been

reacti ons were observed for catalyst D .[a] Reaction

reedhediasi gegvn & Figures 9B toa?W) Fieawe dCoshovs o1 expppleopith the raised
TR 10 814 oy 1, b o s i

51sub fonathe seédndaaised cimp516+8. of aryl halides with

al koxi de nd _aryl oxi de Lnvestigate I g, .
N - pin i el hdte g et et BT iRl aRErg Rbs e exivle

thfoabnfuUitlhadat 16hsd Bwd Ckievdl irfiedfibNandlbrrat étsatws bf &h internal raised
towards coupling aryl halides with all primary,

ribsoepirga iy thenfellowing examplesoxi des to formthe
ass O AlLHA GRLGE Dndide Qpﬁﬁrﬁfégbl(e-rsﬁg{xﬁelz ﬁé4 including a first external
ActiVPties are considered relative to ot her

raisodrphrs@St e catal ysts. Good yields with | ess than 1%

cat alyst | oadi i s considered .as,hi gh .activi ow . .

C ontes 3 G 3B el R HeRBTE wftindes i Pipe fidk pye8ial raised rib
503a] hales sé¥ohnll erteyhQrhid@bsib 308-2f or the coupling of

deactivated aryl chlorides or brom des w th al koxides

( € ! . .
The Bigiiesi 3G anst 5§ shgpnihe flexible shaylderigrlyding & st gpggrnal raised rib
509ef §§éc\6?9 AL A 8418, Wi th Buchwal d's Pd-PR 3
catal ysts (see, for exanple, A . V . Vorogushin, X .
Huanigigu$s. 31D andBYQhsheivd the] flexibla sighdder Bsludinboth, a first external

127.. )., Synt hesi Ni - Cat al i ckel . .
wibedip 348 bia ST Rkl PP R SRR it risea
Sosw&miskaﬁgdwfﬁﬂﬂfaigd?% 50’nfg cngsKTi (CfCD) 20( 0.3 rrlrml )

ovepnox O.a mXture O or,, C . .

'aﬂda%%% ® 308 &) PV sotifle j9f ti'gg flgxiBle &w?de?@c?“dmg a first

exfBrodl YaRed'Fid SUSLT hRE afs@ont dktéthall ANEH B2 Whith vk the flexible
used as the catal yst stock solution for catalytic

shewder isshmnetac ®Gtpits athereide: wonlsl thye inclydeNioiar esteral; saised ribs. In

ccfy A PR, el B 5 GATEAed Bl 720 155 . 7

1. 1 Fipude)4B tshowp e dlexible houlder! including rhobe drant fourierternat raised

(1, | . re m.xed with 3 Of in a reaction. .
sty iy oot gt & Bt colfel sish 808 vt SRfigef faised rib 505-2,
a thid estdriidl 9dised rib19053, fofout dxternali ralsdd ribeI05-ARAH A @fternal raised
. bﬁ 5gas | i qui dchr omat ogr aph GLC) and isol ation of
Tl

éﬁ?‘b@ltﬁ@‘t‘be’p%@b&i@d\/@?éoéénfi rmed, by gas
chr RHCER s tﬂ@%ﬁ:xﬁﬂ? Qﬁ&gﬁ%tilé%’lué - HRddBuRbEG! 5t ¥k ternal raised
magnetl ¢ resonance (NWVR) . C upl ng Reactions over
ribbji inMki@ iGaludingst SrsCe@erml hisedyrib $86+ li, arscendeextpinaNedised rib 505-2,
catal ysts were perfornmed using simlar procedures as
t hose used for the G O coupling reactions over
Ni - p- NHC cat al ysts. For reaction conditions see Table
6 . Table 3 G S Coupling Reactions over N -NHC
Catalysts [a][a] Unless otherw se specified, the
reaction conditions are 0.2 nraol of aryl halides,
0.22 mol of thiols and Ni catalyst in 1 nL of DMV,
100 C, IS h . [b] G yields, [c] Reaction run using
0.24 nmmol of potassiumtert -but oxide (KCbBu) . Ed]
Reaction run using 0.25 nmol of KOl Bu. Different
types of NHC ligands a-i and different NHC/ N ratios

o o - 11" a
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t hi ophenol were investigated (Table 3 ) . The
different types of N -NHC catal ysts investigated were
wohemwrved7t 0 be all active in this coupling reacriusmo7/012114

Strong el ectron-donati ng NHE generated fromc was
observed generally to show thehi ghest activity anong
WHCs a-e (Table 3 ) . The catalytic activity was
observed to be optimzed at a NHC N ratio of 2 (Table

Bri dged bi dentate NHC | i gands -i were prepared,

3) .
§ LY e O

raised tib\Was-bserved that with 3 erI % of ni ckel

catal ysts, the activities of tal ysts th bi dent at
i ga¥h e@mﬂéb@wrmap She >ilb‘ﬁtﬁﬂ uidegmay wf‘YFaﬁ‘P £¥emor geid number of
t iNRmaP BRE6Y EfteindPaised rib
exﬁﬂm%{%te%g% nickel cat al 3%%551\/\@5 used, thg sec bs may
fuahadm b¢ tahp sumhberathal yekimizes Klofw iconteoleaccoaling toghg viscosity of the

o8 st dipenaes bb o koo R EYCE O SRE by pue pliled m the

ay&a%a oR%n§ Yo TR dilenbivhy DEUeting ka@th, eddoy eize (0Eaperture, angle of
2 Ni t hough the bidentate catal ysts did not show

tapsr gandrwalh thickness-ease in activity, they denonstrated
gre ﬁfl %ﬁeag\?]lkdr?%%l@ ﬂ.{magO@dp(ftrﬂu& hspeR&AE e Nedliflly all ﬁf the contained

cat a nore |igands were i ntroduced in t
pwcamttﬂﬂﬁrassshswnn Fignre 64 ttarédd, which lsa&rarxﬁa:geehsrer) a|vpriety of fields

t| c_acti VI e..ob \
w}éeﬂ%&‘izﬁ’tf AR A forg % P i evedﬂf ga?{ ?Q r(}fgt i ndr aﬁ%de product. The
cohta@edypredwot enali Bharr ofsthe Bcrlmvadgmpmainraaédtmal, [peesoaalafare product,
ni ckel center resulted jnlo ctiviti , .and t hat
a PaMtAYE: AiaPd: ToRUBhs BRI fo BiEep PezarHus Py ifel e @rease product, a
vifdbap Sfa%ﬁ@% dcoPMilGe phstaNahdlidt Lakane Brodaet. cat al yst

stability and aCtIVIQt),é may be a consideration toward

dev eﬁ\ centainesproduet 9QG mall >he| referpask tonhereipy a @ (Yiscaay Rlgstic product
r-f%?x“iggs s Pcddliokizh t6 bb brddld. 1Yte6jfl\if E&lia fife QR fib€ to form a blob
or hdh@eﬁ)r &aﬁahs/pmrpoéesf sudhras cantk @Tcﬁharﬁteatahts & compbumhused to create

br.i di L.hi ol at
a Bt lsied oo aftes D8 o o iP5 foE e iHeh O P 4Peietye substance
thdtOis P §M’%¢irﬁﬂm HRPARBAEN AN Mrd Hedds FoleRapBYi¢d, for at least one
NO- WASTE LAPSI BLE TUBE DI SPENSERS W TH CONTROL RI BS

commpumR therEiges ahen crpastdodoRpir TRNpg Jurae) shapgs marks, seals,
de&&%ﬁ@ﬁé Rd bR @tes to controlled flow and cap closure
nmechanr sns Wlt particul ar application to form ng
col Iﬁmnbll@dwbewbsmm.prmmNmadﬁ qiH@t least one flexible
| NVE The. ear l.j est,_col | apsi b n
therpios se%°é%?‘°dﬁg}£? sge’&’gitee TP Faﬁe eaft ())/'%%an%e “fehnc plastics
indtedd, Wut - arSindt dirhited td,i urethahélepalyhiag! brlonide pThemulastic elastomer

o B gk ) Bl B4Ros SRRy reR) andio
SllFUdi’l@%Eecd cSBRSIRAS TRe chP 806 to RAHIEH the B&:HBR. thﬁﬁé@hﬁw Fnay also be

chem cal s, grease products, and viscous plastics,
manufastaredusiog exﬁ@ne@pﬂanmwahe fehnelpey and\sﬂatenals

use

o= ISEE B EFNRRIGh 1A AEATHEA ok 6L Ul A 300 i e
flerible shppubdlirc30d, includingt the raisedhdetent 82l hhmoididg atferst mJected material

d/ h ducts. .Th l. jth the .
to Gt pollarbiie S iy B e0AeIRE ‘BHRGR i ¢he Sguple shoulder.
do not |l end thensel ves both to being reusable and

supporting the conplete, controlled dispensing of
their contents. As the termis used herein, reusable

will refer to the capability to di spense small, or
control l ed, portions of the contents nultiple tines,
per haps on different occasions. Reusable will also

refer to the capability to secure the closure to the
sanme degree repeatedly, each tinme it is engaged.
Reusable may further refer to the capabrlrty to ref|I

o e o
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may or may not trust or prefer because of the absence

of a cap and thus the suggestion, true or untrue, that
woOheosgesdients will not remain conpl etely seal eBCTfUS2007/012114

subj ected to outside pressuses (as in air travel), or

that the contents may not be conpletely safe

froncontam nants fromthe outside environnent. Such

tubes nmay be undesirable for personal care and ot her

products denanding a high degree of aesthetic

feat i :
Cexl R RS e FHUnGof THI6EP e TolISIOE (LOF oiOe tiled detent
asﬁ(prétﬂicnefmlmdmfa&anngipaweys of a squeeze tube with a

2 g;tr,gt}\,\f,{t]gquasgw@ﬁhl Snventi ga 1 ?j{i&‘ %&hgr%{t%é{%ﬁﬁ%gxu fllatpht%le tube 500

wifll #eAtAed ndhvk EBQSSOSOB?'rﬁMHﬁlgUﬂﬁ £R0iReoed matefalne create the
reusable. Fourth, a collapsible tube with flexjbl

colslmbld abeawidh therreised fleatbdesribs inshusied dnhecdianiblp Sbtulgﬁes 04. Certain
?n% o?rtﬂ% Hﬁ&%ﬁdint:ﬁﬁg dhe ‘?:t) ?olEL{QGe twhﬁlt tHeSflexible ribs as a
sua owever structural problens
prdsdtﬁt oﬂtmtemrmn&cnuhag ipndcessie d ef f ects. The first prablem

stens fr over tighteening the.ca ch in

i nst/ahbs 5ﬂn,at515| Stdweggggégé}elb@égiyul?e wtds pet, ﬁ%ltéglk 1L least one
thérhtoeétt elaﬁa:ﬁeha Gintlor ttRer@pRisiit Mdbtdrhe EMstdmhedK plastics include, but

seal forned with the cap, .all ow ng contents to esc

noprlireited tynwrsthaze, @etuvwlrrdﬂ?@,dq, ol asamePlastye #lastergpig Olefin (TPO),
t e d

AR} SELAMEPE AL 15ND! BHCRAYP et ek tcsieone bed

composndsy t he contai ned product to be di spensed

erratjcal Wth the exc tion o £

abo&é hebr‘t‘%}u%“rtt’“%lffrgﬁ?ﬁ &8Py 6’8 ‘éél spens’g‘rrﬂ% t?}g% cﬁﬁ?nts of the
coRQSsHEIE Jubk 5000 THe Sy sl tha fiéxiblé thgoat 50D thaiflexibie sltoql;aled 504, and

throat provides_an_exterior, rigid screw. This

wheryBPHiekble, e GoLGTRERI foedsod 06 e P pLephtby FRAR of fexible material
m&iﬁ&‘ﬁ 5‘&1 dr@ tn%f H‘ﬁteﬁq{) X 1044t oRE MherifiBSEt d1fiorhétc hidd/or thermoplastic

SCre onto e exterior screw of the throat, a seal
eldsgorherr itﬁmtomxnccnlastml mclude,t b rmﬁmmdst%wetth@e, polyvinyl chloride,

col | S|ble be an
Theroet BiGEnflas &eﬁt §1l Eﬁsétzorﬁt ast Cen?{“ chlonde (TPV),
THeyoPlasRebvirer [(EPR) bedor Siinlcbme bdstd cemphmtdst hr eads t hat

taper away fromthe bod mai n, pf .const ant
t hi oA Elsstomereglatic g W Rigal bz molyyher bigad SEFEMPEYnd: vhich above its
mélﬁﬁg 't&nﬁéaﬂn?@ NextbiBifs24 Sherlddplidtit lbehMbr Badbliggtihas deofiaped into a
hread screws required that the throat and the threads,

fab;ica@sdc@mlapsm 5 2 opllapsible suhsraricap| Whenghe artigle 1s within its design
te g’rgﬁﬁ'é aln e,r '19' %hﬁlmso Pastin&ié Qhéhapi%t %ﬁ'tb ecross-lmkmg during
ra?s enser virtua uarantees that some of the tub

faltrt:dahent Theu fabnmionr pmdedsylsl eyusitih eThe byjcle gami b@grdph@cessed and

e P i B0 e S SO DR ot s

lin€ifdd Yo, Nghihgd @dmiold, Sid@d tvehictd dhavirhalexialesd SarexipjeOfedt aralior blown. The
environnents is well known. None on the

maerigvisry barigiestsdroncces Bigre Uigifdc We@éﬁeynﬁtﬁ tné?%?dof”é’fe than one
ontents. A
nn;rée?ﬁﬁ ?IIOE{% 19(3 e {uftat gﬁggﬁé@s?h(ettnrggmgll its _contents is .
es pdbﬁrallni ymbbedimentd ncludsra €aro80Q forghe eplipnsible tuhec200 as shown in

Fl%t}r?%?g tPt ]2,21[%8 uﬁg}é’ {r} 1nter€tfrtbt§% gg% 94 ac mpglgf tﬁ%)_ ﬂ@xh{‘e gmrroat 502 as

art external flexible thread form22 is shown in an
expanded vi ew through the foll ow ng exanpl es shown in
Figures IB and Cwith a matching internal thread form
24. There is a local coordinate systemin Figure |IA
which will be used throughout this docunent. The z
axis 10 extends through the center of the cylinder of
the prior art exterior screw 20, and is the centra
axis of the cylinder. The r axis 12 is the radi al
dlrectlon of the thread at a p0|nt mhlch for t he

o s Y o o Y a o " I L e ~
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angles of the walls, variations in the shape of the

peaks and troughs of the threads. To sumrarize what is
woeetad3@are reusabl e col | apsi bl e tubes abl e t opdrasese12114

in a conpletely controll ed manner essentially all of

its contents with closure nmechani sm able repeatedly to

create a conplete seal of its contents. SUWARY OF THE

| NVENTI ON Certai n enbodi nents of the invention include

a col |l apsi bl e tube for containing at |east one

BN o RTE S Mo 2 g UG s shown i
Fifnhr@XiH| Both hhe! ixterior budpe 802 tand dntepen sin 822 aot updn thesldxible throat

t he contai ped product. The f eXIN
SOgitp e Hilt HTGoIE| R £ SHERpE PGSl e toph BCHal RYECH-N. where
in Pids E\%&é,ﬂj%@@h{s%@ screw and cap mechanism or a
Flanl sm of 1interlocking ﬁr ot rusi ons that engage

f | exfusther,the teap $08nforghe calapsilig itphe5Q¢ Wit thgHexible shoulder 504
essent 41 r I
L s
deteni@ & stop mﬂdpa’tmﬁ ltwisktimg ipastahe finalagbsitommastshawnria Fégures 7A to 7C.

with_an inter t hread for i nel d Lnh.the.ca . .
ur g| ‘E*Wegqq 2  the golﬁmsgg{: Liggléﬁ hg}f&){éﬁé\og@g 504 including
rai‘é@& ﬂeillﬁfe £69505 thay meRMde AAtifteh e pf)bt@mh:h@t dnapoater alfatsed flexible
| exi bl e shoul der ‘'may conprise a rai sed detent neayr,

nlz P@S-Wi tadndicatiethe frR FERIE i5fin threlipalagsHion anthovain Yigyres 8A and
Iftops a cap when twisted onto the flexible throat at a
inal position. Alternatively, the flexible shoul der
may T)‘mrmp 8@0 atayl iselute nvipimpBa4 ¢ngaging Bleegan bkt ipthe raised detent

5 léoq%t &C %ﬁ Egtg{'n:egh}lt%&bn g{ ?cf)sgt%n{j :pgcg(dslﬁ nfﬁ & E\?@inﬁﬁfatlhg t&'the user that

thé GHRI pEBRiIKAY HebR réadhed chs GRbwi tin Figurest 2 mmgglt BB. The may include
and the ralsedeeX|bIe ribs to ggtrol th tude the internal "
the fremielPass S29/F EROVRIP Bigupredh RGP, o Togy fig fpetude the intemal pos

as%@,%ﬁtlﬁg[gsﬂesﬁ@aﬁ@gged detent may include a raised ri m
near the W dest circunference of the flexible shoul de
suf flncfugther dqta:é,rl‘enau@ L ishows acress sepiéorcabFigyrnt APT the collapsxble
f i e
sh9§l¥l§e§0 d J{bﬂa tl%ggt 5?2 Oeggé%lﬁg etggt%tgﬁgﬁ tfnLeQ? from and the external
flexitgla ghregd mmh "Hwbmtﬁnnadrthielaé foap mcdmdnsaatem@ botteess threads 804-1 to

indicating to_.a e thefnal i,tion s Qe
S0 b e P o forred o S IR i diready 7021 to 702-
4., e lise Al iabSEthrin 41 the RRtekha X]ehhﬂe giead fbein dﬂlﬁctlvely urge the cap
i nclude at | east two external raised ribs and/or

800aad the flexible brops 502 Lo seal the qeptamedprodugidptoghe QQ{I?&S}H‘F tube. The
caB 800 fufhBR préE bR iddhides B inkide Wilg O BOD Qﬂmwkﬁﬁ@@ GJp‘éan)e flexible

he |nvent| on 1 nclude manufacturing the coll g‘p
thtoab 02 to hurgh ahé |flexitile dhropb 30 de qngegm then intem: ﬂap@fbéonn and the

a first injected material to create
xF%zﬁg%eixﬁé BTAHJ e with the raised detent included
in tIheFifg{mbxl’ﬁB and 7Q) [tHe inteftalt tla'babﬁh'ndbfﬂﬂm capo B0 Iskides along the

o e LA LSl SRl 5t U M L 43t

slifePRehs (B irft&iBal &It fori ﬂo@id@@oﬂ?%&ﬁhw iwlent the internal thread
col l apsible tube wth the raised flexible ribs by

forpp andl ke axternat dlexitle threaf Fﬁmemgﬁset Bfter they enepge Xcontinued sliding
I [ I

caffhe MEORAR AR Mh B 85 ERLRRECBE (iR o i el e contained

of the invention include the coIIapS|bIe tube with the

flexible ribs as a product of this manufacturing

process. Certain enbodinments include a flexible thread

formon the flexible throat that is interrupted in two

or nore 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 interna

protrusi ons engage with the flexible throat's flexible

protru3|ons to Create a seal and may |nclude a bunp or

o, a I oy . 1. i "
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producing a cue indicating to the user that the final
position has been reached. Aspects of the invention
wonaisudssimanuf act uri ng the cap for coll apsi bl erCog2007/012114
with the raised detent on tise flexible shoul der by
nol ding a second injected material to create the cap
i ncluding the | ower surface for engaging the raised
detent on the flexible shoulder of the coll apsible
tube. Certain enbodinments include the cap with the
pr od%\f% 0 Hﬁ% ?l?eﬁc@\fa 1b‘Pé ﬁ%écf;O(P\]fmtg hhé sREREESSthe ShP B0 meets the rim
asp ec vent i on e manufacturing the cap
surfzw: off ke deaértci 2ivihich s1dipe the ctalptam‘ithgm bl e shoul der

Irrgf lg:\'l g‘ \g? gﬁl g;tn(rgér{bo[sﬂ'é*l% gg&mlpglﬂd?(g lgﬂhﬁ %g%) @Psx%%gp%ferably extend

to DERRPANEaSVale filde ekfein$d (thida@X80ALE to ialkb i hurding Ctheaéfermmg of the
the cap with the internal post for spappi n

ver
flexibles thion 08, Bt may; iysthen proferred tat e, IRGTION T 142 otond below the
seco% QLAhalRhRLE ¥l ] Tsalnh r@.[ §l@ll@d(fneﬂ1€% Hl?i‘éc@kﬁze that many
rotrusions on the’flex oat of these caps .
vaxﬁaitibnp indhectap 800 adei meiemdesdnffd&mtrﬁgtuaih@% cdusingsyasiation in at least

e e e e & SRy g Rt o oDy BEHARRE TGS

whermget &QaBO(EMﬁfW&EEtﬁéS pifecédifg Rigurea siay lbxb&rdtlﬂytbepaade from the
of the contained praqduct. Th| S is, v(?l uabl e i Eﬂssuc 4/ id
seq@ing dpigsted Tpatsriak c%@p}n&ﬂt, lgast ggeﬁyrgé thegmasst & gomenc and/or rigi

the?x%()glg.@ﬁé A SmEY. oﬂfé%ﬁlerﬁvﬁfasﬁ&e sy, Sbuthgad tithited to, urethane,

products, palnts, toothpaste, foods, 19| ues, hazardous
polytvényil chlmdeymmlpstms@lpsmmer Oefin £5PQhdlhgrmal Boly Vinyl chloride
C F T
PP GR b b pleR B it o whin
theﬁ)ﬁearblal thidadx i late tohaye adsol denmaRufpctured Blmtg)wsnmngr ¢ar molding
art_exanple of Figure |A u

d d h
tecPaplog anixtasrinly. e imEret DHEG AR P AN ERRHY L Ry fexibl

thrb B §02' @by biYoaRG §ighdard thdester C"I‘Iﬁ:hﬁt&mﬁnﬂ{ 822 oAfthe cap that inserts
exanple of Figure IA using a standard buttress thread

intp she flguibls thapata102 may jatsocbe ¢ siandard siam dgsignt hheia cans Mgy also be
ure I D shows a prior art
rm{dgtf{%rnlr11 ?’%‘H’Egﬂg JaB I"%tﬁlgél%g a box thread for the
ext eﬂrspabtsfdfehe Iuh\eantlhn dncdudeo manufagturing thatcehi8Qg for collapsible tube

o b e 7 B AR50, Y ot

mdtélid] 6l crateahé 24 Bitlulbhg te 166@r sﬁrf’ﬁée\fbldmghgmg the raised detent on the
circunference of its flexible oul, der;

fleximehepldesy Ui ihsteoflpesibls thbe, L gt Eibedufens ﬁﬁﬁﬁiez‘he cap with
thél GJePQuﬁ& 18 Jr8dSRr Gt picestNd its raised rim Figure
shows a top view of an alternative coll apsible tube
Mer@hcm@smtss@cf thet inventipr | inglude ampnyietusing thecepry 800 for the
f
coRTERMIOTIA o HOSLIABPREE P09 AARE b B bt moling
the:ﬁ&cba@shdlbnéalttutxeemé the gap edtiPiket intamqjmbz@;r ffiagping ®/&r the raised

nef o 505 P G AIRE B B FE IR Sl e i

flefibHiBE EithePofthe sy chpsiatdiprloacts bY eis pmessFu gur e 3B
shows a top view of a_coll apsi bIe t ube .i ncl u

ext on Runthergetaily Higyyes 2B 4PN LBV AFhE P P\gﬁ’le tube 500
inc’l_'ﬁcgi'f% gltﬁ'gi BaVB0@ ah@B 6b&HY Beald 69@' FighkblaesHowea Sldﬁ view of the

I nc ng two internal rarsed ribs in accord with

i nvention; Figure 3D shows a top view of a collapsible
t ube including two external raised ribs and two
internal raised ribs in accord with the invention;

Fi gure 4A shows a side view of a collapsible tube with
two external raised ribs included on its flexible
shoul der; Figure 4B shows a top view of a collapsible
tube with six external raised ribs included on its

fl exi bl e shoul der; Figure 4C shows a top view of a
coIIapS|bIe t ube mnth flve external ralsed rlbs

-, 2 o e s S o
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engagi ng the flexible throat of the coll apsible tube;

Figure 7C shows a cross section of an alternative cap
wonedsudsaig an i nternal bul ge for engagi ng the pceniskioeo12114

throat, and the | ower surfaee 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 shoul der of the coll apsible tube;

Fi gures 9A and 9B show the cap with an internal post
collagsiblebiubP 500Kt tHehRrst Bifegk 1680 fPRBingaBGagRATatecolama @ the flexible

rib and the bunp engages a gap in the raised detent of
thiqas coIIapS|bIe tube; and Figures 9C and 9D show a cap

|ncI {
A, SRSV ] Qoo it B R A8 e o
mclﬁdﬂ’igEttIIeMEhm and Tih ﬁu$ pase rfounopancthadads. These dimeads domdd, be by way

o &lécgl\!lvlg f H’fgur 5 %gﬁ%k?{i%ﬂﬂvéw&géﬁaegg%leé Fem W\?ereads, external

bokBldad & tor @BribihationsbNghodii datipad & thedeAbell l?ih@\lﬂﬁ aga{ threads. The first
Certain enbodi nents of the invention includ

brealt pOfhin bieure ¢h donnpa rarted solummeh @eaﬂenﬂélsébroahém The first break
so@qg&é&a[ 1&%941{&&1&%%%%{ Fiupgpd, f 1 exi bl e throat

coupl e 0 a flexible shoulder wmth detent as shown in
Fi guTh!B ogllapsiblenubeoY00cmay rheve pitbe BloSurgsrepleaiadlyi gpened and sealed

re 4A. T il |ble at i ncl yde ext er
st B/ ipg & et inep e s bk Afiks FRdv 38 a8, eSS ARy ypically
indlbde & Ipmsnb lcglihdur esich 4 elimrtasyceh&rlﬂﬁte;hdemvaﬁ ths opdioasa of the tube,

rol oyl B Heniely Fiop S ob i Eo1fpSRIcbmciol o e84 B Tabe closure,

allgeﬁsmsglfq,hmo@@qmmﬁnfl exi bl e shoul der flatten to
di spense essentially all the contained product 900, as

showFhe prereding embegdiments havereencimorided | byf way of example and are not
mates with an
méa%{igof‘%a Sﬁ?ﬁ]rtgédéé %ﬁnfwmcl)eref pr POt r%gllagﬁ i ncluded in the
cap 800, urging the flexible throat to seal against
the cap when the cap is twisted onto the flexible
throat. The fl exi ble shoul der 504 may include a raised
detent 512 near the wi dest circunference of the
fl exi bl e shoul der 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 fina
position as shown in Figures 7A to 7C. Alternatively,
the flexible shoulder 504 may conprise at |east two
rai sed 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. O
the flexible shoul der 504 nmay conprise 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 rim516 near the w dest circunference of the
fl exi bl e shoul der 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 wi dest circunference of the flexible
shoul der. Figures 2A to 2C and 5B to 5D show t he
raised rimas part or near the w dest circunference.
The rai sed detent 512 may include at |east one gap 514
for engaging with a bunp 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 exanple with the rai sed detent including a
first gap 514-1 and a second gap 514-2, separating the
first ralsed rimb516- 1 fromthe second raised rim

P . Y T LT I T T L T I T e e N A
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shoul der is symmetric with its other side, would thus
i nclude four external raised ribs. In certain
wensd4s@ant s, this may be a preferred confi gur aCTms2007/012114
Fi gure 4B shows the flexiblie shoul der including nore
than four external raised ribs, in fact including a
first external raised rib 505-1, a second externa
raised rib 505-2, a third external raised rib 505-3, a
fourth external raised rib 505-4, a fifth externa
raised rib 505-5 and a sixﬁﬁ#ggﬁgrnal raised rib
505-6. Figure 4C shows the | e shoul der i ncl udi ng
Whst isdiimedhiser of external raised ribs, in fact
i ncl pdi first external rajised, rib 505-1,
1 oty oA releppletyBE 57 sguiging B 16 obP PRdict; ofnBEiSlin external
flexfble Inredd ffomh tdh 8XA&IBI8] thfcat £6dpled to o) Bediblashiowddr] fHerein said
external raised rib 505-5. Various enbodinents of t

e, .
flexitdg shddestromnrises Augiserhdatenineay e Weﬁtdar%mfﬁfép%?}] said flexible
5 ) S BB B AR SUSPY( Bion

any wherbiar said aixtemsal i fiixills thiead/ foomt metes avithy adi intgrna thread form,

e 5 i e SRR B RS i o

twiktdd o8 ¥aidaakisIe tidxt; ahd i t s di mensi ons i ncl udi ng
| ength, w dth, size of agerture, angjf o) téﬁer and .
wal [Whereiak saids flexibie, dhrage and) jsaids flskible haulsisp flatten; to dispense
IfiR6Y 1 B9 s5ia$eeddce! |y all of the contained product
em%%%ggg sho&n ?ﬁ Figure 6A to 6D, which is advantageous
in a variety of fields where today everyone is forced
t o wast.e t. | as £l O .aj . tshodl ting t
2 LB R A S RuA08 SHAP) SRS O ol mating o
pBaltapeibis ibeabodya wiereinsaid fadblephodtand saidt fotiblp abpelder flatten

a food, an artjst.s int,, a glue, a.hazargdou

c riiseia lapgblens phBetisfta Foesfub AR P product.
decorative paste, and/or a casting product. A
cont ai ned product 900 will be referred to herein as a

3.vi scBhescobtapsiblectupe ofi Glaimyhh avhareinisaid saised dsteaherrgprises 2 raised rim
neglie sagﬁ Cnaed c‘?}éhm?éreﬁcec QUL B Sreaftus %Eﬁ'iek 48 QaidOcdpOfufhifig beyond
ob or "‘a line tor various purposes, such as caulk or
whaensaid capdb amsad fimakpostoond used to create a Braille
letter, or other identifying mark on itens for the
blind, or a decorative substance that is not sinply
4, pai MtheddllapsibRe tibe bE XN aime] ,anbersimssaidiatsedajepdnt edmprisesadt least one

| east one conpound that dries when exposed,.to, air .
gap dPhFREREnE Hithea DREp saidh CRR 0 SEeafesa Che MyHcating 0 2 usRy that said
final'BodifidiEhasTiien ¢8dna@si bl e tube 500 may preferably be

made of at |east one flexible thernoset elastoneric

and/ or flexible thernoplastic elastoner. Elastoneric

ol ashi CS i n ooy )

500 oLl e o B IR 1Tl S R handd Gl @ e of
the BR)p cohesting oPcd \phamydceuticalr prvdugtI AVpersonal care product, a paint

Ther noPl asRubber _( TPR) .and/or, Silicone hase .
oot AP Hfe 4 SPGB RE R RGO & AR Eop, chspical, @ grease
prothice ati¢ortive phste BRBASRAG pudditbt, st AGviSoous plasgc product.

col I apsi bl e tube manufacturing technol ogy and

materials. Aspects of the invention include

manuf acturing the col |l apsible tube 500 with the

fl exi bl e shoul der 504 including the raised detent 512

by nolding a first injected material to create the

collapsible tube with the raised detent included in

the flexible shoulder.Certain enbodi nents of the

i nvention include the collapsible tube with the raised

detent as a product of this manufacturing process.

Anot her aspect of the invention includes manufacturing

the col l apsible tube 500 with the raised flexible ribs

505 by nolding the first injected material to create

the collapsible tube with the raised flexible ribs

T 2 1 N A ~ .
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fabrication. The fabrication process is reversible.
The article can be reprocessed and renol ded. The
worbdsad3af nmaki ng these col | apsi bl e tubes 500 Pay/US2007/012114
include, but is not |imtedsto, using a nold, into
which the material (s) are injected and/ or bl own. The
material nmay be injected one or nore tines. Wen
material is injected nore than one tinme, the process
is often known as a nulti-shot nDIding Certain
n d I I i
6. 500 g BlleRaibIE U 6 ClefAR, WgreiRlsald Mo oRBGIADE EorhfiRRs at leas
twb thised drexivlé g‘ﬂas%chimr(ﬂCme lﬂ)mentrtgeof badl fidxiblehshoatdeg 32 a single
asshown in Figure 7C or an interior rim822 to act
dirggt¥M-t he flexi bl e 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
7. engdipe colepsiblednbripf Olainn@ wWheraingwid raisgd dlgxible rilp ayecexternal to
L£examples Nis four. Further, the cap 800,
Smggkxﬂﬁgg%%ﬂ apS|bIe tube 500 with the erX|bIe
shoul der 504 including the raised detent 512, may

Idgt: bﬂu’%e({o agﬁlg%rqlﬁ %;ﬁ g,,ﬁ’vi'l%eg ?c}@ flr}leﬁ(gt?l{e Inﬁrglare internal to

smﬁq&&ﬁnggmﬁgdﬁhOMh in Figures 7A to 7C The cap 800,
for the collapsible tube 500 with the flexible

shoul der 504 including raised flexible ribs 505, may

| ncl e\%ﬁfi" Q t L\ Bmpisid #River surf:
. fl ex es:}?{)ﬂ% S?ﬂ “%tnéﬁ %glteetnt S{S?gagﬁ‘t dr ni r%gl S.‘? ‘n oF striace
to bh@g‘enmtt sgidsaised detent shetap said EpgfiowstvéstingnpasgBaid Tiinal position;

gap 800 may include a bunp 824 engaging the gap 514 in
¢ he raised detent 512 as the cap is turned into the

f i nFirth@ebhipeiRingy @t ben Gelkcted Grond tHeC@bip goﬁsi)sttdge:mser
that the final position has been reached, as s $&Ewdﬂeﬂuomto

Fi g@neiategiar thilgs, hhagipipophiaidglpxible (threat 1 brgensa
ud
enptisoE iRl SHRUR ot SIS Schal OB miaa TORRM |
9D, ahmntamntrhum weacti WporFsajd rRexitile sthonas ta wee $sids dexibim throat to

e“%%?ﬁ%?“@%§iﬁn§§§$%ﬁdgﬁégg éﬁk%ﬁﬁgﬁrea ggﬁtande?hgle

external flexible thread form The internal thread

formincludes internal huttress threads 804-1 t . .
10g04 A methpd Qb manyfastuping for,atleqst Pé‘éd??‘tﬁ ’Fh@%&ﬁfb‘oe%gr oup consisting
of SXiH%oil sﬂlﬂHttﬁBee&ﬂ sha %ﬁﬁ’ of Eﬁ%m@t Wheefir safd midtBod comprises at least

internal thread formand the external flexible thread

on¢ orembep | selectadvfeory the the arewp eensisting of e steps aff exi bl e
co B e, R PRl A0 e s s
deﬂeﬁcinuﬁﬂsdﬁnsaldlﬂemlbdn‘sl’hml@e, 802 whi ch acts upon the

flexihle throat,502 t he flexiple th

e e Seotd Ricce @A i Freats 31 b bRy 20 1dWRr surface
forf dn@ygibl 8aililtaadldétentn | n Figures 7B and 7C the

internal thread formof the cap 800 slides al ong the

external flexible thread form of the coll apsible tube,

j1and 4 QS{I%L qgi)? febee ébxlftlafﬁlﬁé‘ LE ?é%sﬂc Qﬁé'np%ddigsc&hﬁﬁﬂné h& external
inteéerna rea ormto slide al ong each ot’her, whe

flexible threat faim tohraadl@xfhrh: threat] colndecbm & Aexible ehquides; wherein said

el TR, B A FURRE B oo et

external flexible thread formto seal the

cont ai nedproduct 900 into the collapsible tube 500
until the surface of the cap 830 neets the rimsurface
of the detent 512 which stops the cap turning. In
Figure 7B, the interior rim822 included in the cap
800 may preferably extend to below at | east the first
external thread 804-1 to aid in urging the reformng
of the flexible throat 502. It may further preferred

t hat the |nter|or r|n1822 extend belom1the second

e I . Y. ' ~ I '
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col I apsi bl e tube 500 with a flexible shoul der 504

i ncluding raised ribs by either nolding the second
woav@ri4adi7t o create the cap with the internal pCD/USE007/012114

snappi ng over the raised flw®xible 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

sy S0 oL, Bl e ke i sigle
dirtdirm@! | apsi bl e tube 500 with the first break 600
form ng rectangul ar colum on the_flexib]e. thr . .
Fi guvhesein psaig oflexiblge thrpaly japd es%‘ﬁrg%\’flgéoﬁi‘wléﬂ‘ gﬁhen to dispense
A ' hread formincluding at | east one
essgﬁ%ﬁlwnﬁ[ ﬂf;sag%(g@g%?%ur open threads. These threads
coulwherdin shid flewiblef theom rmpiprises ableast ongcergempt daxible thread form

external buttres hr s, external V. th . .
thaf e A ) e g T aceabl DS paid exible throat to
sedt hohilaSRidlp wieoaml ORER tivitabéito sdiddldxible thrbaeak 600
in Figure 2A forns a canted colum on the flexible
throat 502. The first break 600 is rectangular on the
12f | ©4lcBbiNiOR ubd b e alh G 1 ZRrnEhomplibiapsi bl e tube 500
may have a tube cl osure, repeatedly opened and seal ed
shutsaidyflaxsbla gheuldeohating e a eblapsiblq aibabedyies known as
a key). .Versjons, of, key typi.cal |v,] I Gi :
oy | Fsin PSR tproat and Bid Blkbid (Houlteg efabh Al did collapsible
tuble Bbdg 16 dispefisedssértially wlienf shidl preddawar d t he flexibl'e
throat 504 of -the collapsible tube 500 to seal the
tube closure, and locks itself in the closed position.
13.The ﬂe%f%gmleemaedw@l%ﬁ 1Na¢8mpESihgP P Yéadethury raféed fiéxible ribs
exanpl e and are not neant to constrain the scope of
extehmal tosdid fienible shoukderCLAI VS What is clained is: 1. A
col | apsi bl e tube for containing at |east one product,
conprising an external flexible thread formon a
14f | eXiHel evllapsibhd tube wyfl €dirh d 1a compxiisimige as heagt fhair; raised flexible ribs
. Wherein, sgid flexiple shoul der conprises a raised
'nta’é’laLf?tsaHing‘PI?es(i\RP@&‘t circunference of said flexible
shoul der that stops a cap when tw sted onto said
flexible throat at a final_ position;, where

) in sajd .
15ext AiveolppeRiestbe of Gl HhrHITRIRGRidFaraie PRAYFYig/a member of
fihe RS Ldhtia Ay , abl¥ePtheS@hter health product, a -
the% E@@%o&?{sﬁ%gg’%ﬂgﬁg@gléﬁggi %gtaa@éiag og’gp when sari gacagro ueh @
peisenalnésse eroduvt,oa paintl rrdduct.ba toathpasts, ;2 foed piedpet, g glug groduct, a

flexible th t d id flexilbl ) t
a8 S BB pd o ©

coll apsible tube of daim1l1, further conprising said

fl exi bl h d [ ng .t § i bl.e t.ube, bady .
16\ :;'(llaeﬁ%élgp%g*qtg&q QF éia?x%rldgtﬂ %gf‘ §%ﬁ z'ie]x}b%( fl&u det Rirther comprises

a rgﬁed‘ beht AdRMhEWidst birGidhRrenet bR BsidH B8 BRowlGeythitostops said cap
I spense essentially all of said product. 3. The

wheoltwisted onte saidiftexilile duapigt 2 finghppsitignsaj d rai sed -

detent, ¢ ise i Il e PRYY : ;
1755 it GTERELRCTRR IR 1 DA o2 SisthtRRins comprises a raised
rint @ fletitlé maateralonedr whidnwistesdcicapnfegenica sufficierfti ipadreate a barrier to

Josition. 4. The.col|lapsible tu f Claiml, wherein
seifga e vand SR s ep e i Fadl ot 2 For

engaging with a bunp on said cap to create a cue

indicating to a user that said final position has been

reached. 5. The coll apsible tube of Caim1l, wherein

said contai ned product is a nenber of the group

consi sting of a pharmaceutical product, a persona

care product, a paint product, a toothpaste, a food

product, a glue product, a hazardous chenical, a

grease product, a decorative paste or casting product,

and a viscous plastic product.6. The coll apsi bl e tube
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one nenber selected fromthe the group consisting of
the steps of: nolding a first injected material to
wonemiig3@ai d col | apsi bl e tube with said rai sedpdesnio7/012114
included in said flexible shoul der; nolding a second
injected material to create said cap including said
| ower surface for engaging said raised detent. 11. A
col | apsi bl e tube for containing at |east one product,
conprising an external flexible thread formon a
flexible throat coupled to a flexible shoul der;
wherein said flexible shoul der conprises at | east two
181 ai sedap Fepisb mtuédnscolmptsﬂbwmbabecnmin bir, corpeising|
tosai d flexible shoul to control the f

| att { .
Sai G PLSERAIPESEHBRIBEI: lepeth P venstif gacdHpBleribs of said
ﬂe??dlg shofidesSald QA tBAfda 55%‘1',3{& ﬁfféltﬂo&tﬁ)'ﬂOHOGQEmg a cue indicating

ten to di spense essentially al sal d product;
to Weewser thas said finabroditien hasbsgn rwhpci,u memtsmdee@tm@inées at least one

ernal  flexih t hre
mexﬂﬁ%ﬁﬁ%:tefllﬁeo& Oth? g}'c}ﬂp c%%snls&a%éf {fxﬁé%d@gg éuMcpa &Qtlle cale, and
f | exilidréint safidédp, trartharadonfi@iseNa imeabed sehpted,ffmmslm gkougrconsxsting
is twsted onto said flexible throat. 12. The
OfcoIIapsibIe tube of Claim1l, further conprising said

f 1 exhf b{n%erﬁﬂ'oéﬂl?iﬁo BBt (Psh LA ASBIE ARDP IS ubksthshill GXible throat to

wherein said fTexible throat and said flexible
engagnﬂamsmwmdtthmd\ﬁbm as@\saad esternab fleible thigad fegnsandy

di s pens nt k }I:ty JarL 8 ﬁ&lglepﬁﬁ’g&f% ur;kg said'flexible throat to

coH%%) nprising at | east ? our
enpadessail fdtémalkthﬁeadlahd sendte&temﬁdl ﬂeml:flathieéd foxinb| e

shoul der. 14. The col |l apsible tube of daim11,

conprising at |least four raised flexible ribs i nterna
19t 0 SRirfethd £t RlaBufdfifingeadt leabbond hRnfbel bélpaedifion lﬂa@ gﬂ:fup of said

Claim1ll, wherein said contained product is a nmenb

cobapsible tabpeoanst saichsam of ﬁgal@fl%cgmﬂmé\maéhpmpmsm%f selected from
lth product, a personal care

thggrgé%%n&gﬁg%&Hgég& gggt aptoothpastep a food
pr odneldingaa g‘irstelnynfomtumaterml b zevattoseid clotapsible tube with said raised
rease product., and, a.\vi §coys astic or paste

flexRlgt fﬁlciléféﬁ 537‘1"5%%&5?% ?&Le of Caimi1l, wherein
sai gnéldmg th?séi:tiﬁ& lgjeéted HiatdiRill t& OrdRte saiBbcap with S&id internal post for
detent near the wi dest circunference of said flexible

snapping eneer spidapised sxibleribs.cap when twisted onto said
flexible throat at a final position. 17. The
col l apsi ble tube of Caim16, wherein said raised
detent conprises a raised rimof flexible materi al
near said w dest circunference 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
col | apsi bl e tube of Claim 11, conprising an interna
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 Sto the user that said final position has
been reached; wherein said cue includes at |east one
menber selected fromthe group consisting of an
auditory cue and a tactile cue; and wherein said cap,
further conprises a nenber selected fromthe group
consisting of an interior bulge to act upon said
flexible throat to urge said flexible throat to O
engage said internal thread formand said externa
flexible thread form and an interior rimto act upon
said flexible throat to urge said flexible throat to
engage said internal thread and said external flexible
thread form 19. A nethod of manufacturing at |east
one menber selected fromthe group of said collapsible
tube and said cap of Claim 18, conprising at |east one
nenber selected fron1the group conslstlng of t he steps
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