WO 2006/ 012569 PCT/ US2005/ 026177 -1 Polynmeric Materials via Cick Chem stry
Description Technical Field: The invention relates to adhesive pol yner
coatings a More 5 particularly, the inventio t he use
of click cﬁ;e?)mﬁg‘{)arig&?or maki ng adhesi ve pol ymer coati nggbgﬁ%ﬁgsz(rﬁrgﬁ?.
Background: The term"click chem stry" is applied to a collection of
suprenely reliable 10 and self-directed organic reactions (Kolb, H C ;
Finn, M G ; Sharpless, K B. Angew. Chem -Int. Ed. 2001, 40, 2004-2021).
For exanple, the identification of the copper catalyzed azide-al kyne [3+2]
cycloaddition as a hi ghl Polymerit MateriasiswiarClickn€hiemistry wat er
(Rostovtsev, V. V.; et al. Angew. Chem Inf. Ed. 2002, 41, 2596-2599) has
been used to augnent several types of 15 investigations of bionolecul ar
interactions (Wang, Q; et al. J. Am _Chem, Soc. 2003, 125, 3192-3193;
Speers, A. E.; et al. J. Am Chem SoD¢SS¥%N 105  4686-4687; Link, A J.:
Tirrell, D AtednniéMnNFidlgem Soc. 2003, 125, 11164-11165; Deiters, A ; et
al. J. Am Chem Soc. 2003, 125, 11782-11783). In addition, applications to
organi ¢ synthesi s {he#ventionyrelates tepdhesiverprlymreaeatirgssig. ceroes, Mars,

9588-9589), d el r. ! ; . i sc. Today
2003, 8, 95)11zsi’ﬁﬁgﬁaﬁﬁé’%‘ﬁé?‘w{ﬂm@?'ags §the i%%éﬁ%'%%s?g%ﬁ"?t&@gﬁg‘%d;ooz, 41,
1053-1057), aadhédiee polpaier coalingsairidadenadntsur f aces (Meng, J.-C.; et al.
Angew. Chem Int. Ed. 2004, 43, 1255-1260; Fazio, F.; et al. J. Am Chem
Soc. 2002, 124, 14397-14402; Collman, J. P.; et al. Langnuir2004, 25 ASAP,
in press; Lu r, T.; Hoffrmann, H J. Phys. Chem B 2004, in press)
have al so apg@%E§ .D e copper-catalyzed azi de-al kyne ligation process has
emerged as a uni qlibe termbidiek clemistry’sislapplied/to a ealtdction tof saprénidhytdlieblepr oof '

scope ( Rlcht OVtaﬁ \é’elf-\é?eczzt%gfsolrgognzlg?gaclﬁglé Ha)%goﬁlgzgn?n? M. G.; Sharpless, K. B.

Angew. Chem. Int. Ed. 2001, 40, 2004-2021). For example, the identification

of the copper catalyzed azide-alkyne [3+2] cycloaddition as a highly reliable
molecular connection in water (Rostovtsev, V. V,; et al. Angew. Chem. Int. Ed.
2002, 41, 2596-2599) has been used to augment several types of

15 investigations of biomolecular interactions (Wang, Q.; et al. J. Am. Chem. Soc.
2003, 125, 3192-3193; Speers, A. E.;etal. J. Am. Chem. Soc. 2003, 125,
4686-4687; Link, A. J.; Tirrell, D. A. J. Am. Chem. Soc. 2003, 125,
11164-11165; Deiters, A.; et al. J. Am. Chem. Soc. 2003, 125, 11782-11783).
In addition, applications to organic synthesis (Lee, L. V.; etal. J. Am. Chem.

20 Soc. 2003, 125, 9588-9589), drug discovery (Kolb, H. C.; Sharpless, K. B.
Drug Disc. Today 2003, 8, 1128-1137; Lewis, W. G.; et al. Angew. Chem. Int.
Ed. 2002, 41, 1053-1057), and the functionalization of surfaces (Meng, J.-C.;
et al. Angew. Chem. Int. Ed. 2004, 43, 1255-1260; Fazio, F.; etal. J. Am.
Chem. Soc. 2002, 124, 14397-14402; Collman, J. P.; et al. Langmuir 2004,

25 ASAP, in press; Lummerstorfer, T.; Hoffmann, H. J. Phys. Chem. B 2004, in

press) have also appeared.

The copper-catalyzed azide-alkyne ligation process has emerged as a

unique combination of selective reactivity and “bullet-proof’ scope (Rostovtsev,



-2 V. V.; et al. Angew. Chem Int. Ed. 2002, 41, 2596-2599; Tornoe, C. W,
et al. J. Og. Chem 2002, 67, 3057-3062). The use of Cu(l) catalysts

accel er at eg toglﬁ pLgcess by factors up to 10" while pregs, ffé &y i nert ness
0 2006701 23 / 2{6/ 7

of both azi'des al kynes toward the vast majority of functional groups
and conditions that 5 are typical of the terrestrial environnent
(Rostovtsev, V. V.; et at. Angew. Chem Int. Ed. 2002, 41, 2596-2599; Wang,
Q; et al. J. Am Chem Soc. 2003, 125,-2492-3193). Recently, click

chem stry has been enployed in a clean synthesis of triazole-containing
dendri mers (W, VR.et abt Angew.ADkpw. Int. ok 20024 1, 2886-25394, Tarneer@sW);.et A

Pol ymer synt hesj s en n |_m n er of reactjons tha | ncl ude
many of the bg's rge%j%ﬂ?'géogf 624%&?'#@%&1 :fggt“ﬁe %HZG@?{,a?XSE%?E‘_Fé?fﬁ}%n

"click" procegs prbBEsCOPRRIorS bab aedhag bRReAlNY R iRYth AUt HdtipBzidbgs yet to
be so enployed (For exanpl es of condensation polyners forned from 15

non- cat al yzedand atkynes tawsaid dhe vast majonity @f binctionalgieupoard cerditions tGat Rogov,
E. P. Kabanova, |, G deva, .Rgss.. Khim, Zh. 1997, .41, 115-119). Wat is
needed i ¢ a p?[?cté(%aﬁﬁ%{ﬁezﬂﬁ?s&'/@ egl\/ﬁr%n!{nglp]te(éogiorvgsetvovcén593’ raﬁc‘gmg 61 yneri ¢
materials, inghdgi . B8NEE0Y @1PR5YEIRE0S VRRG QOSetaNd). BABOhemVB8E. 20 1S
needed is a click chem stry process that employs di-, tri-, and tetraval ent
azi des and al ROOBs? 250 3892-a183). oRessntly celick shemisty hasl beesy employed M 8-t ri azol es
whi ch serve to bond to netal | ass,. plastic, and,other surfaces as adhesive
pol ymeri ¢ coaPCARSYB eﬁﬁ%ﬁ”%@%-gﬁ@g&gﬁ@dg@e&ﬂ & ee eﬂ@l&j’yﬁﬂg?‘g‘ cenent's

for bondi ng supBns wiff B8E2004 iPpRsgNot her. 25 Summary:  The

copper (1 )-catal yzed cycl oaddition reaction between azides and al kynes has

been enplCoyed her ein to make adhesive materials, i.e., adhesive polymeric
o performed on a BYURE YATRAE dRERE or alehel A ERE B bifee” P ooo
include many of the best examples of click reactivity. However, the champion
“click” process, the copper-catalyzed azide-alkyne cycloaddition, has yet to be
so employed (For examples of condensation polymers formed from
15 non-catalyzed azide cycloaddition, among other reactions, see: N.G. Rogov,
E.P. Kabanova, I.G. Gruzdeva, Ross. Khim. Zh. 1997, 41, 115-119).

What is needed is a process that employs click chemistry to construct
polymeric materials, including adhesive polymeric coatings and cement. What
20 is needed is a click chemistry process that employs di-, tri-, and tetravalent
azides and alkynes to create robust, crosslinked polymers of 1,2,3-triazoles
which serve to bond to metal, glass, plastic, and other surfaces as adhesive
polymeric coatings or which are employable as adhesive polymeric cements
for bonding such surfaces to one another.
25
Summary:
The copper(l)-catalyzed cycloaddition reaction between azides and
alkynes has been employed herein to make adhesive materials, i.e., adhesive
polymeric coatings and adhesive polymeric cement. In a preferred mode, the

30 process is performed on a copper containing surface using monomer mixtures



WO 2006/ 012569 PCT/ US2005/ 026177 .3 that |ack copper salt. In this
I nstance, the copper containing surface supplies the necessary catalytic

copper (| )“j(pﬂ,ﬁmltz%greby causi ng the pol ynerization Pr PEEDS20b 0205 Ur
sel ectively on suCh surfaces. In another node, the process I's perforned on

reduci ng netal surfaces using nonomer mxtures that include a 5 copper salt.
In this instance, the catalytic copper (1) is supplied by a reduction of
the copper salt within the m xture by the +educing netal surface. The
resulting materials were found to possess conparabl e or superior adhesive
strength to sthahtekdoppemsalicilalthiglinstanceatice aippec cantairang swiface supplies at i ons
have identifjed several t ort ant ﬁ{).oRerBi %?’ of the I[;mnopers. i{] this
regard. 10 onBegeEEsanycatqidici GapRRE ' HRNFLNATEPY CRUENG NG PRIVEIEERYST, £ or ni ng
an adhesive pRlc¥ERto @&%ﬁb@l@cﬁ\@@oﬁ?h&ds?’%ﬁe@?% aﬁBﬁePhRfo%?%}eﬁS’r@EéésS@S two

steps. In one step, a mxture of nultivalent mononers is applied onto the
solid surfaceerfarmedenxagusingimetal surfades visingononemsr minduresdbatioeludednoner s

having 15 mul {iple azide,functionaliti and nmon rs, havi ti,pl e

o Dl Bl oy e B el RElenge e afRlErtoaPRLaLE upbitd BRambouddns | .
catal yzed bet yee dobper SEMNWIAA Shé mitirg Ltk ird@heng ndtaldarfagecrhenal ities and
the nononers having nultivalent termnal al kyne functionalities. The

catal yzed pol $afeltingdnaterialsveaie fou 10Nese8sS SRIMPIPRIR PTG PSTIOL AdhasiNesi ve
polymer coatigg, h&é‘aaﬁaééodccﬁﬁmékménggﬁyszé@d égg&g‘ae%&ﬁﬁy%ﬂsratib% ave

pol yneri zation of” the nonomers is ca one ‘aspect of this
pref erred nodigentifiesd seleral ispoftactpropertiasl ettheanppemersnd thismeddrd. cat al ysi s

st ep, th% Cu' originates fromthe solid surface. The solid surface my be
copper d® an all oy containing copper wherein copper makes up the majority

of the metal in thGnglasget of ilirdentiris Hiredied 159 drlodst R Fdfiy gAY Ter el y

have a copper plating. 1n another aspect o IS preferre node, the solid
surface i ncl uddiesiver palymiengoatygmn a sole surfacer & el procesctardpises twoour ce of
st e t he

copper, Sal . Lh8haP T SRR X AR PRl RRBrb AR BRI SES

surface. The mixture of multivalent monomers includes both monomers having

15 multiple azide functionalities and monomers having multiple terminal alkyne
functionalities. In the other step, a polymerization is catalyzed between the
monomers having multivalent azide functionalities and the monomers having
multivalent terminal alkyne functionalities. The catalyzed polymerization
reaction causes the formation of the adhesive polymer coating on the solid

20 surface. In a preferred mode, the polymerization of the monomers is catalyzed
by Cu’. In one aspect of this preferred mode, the solid surface includes
copper and, in the catalysis step, the Cu® originates from the solid surface.
The solid surface may be copper or an alloy containing copper wherein copper
makes up the majority of the metal in the alloy, such as brass. The solid

25 surface may merely have a copper plating. In another aspect of this preferred
mode, the solid surface includes a reducing agent, the mixture also includes a
source of copper salt that potentially includes Cu™, and in the catalysis step,
the Cu’® originates, at least in part, from a reduction of the Cu™" within the
mixture by the reducing agent of the solid surface. For example, the reducing

30 agent of the solid surface may be a metal capable of reducing Cu™ to Cu™.



m xture by the reducing agent of the solid surface. For exanple, the
reduci ng 30 agent of the solid surface nay be a netal capable of reducing
Cu" to Cu+ 8\%36%9%@4 012569 PCT/ US2005/ 026177 -4 Pref ergcqdysiisabeizi ncl ude
copper, zi ) Iron, alum num and nagnesiumor alloys of copper, zinc,
iron, alumnum and magnesium Wthin this aspect of the preferred node,
the copper salt within the mxture is 10,nol %relative to at |east one of

the nultival ent nonomers. Preferred rrult'|4\7al ent nononers may 5 each be

i ndependent | sent ed. Formula |: R r Formula 1) n In

For il a1t fraelebisAaRolets molifp EoPB 2l Ik SEUTS 58, BRUEP B oM t he qr oup
of multi radlamawopéawe‘éta.ﬁtg ih, arhrrwmﬁlé‘nd ﬁ‘r'é?hesrbﬁht ai/@Ainthis é%'ﬁb&leof al kenyl ,
et her, 10 carbonate, carbamate, sulfonyl, ate hi oet her, sel enyl ether,

and urea; R itge peefermmmqﬁeametgonpreasalbwm@ the midurg is 60naiYe retativetant

am ne, - net or ey PRER B HEROPE, Rl Bulvab R b bmeraial s "0 ©

functiongl it \ywazRdel |ﬁd6§érﬁi§nﬂ¢reﬁrémtédﬁﬁ Foarpladonsi sting of azi de and
termnal al kyne; X is a linker for I|nk| ng 15 to the "Core"™ and is

optional |y absent or selected frogtpee-dxp-ms) diradicals d6AEMYRIhg of
al kyl (C1-C20), alkenyl, alkynyl, alkoxy, \al kylthio, alkylamne; aryl,
heteroaryl, and heteroaromatic; and "n" is 2 or greater. Preferred nononers
may be repr edaifoedulay, thHee' O‘orbl ievaf mgltisadimmwreesnd isEeletfledHooht tNalgrdup of
NVN' A/ NErHIT H IN QN N3- N3 ~ N% N3 r O25 N~'" NN, NH; ~O
i /| OO-r Multiradicals consnstrng of allphatrc aryl, heteroaryl, amine, alkenyl, ether,
10 carbonate, carbamate, sulfonyl, sulfate, thioether, selenyl! ether, and urea; R is
a functionality that binds to metal ions or to metal surfaces and is absent or
selected from the group of radicals consisting of amine, heteroaryl,
carboxylate, sulfate, thiol, and hydroxyl; RG is a functionality and is selected
from the group consisting of azide and terminal alkyne; X is a linker for linking
15 RG to the “Core” and is optionally absent or selected from the group of
diradicals consisting of alkyl (C1-C20), alkenyl, alkynyl, alkoxy, alkylthio,
alkylamine; aryl, heteroaryl, and heteroaromatic; and “n” is 2 or greater.

Preferred monomers may be represented by the following structures:

20
H N H N._NH
PN H
HO \fu//\N . Ns . Na NH. [ _Z
Ny ° \r s Ny —P&NS y N O\//,
4 HN I\ Ny
W\ _
4, / / O/
25 SOUNONONH o 0 Qi
S A~ T s ; [ O
J Z o_# lﬂ ]I
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O HhG OHOO 0 --=0 30 1~ I~ W 2006/ 012569 PCT/ US2005/ 026177 -5
Alternatively, the preferred nononers nay be represented by the foll ow ng
structures; ~ J N3, ~~NNYNH ~NN"NH 444 5 fx'y'", ~ 3 N3 HN
HN N3 Al tg’,(’%ﬁ?ﬁ/d\?g“, the preferred nononmers nay be repl?éelgfgsr]lztﬁoesgn%@%the
followng structures: 10 HO N3 The application step of this process may

I ncl ude the substeps of formng the mxture by dissolving the nultival ent
nononers in an organic solvent, with or -54 thout a copper salt; then
distributing the mxture in a uniformmanner on the 15 cleaned solid; and
al | owi ng t he Alteraafivels dhe prefered encmporess malyrhemepresediest by the fetiowingt ur e.

Anot her aspect, of the invention is directed to an adhesive polyner coating
formed on a sHTYW'EST face according to,any of the processes described 20
above. Another aspect of the inventiof is directed to a process for forning

an H /
o 7 N3\/\/NWN*( NH \/H\(N\ NH x
5 . YN . "J =N . \\\’ 4
k) b) HN 1) \r = H \/N\/ M
N; HN _Z
N3

Alternatively, the preferred monomers may be represented by the following

structures:

H x
10 HO
N3 ; \/N\/ .
N3

The application step of this process may include the substeps of forming the

mixture by dissolving the multivalent monomers in an organic solvent, with or

without a copper salt; then distributing the mixture in a uniform manner on the
15 cleaned solid; and allowing the organic solvent to evaporate from the

distributed mixture.

Another aspect of the invention is directed to an adhesive polymer
coating formed on a solid surface according to any of the processes described

20 above.

Another aspect of the invention is directed to a process for forming an
adhesive polymer cement between two or more solid surfaces. The process
comprises two steps. In one step, a mixture of multivalent monomers is

25 applied between the solid surfaces. The mixture of multivalent monomers
includes both monomers having multiple azide functionalities and monomers
having multiple terminal alkyne functionalities. In the other step, a
polymerization of the monomers having multivalent azide functionalities with
the monomers having muitivalent terminal alkyne functionalities is catalyzed

30 for forming the adhesive polymer cement between the solid surfaces. Ina



adhesi ve pol ynmer cenent between two or nore solid surfaces. The process
conprises two steps. In one step, a mxture of nultival ent nononers is 25

appl i ed betvve%n the solid surfaces. The m xture of nulti‘i/al nt_ nmononer s
i ncl udes bOOP'HEHOWRr s havi ng nmultiple azide functi onal Y4823 Y dnoner s

having nultiple term nal al kyne functionalities. In the other step, a

pol yneri zati on of the nononers having nultival ent azide functionalities with
t he mononers having nultival ent term nal-6d kyne functionalities is catal yzed
30 for form ng the adhesive pol yner cenent between the solid surfaces. In a

WO 20061012568reRseidd 15206 Sthe 2falyferizatiomn bether menomersis catetyea yn€at. ziatd on of
the nononers is _catalyzed by Cu'. In a referred node, the polyperization
of the nononeP&fgreedmpdeyhepohymesization Qf '@rfﬁoﬁ%'ﬁ@@t's&ﬁtac'ﬁeé’ ty&¥erlPed node,
the solid sur | Q—P@d , th ; ' Cu'

ori gi nates fré)'?n&tg%%é%grﬁgssg%? ace@@ﬁ'ethgglolh%g?ﬁ?@a@g@bﬁeﬁbgg %%dgg%r or an
al | oy cont ai nihegatapgiestephtheeCn’ origipates frakethelgolid Isarfacej Bhe tsplibburfave net al
in the alsl oy, su%h as brass. 'l'he S(%|.id surface may nerely have ﬁ% copper

pl ating. 2l n" afaY¥ PECORBEERE A AIIRYFNIANIDGLOPRE WREIET FPRPEL SakeS URPace
includes a regiafiriPoPBB Hetal AGh&LNbY SBcRbS Bradic! YHESofd §@Héé‘é3m%§/ mé‘r@%ﬂ’er
salt that potentially includes Cu",” and, in the catalysis step, "the " 10
ori gi nat es, ahavecasepper piting. Ihrapether agpeattof dris ofefemed aipdenthensalidt he mi xt ure

of the sol i a*UheRIRbady 2 iefudildert Wk ffure Hlep T2 shlfbe Gy "9 2o
Preferred metsdperisalt thei@oteripy inciides Cu't,@ind, il thgicatalysisiskprar@n@esi um or

al l oys of copper, zinc, iron, al um num and magnesjum Wthin this aspect
of the 18 prePiginalgs @deastimeagdppa redretian efithe Gunewithinithe anixtire by nol %

ronomer o may e eRiaho BRENTN the Sof SdrotR, T SBRBIE: e red Bl gt B 11 Vel e
R- [ Cor e] - { X- RBe ddfdrsurfbee may tR0a metal capable of reducing Cu™ to Cu®. Preferred
metals include copper, zinc, iron, aluminum, and magnesium or alloys of
copper, zinc, iron, aluminum, and magnesium. Within this aspect of the
15 preferred mode, the copper salt within the mixture is 10 mol% relative to at
least one of the multivalent monomers. Preferred multivalent monomers may

each be independently represented by Formula I:

R—[Core] 4<X—RG> (Formula )
20 . |

in Formula |, the “Core” is a multiradical core and is selected from the group of
multiradicals consisting of aliphatic, aryl, heteroaryl, amine, alkenyl, ether,
carbonate, carbamate, sulfonyl, sulfate, thioether, selenyl ether, and urea; R is
a functionality that binds to metal ions or to metal surfaces and is absent or

25 selected from the group of radicals consisting of amine, heteroaryl,
carboxylate, sulfate, thiol, and hydroxyl; RG is a functionality and is selected
from the group consisting of azide and terminal alkyne; X is a linker for linking
RG to the “Core” and is optionally absent or selected from the group of
diradicals consisting of alkyl (C1-C20), alkenyl, alkynyl, alkoxy, alkylthio,

H n

30 alkylamine, aryl, heteroaryl, and heteroaromatic; and “n” is 2 or greater.



In Formula I, the "Core" is a nultiradical core and is selected fromthe
group of multiradicals consisting of aliphatic, aryl, heteroaryl, am ne,

al kenyl , e ,bonate, carbamate, sulfonyl, sulfat sel enyl
et her, andwt}ffeogwm% a functionality that binds to ne %T/h?igﬁ@hg{r%to nmet al
surfaces and is absent or 25 selected fromthe group of radicals consisting
of amne, heteroaryl, carboxylate, sulfate, thiol, and hydroxyl; RGis a
functionality and is selected fromthe (jr'oup consi sting of azi de and
termnal alkyne; Xis alinker for linking RGto the "Core" and is
optional ly abRieferrest meapmersthayhemepresegiedlyy e folliwingistratturesonsi sti ng of

al kyl (Ci1-C20), al kenyl, al kynyl, al koxy, alkylthio, 30 al kylam ne, aryl,

het eroaryl, and heteroaronatic anqq "n" is 2 or greater. WD 2006/ 012569

PCT/ US2005/ 026177 .7. Preferred noner s may be represented by the
followng structures N3HH NI\FNHQ—lHOYI\kJ N3--xNH2 5 N3
HY N3 |° FQ/ mNNH ~~O H01 HN~10~ OH 01~'C'~ ~=a
0~ N~ Al ernat t he pref d nond 'p“tzesen\ed by the
followng 15 struc thor s 4 }Q‘ L\\/\//L

\/H\/ 5 \f‘\l/ ’ ) O % )
O.
; R S
OH
0}< . . O?é _
== = S = =
;NN N_Z
| |
Alternatively, the preferred monomers may be represented by the following
15 structures:
a
Z
H N NN _NH < 4 /
o NG m//N \\/N?J/N\ NH N
N3 5 ’ N ’ \N/
Ns HN\ HN._Z
20 N3
Alternatively, the preferred monomers may be represented by the following
structures: N
HO A
N3 ; \/N\///
Na
25 The application step of this process may include the substeps of forming the

mixture by dissolving the muitivalent monomers in an organic solvent, with or
without a copper salt; then distributing the mixture in a uniform manner on the
cleaned solid; and allowing the organic solvent to evaporate from the
distributed mixture. The catalysis step of this process may include the substep

30 of placing the solid surfaces into physical contact with each other with an



N3 @QH N3~, NNy NH\\ NyNNH N3 Y- 3 HNWY N 20 3 N3 Alternatively, the
preferred nononers nay be represented by the followng structures: H HO N3
N3 25 The arRplib&aki@n step of this process may include phgusiibshers of
formng the mxture by dissolving the nmultival ent nononmers 1 n an organic
solvent, with or wthout a copper salt; then distributing the mxture in a
uni form manner on the cleaned solid; and allow ng the organic solvent to
evaporate fromthe distributed mxture. -Bre catalysis step of this process
may include the substep 30 of placing the solid surfaces into physi cal
contact with applicatinrhet a gpnstantpregsure odiie cathaimaneystyoeriaRionof the 8
application of a caonstant pressure while catalyzing the polynerization of
the nonomer sTORRGER:r aspect of the invention is directed to an adhesive
pol ymer 5 cenent forned between two or nore solid surfaces according to the
process described above Copper-pronoted azide-al kyne cycloaddition is a
conveni ent met hod A'@ﬂthers%ﬂeﬁg@f hedryantipr ipdrested t© an edhesiveBelyeepr operti es.
It is disclos refl Yren, I to

synt hesi ?e th(g %’Ftlgg':ong?(g/prea{rweeﬁ% 38’6cr eac?ré S?E‘Eggﬁ%%s%%gg& @@tcg{ﬁa%s@?sg%sasti c,
nmetal s, and odéwmribedlabdveurfaces for form ng adhesive coatings and cenent
for allowng for fusion of these materials to one another.

Copper-promoted azide-alkyne cycloaddition is a convenient method for

synthesizing bulk polymers with adhesive properties. It is disclosed herein that
10 some of the same monomers employed to synthesize the bulk polymer also
create adhesive bonds to glass, plastic, metals, and other solid surfaces for

forming adhesive coatings and cement for allowing for fusion of these

materials to one another.

15 Brief Description of Figures:

Figure 1 shows the copper-catalyzed [3+2] cycloaddition of the diazide

1 with the dialkyne 2 to give a linear polymer represented by structure 3.

20 Figure 2 shows a series of events leading to adhesion to copper by the

formation of networked triazoles.

Figure 3 shows the structures of the selected alkynes and azides that
were tested for the ability to form adhesive polymers.

25
Figure 4 is a three-dimensional chart summarizing the resuits of the

combinations of the different polymers tested.

Figure 5 is a graph showing the maximum load (kg) as a function of the

30 amounts of monomers used.



15 Brief Description of Figures: Figure 1 shows the copper-catalyzed [3+2]
cycloaddition of the diazide 1 with the dialkyne 2 to give a |inear polyner
represented by structure 3. 20 Figure 2 shows a series of events leading to
adhesi on t@“&éﬁﬁ%ﬁﬁﬁy the formation of networked triazBFE¥S2003/986178 3 shows
the structures of the selected al kynes and azides that were tested for the
ability to form adhesive polyners. 25 Figure 4 is a three-dinensional chart
summari zing the results of the conbinatigns of the different polyners
tested. Figure 5 is a graph show ng the maxi mum | oad (kg) as a function of

the 30 amounts OfFigDROSRY & séfdfof SORRRYBhBWReGHe BHNhESRAR 1 Afohémers ©

Figure 6 is a series of schemes show ng the syntheSis of the nonomers used
in the adhesi yegd ndBe adpegveetedt.is a series of reactions showi ng the
synthesis of the nmonomers 5 used in the adhesives tests. Figure 8 is a
series of reactions showing the synthesis of the nononmers wused in the

adhesi ves tests. Ifigiteglisea Beries 6f readtionshowligy theayhinegisaipeBichomeré | o of
reagents and strength of the resulting adhesive as neasured. Figure 10 is a

tabl e th& shused inHBe @dhesives test-of kg | oad per g adhesive values shown in
Figure 9. The experinents performed with GAP are not 15 shown here. Figure
11 is a table that sunmari zes the prelimnary neasurenents of adhesive
strength for zinc fibateedis &6efesofireadtdnis shawirgithe syhtiessusfitbe nee®nidne kg

| oad per g adhesjve results or zinc plates. Figure 13 is a table that
shows the max¥ nﬁea@dﬁss'&eﬁ i on of

10 Figure 9 is a table of the starting monomers, ratio of reagents and

strength of the resulting adhesive as measured.

Figure 10 is a table that shows the calculation of kg load per g adhesive
values shown in Figure 9. The experiments performed with GAP are not

15 shown here.

Figure 11 is a table that summarizes the preliminary measurements of

adhesive strength for zinc plates.

20 Figure 12 is a table that summarizes the kg load per g adhesive results

for zinc plates.

Figure 13 is a table that shows the maximum load as a function of
amounts of monomers used.

25
Figure 14 is a table showing experiments where additives were

incorporated. ‘

Figure 15 is two charts showing the dependence of adhesive strength

30 on the indicated variables.



anounts of nononers used. 25 Figure 14 is a table show ng experinments where
additives were incorporated. Figure 15 is tw charts show ng the dependence
of adhesive strenqgt 30 on the indicated vari abl es. 4088

PCT/ USZOOSWQ?%%?"I%@N Figure 16 is a table conpari ngV\tQhe cof’o‘%@?é?gntent of
adhesive m xtures. Figure 17 is two graphs show ng the anmount of copper
contained within the adhesive pol yner vi adhesi ve strength (left) and
adhesive strength per 5 unit wei ght adhe Pue (right). Figure 18 is a
reaction showi ng the synthesis of a |jnear polyner froma single nononer
which is self-rea t'9W§.1%l'§ apaple qampPanpgdhe 5BPQ%:CO?F%F°M€“%%W?) XYESal yzed
[ 3+2] cycl oaddition can provide polyners was shown by the condensation of
diazide 1 with dialkyne 2 (Figure 1). The resulting linear polynmer, 3, was
found to be a DVSGiguwkuldl is twaigeaphsl showirng ths dmaad offcbpperd comtaired within

di stributi t endi, t 1)23(2)2 =12, 56 . (Ex [ t al
dletS air: sualr gnaﬁgiq%gﬁ%'ggpggmégﬁ%' ééﬁ%\%ess?t@%@}.ng%f&ﬁgdt ?d?e@.'ﬁg?e?tpee@geﬂ% Zs usi ng
A-B nmonogers (higwEight Adradsi ighy;A + B-B conbi nation represented by 1 + 2)

have been prepared and will be reported separately. 20 The successf ul
formati on of an adhesive on copper surfaces requires the nmetal to function

in at least two cryci al S i . i . t V, a
source of Cu(l) for'tr@t"ﬁe1 qugxrén'E? ?@%ﬂc%)rfoq%hgbeer%ﬁ%siﬁ Pd]%“ﬁ?%é)qg@érf??{ﬁ%r medi at e
i n the triazodiggledAonerneldich isoself-eiacthal h the nmetal surface and in the
devel opi ng organic matrix. The bul k netal nust also bind to the growi ng 25
polymer, by virtue of interactions of the surface with nultiple triazoles

(and pgphaps also with other groups, including dangling alkynes in a- or

Detailed Description:

That the copper-catalyzed [3+2] cycloaddition can provide polymers
was shown by the condensation of diazide 1 with dialkyne 2 (Figure 1). The
resulting linear polymer, 3, was found to be a DMSO-soluble material with

15 broad molecular weight distribution extending up to (1),3(2),, (m/z = 12,565)
(Experimental details are available from the authors upon request). Other
examples using A-B monomers (rather than the A-A + B-B combination

represented by 1 + 2) have been prepared and will be reported separately.

20 The successful formation of an adhesive on copper surfaces requires
the metal to function in at least two crucial ways depicted in Figure 2. It must
serve as a source of Cu(l) for the formation of copper acetylide, the key
intermediate in the triazole-forming reaction, at both the metal surface and in
the developing organic matrix. The bulk metal must also bind to the growing

25 polymer, by virtue of interactions of the surface with multiple triazoles (and
perhaps also with other groups, including dangling alkynes in G- or
TI-interactions). It is possible that the polymer-forming process can also “etch”
the surface by extraction of copper ions, creating a surface binding region with
a blurred boundary between the various copper species and the triazole

30 backbone.



n-interactions). It is possible that the polynmer-form ng process can al so
"etch" the surface by extraction of copper ions, creating a surface binding

regi on wtlyofodbdédped boundary between the various coppefushesdgsrand the
triazol e 30 backbone. WO 2006/ 012569 PCT/ US2005/026177 -11 Each of the

above required functions of copper netal has anple precedent, Metallic
copper has been found to be a conveni ent fource of Cu(l) ions for effective
azi de-al kyne cycl oaddi ti on (Rostovtsev, et al. Angew Chem Int. Ed.
2002, 41, 2596-2599; ng, Q; at al. J. . em Soc. 2003, 125,
3192-3193). The pr tﬁ% appye[eauirgd ﬁl”?%'@@%log] F%Pe’&'ﬁ*% ‘?'i“P[?nat i on of
Cu(ll) (creat Xi i@ { 6 on)
wth {he ou( O SoryReateaheeote s SER Fidl B aZoraem site 502 0 by
air oxidati oniohsnfcscﬂfielctimamdamlkyeemdea@dnmmd?cwtowtm net\a etsalr fAmgew. In this

ot o react o o el Sttt Wakorton o i e ool )
Furt her 2603395 g{g% @@g{&s \c/imo&&%tls likdy 5 p%geé b§ - triazoles have a

strong a f| ni ty for surfaces, ” and bot mal | ol ecul es and
pol ymer s conteimprogottioeatoruaf €s( He)t(cereamelcbyamcta’ubnmtsudacevm&lgemaaddea‘ tachl i,

B.; et al. rro Sci 0 4, 997- 008 . Zheng
3w 15 at iet'onﬁwah%hezéu@ St Po 267 Cu] 166 908 o149, Hihar
J. Mat.  SCi . qg0{fed %gelrft;a@@at@m R sofBbF.a% be Pé@en@rtaté’d at the 8R! surface,
El ectrochem 2000, 959-966; Lilyquist, Monsant o Cozé) USA,
1967; Kor pi csin tais way, aAQMCO(IOWtinOerIQM(Ihdmmamth@Ttl’@IQfdQWf 00270011- 13).

S R PR BBk RELMIFES ot S bR

struct ures hawgtthsaiore fiohdagliohg b@@hekncﬁnbhandumg b@dﬂcm@&rﬁaz(o‘@havba et al. J.
Adhes. Sci. Tech. 2002, 16, 1839-1851; Son . Park, C. E.;
Yun, H. K : c¥rong affnityfor mesghionsang purfases, arz@bszth %Ba" z@acutegl@ Kent, M

Eébor at OrH:J;:t ;foll%nﬁ ssé(;'gitél é thﬁézﬂ?ﬁfssé’rg usdd asZHiRE Rosilt agad!(Rrdefli é’.“al

et al. Corros. Sci. 2002, 44, 997-1008; Cao, P. G.; Yao, J. L.; Zheng, J. W.;

15 Gu, R. A,; Tian, Z. Q. Langmuir 2002, 18, 100-104; El-Naggar, M. M. J. Mat.
Sci. 2000, 35, 6189-6195; Qafsaoui, W.; et al. J. Appl. Electrochem. 2000,
30, 959-966; Lilyquist, M. R.; Monsanto Corp.: USA, 1967; Korpics, C. J.
Anti-Corrosion Methods and Materials 1974, 21, 11-13). It thus seemed
possible that polymeric 1,2,3-triazoles would demonstrate metal adhesive

20 qualities; indeed, triazoles incorporated into polymer structures have been
found to enhance binding to copper (Seo, J.; et al. J. Adhes. Sci. Tech. 2002,
16, 1839-1851; Song, S. M.; Cho, K.; Park, C. E.; Yun,H. K.; Oh, S. Y. J.
Appl. Polym. Sci. 2002, 85, 2202-2210; Kent, M. S., R.; Hurst, M.; Small, J.;
Emerson, J.; Zamora, D. Sandia National Laboratories [Technical Report]

25 1997, SAND97-1030, 1-60). It is disclosed herein that the use of trifunctional
(and higher) monomers would give rise to crosslinked networks when applied

onto copper-containing materials.

A selection of di-, tri-, and tetravalent alkynes and azides (1, 2, 4-15)

30 was tested for the ability to form adhesive polymers (Monomers were mixed in



25 1997, SAND97-1030, 1-60). It is disclosed herein that the use of
trifunctional (and higher) nononers would give rise to crosslinked networks

when appli gﬂ”oﬁ&gﬁﬁgopper- containing materials. A sel ec{,élg/g#eagy@%fw tri-,

and tetravalen ynes and azides (1, 2, 4-15) 30 was or 't he
ability to form adhesive polyners (Mnoners were mxed in WO 2006/ 012569
PCT/ US2005/ 026177 -12 concentrated stock sol utions using the m ni num
necessary anmount of organic solvent (usldrly THF, 0.5 Min each nononer).
The required anmount of stock mixture was then deposited at the center of
each pl ate, atancenater ateikesaligtionsysingdhe ymisisruradecossary aaquat efenganicegi on of

h | . l . ! . d. Th
S B RS VP ) S e

I n contact W iixtraaasothbeidepasited atltheventet of eaurepibta)afdthe anktud weasl
conditions). The experinental procedure  consisted of spreading a m xture of
nononer s di ss®POelY; spreattovenihevelevaivesien of thedtlatedpraxieysly markagriPace of two

netal pl gt es. oA phfie bl YbidIR o} SodaRRS ot Ak L iLn LAdeLq uel |- def i ned

condi tions of pressure, enperature, a ter evaporatrion of the

sol vent. The rghaogiestd eringdheseatedzaviaceih coatdrt withesacalother, ard was
determ ned by neas force surface required to

ring the ormal to t
separate the %ﬂﬂ‘i‘@tdgﬂ aﬁ?‘&?@énd(eé Cogﬁr?ﬂgﬁdi W"@H'O“B)egf he eXRENMentabrRgss YWeim | oads

suppor t ed ar e;RAMY bilsdre94ihg a?mixkie P fdfbhRrs BlssbRNEE th eehRiRdmTEasur enent s
(three independent replicateS per experinent) was found to be a relatively

smal | 1 kg ( Myasuntefsotventpydr thésurfaemoidwoei metabplatas, aod ppessing then tested in
this wor,k were | ess repr.oduci bl e wi,t h.an.,error. of kg). The use of a
ol vy Bont aeaps bR SoeRRPUSaer i forBa EohBlioBt ofafbiernr - *Gap o
comrer ci al | y-@uicratte aptamve bitef evapofiRiod Of PSSVt ITHR dPprékimatd Ng- openi ng

pol ymer of glycidyl chloride) was also tested by pre-treating the netal

surfaces wi t hadhesivenawasof gagh material dpioyid wag detgamineddnameasiaiaths as
bef ore. 'Thi s 456, S8 LPEEShEEASeARIAD dehalate BeesiRAb Rk fy et el surface

W th an azi de-"contail ni ng po
simplified “peel” test). The maximum loads supported are shown in Figure 2;

15 the error of these averaged measurements (three independent replicates per
experiment) was found to be a relatively small +1 kg (Measurements with the
commercial adhesive most often tested in this work were less reproducible,
with an error of £3 kg). The use of a polymer containing side-chain azides
("glycidyl azide polymer”, GAP, a commercially-available product of azide

20 substitution on the ring-opening polymer of glycidyl chloride) was also tested
by pre-treating the metal surfaces with the polymer and then depositing
additional monomers as before. This was done to test the notion that
pre-coating the metal surface with an azide-containing polymer might lead to a
higher density of triazoles at the metal interface, and therefore to greater

25 adhesive power. The results of these tests are also shown in Figure 4. While
the general observed trend was toward better adhesive properties, the effect of
GAP was not dramatic and no structure-activity trends were changed with its
use. While many samples formed strong bonds to copper, mixtures involving
tripropargylamine (14) and, to a lesser extent, trialkyne 10, significantly

30 outperformed the commercial giues.



hi gher density of triazoles at the netal interface, and therefore to greater
25 adhesive power. The results of these tests are also shown in Figure 4.

Wiile the k @bserved trend was toward better adhgsi ties, the
ef fect of \%z\gﬁv\g{szsnot dramatic and no structure-activi ?éhprgzeoﬁ%%g\%re

changed with its wuse. Wile many sanples forned strong bonds to copper,
m xtures involving tripropargylamne (14) and, to a | esser extent,

trial kyne 10, significantly 30 outperfor®®d the comrercial glues. WO
2006/ 012569 PCT/ US2005/ 026177 -13 Two factors appear to be nost inportant
in determ ning t he'wolastorsfappaar igcreamistienpadaatinaetenminingdse power efurber of

former fact or 4RO BREL AAHPYYS gl e SR ol oF e BolBrkE e ¢ e
resul ting polamtethe pFesenceCsidd araineqisumf The thirag egomis ipheslinadtiy Pstatedsuch as

1+8) gave poor results, since such reactigns should produce |i1near, rather
t han coval entioythe dggees ofresplinkipg phitiesresuliing gelysert d hes. gambisations &el y t hat
catenated struct: +al i e} i .~ Sdch

posai bi | 1t e apdbp iR kiRt a0 T8N defp Fodhs, GhoS Ulih rdatiors

am ne- cont ai néhegldvproaoee sinears rateemthaih cavatentlycrossviiakeds pol/nedrs @nalegols and 10

14 vs. other trjpodal al kyne&élo- 13). Am nes are beneficial to the
copper - cat al yPet isoedikelyghateaenatad jtracturestare formed effisigntly Py Angf

u- vlide i . >> . . gy
it or acti ons R TR TRHEAPRUDIGETEH U ehoRiRiEhath, TS SFedd of
tris(triazol yhramersntainiogpoomsiaedevasidembristratddibpcempacsdns ofcd vs 8, aatial yst s

in solution-phase 15 triazaol e-form ng| reactions for qrgani c synthesis and
bi oconj dfat i ot vensier tipodala@lkyaes (1012 Anyirgs areeenefipighto thes| 3192- 3193;
Chan, T. R; g Ik th and nol ecul ar
wei ght distri (gatPtpl%tﬁg cl)%egﬁé%ensga%ggﬁs%?)\%g%%%?%aeﬁ(gdde@tagéjl?rreI y sensitive to
t he functi onaCugketyfide aiterediatel ahdrgatribatestonsodedtive chelatidy detdrddtiens| oser
the rati o approaches unit n Principles, of Polyner

Chor ot ry: - COMIBI® DRI EpSiet y BB sthe Gl compiases CfSES TiagoMATRERT 1111 .
compounds derived from 14 are highly active catalysts in solution-phase
15 triazole-forming reactions for organic synthesis and bioconjugation (Wang, Q.;
et al. J. Am. Chem. Soc. 2003, 125, 3192-3193; Chan, T. R,; et al. Ofg. Lett.

2004, submitted).

The length and molecular weight distributions of condensation polymers
20 are extremely sensitive to the functional group ratio, with longer chains being
produced the closer the ratio approaches unity (Flory, P. J. In Principles of
Polymer Chemistry; Cornell University Press: Ithaca, NY, 1953, p Chapter llI).
it might therefore be expected that the nature of the crosslinked adhesives
produced here would also reflect this parameter. Indeed, the material formed
25 from [4+14] was quite sensitive to functional group stoichiometry, showing far
better strength at a 1:1 ratio of azides to alkynes than at a 1:1.5 ratio of
functional groups. In contrast, the mixture of [1+10] was relatively insensitive

to changes in the monomer ratio (Figure 4).

30



It mght therefore be expected that the nature of the crosslinked adhesives
produced here would also reflect this paraneter. Indeed, the material forned

25 from [4W%00¥)’?ﬁsé3m te sensitive to functional group §&9}P§ﬂ)i0955§¥;7y,
a a

showi ng far er strength at a 1:1 ratio of azides to ynes than at a
1:1.5 ratio of functional groups. In contrast, the m xture of [1+10] was
relatively insensitive to changes in the nononer ratio (Figure 4). 30 WO
2006/ 012569 PCTI US2005/ 026177 -14 G venléqual coverage of adhered surfaces,
the use of increasing anounts of elastic adhesive often results in |ess
overal | bonding stGieenyequal caveragrs adheredasiefages.ihe hee obinaseasing gl ue used

for conparison_ testi Flgure 4 In cpntrast, all fiye nongr
combrnar one AE0ER bR skt 8hSye' Sner fhstREIrBSS oudfall Rontfig BB 5. as
shown in Fi gug@howad the dEsetwitthatdnieioh RleuséaToPESVpaSsbrtestimgl4: t he
m xture containing 0.10 nmol of each nononer on copper, supported 5.6 kg

wher eas the u§@use 450l eanti@st, e inagnonter cOMRAtions gaxetimpeeder) gave
nearly t reﬁééﬁ&?ﬁgh@@wﬁ%hﬁ%@@% la(@%-ag?él}gg;s, a'bggh&vﬂnt iBf‘F‘\,{gL‘{%'né‘depﬁ]gﬂ{o‘é ents the

best pertorndnCce observe hi's ween fee tinmes the
measur ed st r efrginatioexaimplecwasrpravided byt tl: treslimbaiineeconsirinigrd. tammebaper i ment s
were also performed with extra large copper plates (surface contact area of
2 x 2 inches €30h3BANGHLY OB RBPRRTOSYRPOFED X6 K MEergasdihea use. of PRd M9 ef fecti ve

e of e 14 358 f Bl oty SR et i et RSy s
Vi sual i nspecl7@kg)f Tipledaiter vl deerepsesentsathiedesbpefforatanceastisengdrin Weial ed
O 00 i i Bl IS Ve Shetreenenansnotn & he soriberiiLs,
o5t Vone. or ThBNAIREAT, [SelAr SR BB g BrehaealATAS ey |
was provi ded ¢oppehplatgse@tifface nbrtacicarca b2 ix? inghese=¢1581 mefhand 0@ mgsf i n use
W th triacet yrlngﬂgm%rd'quﬁbr%"s" erhSe)mos',Afrgf%%Rve system, supporting at least 25 kgin a

peel test for at least 10 hours, was composed of a 1.5:1 mixture of 4 and 14

15 (azide:alkyne ratio = 1:1).) Visual inspection of plates after separation by load
testing revealed generally good coverage by the polytriazole adhesives, but
small bare patches (not caused by peeling of adhesive from the metal surface)

were observed in a few cases using lesser amounts.

20 Having an amine group in at least one of the monomers is often
beneficial. The most striking example was provided by the greatly enhanced
performance of 7 relative to 6, in use with triacetylene 14 (Figure 5). Amines
enhance the 1,3-dipolar cycloaddition process at least in part by providing a
basic environment, which favors copper acetylide formation both kinetically

25 and thermodynamically. They may also provide an important component of
triazolylamine ligands for Cu(l), at least one example of which has been shown
to provide enhanced catalytic efficiencies in solution-phase reactions (Wang,
Q.; etal. J. Am. Chem. Soc. 2003, 125, 3192-3193; Speers, A.E.; etal. J.
Am. Chem. Soc. 2003, 125, 4686-4687).

30
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sol uti on-phase reactions (Wang, Q; et ?%ﬁ J. Am Chem Soc. 2003, 125,
3192-3193; Speers, A E.; et al. J. Am em Soc. 2003, 125, 4686-4687).
30 WD 2006/ 012569 PCT/ US2005/ 026177 -15 1t is disclosed herein that
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anount of copper ifistdistiddddherbintthgt pENrRéisdhadd MeyMdrolisaag s6@bletGl() Three
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éqm
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of triazel e umd R+Aa])are dbmpvé®froBthk RopgeisuMRcE iaftet deparatibh ahthe of the
adhesive m xture). Studies of bulk polyners showlittle 10 change in nelting

properties beplates inlapdiesiing codwnalyzet fagepeer ajendisgnlvog the pelgmeeim wit h

reasuro. annadRRgtle” ey BEnalaY onol BrasRl AfiePs Bebto A "2
dendrineric pehgtadiieauniserof bbby @iitsadtemtially forifedanach awvatfig (A5nodest

effect on the outconme gExperi,rrent,aI details are available fromthe authors
upon request )Weighhty ¢f the agbesing mixtui: studiehetbulk patymess shawditth was

obt ai nedpwi t h A ' oy
pol ydenﬁgte a%ﬁ%gegir? ai E%@t‘@?gﬁ@é%@gﬁ@?% étﬁg%%]g)tfgéﬂg?@w%\%ﬂl%r med
anal ogousl y ttreatoieint witb ppetal chelatingi ddeatse(datsnotrshewnf.ace r oughness 20 caused

| arger variations (approximately 20% in adhesive performance. Brass, which
i s approxi mately 70% copper, was found to nake an adhesive polyner wth

strengths that are/appicyd ent & nRiRY Brerbut) aRRed RRAIhE Sadiidteopper

salts, and the addition of a dendrimeric poly(alkyne) were explored as well,

15 each having a modest effect on the outcome (Experimental details are
available from the authors upon request). Control experiments established
that no adhesion was obtained with the monodentate azide 16 and trialkyne
10, nor with polydentate azide or alkyne alone. Copper-electroplated zinc
performed analogously to solid copper, but differences in surface roughness

20 caused larger variations (approximately £20%) in adhesive performance.
Brass, which is approximately 70% copper, was found to make an adhesive
polymer with strengths that are approximately 60-90% of those reported here

for pure copper.

25 Zinc metal surfaces do not mediate the cycloaddition reaction and
therefore are not adhered to one another by these compounds in the absence
of added copper. However, polytriazoles adhere to metals of various kinds, so
the addition of copper ions to monomer mixtures on zinc was explored. The
addition of Cu(l) or Cu(ll) salts promoted the formation of adhesive materials,

30 with Zn metal as the reducing agent to generate and preserve Cu(l) in the



for pure copper. 25 Zinc nmetal surfaces do not nediate the cycloaddition
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was explored. The addition of Cu(l) or Cu(ll) salts pronoted the formation
of adhesive materials, 30 with Zn netal as the reducing agent to generate
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were cut f ronh@)aylgeﬂvé pe@mdrlwas fafeOwith brormets deridéd frsnmOperitaérythpitol chas ed
from l\/t:l\/aster-Carr : brass plates fromalloy 260 (68.5-71.5% Cu,
28. 38- 3110389 A 6, én@i’%V#BCh Beéew%we'imﬁoal@ﬁfmetak Whilﬁshe reasoRs fethisar r ) .

Zinc plates %‘QT&F I s of 1" x 6"
di nensi on, o\t,)\?';e;a?]éé ?l%%méﬁ oca §e|hr\¢ét| \"/:\'grsg %?%?‘%W&ag@? a were obtained
at 200 MHz ( 1Hatmmshipgatepand Mponding type®f surface and/or the method by which the

catalytic Cu(l) centers are introduced.

15
Experimental Section
General. Solid copper plates (1" x 2") were cut from oxygen-free alloy 101 Cu
bars (2" x 48" x 0.125", purchased from McMaster-Carr, Inc.); brass plates
from alloy 260 (68.5-71.5% Cu, 28.38-31.38% Zn, 0.07% Pb, 0.05% Fe; 1" x
20 12" x 0.125", McMaster-Carr). Zinc plates were cut from commercial carpentry
mending plates of 1" x 6” dimension, obtained from a local hardware store.
NMR spectra were obtained at 200 MHz ('H) on a Varian Mercury‘ 200
instrument; IR spectra were obtained on a MIDAC FTIR instrument using a
horizontal attenuated total reflectance (HATR) accessory (Pike Instruments).
25 Elemental analyses were performed by Midwest Microlabs, Inc. All
synthesized monomers were fully characterized and were analytically pure.
The commercial glues used for comparison were Weld-It™ (Devcon®,
manufactured by ITW Performance Polymers Consumer Division), Super
Glue™, and Gorilla Glue™, the first being the best and therefore the one used
30 for the majority of tests. “GAP" is GAP Polyol 5527, manufactured by MACH 1®
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The commerci al glues used for conparison were Weld-1t'- (Devcon(r),

manuf actured by | TW Performance Pol yners fbnsumer D vision), Super due
TM, and Gorilla AueTM the first being the best and therefore the one used

30 for the j ari of ' 1 oy GAPY P Pal yol 5527 nuf act ured by MACH
[(r) WO 200%?2@%&'%?6@9%%%?656@7)7%@ °F‘ﬁ8¥,‘” Sﬁ\yﬁ?%eégpeand used as a 40%
(wiw) solution in ethyl acetate. Electroplating. Initial adhesive studies
were perfornmed with copper-coated zinc nade 5 by electroplating fromacidic
copper sul f at Elesttoplating. The nmetal plates used were 0.5 inches wide and 1
inch long, giving a.contact area when crossed at right angles of 161 mmP.
These were desi gnalpg'apaéhqﬁ'}vee stg%ﬁlwerﬁpgﬁgrg?e%w@h fhe erf%%‘?q gngdh t hese
material § ar epgerefropatnd ebmvacidib eopBérsufaresoldRiC IThemetd fatégasagous
results obtained using solid copper plates (1x2 inches). These 10 "| arge"

pl at es cr eat eWBrec@RtiREeswidg apd T6insh 1ang. NI T eQYaelaras whegrarosses ats .
Mo Synt h , I h I | l.e: 16
ity oy ovi 108 g MAE: TlesERerd dodiripiGRBTTNE hal ey diviifie O A8

were 15 prepassalls byingltieegecpatdriats sgreaesditiezsbelowh Towel Masl paper desgrivgsment s: 2
(Trost, B. M; Rudd, M T. J. Am ghe_m SBS 2002, 124 4,178-417_'9; Kang,
S.-K.; et al.thepnaiggougresyitsptainodgsingsehd copmergilates §ix2 iaches). 1deseet 4l .
J. Am em « v 130 - i : ; . Chem
1998, 6?,0 961'%-@869'%), it Jaﬁ(?rrgé?t aﬁ/léf%fetexgli.ﬁ“JJ.“R?V%gf"séﬁgr%ﬂ%9a3“,g%’%
4195-4200), 11, 20 12 (Preparation of (propargyloxy)benzene derivatives as

fungi cides: Place, P.. epin, R, (1987), FR 2598408 Al 1987113, CAN
108: 182220), "°Pt%ﬂ§)6‘-tgﬁg‘?%s, F. G; et al. Og. Lett. 2000, 2,

2499-2502), and 15C4MPbARALB A, and 14 are commercially available; 16 was kindly

provided by Dr. Jun-cai Meng. The following compounds are known and were

15 prepared by the reported procedures with only slight adjustments: 2 (Trost, B.
M.; Rudd, M. T. J. Am. Chem. Soc. 2002, 124, 4178-4179; Kang, S.-K.; et al.
J. Am. Chem. Soc. 2000, 122, 11529-11530; Greau, S.; et al. J. Am. Chem.
Soc. 2000, 122, 8579-8580; Yamamoto, Y.; et al. J. Org. Chem. 1998, 63,
9610-9611), 10 (Jarman, M.; et al. J. Med. Chem. 1993, 36, 4195-4200), 11,

20 12 (Preparation of (propargyloxy)benzene derivatives as fungicides: Place, P.;
Pepin, R., (1987), FR 2598408 A1 1987113, CAN 108:182220), 13
(Calvo-Flores, F. G.; et al. Org. Lett. 2000, 2, 2499-2502), and 15 (Korostova,
S. E.; etal. Zhurnal Prikladnoki Khimii 1990, 63, 234-237). The syntheses of
monomers are summarized in Figures 6, 7 and 8; characterization data for new

25 compounds follows.

* N,N-Bis-(2-azidoethyl)-4-methyl-benzenesulfonamide (1).
To a suspension of bis(2-chloroethyl)amine hydrochloride (4.68 g, 26.2
30 mmol) in dry THF (50 mL) was added Et;N (18.3 mL, 131 mmol) at 0 °C and



S. E; et al. Zhurnal Prikladnoki Khimi 1990, 63, 234-237). The syntheses
of nononers are summarized in Figures 6, 7 and 8; characterization data for

new 25 0%2&3 ﬁﬁ%]o' | ows. _ PCT/US2005/026177
I'do€

N, N- Bi s-( 2- yI) 4- et hyl - benzenesul fonam de (1). To a suspension of
bi s(2-chl oroet hyl ) am ne hydrochloride (4.68 g, 26.2 30 mml) in dry THE (50
m-) was added Et3N (18.3 ni, 131 mmol) 0 C and WD 2006/ 012569

PCT/ US2005/ 026177 -18 the mixture was stirred for 15 min. p-Tol uenesul f onyl

Coacti on 1 xt fednidiRe ks SRR oA P ToRsBREY L PAPPE SRR S, 28%8T  Tog
over ni ght. W@molldnd BMAP & Spatliawieth) onpé ati@ed OTING FSAdbiBn rhijiréwabur e was
filtered to renove the 5 Et 3NHCI and extracted with Et OAc. The conbi ned

or gani ¢ phasea/lop@ddo warahiedoam temperatere and was shsedsougrnight] YeherTHad
concentr at ed. r}gﬁslé ﬁéﬂét?%%ﬁmeté’géwerﬁgn BHe b n?tﬁha %‘ﬁﬂ@regi%?g&gggwe"hy to

afford N, N-bi s | or oe yl'benzenesul T onam 80%
yield). 50 ToEgNsiCrarelexdrdctad with ETtOAbeTabmmbmddfdrganic%aéés Wér@, 20 3

mml) in EtOH H20 NaN3(13. 3 203 room
t enper at ur e aWﬁShaedp\ﬁ’&hﬁ 'Bé %@dg(b)@v\%gé @fer‘i anq-ﬁgn U@f&ﬁ?‘g M@ r?%‘f"i’% @ﬂ for 12
h, after whic eous |ayer
was extract edbuvafth gﬂ&h@o&jgﬁ’ggr ﬁg@?rgmﬂ?r}ﬂ%W% §) Fﬁrered, 15

and concent r ad-eethitbenzeresulfenamide (G120 g, 8%byielfl).ash col um chr omat ogr aphy

to afford 1 (4.08 g, 65%yield) as a white solid, M 47-48 C, 1H NWR (CDCl 3)
b2.51(s,3H) 3.37 (t, J =6.5 Hz, 4H), 3.61 (t, J = 6.0 Hz, 4H), 7.40 (d,

J = 8.010Hz, 2H), ﬁoZEtlﬁréd sé|uﬁoﬁo€>tﬂé2abo%l)su|féf$&nHMR6( I 3mmen B 49. 4,
51.2, 127.6, _130.4, 136.1, 144 R (thin film cm) 2102, 1344, 1302,

1163; M5 nl z BtOH rbpdﬂlk)é11mmqur9pdd@2N@N&N§)3 (20D INMeiRRE oM cd f or
€ oNT075 51 A0S 2081 A6 AR Db RR 2 ©
h, after which time the EtOH was removed under vacuum and the aqueous
layer was extracted with EtOAc, washed with brine, dried (Na,SO,), filtered,
15 and concentrated. The residue was purified by flash column chromatography
to afford 1 (4.08 g, 65% yield) as a white solid. Mp 47-48 °C; 'H NMR (CDCl,)
0 2.51 (s, 3H), 3.37 (t, J=6.5 Hz, 4H), 3.61 (t, J = 6.0 Hz, 4H), 7.40 (d, /= 8.0
Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H); *C NMR (CDCl,) 8 30.0, 49.4, 51.2, 127.6,
130.4, 136.1, 144.5; IR (thin film, cm™) 2102, 1344, 1302, 1163; MS m/z
20 (relative intensity) 432 (M+Na)* (100). HRMS calcd for CHHgN,OZS 310.1086,
found 310.1089.

» 2,2-Bis-azidomethyl-propane-1,3-diol (4).
To a 1 L round-bottomed flask equipped with a stirbar and condenser
25 were added 2,2-bis(bromomethyl)-1,3-propanediol (100 g, 0.38 mol), sodium
azide (60 g, 0.92 mol) and DMSO (200 mL). The mixture was heated at 100 °C
for 36 h, cooled, and water (300 mL) and brine (100 mL) were added. The
mixture was extracted five times with EtOAc, and the combined organic phases
were washed with brine, dried (Na,SO,), filtered, concentrated. The final

30 traces of solvent were removed under vacuum to yield 4 (64 g, 90% yield) as



25 were added 2, 2-bi s(brononet hyl)-1, 3-propanedi ol (100 g, 0.38 nol), sodium
azide (60 g, 0.92 nol) and DVSO (200 nL). The m xture was heated at 100 C

for 36 h, e{?ﬁ"?‘%{&fﬁgd water (300 nL) and brine (100 nL)lr)TefI)\ﬁﬁ The

m xture wa d five times with Et QAc, and the co organlc phases
were washed with brine, dried (Na2SO4), filtered, concentrated. The final 30
traces of solvent were renoved under vacuumto yield 4 (64 g, 90% yvyield) as
WO 2006/ 012569 PCT/ US2005/ 026177 -19 sl-18Hly yellow oil. "H NVR (CDCl 3) 6
2.65 (br s, 2H), 3.48 (s, 4H), 3.68 (s, 4H); 13C NWR (CDCI3) 6 45.2, 52.1,
63.9; IR (thi lshg’;htlymellomdll) ‘HBB!MR (@bsH) 62)% br s128i2,3.880s, 4¥B, 8168 (6réHpt i ve

t t 209, 0 C5H11 9 f d
1870046, 5 NONMIEAGPER 45,2 Rioh iR (in IS 1 )P 2934, A0 | ani ne
(5). To a sol ybgong®y: ﬁSW&We%QN@WEﬁéHy‘S‘QO@YMWNQW QDD?GH(?MS Balc@fgtl mol) in
H20O (280 nmi-) at roomtenperature was g, 1.54 nol) and a
pi nch of KI. ﬂgeﬂf\b@eﬂ%@QﬁfﬁxﬁounéM&@%ﬁl rred for 72 h at 90 C The reaction

10 was cqgoled to roomtenperature and NaOH (pellet) was added until ca,
pH=11. Solid NaCl was then added and the m xture was extracted five tines

with toluene. <y Wﬂltﬁsl@ﬂaercﬂﬂﬁbﬁylbiﬁ‘ysrﬁtrmme 214 etridiareS®)) . filtered, and
the solvent was partially orat ed owy and carefully, under vacuumin

the rotary evaporadpd SQiUt'be K3 éh‘ﬁ@%@ﬂﬁ%‘mnﬁfﬂb’dmﬁmﬂﬂer (40i% R- 3 meB in

3-azi dopr opyl o] e
integration o?gpﬂ(gsbﬁﬂl\*ﬁrégéc pﬁ?a(t #%sn%dd_sle%l %N @aoﬁ ﬁém%oﬁgani o
azi des shoul d piveeasf Kie Tdie&eabticﬁﬁntxmré rvwzmnaredT@r m At 90i°gN THe gativH i C
chloride (10 g, 54.2 mmol) in THE (150 nL 0 C were added

di i soprofy! et NAsLe0lRd kogpomtempﬁsat%e %N?OHKP?WE addey ungihep.
m xtur o was sErad Sad vl e inth sRabBala e mbALy eﬁ\éﬁmﬁdﬁ*‘@e R iy
evaporated to vxtlﬂ’maotmenenﬂmermmtﬂmmj organicHayas wexé deed ¢dayg@ ), filteet; .and
the solvent was partially evaporated, slowly and carefully, under vacuum in the
rotary evaporator at low temperature. The concentration of
15 3-azidopropylamine in the resuiting toluene solution was measured by
integration of the 'H NMR spectrum (ca. 0.6-1.4M). Caution! Small organic

azides should never be distilled to dryness.

To a solution of cyanuric chloride (10 g, 54.2 mmol) in THF (150 mL) at

20 0 °C were added diisopropylethylamine (31 mL, 176.18 mmol) in THF (50 mL)
and 3-azidopropylamine (128 mL, 1.4 M in toluene, 178.86 mmol). The
reaction mixture was stirred under reflux for 50 h. The solvent was then
carefully evaporated to the minimum residue, which was extracted with EtOAc.
The combined organic layers were washed with brine, dried (Na,SO,), filtered,

25 concentrated, and purified by flash column chromatography to yield 5 (16.68 g,
82% yield) as slightly yellow gummy syrup. 'H NMR (CDCI;) d 1.31 (m, 6H),
1.89 (m, 6H), 3.43 (m, 6H), 3.51 (br s, 3H); *C NMR (CDCl,) 6 30.0, 38.3,
49.5, 171.6; IR (thin film, cm™) 2137, 2061, 1288, 869; MS m/z (relative
intensity) 377 (M+2)" (20), 376 (M+1)" (100), 130 (100). HRMS calcd for

30 C,,Hx,N,5 376.2177, found 376.2179.



The conbi ned organic | ayers were washed with brine, dried (Na2SO4),
filtered, 25 concentrated, and purified by flash columm chromatography to

yield 5 (ng Eé%ﬁﬂl 3270 yield) as slightly yell ow gumy pg¥fudiyosdddiMVR ( CDCl 3)
6 1.31 (m A% 9 (m 6H), 3.43 (m 6H), 3.51 (br s, 3H): t3C NMWR
(CDC13) 6 30.0, 38.3, 49.5, 171.6; IR (thin film cm) 2137, 2061, 1288,
869; M nlz (relative intensity) 377 (%@)' (20), 376 (M+1)"' (100), 130
(100). HRMWS calcd for 30 C12H22N15 376. 7, found 376.2179. WD 2006/ 012569
PCT/ US2005/ 026177 - 20  2,2,2-Tris(azidonethyl)ethanol (6).

Pentaerythritol was converted to the trichloride by the literature

procedure (Lyngh2-tris(dziddmblts etﬁyndi’f(s)g. Org. Chem 1995, 60, 4666-4668).
5 This internediate constitutéed 94% of the crude reaction nixture (anal yzed

by gas chromat ogr &smjgershdtolsasmoniéitastitotthe triahigrictealdy theditératurér om hexanes.
The trichlorjde s di ssolved in reated-wth quival S NaNs3,
and heat ed aﬂmi‘i‘@ﬁ&(km‘: 1l§' ﬁfj %l@%u eJr @&S?%WH%%P@ &gé&égé&%)ed, an
equi val ept  vOoFHiEtermeMatconaiukIdR), of tHe GLEEReACtiBh Riktire \@alyRelRCt ed into
10 toluene, and DMF was back-extracted into water. The organic sol ution was

dried (MySO4)gasrahremetpgsaaphyhead s, purified bymeenstalizaton tomchaxasesiel be mi ned
by NVR Caution!. Smal |l ofgani ¢ .agj shoul ver .b istilled to dryness.
Tris(azi donettﬁé}l‘l?rqﬁ Wéﬁré’fs%aﬂég("‘/?w'ﬁm?ﬁd;‘t’ﬂ}gr o?%ﬁﬁ@tls)ﬁ\iﬂwmaﬂ%t hane was
converted to Hdted i $40 OC fte! 7 RMTRE CHiBeSahétioRSmktere viasstobiée ey | bed
(Martinu, T.; Dailey, W P. J. Og Chem 2000, 65, 6784-6786). This

i nt er nedi at e gBIVRINt valymgef watgswas@dded) the @rganiqataduct was gxtsacteg info 4

equi val eqt s g : n S ed to a
trap fiﬁ ed \l:tl\na{}%ngb idb&g}id?i%gg?%rgr%tl\;ée&%dng/ﬁ Wg%'gsqg‘% %@aﬁﬁé"ﬁﬁgﬁ%y have
been fornmed. dkddgMdSO ) anthsediastabtainedithé cermdentratioh lof 8 wasndéterminedint of 1 M
aqueous NaOH to guench any acid, and was then extracted into toluene. The
organi ¢ sol utt?YoNﬂWaSCGW%I! Smaiorgania @zides ghauld nenerpea Sistilledto dyResst r at i on
of 7 was determi ned by NVMR Caution! Snall

» Tris(azidomethyl)aminomethane (7).
15 Tris(hydroxymethyl)aminomethane was converted to the trichloride
ammonium salt as previously described (Martinu, T.; Dailey, W. P. J. Org.
Chem. 2000, 65, 6784-6786). This intermediate (8.4 g, 40 mmol) was
dissolved in water, treated with 4 equivalents NaN,, and heated to reflux. The
condenser was connected to a trap filled with solid NaOH to remove any traces
20 of HN, that may have been formed. After 17 h, the mixture was treated with a
small amount of 1M aqueous NaOH to quench any acid, and was then
extracted into toluene. The organic solution was dried (MgSO,) and used as
obtained; the concentration of 7 was determined by NMR. Caution! Small
organic azides should never be distilled to dryness.
25
* 5-Dimethylamino-naphthalene-1-sulfonic acid bis-(2'-azidoethyl)-amide
(17).
The same procedure used above to obtain 1 from tosyl chloride was
applied to dansyl chloride, yielding 17 in 52% overall yield as a yellow solid.
30 The use of this compound is described below. Mp 4546 °C; 'H NMR (CDCl,)



organi ¢ azi des should never be distilled to dryness. 25

5- Di met hyl am no- napht hal ene- 1-sul fonic acid bis-(2'-azidoethyl)-amde (17).
The sane procedure used above to obtain 1 fromtosyl chlqiisagsnairr applied
to dansyl CHPEOOYE yielding 17 in 52% overall yieid as a yellow solid. 30
The use of this conmpound is described below M 45-46 C; 'H NVR (CDClI 3) WO
2006/ 012569 PCT/ US2005/ 026177 -21 b 2.251(3, 4H), 2.97 (s, 6H), 3.55 (dd, J
= 13.7, 5.2 Hz, 4H), 7.28 (d, J =7.4 Hz°°'1 H), 7.51-7.71 (m 2H), 8.27 (d,

J=7.3 H, 1 . =. 8- 1 , = , ; "C
NMR ( CDCI 3) bég)?%(g ié gzd 9Tk, s?"ﬁi%%dd 1’1?501378§%H%(ﬂ“h%8289%§wﬂ"}219% 4,
130.6, 131. 4. 14345071502 2R uanngzcnrm 82§§§1 o875, H3f18,65905 VB
rﬂz(relatlvelntensm y) 4 % glVHrZ'

(Mr1)' (58), 13(@(1&(§5Hmw5' RdBDG 3@9915@9 Hﬂuﬁd1233@9 1510.

const ructed wadoa o1 1R R e ?ﬁ“ﬁﬁé%”‘@@“ﬂfﬁﬁﬁtet Riradieg o

wei ghts bor | 18, gestMSQn/th@ammplpwnsw )t MaND" (10 emdww)skg begore use by
brief exposure to, H2SOA gowed by thorouqg rins (gé wat er, et hanol,
and acetone; ¥ (28 Q%QIQQ RMe BrlgaferL DNM 38 59%sf€|='i“ﬂ)ed above,
nonomers wer ezdy x&(h i n concentrated stock 15 solutions using the m ni mum
necessary anount of THE (usually approximately 0.5 Min each nononer). The
requi red amount of stock m'xture was then deposited at the center of each
pl ate, and the m xture was aiJIy spread qver the relevant region of the

plate while tREPLYNEBIA PLOY § CORPRET RARESIWESt es were then crossed at

ri ght angles to brg ot her,
and res?gd flat un%egra %Jb?g? P%?é ﬁllggszj%?ﬁ%tor t \gﬁrlm %gjrgggtgg o%?%&'jgﬁq’hrbe cont act
area was t herfetitate the mendirg et weightst fet koa%@stnngﬂ)‘l’.helc_fop@&Pplatmwasaed (see
below), the p&éé’ﬁé%f ju'stn be top Lljseag)(/a Efc}éfe ex\ﬁ%gur@tg ﬂzsge,pf]ohgvgeé %yttr%aroh\gw

rinsing with water, ethanol, and acetone; zinc was cleaned with organic

solvent. As described above, monomers were mixed in concentrated stock

15 solutions using the minimum necessary amount of THF (usually approximately
0.5 M in each monomer). The required amount of stock mixture was then
deposited at the center of each plate, and the mixture was manually spread
over the relevant region of the plate while the solvent evaporated. The two
plates were then crossed at right angles to bring the treated surfaces in

20 contact with each other, and rested flat under a 25-Ib weight for the indicated
period. The contact area was therefore 1 in? (approximately 650 mm?). If GAP
was used (see below), the polymer in ethyl acetate was first applied to the two
surfaces, the metal pieces were allowed to dry, and then the above procedure
was performed with the monomers of choice.

25

Load testing was performed by attaching one plate to a chain extending

over a support rod, and the other to a chain on which weights could be hung.
Weight was added in 1-lb increments and allowed to hang from the assembly
for one minute, after which the weight was increased. Care was taken to

30 introduce the load at each increment without imposing a sharp stress on the



surfaces, the netal pieces were allowed to dry, and then the above procedure
was performed with the nononers of choice. 25 Load testing was perforned by

attachi ng Qrs to a chain extending over a supporgc 00sAREi74 he ot her
to a chain onoﬁqlﬁgﬁgv\ei ghts could be hung. Weight was acilziftea%?n 1-1b

i ncrements and allowed to hang fromthe assenbly for one mnute, after

whi ch the weight was increased. Care was taken to 30 introduce the |oad at
each increnent without inposing a sharp-28ress on the WD 2006/ 012569

PCTI US2005/ 026177 22 apparatus. Failure of the adhesive was reached when
the plates sepepareig. RAilurg of tha@dhesive wasfreadhed when thei plateasepreded This can

be regarded B S N "= : ; . ghly
repr oduci bl eaglg@lrj‘lsdtnsg%m@ru tee 8@@% A?énc}’égéngﬁgél}eo?;%elg‘?égiﬁ ?ﬁgsgrg\gg%%ﬁ"@#egat er
apparent str efpgielistypdtest, vl was elsssendjpcadse highly. reprodueiblemaseilts wvesdiear t est
on a mxture of 1+10 supported a naxi num | oad of 31 ared to 4.8 kg

d kg,
in the peel t@%‘P!"eﬁhegr}e@éﬂ&estesy%g%‘éeeﬁ%%QTQ‘?t‘Ffi%ﬁﬂaée'lfgsé'regg{ﬂ%s?%‘”?% Fi gure
O 10 thal ! ahke BiBadtibR. IFchkdmpld A'dhRL} fflon Yanbifite & 134D SabYSIHEH § °NaL N
d per g f S) iTe

(maxi mum | oad sustal ne ram “of adhesive). not di scussed above,
this of fers andixinfimndsdd ofed1 kg, chtnparep iy £ 8ddtie shey pedlitestures fesuksich ot her .

Use of Polyneric Azide Additive. A paragllel set of experinents was perfornmed
by pretreatinFPEFSated indiigyre ‘gafeflﬁg‘gmsé'g‘l’fea?-plﬁltpﬁ’et?b Pgﬂﬁsfﬂ bziedi de- chai n

azi des ("glyci - oo : ' AV roduct
zides ("gly +,ﬁyhaggé0d%amkmbhes:vé§tr§@§n (rﬂaﬁﬁfﬂﬁ?ﬁédﬁ&‘t’élﬁéf‘béﬁﬁg% pr odu

of azide substitution on the ring-opening polyner yci dy ride). The
pur pose was t of adhmsives.e Whileowy [disekissryl abovehthisreffers a differdrdavay tper haps

provi di great er_adhgsi ve po M he general observed trend was
t oward Qg)tterg%'ﬁﬂa%’l%e& gdﬁﬂtﬁégto %/%hg(ﬁp 4, Fi gure 9), the effect of GAP
was not dramatic and no 20 structure-activity trends were changed with its

use, Dansyl diazide 17 (Figure 8) was used with 1 to test the relative
Use of Polymeric Azide Additive.

A parallel set of experiments was performed by pretreating of the metal
surfaces with a polymer containing side-chain azides (“glycidyl azide polymer”,
15 GAP, a commercially-available product of azide substitution on the
ring-opening polymer of glycidyl chloride). The purpose was to increase
crosslinking at the metal interface, perhaps providing greater adhesive power.
While the general observed trend was toward better adhesive properties
(Figure 4, Figure 9), the effect of GAP was not dramatic and no

20 structure-activity trends were changed with its use.

Dansyl diazide 17 (Figure 8) was used with 1 to test the relative
effectiveness of mixtures of monomers (i.e., more than one azide or alkyne)
when compared to standard pairwise compositions; entries 23-24 show that no

25 difference in adhesive performance was realized. When alkyne 10 was used
with GAP and no additional azide, a moderately strong adhesive was produced
(entry 27), showing that the side-chain azide polymer can be stitched together
into a networked structure with only a multivalent alkyne. When two standard
runs were annealed at 60 °C instead of room temperature, little difference in

30 the strength of the resulting material was observed (data not shown).



effectiveness of m xtures of nononers (i.e., nore than one azide or al kyne)
when conpared to standard pairw se conpositions; entries 23-24 show that no
25 differe zolmg g%gesi ve performance was realized. We 1%&‘236 was used
w th GAP an no additional azide, a noderately strong adhesive was produced
(entry 27), show ng that the side-chain azide polynmer can be stitched
together into a networked structure with only a multival ent al kyne. Wen
two standard runs were anneal ed at 60 @Instead of roomtenperature, little
difference in 30 the strength of the resulting material was observed (data
not shown). \A@Q@OWUMSQ"NHNBQMQHOZM?? -23- Linear polynmers nmade in

sol ution Bifuncti ner s 1a re condensed 20 (0.3
M in each mnomr@@?cmmmq@t Freﬁpr}g%apgglmﬁ qﬁé&%{?g;gbc@ gf 5%
CusH and 10"4@1s&damgﬁfebﬁéﬁooﬁh@mmka&e@fom@ h@gwmdh@fﬁesén@awf B% a S
gummy solid which was washed sequentially with water, nethanol, chloroform

THE (3x), an@@ﬁ@e@n@ﬁa%rsmnmpomamwe saiventovaseeured ey lsaving acr api ng
(desi gnaged Sgknrl46)d RIS yieRad bas BN With H8fe HEMARE RicFGiohht at ed

by the additi eresu I'ng Id"was’ co washed

again wth warkef (SXWEMCIﬂéd upadéoraetiommA emall poiondess gmadwved Bbgcragings | atter
10 material represented the major conponent of the m xture, approximtely
70% and wasldpfignpigsidali dhg rﬁﬁ“éé‘d%l”éﬁﬁiséﬁwéfj i BPLIRMSO andh gredipitatechot DVSO

Spect 1 95COP! G bl Br ndBloi! e 1SAIRAFLIR UL LIl @RER6G, Of

relatively sh ai ns (unreac el ng sensitively

detected by ddamn wun\wmtérapmthmcﬁlmbwrmsaam TeiE. d@él@ﬁatem 3b). iThig latter
infrared but neither 15 sanple was sufficiently soluble for GPC anal ysis.
Det ai | ed Desdf‘?ﬁ?('?b’ﬁpbqselﬁﬁﬁﬁh@é“alpr@QIT‘BOVP"&I%W@ WH‘@UF@OBB@PX&%@D’]%@ [ 3+2]

cycl oaddi ti on,pf 4 0sBiudfd & wild s%e éM‘FEH of E&v?ht@'o‘fﬁfé}%g ht gM’s‘ba li near
pol ymer represented by structure ynmer was oun to be DVSO
sol ubl e wi t h $pdntmacopio datauiRranddNgRY) weck scbrrsmmtiwith thiei presendesofded up to
(1)23(2)22 ( rrrieFatiVel%Zshg?t@néins (unreacted azide and alkyne being sensitively detected

by their overlapping signatures at ca. 2100 cm™ in the infrared), but neither

15 sample was sufficiently soluble for GPC analysis.

Detailed Description of Figures:

Figure 1 shows the copper-catalyzed [3+2] cycloaddition of the diazide
20 1 with the dialkyne 2 to give a linear polymer represented by structure 3. This
polymer was found to be DMSO soluble with a broad molecular weight
distribution which extended up to (1),(2),, (m/z = 12,565).

Figure 2 shows a series of events leading to adhesion to copper by the
25 formation of networked triazoles: (A) azide and alkyne monomers in the
presence of Cu(l) ions generated from, and/or stabilized by, the copper(0)
surface; (B) Cu-mediated cycloaddition near the metal surface, where Cu(l)
concentration is presumed to be highest; (C) completion of the crosslinking by
triazole formation through the bulk of the polymer; potential copper-acetylide

30 and copper-triazole interactions are also represented.



Figure 2 shows a series of events |eading to adhesion to copper by the 25
formation of networked triazoles: (A) azide and al kyne nononers in the
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2l Kyne. - The. obser FhTe o adhigEsdimpgsipha] s AT BANZE 38 (U EEER th and

wi t hout Qrec%frﬁﬁ?ﬂa%nfsfbdeml'éfﬂ%b?/mé@Y&téﬂirM%QirrWl_rﬁ o RXRpERSH gpations of
al kyne (10 and 14?1 denote the use of 10 a 1:1.5 ratio of total azide groups
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is an N-prog®€§yl ati on of 4-nethyl-benzenesul f onami de under nmild conditions

to

Figure 5 is a graph showing the maximum load (kg) as a function of the
15 amounts of monomers used. The value beside each point is the total mmoles
of the combined monomers; each reaction contains an equimolar ratio of azide
and alkyne groups. Adhesive layer thicknesses were approximately 20-100

microns.

20 Figure 6 is a series of schemes showing the synthesis of the monomers
used in the adhesives test. The first reaction to make 1 is an N-sulfonylation
of the nitrogen mustard, N, N-di(2-chloroethyl) amine, followed by an S22
displacement of the chlorides to obtain the diazide, 1. The second reaction is
an N-propargylation of 4-methyl-benzenesulfonamide under mild conditions to

25 give the diacetylene, 2. The last reaction is the displacement of the chlorides
of cyanuric chloride with 3-azidopropylamine to give the triamino-1,3,5-triazine
5.

Figure 7 is a series of reactions showing the synthesis of the monomers

30 used in the adhesives tests. The formation of 6 starts with the displacement of



25 give the diacetylene, 2. The last reaction is the displacenent of the
chlorides of cyanuric chloride with 3-azidopropylamne to give the
triamno-1 ~triazine 5. Figure 7 is a series of reagti Lng the
synt hesi s gﬁ)gﬁ%&%%%oners 30 used in the adhesives tes%éh8$ﬁgﬁpgﬁkation of
6 starts with the displacenent of WO 2006/ 012569 PCTI US2005/ 026177 -25

t hree hydroxyl groups of pentaerythritol to give the trichloro internediate.
SN2 displacenent of the chlorides by th@3nucl eophilic azide anion gives the
triazide 6. A simlar sequence is used to synthesize 7. The triacetylene,
10 is obt ai nthdeehydioxyligieunsofinentagiyibetat ta gve thestrishlosg inteimediatei Bvdnder

mld 5 condit n i 4 S ies. . ONS
chowi ngt he s apReaeREPARREHEREREy i HibEmilS sl Bhicliy s PERILTHT .
reactions useg! pesivillar sexjiienbe & lsd tosyntheese . tThd prageiediangyd ethers with
either 1,3,5-trihydroxybenzene, 10 pyrogallol or pentaerythritol under mld
condi tions. FPfaineddy @splacingthe Bree plogdes of Gygnuieanigrunder sildo of reagents
and strength : i esive as neasured. Conditions: A mxture
of 0.1 %’ml 8&%’%@a§ﬁ%§5@%@ﬂ% ng nmononer and either 0.1 or 0.15 mmol of
the 15 azide conponent in a mni mum anount of THE was distributed as evenly

as possible by pipette over the tJ ntersecsbl ng r gi on of,té}e two "l arge"
copper pl ates. Af’?'_ewec% 2 genesef reactions) \‘R)é’g‘gt'S SYAREsis QY the MONemares wer e
pressed togelsf inthé Rdhdsifed sty 'i;tﬂ%st%ei'lefa&fon% Lg@fﬁeggillfa nlgAperature. Al

values reported are the average o east two I ndependent experinments of
t hree 20 repl sydbesis eafonm propérgsetbersovitbathee d (3, 8xtrilrdroxyiieszerde,1 kg. Not e

that experinents involvi Ld-i1t(r) .adhesive were |ess reproducible, with
an errof‘% of %yr%?'"c('é’f p?&ﬁ{;l%&ﬁ?t%%({?é “B%oq.?ﬂ?mpas'al kyne groups. (b) Maxinum
| oad supported by the plates for one mnute. (c) Values in brackets were

obtained wth the use of GAP as described above. (d) "Weld-It(r)',
manuf act ured by 25 iperecDis a tahle of the starting monomers, ratio of reagents an

strength of the resuiting adhesive as measured. Conditions: A mixture of 0.1

mmol of the alkyne-containing monomer and either 0.1 or 0.15 mmol of the

15 azide component in a minimum amount of THF was distributed as evenly as
possible by pipette over the intersecting region of the two “large” copper
plates. After the solvent was allowed to evaporate, the plates were pressed
together with 11.4 kg of force for 2 days at room temperature. All values
reported are the average of at least two independent experiments of three

20 replicates each, with an error between experiments of +1 kg. Note that
experiments involving Weld-It® adhesive were less reproducible, with an error
of 3 kg. (a) Ratio of azide groups to alkyne groups. (b) Maximum load
supported by the plates for one minute. (c) Values in brackets were obtained
with the use of GAP as described above. (d) “Weld-It®", manufactured by

25 Devcon, Inc.

It was noted earlier that the relatively poor performance of materials
made from diazides and dialkynes. This was reinforced with the use of dansyl
diazide 17 (Figure 9, entry 3). Replacing the dialkyne component with a

30 trialkyne results in stronger adhesives (entries 5-11 vs. 2). Thus, when used in



It was noted earlier that the relatively poor performance of materials nade
from di azi des and di al kynes. This was reinforced wth the use of dansyl

di azi de 17 g) ‘f‘%g%ﬁg entry 3). Replacing the dial kynevl'i‘é)ﬂ%%(%% \Mth a 30

trial kyne VoL I'n stronger adhesives (entries 5-11 when
used in WO 2006/ 012569 PCT/ US2005/ 026177 -26. equi nol ar anmounts W|th 1
(making for a 1:1.5 ratio of azides to al kyne groups), 10-12 gave strong
but not outstanding glues, with 10 appea?6 ng sonewhat weaker (entries 5, 7,
8). The flexible tri(alkyne) 13 produced a poorer adhesive (entry 9), but

t he cappi ng cﬁquﬁmelaranmiuntmitmydmkmg fora gi1v&'3ratimeof&zi(tasrtaedll'(@mnegm&psr)estored

the desired f nc |on ntr u tur t be Xxpect e o form
more rings, 1% BPE %‘a?‘ﬁ "a'ﬁﬁlg q%wﬁbq 189&%"9§8919V\t?ﬁ§it t hese
nmonomner s eXhl\pééke?(lgratléé 5p¢ré)ormmlb$#gg %,%) aérﬁ % ion is not as

i nportant a consid Ion as ‘structu by the
conpari son ofadh@sivet(Bntr@), wubére ¢aripirey Myhesemam’ﬁgehymmw magwenhe)f 10

| 4 h h dth
sane CPebl ptragikeis fa tt?f@ﬁ'éﬁﬁ Pﬁ'¥%J] hingfos (o2 BYREt S 2ROBURS  npr oved
dramat i cal | y e o hélshiteh chaleRDIHehPRomAr 131he e

substitution o tr|a2|de |az inreactions wth trial kynes 15
gave little dha%esermammmatexhlblttshmlaqbbe‘ermmqmwggeefs thberimpfoematibn The

same general. nds Wi th structure. of t I 0 re observed
when paired 'ﬁnnP a%'mmr&‘?’]@r@n@' dgrRtiog Asys '(U&ﬁ{ R}'giql'gy @EQ%IIQBPQ%HE? the nore
righd 2 vas. ohidisonef 4nvithetertiahona9nd The RO Ratib of7) . Some

di fferences can also be noted, for exanple€, 13 was not nuch worse than
10-12 (éfitry tmapopaegylhrﬂmet(éﬂ)wmlh kentaedShritotdesivbd tdiarideat Ishoved thes sgreat ry 22) .

Trial kyne 14 a ed as, superjor entr 19 ,.vs. 15-1 but its use
with triazi déeg&\ﬁgégﬁeﬁ' & StreRah "és% ‘lnglaﬁ ' ﬁﬁ/n&éaﬂo(t@ﬁt' \)gd 11). This
shows that faghRfaficAly\her ﬂ%ﬁaﬂ@%@%dgus%@@hﬂ?@ntﬁé@1be1ﬂﬁp0rtant
presunebly, there is’a difference in the nature of the polynerization

reaction itself with 5 vs. 4 that remains to be uncovered. 25 The dramatic
| mprovenents obser.'xﬁe subs% Rmon o?tzriaqz? e ? fo‘?%lamde ?n r%talc §n§ \(I)VItg) triaqlgy%es
15 gave little or no improvement in the adhesive power of the material. The same
general trends with structure of the alkyne component were observed when
paired with 5: dialkyne 8 was poor (entry 14; but note that the more rigid 2 was
better, entry 13) and 10-12 good (entries 15-17). Some differences can also
be noted, for example, 13 was not much worse than 10-12 (entry 18), and
20 tetraalkyne 15 not substantially better (entry 22). Trialkyne 14 again emerged
as superior (entry 19 vs. 15-18), but its use with triazide 5 was not as good as
with diazide 4 (entry 19 vs. 11). This shows that factors other than monomer
branching can be important; presumably, there is a difference in the nature of
the polymerization reaction itself with 5 vs. 4 that remains to be uncovered.
25 The dramatic improvements observed with triazides 6 and 7, relative to 5, are

addressed in the text.

Note that the combination of diazide 4 with dialkyne 9 provides a four-
fold increase in adhesive power relative to the other “linear” systems, and

30 better than a five-fold improvement on a per-gram basis (entry 4 vs. 2-3). The



addressed in the text. Note that the conbination of diazide 4 with dial kyne
9 provides a four- fold increase in adhesive power relative to the other
“linear" st ens, 6%nd 30 better than a five-fold inpropetfgpioosreerTper - gram
basi s (ent Q20960125695 "3y " The WD 2006/ 012569 PCT/ US2005/ 026177 .27 presence
of an amino group in nononer 9 is likely to be at |east partially
responsi bl e. Structures such as bis(tri |yl )am ne 18 could contribute by
providing both a means to crosslink chai‘hs” and a nore active copper

ron- pol yrer o srpe f AR EB RS dHaTs [Tikelllo et H1EESk Ay ¢

central coor gegisnsige.NSiruORAY sURQE® Bis@id2enf)amind g8 rdsidf ontdsuppey and
provi de poorer cycloaddition catalysis than bis- and tris(triazolyl)am ne

structures. PrROVigingiboth a maausito cresglinigciring aed argorgractive coppeicatalyiic t hat

m xt ures of rrespondi ng
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descri besl i n redetionethat BM(mazalylgmcﬂﬁesmcmg thes eshtral cbofdatimgchitiegenddi ti onal
azide, a noderately strong adhesive was produced (entry 27), show ng that

t he side- chalarﬁorﬁzqfﬁ@%@ryﬁé'ﬂd%féﬂﬁ ca@persqndtnfﬁ\@aep@ge&rwaﬁloaﬁtﬂaoaca@dm ked
structure w g% @Bisyaﬁdm(#fn:a%@ig@%n%lé@ﬁ'& res Whien two standard runs were
ad'of r

anneal ed at I nste enpera ure, little difference in the
strength of the resulting materi al was opse (data not 20 shown). Figure
10 is a table that shows the caIchaRFﬁﬁN of~kp | oad per g adhesive val ues
shown in Figure 9. The experinents pesﬁogﬂ%d ith GAP are not shown here.
25 Figugg 11 is a table that summari zes relimnary neasurenents of
adhesive strength for zinc plates. (a)\ﬁgq(l was di ssolved in acetonitrile;

Entries 23 and 24 demonstrate that mixtures of monomers created no
stronger adhesives than the corresponding monomer pairs. The control
experiments (entries 25-28) were mostly described in the text. When alkyne

15 10 was used with GAP and no additional azide, a moderately strong adhesive
was produced (entry 27), showing that the side-chain azide polymer can be
stitched together into a networked structure with only a multivalent alkyne.
When two standard runs were annealed at 60 °C instead of room temperature,
little difference in the strength of the resulting material was observed (data not

20 shown).

Figure 10 is a table that shows the calculation of kg load per g adhesive
values shown in Figure 9. The experiments performed with GAP are not
shown here.

25

Figure 11 is a table that summarizes the preliminary measurements of
adhesive strength for zinc plates. (a) Cu (1) was dissolved in acetonitrile;
CuS0,*5H,0 and hydroquinone were dissolved in water before mixing with the

monomers. (b) Determined by three independent replicates; +1 kg, except for



CuSH45H20 and hydroqui none were dissolved in water before mxing with the
nmononmers. (b) Determ ned by three independent replicates; 1 kg, except for

WO 2006/ 0 63?61/3(@'4 S2005/ 026177 -28 entries 1 a-d, W&%ézﬁ%%z&% A val ue

of zero in at no adhesive was forned. (c) Determned as in Figure
9. Figure 12 is a table that sunmarizes the kg | oad per g adhesive results

5 for zinc plates. (a) Cu (1) (cuprous iodide) was dissolved in
acetonitrile; CuSO4 5H20 and hydr oqui motfe- wer e di ssolved in water before

m xing with the nononers. Determ ned by three independent replicates; 1
kg, except f@ntriggmia- idewhrshasa kghifcvalug otzarg indicatas thateo adhesiverwaAsat es t hat

tanre that  shoteet nETmEeRited B BB C0ct o Of “amount s of monomers

used. (a) "mmol nononers" is the total of both nonomers in the mxture;
"ratio" is the ratio of total alkyne groups to azide groups. Thus, the
first row reports éQ%“v)J@dFé tgbleghatsummarizesshe e "PaChH@I" @ adbesive rasylts

trialkyng 10. on(Pi?ch% %b@roﬁ%%ﬁn@e 1as &Q&ﬁ}/&ﬁ \F/r\)nere it . not

cal cul at ed. | gure how n perinmen I'tives were
i ncor por at ed. Cmgﬁﬁzﬁmdamﬂm@.brhcmememtdmmvwm wdier before anixintpwith itrtmd in

20 Figure 9. (a) Entri th ast I’ISk re taken from Fi

Fepeated her dModmEtBh e ey B ppdndaal snyale s biSnerespblor

i ntroduction érf?néé“fa ATRRRAES +31c4t W@alué G) ze‘?o%&lcél@é‘ﬂia‘%tdo%rﬁ%%wésc et her
(Frechet-type) dend rinmer bearing 24 termnal al kyne groups at the

peri phery, kifatthed.qepbeteentined 4 in Fighrail§). Hawker of |1 BM and used to provide

5% of th@ total al kyne groups. 25 Figure 15 is two charts show ng the
dependefln e of adhesive strength on the indicated variables. (a) nmononers 1

+ 10 (0.05 ol e@relﬁiﬂﬁ atable th&¥SRos tHE Heddme load abRafuAstion 6 the
indicated pressure for two days prior to
amounts of monomers used. (a) “mmol monomers” is the total of both
monomers in the mixture; “ratio” is the ratio of total alkyne groups to azide
groups. Thus, the first row reports a mixture of 0.10 mmol diazide 1 and 0.10
15 mmol trialkyne 10. (b) Determined as in Figure 10; runs with GAP were not

calculated.

Figure 14 is a table showing experiments where additives were
incorporated. Conditions and table notations are the same as described in
20 Figure 9. (a) Entries marked with asterisks are taken from Figure 9, repeated
here for convenience. (b) The salts were pre-mixed before introduction to the
monomer mixture. (c) A 3-generation benzylic ether (Fréchet-type) dendrimer
bearing 24 terminal alkyne groups at the periphery, kindly provided by Dr.
Craig Hawker of IBM, and used to provide 5% of the total alkyne groups.
25
Figure 15 is two charts showing the dependence of adhesive strength
on the indicated variables. (a) monomers 1 + 10 (0.05 mmol each) used with
GAP as described, incubated with the indicated pressure for two days prior to
load testing. (c) 1 + 10 (0.1 mmol each) in THF, used with GAP, large Cu



| oad testing. (c) 1 + 10 (0.1 mol each) in THF, used wth GAP, |arge Cu WD
2006/ 012569 PCT/ US2005/ 026177 -29 plates; incubated under 11.4 kg pressure
for the indicated time prior to load testing. Variati @pgrsihokbgiAanneal ing
pressure ahA?UAAEAi ng time were briefly 5 exanined. Increasing the
pressure under which the two netal plates are forced to anneal nodestly
enhanced the creation of a networked polyner adhesive (a). Fig. 15b shows
that the performance of a test mxture rached a naxinum after 4 days of

i ncubation, and steadily dimnished after that tine, = The conpercial glue
el oyed 1 or PRRDATS Dated Hadk B §9 eftartiof Meuniietas UDR aRgr 1P B98¢ e
course of th@esqiinght-day experinent (data not shown). It is possible that

the creation of fore than an optiml nunber of crosslinks leads to a
network that is too brittle to function as an effective adhesive. Good

adhesi on may al so, be_obt ai ned _by heating the copper.plates to 100 C on a
ot p ae without Yafrfosnitfe aBedlF8 nrishuid Fnd SRR Mhe M prefug o 2
tabl e cogmpar ieRgmint’l. 0ABRALINGANE PRissOfe @ite Sihich tiextivarmstal pikkss drel | owi ng
procedure was perforned on adhered plates fromthe followmng runs: (A 0.1

mmol 1 + 0. 1 fersed t@apnealreodsstly ephanceg) the cyationof amasworked gplymeimpl 10
Tabl e S1, 6); . 0 | 20 11);
(Tabl e e%ﬁ%flg% é%)( anlg 1 5b°s HOWR thit tﬁegjeifggﬁ?}é%e_léké E—e:slr? rrﬁ)étﬁile rédShEd a )

(D) two copper h' 'no nmononer s “de yherirzation and
measur ement ohaxwcibasafter Sddysngftifcutiation tam stoagiBrdimirastes after thatctime.anpl e
were imersed, conpletely for 15 mnutes in a nmeasured anount of c¢onc.
H2SO4, whi ch 'MEFIHYBRT 'Q!H%‘E@P&QV%ER{&ONP%F%%P%‘? ﬁét?ﬁ# I8€ I"tol | owi ng

this treatne ) hng ;sol uti ons
55 wer e i | g o B Lol G b e R, B BAE o e B0 o st a
Pro | CP- AES possibleutiehthe arsation cftraomahars ap optisnabduimbet bEcreastimkateiidsm The

o) oM 08 vales, g BB NS B iedon ok et Benhie (Bbofl 5L, O 0%
adhesion may also be obtained by heating the copper plates to 100 °C on a
hotplate without additional pressure (data not shown).

15

Figure 16 is a table comparing the copper content of adhesive mixtures.

The following procedure was performed on adhered plates from the following
runs: (A) 0.1 mmol 1 + 0.1 mmol 8 (Table S1, entry 2); (B) 0.15 mmol 1 + 0.1
mmol 10 (Table S1, entry 6); (C) 0.15 mmol 4 + 0.1 mmol 14 (Table S1, entry

20 11); (D) two copper plates with no monomers deposited. After polymerization
and measurement of adhesive strength, the two copper plates for each sample
were immersed completely for 15 minutes in a measured amount of conc.
H,SO,, which had been previously found to dissolve the polymers. Following
this treatment, the copper plates were removed and the resulting solutions

25 were diluted in water and analyzed for copper content with a Varian Vista Pro
ICP-AES instrument, using standards prepared in the same medium. The
following values were obtained: (A) 0.037 £ 0.004 mmol Cu; (B) 0.031 + 0.003
mmol; (C) 0.021 £ 0.003 mmol; (D) 0.0060 + 0.0006 mmol. Subtracting the
adventitious copper leached from the plates themselves [sample (D)), the

30 amounts of copper entrained in each polymer can be expressed as a ratio to



adventitious copper |eached fromthe plates thenselves [sanple (D)], the 30
anounts of copper entrained in each polyner can be expressed as a ratio to
WO 2006/ 012569 PCT/ US2005/ 026177 -30 the total nunber A L& groups

t hat coul c}’vgé"“ﬁ}g}%’r@d if the azide-al kyne cycloadditi orll)%\f/rv/edrsgdogfg%éﬁet e.
Figure 17 is two graphs show ng the anobunt of copper contained within 5 the
adhesi ve pol yner vs. adhesive strength (:+ eft) and adhesi ve strength per

unit wei ght adhesive (right). Figure 18 Y<S"a reaction showi ng the synthesis

of a linear polyner from .Si ngl e nmonorrer ichis self-reactive. Synthesis

of rac-|-azi dB@%ztﬁlr%'ﬂéerl tragal 95%9?6'@%&?99?-@3?6 %’I@'F.d' thg@ e(‘%llky“?nml 1.0

equi v) rac glcéaoiagmlﬁgﬁq@é%h@;é@@_r, 1.16 g (17.8 mmol, 2.0 equiv) sodium
7.8 mol

azide and 0.9 (1 , 2.0 equiv) amoni um chl ori de were dissolved in
4.5 nL nmethanol and the reaction m xture was heated to reflux. After 2 h,

the reaction was 4jnj thin_|ayer echromatogra he
m xture was cool egf'di‘@b??qgﬁ@f%%@mgghﬁﬁﬁ/%°§8?%%°°ﬁ£?é’?%%ﬁ‘)8d under
reduced Pr esghg adhddite poFFictwe. adisherstichybr(@st) eidvmitizswatstiengththert hy |
acetate, and the aqueous _phase was extracted twice nore with ethyl acetate.

The conbi ned Whtgugight adliesvedrighthe washed with water and brine, dried over
MySO' and evaporated. The crude product was purified by chromatography over
a short silica gel 20 colum, eluting with hexane and ethyl acetate (1/1).

The fractions wer FiguenisiisadeactibrssHowiny theasynthessisvefch liteay ipelyenet frionirg ( 20%)
of 19 as a colorless oil. 'H NWR 2500 VHz, CDCI@) 6 4.18 %gq’iqj = 2.2 Hz,
2H, CC- CHzO) ,singlemongmer which is sglf-reagiiver)Synthesisef rgcslzagide-3apior-20-7 N3) |

530 G0 d0 (Tl ) Fof (i Jomindgi, o fEC 0
coating on a gydidylprepafgytethert e 6pg (lded mmal a2 reigeivi gotinen dzide and PS5t eps:
(17.8 mmol, 2.0 equiv) ammonium chloride were dissolved in 4.5 mL methanol
and the reaction mixture was heated to reflux. After 2 h, the reaction was
finished as shown by thin layer chromatography. The mixture was cooled to
15 room temperature and the solvent was removed under reduced pressure. The
residue was partitioned between water and ethyl acetate, and the aqueous
phase was extracted twice more with ethyl acetate. The combined organic
phases were washed with water and brine, dried over MgSQO,, and evaporated.
The crude product was purified by chromatography over a short silica gel
20 column, eluting with hexane and ethyl acetate (1/1). The fractions were
combined and solvent was removed to yield 277 mg (20%) of 19 as a colorless
oil. 'H-NMR (500 MHz, CDCIl;)  4.18 (d, J = 2.2 Hz, 2H, CC-CH,-0), 3.97-
3.93 (m, 1H, -CH(OH)-), 3.60-3.53 (m, 2H, -CH,-N,), 3.39-3.35 (m, 2H, -O-CH,-
CH), 2.45 (t, br, J = 2.2 Hz, 2H, HCC-, CH(OH)-).



Step A: applying a mxture of nultival ent nononmers onto the solid surface,
the mxture of nmultival ent nononers including both nononers having nultiple
azide functionalities and nonomers having nultiple term nal al kyne
functionalities; and then Step B: caﬁglyzing a polynerization of the
nmononers by condensation of azide tionalities with term nal al kyne
functionalities to form1,2,3-triazole groups and thereby formng the
adhesi ve polymer coating on the solid surface. 2. A process according to
claiml wh ol d Step B, the polynerization of the nononers is
catal yzed gWﬁ%ﬂsdagrﬁzgprocess according to claim2 wherein the solid
surface includes copper and in said Step B, the Cu' originates fromthe
solid surf alceA ocels I BGrRRSy %M@ﬂb@ﬁol%@eﬁdo@h%&m X\’ﬁtﬂfd%uﬁa&é‘%eat%de@s surface

i S copper. roceéﬁ according to claim3 wherein the solid surface is an
al | oy contépﬁﬂﬁﬁmé Wi§et®Pn copper nakes up the majority of the netal
inthe alloy. 6. A process according to claim3 wherein the copper alloy is
brass. 7. A pr S a | e as a
copper plati ng%g‘%\ %ﬁ@&% gqgé@égéﬂnmt%am r{]gdor‘]rb&aﬁné%e S% agu@o%etapsurface
i ncl udes a redudnlﬁg"%tg%lntlltlahlént mwogrmrﬁln%éwghothtm@qmw h@\@ngamumiﬁcﬁmes al so
includes a Cu++ fgadtfonaldnd an@%‘onbrﬂer%%ﬂn?hﬁﬁlpﬁ’e tehﬁi%aQ!kyrfé%thi&ﬁ&lﬁ&s Al | east
in part, fron1a eduction of the Cu++ of said Step A t he redu0|ng agent
of the solid surtfdte, 9. A process according to cla|n18 wherein: in said
Step A, the reducing agent of the solid surface is a netal capable of
reducing cu . 0 i sai d
Step A, the ma%“a g|Js scéﬁgll ¢ Or)gﬁnesr zﬁﬁ&n éﬂh@%@hﬁ@?&%&%%e}wﬁfeﬁ Otﬁaﬂhﬁgl nc,
iron, aluni numfumﬁ@nmlu@ﬁe\sihumnunalatlhyoy n@flortadjppeeno forn ﬂu?. 3 irtazme gedugsri num
and magnesi um bk Rt BRERE (IRCLREN b1 RerCodinR dh MPSHIRI firfabd) Sai d Step A,

the Cu++ salt is present in The nononmer m xture at a concentration of

2. A process according to claim 1 wherein:
in said Step B, the polymerization of the monomers is catalyzed by Cu’.

3. A process according to claim 2 wherein the solid surface includes copper and
in said Step B, the Cu’ originates from the solid surface.

4. A process according to claim 3 wherein the solid surface is copper.

5. A process according to claim 3 wherein the solid surface is an alloy containing copper
wherein copper makes up the majority of the metal in the alloy.

6. A process according to claim 3 wherein the copper alloy is brass.
7. A process according to claim 3 wherein the solid surface has a copper plating.
8. A process according to claim 2 wherein the solid surface includes a reducing agent and

in said Step A, the mixture of monomers also includes a Cu™” salt; and



10 nol % relative to the concentration of at |east one of the nultival ent
nononers. 12. A process according to claiml wherein: in said Step A the
mul tival ent nononmers are each i ndependently represented by Formula I:
R-[Core]--(X-RG (Formula 1) n whergin: "Core" is a nultiradical core and

is selected fromthe group of nultira %al s consisting of aliphatic, aryl,

het eroaryl, am ne, al kenyl, ether, carbonate, carbamate, sulfonyl, sulfate,
t hi oether, selenyl ether, and urea; Ris a functionality that binds to netal

lons or to met ﬁlsaﬁi%téa[?ﬁetﬁe %doli ithQ??imeaé?ri %zﬁ't ?rop‘[ ?%‘dﬁ@t} S?ltﬁec(tgﬁd ogfga%n t he
group consi sting of ‘@nhe, heteroaryl, ca_rrb xylate, su Yat e, iol, and
hydroxyl ; RG i s Ser dibyithordudingagentiof the seidsotfeet. f rom t he group consi sting of
azide and termnal alkyne; and -33- X is a linker for linking RGto the
"Core" and is optionally absent or selected fromthe group of diradicals
consi sti ng ‘bf AATRSASY Eseprdirgig)claing §hg¢in: al kynyl , al koxy, al kylthio,

al kyl am ne; aryl, heteroaryl, and heteroaromatic; and "n"is 2 or greater.

13. A process accordin Q claimil rein the mnoners are selected from
the oroup. - conts SR oy MEsEBRR AT RS: B ke ROCRRG BB BEIEETTs W ho

o+

H N3~ -~/ N ~ft. Qi #HCU'N N8 N3~ NHZ N3 > Y N3 N3 "N N3 N3 N3 0

10. A process according to claim 9 wherein:

in said Step A, the metal is selected from the group consisting of copper, zinc, iron,
aluminum, and magnesium or alloys of copper, zinc, iron, aluminum, and

magnesium.
1. A process according to claim 8 wherein:

in said Step A, the Cu’" salt is present in the monomer mixture at a concentration of

10 mol% relative to the concentration of at least one of the multivalent monomers.

12. A process according to claim 1 wherein:

in said Step A, the multivalent monomers are each independently represented by

Formula I:

R—[Core]—(X—RG) (Formula I)
n

wherein:

“Core” is a multiradical core and is selected from the group of multiradicals consisting
of aliphatic, aryl, heteroaryl, amine, alkenyl, ether, carbonate, carbamate, sulfonyl,
sulfate, thioether, selenyl ether, and urea;

R is a functionality that binds to metal ions or to metal surfaces and is absent or is a
radical selected from the group consisting of amine, heteroaryl, carboxylate,
sulfate, thiol, and hydroxyl;

RG is a functionality and is selected from the group consisting of azide and terminal

alkyne; and



NJ, YNO "N~~Fs O~/ ~. Il OHO OO 11 IIl 14. A process according to

claim 13 wherein the nononers are selected fromthe group

consi sting of

conpounds having the following structures: N3 HHI1 .NHNN, NH QXH
N3-,-~NL NI/ HO~ ~ N3 ~I k"I N'" ~~ INN.v % NI N 3 N3 -34- 15. A nethod

according to claimi14 wherein the nonolers conprise conpounds having the
followng structures: QH HO X\ Na ..N-..<. N3 16. A process according to
claiml wherein: in said Step A, the m xture of nmultivalent nononers is

applied onto % isa mlgerq‘orsl?rlll!lrclig to tl?eCeCo%” and is optionally absent or selected from the
group of diradicals consisting of alkyl(C1-C20), alkenyl, alkynyl, alkoxy, alkylthio,

alkylamine; aryl, heteroaryl, and heteroaromatic; and

‘G My

1S 2 or greater.

13. A process according to claim 12 wherein the monomers are selected from the group

consisting of compounds having the following structures:

Xx._o_“#;
Nj j\ N3 N3
N3
y
/ / L
H K NONH S0 0
\/N/ ; \'l\]/ & ; \©/ ; O\ ;
- O.
HN._Z o_# m
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4. A process according to claim 13 wherein the monomers are selected from the group

consisting of compounds having the following structures:

N3
/
H
H Na~_~_-N_N_NH \/n N. NH
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N3 HN._ 7
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uniformy distributing a solution of the nultival ent nonomers dissolved in
an organi c solvent on the cleaned solid surface; and evaporating the organic
solvent fromthe distributed solution. 17. A process according to claims$8
wherein: in said Step A, the m xture of nmultivalent nononmers is applied onto
a cleaned solid surface by uniformy-#-stributing a solution of the

mul tival ent nononers dissolved in an organic solvent on the cleaned solid
surface; and evaporating the organic solvent fromthe distributed solution.
18. An adhesj v 0 r coating.faormed on a solid surface accordi .to any
of the pr o&sgﬁethﬁ%ﬁpm PP e o MOMETSORPESE C?*BPW@? Vg an
adhesi ve pothy fi|fowdeg®nictusest ween two or nore solid surfaces, the process
conprising the follow ng steps: Step A applying a m xture of multival ent
mononer s between the solid surfacesy, the mxture of nultival ent nononers

i ncl udi ng both nononers havingHaukgiPle -35%.azide functionalities and
nmononmers having nmultiple term nal 'K%nﬁ ﬁug&LLQﬁaLities; and then Step B:
catal yzing a polynerization of thé nohoners by condensation of azide
functionalities with term nal al kyne functionalities to form1,2,3-triazole
groups and thereby form ng the adhesive pol yner cenent between the solid
surfaces. PD. Alprpgessassrdagetorctiimg wieerehai m 19 wherein: in said Step B, the
pol ymeri zati on of the nonomers is catalyzed by Cu'. 21. A process according
to claim20 wherein at |east one of the solid surfaces includes copper and
in said Step Bin saieSteRA, Beingikhwae elsnulgivalprtasenomerparppliedronin a2 Hearedppler sol i d
surface. 22. A Q9 according to claim 21 wherein both of the solid
surfaces are copper. 23. A process according to claim?21 wherein the solid
surfaces are an all oy containing copper wherein copper nakes up the

maj ority of the metal unifothg ddttiOyting2adolufion bDhe sifil@etar HoAgmeR dédsalived ial

wherein the COppa%rorgzlmligélohI/eSnt 815 feleaned solid surface; and

evaporating the organic solvent from the distributed solution.
17. A process according to claim 8 wherein:

in said Step A, the mixture of multivalent monomers is applied onto a cleaned solid

surface by

uniformly distributing a solution of the multivalent monomers dissolved in

an organic solvent on the cleaned solid surface; and
evaporating the organic solvent from the distributed solution.

18. An adhesive polymer coating formed on a solid surface according to any of the

processes described in claims 1-17,

19. A process for forming an adhesive polymer cement between two or more solid

surfaces, the process comprising the following steps:

Step A:  applying a mixture of multivalent monomers between the solid surfaces,

the mixture of multivalent monomers including both monomers having multiple



25. A process according to claim21 wherein the solid surfaces have a copper
plating. 26. A process according to claim20 wherein the solid surfaces

i nclude a reducing agent and in said Step A, the mxture of mnultival ent
nononers al so includes a Cu" salt; and in said Step B, the Cu+ originates,
at least in part, froma reduction of the Cu'+ salt of said Step A by the
reduci ng agent of the solid surfaces. 23%- A process according to claim 26
wherein: in said Step A, the reducing agent of the solid surface is a netal
capable of reducing Cu' '+ to Cu'. -36- 28. A process according to claim?27
wherein: in said Step A . the metal is selected fromthe roup con5|st|ng of
copper, zinc, ird¥ideTardionalifies 2aheronereis S7ting Bvltly Gying alk&wp“érectloa@ Hies;
iron, alum num andthemagnesi um 29. A process according to claim 26 wherein:
in said Step A, the copper salt is present at a concentration of 10 nol %
relative to the concentration of at |east one of the nultival ent nononers.
30. A process aSepBdi ngatatyzoigad pollifenvdagoreoiinthe monsaed bJtcopdehsatiohef aribi¢ | vaI ent

monomter's are eachy QARRALSII Yok BRSSP HER B EOLLR 1 s Rk GO RlX

(Formula 1) R lpedfrom
the group of nul tanﬁiabﬁr@tmfﬁrrnmgéh%qdhngve psflyragt g nt ketweanythe Sﬁ@tséffé@lsyl

am ne, al kenyl, ether, carbonate, carbamate, sulfonyl, sulfate, thioether,
selenyl ether, and urea; Rjs a ;uncgl gnal ity that bi nds to metal ions or to

met al  sur f ace¥) aftdP PEssissaiingp clamd 9 WhekiiRal sel ected from the group
consi sting of am ne, heteroaryl, car boxyl ate, sulfate, thiol, and hydroxyl;

,I[QeGr Imsngl functi Onasla dté/teﬁagdthe poFy?nerlz tlon of tl?emngrpo?nqu Ps%gta?y% gb?b‘uﬂg of azide and

21. A process according to claim 20 wherein at least one of the solid surfaces includes

copper and
in said Step B, the Cu" originates, at least in part, from the copper solid surface.
22. A process according to claim 21 wherein both of the solid surfaces are copper.

23. A process according to claim 21 wherein the solid surfaces are an alloy containing

copper wherein copper makes up the majority of the metal in the alloy.

24. A process according to claim 21 wherein the copper alloy is brass.

25. A process according to claim 21 wherein the solid surfaces have a copper plating.
26. A process according to claim 20 wherein the solid surfaces include a reducing agent
and

in said Step A, the mixture of multivalent monomers also includes a Cu'" salt; and

in said Step B, the Cu” originates, at least in part, from a reduction of the Cu'" salt of
said Step A by the reducing agent of the solid surfaces.

27. A process according to claim 26 wherein:

in said Step A, the reducing agent of the solid surface is a metal capable of reducing
Cu™" to Cu”



al kyne; and X is a linker for linking RGto the "Core" and is optionally
absent or selected fromthe group of diradicals consisting of alkyl(C I
-C20), al kenyl, al kynyl, al koxy, alkylthio, alkylamne; aryl, heteroaryl,
and heteroaromatic; and "n"is 2 or greater. 31. A process according to claim
30 wherein the nmonomers are sel ected f¥%mthe group consisting of conpounds
having the following structures: -37- N3 J HHN3~ ~N~ NNHNa QH HO N i
N3\ NHL N3 " HNCN3 ' ~N3 Nt NN N310 HNH rlI NN NHO ~~.. N~ .N
"IV a0 O0,,., HNOOHO 0.0 0),. , 32. A process according to claim 31
wherein the %n%,péchssaa,cgorgg]gégf@an@?@%efeﬁé group of conpounds having the
followng structures: I' N3 HH N3, -- N ~(N,, ,NHN.NNH

in said Step A, the metal is selected from the group consisting of copper, zinc, iron,
aluminum, and magnesium or alloys of copper, zinc, iron, aluminum, and

magnesium.
29. A process according to claim 26 wherein:

in said Step A, the copper salt is present at a concentration of 10 mol% relative to the

concentration of at least one of the multivalent monomers.
30. A process according to claim 19 wherein:

in said Step A, the multivalent monomers are each independently represented by
Formula I:

R—[Core]<<X—RG> (Formula )
n

wherein:

“Core” is a multiradical core and is selected from the group of multiradicals consisting
of aliphatic, aryl, heteroaryl, amine, alkenyl, ether, carbonate, carbamate, sulfonyl,
sulfate, thioether, selenyl ether, and urea;

R is a functionality that binds to metal ions or to metal surfaces and is absent or is a
radical selected from the group consisting of amine, heteroaryl, carboxylate,
sulfate, thiol, and hydroxyl;

RG is a functionality and is selected from the group consisting of azide and terminal
alkyne; and

X is a linker for linking RG to the “Core” and is optionally absent or selected from the
group of diradicals consisting of alkyl(C1-C20), alkenyl, alkynyl, alkoxy, alkylthio,
alkylamine; aryl, heteroaryl, and heteroaromatic; and

“n”is 2 or greater.

31. A process according to claim 30 wherein the monomers are selected from the group

consisting of compounds having the following structures:



N HWNHN % - N3 33. A nethod according to claim32 wherein the nononers
conpri se conpounds having the followng structures: r HO X Ny N3 -38- 34.
A process according to claim 19 wherein: in said Step A the m xture of
mul tival ent mononmers is applied onto a cleaned solid surface by uniformy
distributing a solution of the multival’ent nononers dissolved in an organic
sol vent on the cleaned solid surface; and evaporating the organic sol vent
fromthe distributed solution. 35. A process according to claim 34 wherein:
in said Step B, the solid surfaces being placed into physical contact with
each other with an application of-Na constant pressure while catal yzing the
pol yneri zation of the nononers. 36. A process according to claim 26
wherein: in said SgepA _the mixpure of nultlvalent mononmers is applied onto
a cl eaned solig_ surfacé by yniffornmy el |but| ol ution of the
mul tival ent nono LS di ssol v q¢Wn an or ngﬁﬁ__n 1h\\cl@vpéd solid
surface; and ev oraflng t he ®rgani c sol ent fronlmbe istributed sol ution.
37. A process accordlng to claim 36 wherein: in said Step B, the solid
surfaces being placed into phy5|§ al contact wth each other wth an
application of a constant pressure while cataly2|ng t he po rization of
t he nononers. r// r%ye
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32. A process according to claim 31 wherein the monomers are selected from the group

of compounds having the following structures:

-
o H NS\/\/N\I\T&TNH %\\/n\ Ng, T\EH [
=N '\]\ _N \/ >
N3 ’ N 5 T P ’ N\/
Nj \Iﬁ HN._#
N3

33. A method according to claim 32 wherein the monomers comprise compounds

having the following structures:



38. An adhesive polyner cenent forned between two or nore solid surfaces
according to any of the processes described in clains 19-37.

38-

34. A process according to claim 19 wherein:

in said Step A, the mixture of multivalent monomers is applied onto a cleaned solid
surface by

uniformly distributing a solution of the multivalent monomers dissolved in
an organic solvent on the cleaned solid surface; and

evaporating the organic solvent from the distributed solution.
35. A process according to claim 34 wherein:
in said Step B, the solid surfaces being placed into physical contact with each other
with an application of a constant pressure while catalyzing the polymerization of
the monomers.

36. A process according to claim 26 wherein:

in said Step A, the mixture of multivalent monomers is applied onto a cleaned solid
surface by

uniformly distributing a solution of the multivalent monomers dissolved in

an organic solvent on the cleaned solid surface; and

evaporating the organic solvent from the distributed solution.

37. A process according to claim 36 wherein:

in said Step B, the solid surfaces being placed into physical contact with each other
with an application of a constant pressure while catalyzing the polymerization of

the monomers.

38. An adhesive polymer cement formed between two or more solid surfaces according
to any of the processes described in claims 19-37.





