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Pol ymeric Materials via Cick Chem stry Description
Technical Field : The invention relates to adhesive

w@odognersecoat i ngs and cenent. Mre particul arl B¢T/UB®05/026177

invention relates to the use of click chemstry for
maki ng adhesi ve pol ymer coatings and cenent.
Background : The term"click chem stry" is applied to
a collection of suprenely rel rdisl e and sel f-directed
organic reactions (KolblH C: Finn, M G ; Sharpless,
K. B. Angew. Rnlymeric Materiats via Click Chemistry)

For exanple, the identification of the copper

catal yzed azi de-al kyne [3+2] cycloaddition as a highly
reliabl e nol ecul ar Connec“[?@sériﬂti ter (Rostovtsev, V.
V.; et al. Angew. Chem I nt> "Ed: 02, 41, 2596-2599)
ha:charal Befdt t 0 augnent several types of

i nvesti_gations_of bionolecular interactions (Wang, Q ;
et al . e ipyentiperalates do adbesve pelymericpatipgg andgrsaent. More

gl e hertBh SHERL06 gt Wl i B

7 2fhedileGblymad 65atindei drrf éemént. et al . J. Am Chem
Soc. 2003, 725, 11782-1 1783). In addition,

applications to organic synthesis (Lee, L. V.; et al.

J. n Soc. 2003, 725, 9588-9589), drug
di%@gbgﬁyhﬂ(nmlb H C; Sharpless, K B. Drug Disc.

Today 20&3ter®, “cldeéhemibly: islepplied tda dollectdn af supreaely reliable
Chem Int. Ed. 2002, 41, 1053-1057), and the

f aneksedndirecied iosgamnie reaativas éEolpiveh§;.; BinnCM. &3.; Sharpless, K. B.
Angew t 2004 5.1260: FAZL0.  Fo e
0w, et It 2002 905200420257 5 G SEmBRE % ideniification
CoJf ke Bopper dataly2éd akidelargaj3+2PB¢loaddition 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
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.; et al. J. Am. Chem.
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,
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,
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ASAP, in press; Lumerstorfer, T.; Hoffmann, H J.
Phys. Chem B 2004, in press) have al so appeared. The

w@eoppeI2seat al yzed azi de-al kyne |igation procesBCtEs2005/026177

energed as a uni que conbi nation of selective
reactivity and "bul |l et-proof scope (Rostovtsev,V. V.;
et al. Angew. Chem Int. Ed 2Q02, 41, 2596-2599;
Torne, C. W; et al. J. em 2002, 67,

R 38°8) A e °ffn?é@72%%t 4 2h3e 205, of g, . etal

h
PG AR5 008 I8 IS St
t \tivé @)&bcesfs tth‘@ctcﬁS Uﬁ&b Mi0d while \pre Sevviigt the RasttmesssevbotN.azides
V. ; al Chem Int. Ed. 2002, 41, 2596-2599;
VaRg, alkynesetpv@rd the vashmajrEy; ofgfyachqmjgroq%and conditions that
333?% o)ailrga'li)of tﬁe@f Pddia) eﬁvﬁma%lﬂ?FﬁéétWtsQ?;VEgﬁ[éé IaI Angew.

n-a c ean s rrazo ni ng

de{mbrm et SEd.\¥002P 471, 2596‘-‘2599\n Yeahg @emst al. Nk ArEICh@®0%oc.
in press). Polyner synthesis depends on alimted

n2093s 185 312 a)a&) tRecentlyc Cligkechaamiptry hastieapesmployed in a
ex cI| activit r he ch i gn
R Sfeus of ez Containing. deRTYER AYHGRE FRndngew
CYSASIAdRE LE@ 0022 YRiss.0 be so enpl oyed (For exanpl es
of condensation pol yners formed from non-catal yzed

azi de cycl oaddi ti on, anDng ot her reactions, see: N G
Rogov, E.P. Kab ova, ya, Ross. Khim. Zh.

1057, FEIVTeESfeys daRancs Sniolaial nmbes b iAo pat
enmiQys ri | ncﬁ@?&?éimg%s%%ﬁéﬁ Pﬁctlgﬁy Y fever, the ghampion

mat eri al s, sive meric’ coatings
c éotmkt prcwm; the mmmdaed:atalyzed:dazndk-mkwm qmrqaddntmneshss yet to be
that enp i tri-, and tetraval ent az

di -, de
|Sfeﬁme'0e/6¥ Fenexaneies of coe%&%qtmk@ayrg@r%émd fom
1 I
eSS RRIERAHE o et bR o 100 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
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.

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

process is performed on a copper containing surface using monomer mixtures
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pol yneric coatings or which are enpl oyabl e as adhesi ve
pol yneric cenents for bonding such surfaces to one

w@anwbhersed Summary @ The copper(l)-catal yzed  PCT/US2005/026177

cycl oaddition reacti on between azi des and al kynes has

been enpl oyed herein to nmake adhesive materials, i.e.,
adhesi ve pol yneric coatings and adhesi ve pol yneric

cement. In a preferred node, 196 process i s perforned

on a copper containing surface using nononer )
nihat lr@seonperisatik e Hypéistanga, the goppescomaininesurfageesupplies
c ’ P .
Ao anp bbb 3L ) RIAREIeREoy HEusIfg g Bolmerization
PprouBssita actonsgleoensoh Suols sUrfased. elf ansther Abdey eHe process is
surfaces. |In another node, the process is performed on

r eatfermed eetradueingmaeiabsyiéaces ying Manoamet mixderesihat include a

 B5bUSPt RIRBnRhEe B 0 S00al By BTG LA efucon
saf thertddper saltavithin the mixire hetHeeddeicing metalsufdcéadae -
The resulting materials were found to possess

c spsdlingmatesials weee fandigHessess sompsgabletas ssparaaadhesive

SRR st coPlfieftid 10 ErB Bk Rl BlrpfBSns have
NIEKES seveidifpoeaftigtopéiies aF Bes maoridre in e Rég4ra.
is directed to a process for form ng an adhesive

pol ymer coating on a solid surface. The process

conpriges two steps.. | n one. ste moxture qf .

il £ v Brotgsh SR iny EndEis idtedts"d Rkt forming an
suihasife pblyendF edating o a BYlid 5WFAGNt TRBPROESSS ddMpristastwo

bot h nononmers having nmultiple azide functionalities .
aftepsoriomnesstapna mixture of mulivatantinenoraetsin@pplied onto the solid

| SRR TheamaTis. ol m el Thado Borm DeRE e it Hitridipers having
apiuieplé Wtdd fnationdiRies and rhbfomeROABVIAg MtiPIe terminal alkyne
mul tivalent termnal al kyne functionalities. The

c iungtippalitiqso| Inrthe iotzaristep, 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
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
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™, énd 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

agent of the solid surface may be a metal capable of reducing Cu** to Cu".
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reaction causes the formation of the adhesive polyner

coating on the solid surface.

In a preferred node, the

w@ologiersszat i on of the nononmers is catal yzed bRCT2US200$/026177

the solid surface

one aspect of this preferred node,
i ncl udes copper and, in the catalysis step, the Cu+
originates fromthe solid surfgce. The solid surface
may be copper or an alloy containing copper wherein

PP ro BRI MGhIo, BHERE s ok aREL A Ay fopfigsium or

hachzysaofocunwr phatirorg aluminanmtdmermagresiinf Withirs this aspect of
p ef erred node, the solid surface includes a reducing

preferred madeu the aprReN Saby withis the siitte i9fl0oopiferelative to at

I
ok ble of BFE FRABCH ASTHER, . PlermeR MRulilalenf monomers may
f each aenmpnndmtrpfrepﬂeeemﬂmwmhmtrhe m xture by the
reduci ng agent of the solid surface. For exanple, the

reduci ng agent of the g [ %E.L{%c_q_} y be a netal (Formulal)

capabl e of reducing Cu++ red nmetals
i ncl ude copper, zinc, iron, alum num "and magnesi um or

aln Bysnulé | ChRPGareZiss multirBicaPéstsi dHk s@l&t@@%‘%tﬂé@mup of
Wthin this aspect of the preferred node, the copper

smwtlraﬂpﬁlsmqmtwg@fwlpha@c B0yInbeBroayhaimioet alkanyl ether,

bR Bl SR RO eS8 and R i
r snrraﬁienbﬁ@ tHMt Eﬁﬂ% ?nétal iBné QPfc?ﬂqeﬁél s%@acéﬁ a%dﬁE‘al'b@gP\t or

nin Formula I, I's a tiradi core
i seleeteddtai tlﬂe gmumef r@rdmabs congisting ofeaing, fetaroanst i ng

Lokl Stip@n e sne iyl RER Advedianalbeandis selected
Sﬁbﬁﬂ)ﬁb é)%lrl]ﬁﬁ §§ﬁ’nd*f)re§zrd5ana t?rrﬁfﬁ@fél’kgﬂé"lkﬁ tlrﬂﬂ%r for linking

bi nds t rreta lons or to neta san
oRGstel thet‘€oré’ ramﬂ Isheptpnallp abseritash s cted Prosh mes Qﬂ)u‘pfof
am ne, heteroary

diradicals consrstrng 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:

N3 / & S
v SN S o o/ @[
\\/N\// ’ \f\'l//N ’ > o O/\ s
H\Nr Z o_“# l[ ]I
OH 0]
O O
= O.—: [ = 7
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carboxyl ate, sulfate, thiol, and hydroxyl; RGis a
functionality and is selected fromthe group

wa@onsistseng of azide and term nal al kyne; X i sSPEI/Us10k®026177

for linking RGto the "Core" and is optionally absent

or selected fromthe group of diradicals consisting of

al kyl (Ci1-C20), al kenyl, alkynyl, al koxy, alkylthio,

al kyl am ne; aryl, heteroaryl,” dand heteroaromatic; and
"nt is .2 or greater Preferred moponers ne e )
- AeiatiieBi 1R, RIS e d MO S<rAY BRUFRESAIRd Ruihe fllgwing
tgﬁ, Piugdsrred nononmers may be represented by the

0 IJOWI ng structures: Alterpatively, the preferred
nononers nay be representgﬂpby the foll ovvip

structures: The appl jcati step of this ffocess may

i ncl ude t sulB'St/épsN P i ng%h,eN\r‘p mhe by

di ss&Pvi g the multiv w NONONer s N&,gn orga P
sol vent Nt h or witho a copper saltnﬂ)en’ \// ‘
dlstrltﬂitlngthe m xturelin a uniform menner on the

cl eaned solid; and allowihg the organic solvent to
evapor at e fromthe distriButed m xture. Another aspect

of; [ ot ;
O AUEARABY S PR Red e e BRERRRKE ) Wi ofpuin
tls’euptuoe:sesses descri bed above. Another aspect of the
invention is directeg,toJd process for forning an

adhesi ve pol ymer cenment Xet weengt wq| orznore solid
surfaces. The process donpt ses\@ ps In one

step, a mixture of multfval ent rmnomsrs is applied

b&heepplitators slepdbftbisfproesss mag imglydel tree slibsteps of &dratitig the
nmononer s i ncl udes bot h nmononers having nmultiple azide

f OHEre Ry dissobdng the myiyatand menamey s ian; ?ﬂgé”tce‘v‘rqwéﬁﬁl with or
alfHBEt & LBEPEPEA: theF TistriBlUthdEh8 i&tur& iif B urfform manner on the

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

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
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 multivalent terminal alkyne functionalities is catalyzed

for forming the adhesive polymer cement between the solid surfaces. In a
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pol yneri zation of the nononers having nmultival ent
azide functionalities with the nononers havi ng

woriobioyabent term nal al kyne functionalities iBCT/US2005/026177

catal yzed for formng the adhesive pol yner cenent
between the solid surfaces. In apreferred node, the
pol yneri zati on of the nononers_is catalyzed by Cu+. In
a preferred node, the polynerlﬁation of the nononers

is catalyzed by Cu+. In one ect of this preferre
mbERferreddNade %eamra%zatm fﬁdﬁ% MQIIRErSHR gatalyzadhy Cu”. Ina

C t +
N T e
cmbaasmengotmpmpwefeﬂn@d eiodes dmeohdmhn@awmchmesmqp@er apd, in
of the rretal in thSH all oy, such as brass. The s

a

smq qelalyis stepr ey 9@9@%9@55@71 the &pllcﬁgurfﬁﬁe aﬁaﬁrﬁ@.hd surface
Nifhe SoublL 3,81 SISLESHaMT ol AALLS) QP fatms g e

S(mmoﬂtyclff the pwstal ipahe allbatsyvbt anbiask| yTh@@bhdie&rféhe“may merely
and, in the catalysis step, the Cu+ orl%nat es,
I é‘é‘&? g WWP'atﬂ%HP@WOéWCQSR?ﬁt gf thisareferred \M‘Qqﬁ r‘ih@ gelid

MHYEE rpc%fu&é%e% é@%ﬂ&@gﬁéﬁp e ﬁ{')gw%eﬁ'%l"l' udéd Eas%%rce of

For éxa agen € solid surface

meyppper @ammaalpom@ny mchide“se@u'@*t a0d Gu the tcatdlysis step, the Cu’
Preferred nmetals include copper, zinc, iron, aluni

,a@algm%@tﬁﬁséﬂn BATtoiamcA radsystin of ngSu"T Wishin the mixiure by

pre crred’ iog Wﬁ@%ﬁ%éwfé&r nFBP%ﬁa'ﬂB%ﬁgﬁemPéqu}ct@ agent of

1éhereblid seifacd Haaytse aimdtarcdpadie obfedurtingialit’ toaCent Preferred
nmononers. Preferred nultival ent nonomers may each be

| rﬁ@%@@rﬂﬁé'#ﬂp)ﬂopéﬁf emqwr@a BlunrBY Ay RAdIMagresium ag 3lloys of

Bl ' o e
(EREeL ) L S8 hurm, B B My algocle
Mpréfiefr@di raals, m@rwm‘abr BQIt @ithal thehaixdure Rr40 mol% relative to at
heteroaryl, am ne, al kenyl, ether,
least one of the multivalent monomers. Preferred multivalent monomers may

each be independently represented by Formula I:

R—[Core]—{X—RG) (Formula |)

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
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,

alkylamine, aryl, heteroaryl, and heteroaromatic; and “n” is 2 or greater.
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.invention i s diﬂ

carbonate, carbamate, sulfonyl, sulfate, thioether,
sel enyl ether, and urea; Ris a functionality that

whrwd®11569 netal ions or to netal surfaces and PCI/ER®OF026177

or selected fromthe group of radicals consisting of
am ne, heteroaryl, carboxylate, sulfate, thiol, and

hydroxyl; RGis a functionali t?/ and is selected from
t he group consi sting of azide and termnal al kyne; X

ker for linkin nd is
opESTeRa onaBerm M3y HedeBtaseRtaq B Bighdusisfctures:
di radi cal s consisting of alkyl (Cl-C20), alkenyl,
al kynyl , al koxy, al kylt,o, al kyl am ne, aryl,
het eroaryl, and heter??onati c; and "n" is 2 or
greater. Preferreﬂi nongner s rray be represent ed by the

foIHI oW ter b t g preferred
nono rray be r hesent ed foII
strucf uré‘s Al ternati vel y, pr%terred B?mers%ryo/’

be represent ed by the foll OWI ng structures The
application step of this process may include the /

substeps of forming the m re by diss vrngthe
mul ti val ent nono sfin a nie sol or

wi t houtsa Ropger. sartoy NTfend r| |ngthe afey ;
in a uniform manner o eceaned lid;” and &Ll owi ng
t he organi c sol vent tlotw%orate erm/%e di| strqut ed
m xture. The catalysis step of this processlay

i ncl ude the sy
physi cal comt’a
a constant pre
pol ymeri zati on

of placing the solid gsurffaces into
wytt=each sther vvith_=arr(§§<qgt—r=6n of
ure while | yzi ng the )
t he mmoﬁ%r/s\/?not her aspgct of the
cted to an adhesive pol ynef cenment

ft%tr@&l&%ﬂg‘r@gégg ntaé‘@%@qee?g &é}pﬁé‘ r ﬁ%ﬁ%p%&% HleB1bRing

e proce er-

aztruk&tuaésgyne cycloaddition is a conveni ent nethod for

N3
/
H
OH NS\/\/NYN\ NH \/n N NH =
HO
. l\l\fN . ?\]//N . \/N\/
N3 » HN s P » .
Ng HN._Z

N3

Alternatively, the preferred monomers may be represented by the following

H \
HO S
Ne 5 N_N_F
N3

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

structures:

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
cleaned solid; and allowing the organic solvent to evaporate from the

distributed mixture. The catalysis step of this process may include the substep

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



10

15

20

25

30

synt hesi zi ng bul k polynmers with adhesive properties.
It is disclosed herein that sone of the sane nononers

wenpboxseh t o synt hesi ze the bul k pol ymer al so BCBES®05/026177

adhesi ve bonds to glass, plastic, netals, and other

solid surfaces for form ng adhesive coatings and

cenent for allowng for fusion,of these naterials to

one another. Brief Description®df Figures: Figure 1

shows the copper-catal yzed [ 3+2] ycloaddltlon of th
dRBRYcaEon afia ‘?Pﬁﬂﬁ%ntoqrﬁﬁﬂifﬁé"’@'et@t@ ygiag4h e.mewtw@f the
=l oTd ed by structure 3. Figure 2 shows a series of
events 1 eading to adhesion to copper by the formation

of networked triazoles. Figure 3 shows the structures

of the selected al kynes and azides that were tested

f or t hé”ﬁmquais?eﬁfd)fftb? r\ﬁ“@m@@l@/é'rﬁ@qeﬁﬁﬁraé‘ aghegiveepalymer
érl}‘l'éﬁﬁ%oqh{é‘ar\?ét%@b @E%’r m @Hﬁﬁ'sﬂ ek ha%chd?rﬁ osth%fprocess

e conbl nations 0O e d| erent yners
ngstfrﬂ)eﬂ atsowe. gr aph show ng the rraX| mum | oad (kg) as a
function of the anpunts of nononers used.Figure 6 is a
series of scherres showi ng the synthesis of the

gg??ggbé cc%rﬁ%ttr??%s%@ SP{? %g&lg%glhlgé 9%' Egp%vhﬁleﬂt method for

neymhemmnga&ﬂk polyiniers adithesd hestvd ropertids. dtfsediSclosed herein that
series of reactions showi ng the synthesis of the

nﬁ%ﬁé}féh‘é@émq mopRmess REYIQNES tossinthesizgythecbykipglygner also
f
i Bk PO IO BARRO B e Sl PR s o
formlng adhesive coatings and cement for allowing for fusion of these

materials to one another.

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.

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.

Figure 4 is a three-dimensional chart summarizing the results of the

combinations of the different polymers tested.

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

amounts of monomers used.
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Figure 10 is a table that shows the cal cul ati on of kg
| oad per g adhesive values shown in Figure 9. The

wezxpenizsent s performed with GAP are not shown PET/852005/026177

Figure 11 is a table that summari zes the prelimnary
measurenents of adhesive strength for zinc plates.
Figure 12 is a table that su rizes the kg |load per g
adhesi ve results for zinc plat®S. Figure 13 is a table

that shows the nmaxjnmum | pad as . a function of a nts
of - onBIbFS 68 EbHESSenemes STAWIRG s SHSFsig Of the onomers
expsy | !t SIS @ddi tives were incorporated.

Figure is two charts showi ng the dependence of
adhesi ve strength on the indicated variabl es. Figure 16

is a table conparing the copper, content of adhesiyve

m xt ur Qurﬁﬁga@eseﬂpgsi%f r@asncﬁwsm@sm ﬁwhﬁﬁlszﬁfﬁ%fnonomefs
0 ' i thin the adhesive polyner vs.
agﬁé@)?\eg{eg%%{%q%?ﬁt) and adhesive strength per

unit weight adhesive (right). Figure 18 is a reaction

showi ng the synthesis of a linear polyner from

i ngl oFiesiie AP AdaTis oigeadions FuNg e ErasPE®! the monomers
Dﬁ§§<§ iPiHeCneshtl tekfie copper - catal yzed [ 3+2]

cycloadditron can provide polynmers was shown by the
condensation of diazide 1 with dialkyne 2 (Figure 1)
The resulting |inear PolynEr was found t

, 9, b
DVBO- s b1Quse & It 1@pleap Wt%@ﬂ@iﬁpﬁﬁfﬂ%@ul@m iegw%@%ts and
dsREAGIAWFRD rEXNIERS bARedPe b8 mddsurda) 22 (M2 = 12, 565)

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.

Figure 11 is a table that summarizes the preliminary measurements of

adhesive strength for zinc plates.

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.

Figure 14 is a table showing experiments where additives were

incorporated. ,

Figure 15 is two charts showing the dependence of adhesive strength

on the indicated variables.
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(Experinental details are available fromthe authors
upon request). O her exanples using A-B nononers

W@ e@bherseds han the A-A + B-B conbi nati on repr espait/es2005026177

1 + 2) have been prepared and will be reported
separately. The successful formation of an adhesive on
copper surfaces requires the _nﬁfgl to function in at

| east two cruci al vvays depicted in Figure 2. It nust

serve

acet yl | etﬁ‘etsl‘lgigg%:tagl n%heﬁ&g he &SPF{G?{ C%Eénq of adhesﬁ/g mixtures.
triazole-formng reaction, at both the netal surface

and in_the devel oping organic matrix. The bul k net al

nust aIFQS"%lestt‘Uotgﬁ%P@ﬁ %'W‘M'@grfbe pmaunt 9§ coppenueondained within

(BB Bolimer Vs, BHASTRE ST i arigsgie stength per
danigweightadhesas® (righ: or p-interactions). It is

possi bl e that the polymer-formng process can also
"etch" the surface by extraction of copper ions,

creati r: ' th. a rred
oundar P Ee e 3 AR pRANBLE SuPtredisthrea et Rojgmer from a
t singomenbatst whieh Basdif-afactipe. above required functions

of copper nmetal has anple precedent. Metallic copper

has been found to be a convenient source of Cu(l) ions

for effective azide-al kyne cycl oadditi on (Rostovtsev,

V. V.; et al. Angew. Chem Int. Ed. 2002, 41,
2betail2aIIesaribrign: Q ; et al. J. Am Chem Soc. 2003,

125, 3192- 3193) The process is likely to proceed by a
conpr opBatth 6%9@!‘1‘061?3')(29@ [By2] eycieadstitiary carx paamide polyimers

:ﬁ%%%@gwﬂﬁﬂhg Q gﬂ%ﬁr’ fa%g%g Wn‘tﬁtd)é%m gr(Flgure(I) The

aresnfivgdin@ar dblynter Qa\t/vbg'?ouﬁh ﬁ)oﬂ)é‘ta'WSQ: §8IuBPe matefrlal with

regenerated at ‘the netal surface. In th
chivadmmeleculan wefigldwdistyibutomekiendinesh th(ﬂ )53t2%)220(Ihﬁ$’Qr— 09,565)

actions in ferf-butanol/water (Fokin,
\fé%pérla"%|$%ﬂl earfee%\(ﬁllla%e from the authors upon requc(ast) 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.

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
polymer, by virtue of interactions of the surface with multiple triazoles (and
perhaps also with other groups, including dangling alkynes in O- or
T-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
backbone.
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Furthernore, it has |ong been known that 1,2,4- and
1,2,3-triazoles have a strong affinity for netal ions

wammesirséaces, and both small nol ecul es and poPGIESD05/026177

contai ning these units are used as anticorrosive
agents (Trachli, B.; et al. Cbrros Sci. 2002, 44,
997-1008; Cao, P. G; Yao, J.4l.; Zheng, J. W; @u, R
A.; Tian Z. Q LangnU|r 2002 18 100- 104 EI-Naggar

et aI éﬁc’h R&B]e a%?ve%zqoer%gy ﬁéi\l %813 0 %%%bgg feg%glas ample

Cbl‘éé%bﬁf , MMallie coppitdRisisedrfolnd t&'88 a d9%v/en |é§ﬂré%u‘?§e of Cu(l)
Anti - Corrosion Methods and Materials 1974, 21,

1ions fa) effectiveraridesatkynd cyolsadditiont(Rastoytdeudi Vc; et al Angew.

Lo Vo B IR Y, B8l oA iy e
Shogst g boin FETEMRERSROED B 9.0,

leaapidimttiondbiomoof Cu(lIl creblted, byKoxid &bk of §I.1rfﬁ:e métal, orlddded to
K.: Oh, ,S. Y. J. Ap{)l . Polym_ Sci 2002
2B@xaytion) withthe Gu(OF surfece. mbfeﬁctlvau(%ﬁhw geperated, when

Eq@%ﬁcgil@gat}b jr %er?ﬁ?lan g&oﬁﬂﬁﬂﬁaﬂ\% é%é@terg%;apétﬁmgrrh@l%l surface.

dlrsthisawagd dveconddratationef Ggl)dé mdintained, Io@rtab c(raeldof 200-700
I{g/\f/}(g mononers would give rise to crossl

F kK2aGkiRBR in fiT-PetaneHwaterdhpkin. Yot annuh‘gehed results).
TR i 138558 PO S g L 0 A e

abtrong wffinity ffor mete ierss ared poifaces, antNotle sava| mare@uIEs)@mH

[ nconcentrat ed stock solutions using the mninmm
neel¥Eess GoRtANING thaseunjisnare tmd\@sn@nt(quml\qq,agwis (braghli, B

h [ t t
Pk ST 0%, e SO LI Kb Fortre Yy Suficgnena. o. W
pGat R. A2THahh2, @l &bﬁgmmocaﬁeahw—mnrm r, MO®A. J. Mat.
rel evant region of t late’ (previously marked in
p&nic 20P0 85, I631&9a61%l Q@ﬁ‘ﬁaoewaﬁ/o,reitaéd.l Appl. Blectpiciees 2000,
e g&sg cr cisse ﬁ
959-906; 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
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]
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)

was tested for the ability to form adhesive polymers (Monomers were mixed in
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right angles to bring the treated surfaces in contact
wi th each other, and allowed to anneal under

waeeonsonosted conditions). The experinmental procBOLUS2005/026177

consi sted of spreading a m xture of nononers dissol ved
in the m ni num anount of solvent over the surface of
two netal plates, and pressing,the crossed plates
toget her under wel | -defined 'gﬁd'iti ons of pressure,

mper nme after  evaporation o
ARG atdd stoR selitCha s e e A B o< akagount of organic
”%I@érhta(hsﬁﬁl!y"?ﬂFV\@% MSh &/aEhHéneMe B IHY +éaﬁm{eaearﬁ@ur%f stock
normal to the surface required to separate the adhered
ptmxtesa Was shempdeposited' atdbe 'centestof eaThglatexandthe ouxisre was

TBROELG ShiEkd Famiie gé]mﬁééglpﬁﬁaﬁﬁ ol iUt gerked in
Egéqcﬁgmﬁlbqﬁé‘%l\)%? ef/é’bkﬂgtéoo e ﬁNdS %W%lré( tr?éﬂibrlosséd at

asurements wth conmer ci a esi ve nost
ofigigrargies tdbiimg tHe seatedlsurkaces Ilressntaebwmbl eachlothenpandl

anlgg/&qrfﬂb %ﬁr&%lﬁ&@é( lgﬁ&éjlf%%@cgg %rég%%tnal 4l nIg%(ocedure
CEOMEEtel sy %Q%&ttﬂé%@%‘?{% d?f]ym Agﬁ?ol\?ﬁ)ﬂﬂh %In@rﬂum

on the ri ng opem g polyner ori
aiamounteet sl vént qmeeihe satfaceof tve meitailplsbesf ancdaprevssur’rg the

2 TR
p{e?nfé}éwragﬁﬁé‘ﬁn{éeéf?ér tHe%’&I\%ﬁ deng hQiiage

ead to a enS|tyo triazol es at
t Aghaewtapowet of éademamhltfblen@d was detemmiaad dy radhgamngethe

RS oS e s o et s e
B
wihieherrersofutbese Weﬂa@ed&ngaa&nﬁems (tbremuddepend@wthepkﬂ&ates per
tgx;georprﬁent) was toﬂrﬁ to bgvaoreYatlv%Iy 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
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
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

outperformed the commercial glues.
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tripropargylamne (14) and, to a | esser extent,
trial kyne 10, significantly outperforned the

weomeizssal gl ues. Two factors appear to be nDSPCT/US2005/026177

important in determning the power of azide/alkyne
adhesi ve m xtures: the nunber of "arns" of the
nmononeric units, and the pres ce of an am ne group.
The forner factor is presurrabl “rel at ed to the degr ee
of crosslinking of the resulting poly

conbl nk¥P SAGtORT apearitade mesHimA aat.rrege(%menn%hquwer of
I
S BRI TSSO S e BB urv,

aaved ﬂﬁDpl&Sbncéof hh ansineyro ke Thélﬁ@tm@%etmh@dresumably related
structures are fornmed efﬂmently@céd{]lng cl osure, but
s@éHeM‘F% of crasglinking OBH]%@SHBE'&EJ gk pBP‘éﬁ (gcynblqrﬁgons of

eéu?akﬁ%&%fhf d.amyﬂgs gamhaéggw@n@g%% 6’6’6&&’?@ s, ST ﬁ%@{e@a‘étlons

npari sons- o

aéﬂoum rddutelihear Astigrshan eovsleatly eiosks- Itnlketjhgolymers analogous
copBer cat al yzed process because they assist in the

ubds onlikgly that setanated struelvegseg farmedaatticiently by ring
tive chelatln i nter i,on

A8 iy B E ich BESSttfs S ting EBBeed sERERILGT The drtcacy of
témﬁ{ééérﬂémlr)/d ﬁmn@%ergmménﬁ%tbuw dorAparsbrar st 9 vs. 8, and

hly active catal ysts in solution-phase
t 14 axz.odtbef trrpudagaikyaes (thry3ho Anmngaare: beyeﬁme@péhan d
blOCOﬂJ tio

eRpe A2 ploseag beguse they dgsistit g PrOGUGHOR of
g@gdaceylj‘a@lﬁfe‘?ﬁ%dla-f@seahg Q%fhb@'ﬂéj} doereielind cM‘@I‘aEH%er?teractlons
striou 0

tions condensation polyners are extre
switls ithe westalacdriter. flndeéd cthaICLgrcmmpleaes of trw(thhzd:lgmane)
chai ns bei ng produced the closer the ratiqQ ap Proaches
ummpowmisﬁ?rlvqﬂ frgm 1are higblyAdiye sptagsty i polution-phase
t ; .
B TAE nd Rt FE AN REES o RSBl Hng, 0
t Stealnat Afre Crlent.F8oc: 2008] I pE.e3N odBEF3;vEhan, T. R.; et al. Org. Lett.

2004, submitted).

The length and molecular weight distributions of condensation polymers
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 IIl).
It might therefore be expected that the nature of the crosslinked adhesives
produced here would also reflect this parameter. Indeed, the material formed
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).
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produced here would al so reflect this paraneter.
I ndeed, the material forned from|[4+14] was quite

wGeensiiisee to functional group stoichionetry, BEODUSWGS/026177

far better strength at a 1: 1 ratio of azides to

al kynes than at a 1: 1 .5 ratio of functional groups.
In contrast, the mxture of [;}%%O] was relatively
insensitive to changes in thé norrer ratio (Fi gure

4) Gv ual coverage  of adhere urfaces,
a8 bk fovarage g 26hatl srihness nicues phicreasing

r&ﬁHhﬁtgtcwéléﬁ%sadWe%r W J)fté’rp I Rtg ﬁhis?rlﬂ}eli’all %ﬁ&né@%ehaﬁ\.

e comer cl al ue use or conparits

tSeth was (he gase with. thércomnemaltglueahted fore:anmmn testing
combi nati ons gave i nproved performance when used in
@HQJ@' e AmbusPatragts alf mswmqrrpww@b@atlm gawa improved

&c%@ﬁ%ﬁs%ﬁ i%?é’ééﬁaﬁﬁguﬁ’t)é a8 %ﬁowﬁ r?ﬁ F?edr%lﬁ ®The most

con al ni ng mononer

sdrppedticaskamfle kgas\prewvicey bwﬁm&hefmlﬁﬂ% mn'&ainﬁagﬁ’leﬂnmol of
(0.1 5 mol of each nononer) ;ave nearly three tines
t @aRChsMeaAgieas on qomgrk@;ppon% ﬁtkgéalhe/rsaa dhe uge &f SR/ more

o RSUAPRTRDSS R BRTaLE b P Sk et

C(qmuak?) arheRiter varRe®pyéesanits fHe I stayeyformia@te BBREAved in this
wer e per f or med vvlth extra large copper plates

(Sstudv heiwebnitweianst s fimes)ihe mensheed sirongih ofrthy cgmymercial

%5%%93&5“%’19?’%5@9"3%5@%%9 SERE Y pETIEQ R torge
@%urﬁéh@é@ﬂdcﬁérea of 25 2 iméhdsut 2581 rdmé&shdl400 mg of
(a2|de alkyne ratio = 1: 1 ).) Visual inspection of

phanemesmixturespdhatmest affectivagystest |Sﬁgpe@maatéaast 25kgina

o e b AERRSE R0 BB Wl Sl o T8 FaBEf B 4%na 14

a@hrfd: ARyhd R0 29 1B Hsuavinls ?é@ﬂoﬁ"@f Flafdisgteresbgaiation by load

few cases usi ng | esser anoun Havi ng an am ne group

i testing rexesied generfally geodwovatage bysthef palyfriazole adhesives, but
small bare patches (not caused by peeling of adhesive from the metal surface)

were observed in a few cases using lesser amounts.

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
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).
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beneficial. The nost striking exanple was provided by
the greatly enhanced performance of 7 relative to 6,

WO mogeese th triacetylene 14 (Figure 5). An neBCEORANE&6177

the 1, 3-dipolar cycloaddition process at least in part
by providing a basic environment, which favors copper
acetylide formation both kinefygally and .

t hernodynami cally. They may al so provi de an inportant
component of triazolylamne |igands for Cu(l), at

| east one exanpl e of which has been shown to provide

enhancdtlisatiscbdsed hewsdiri trcatmmne@rsima@@irusélgﬂomaﬁrg soluble Cu(l)
reactions (Wang, Q. et al. J. Am Chem Soc. 2003,
1?@?0@3‘?9’913&’19352‘@%'6 amguntof ceppey|in thie balik ofthe material

113 686G [ [ sed_herein,t
S8Rt ek ARSI o

r endi [4+a4]) west asiiosbd drom tHe 6psEtRefack aldr@eBYtdtion| of the
the material (unpublished results). Three _
r HAtes éhloagi testingitanst analyzadbios sopparater dissdltihg thegolymer in

] h i fter,
L SHEh oA S RBURF shR&BH cepastlesent HVafrnraimately
f &r15%mfehe alihter&f $5840té ggité PSteRBENRIrmdd iﬁ;gvagﬁ;ﬂnﬁtrix (2-5

acid. The results showed pper present at s
apisiahti ‘eaf dhg aghesive anixtune). nStublies affbulk palyohers shiotwslittle

oShEAE eyt FPBRo SRSl BN e Gemovd by WoGrous
| trettraenthaing tdtal dRJIANPa B elatadotRpbANG, and af ter

removal of copper by vigorous treatnent {th metal
chel ati ng agents (data not shown). Variables such as

2a'to, VafaBERaTthGs A5TFno Hemnite; adiedinad b caddaesopper
Wesles, exial theeliditor\6f 4 deﬁéﬁr‘ﬂehé‘bb?@alﬂ%ﬁ@qﬁék %Fﬂl&gd Mwell,
ar val | abl'e Trom

the outcone (Experinental detail _
t Rachhanipoa medest effiert<in the@uicomk (Experimentdl setails are

ﬁ%\trl]%gebﬁ’ ﬁ’?& %\%ﬁ%&ﬂ%@a%%e%ﬁgﬁ fl,ﬁ‘.g)br}t%l g?(geyimmtentst gs?tablished
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
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.

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,

with Zn metal as the reducing agent to generate and preserve Cu(l) in the
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10, nor with polydentate azide or al kyne al one.
Copper-el ectropl ated zi nc perforned anal ogously to

weolosdixsepper, but differences in surface roughtiBES2005/026177

caused |l arger variations (approximately 20% in

adhesi ve performance. Brass, which is approximtely
70% copper, was found to neke adhesi ve polyner with
strengt hs that are approxi mately 60-90% of those

Gk The BsensEiPaddR ParraPastes e e iRsABRdnose of
a"tﬁ‘e E@‘nn?ém%‘ ?@e dﬂ]dﬁ?ﬁh@ﬂ%@@ bf %né/nﬁstﬁe WW&Q%&@ on copper

sence 0 copper pol ytri az
a(ﬂﬂimeﬂmenhabdaia&is afe asailabls flormthe, alstbotshlazpcml obquecstl) ofFhe

%%Eggr@a:q%@hgg? W&‘ﬁ%?@%@%&)ﬁ; g%tlaf gu r@,bgﬁef gglgﬁr% a?kyne
f g?@ﬁjﬁég Mo fRIRE FhHEMTRT Str& YA in ‘Q'stel?legrb&'ﬁ?f)@hn%%té 08ing 1+10,
r éduci ) I'n

g agent to generate and preserve

t pessunhabilg duéhte sobslenvied df@&dramazyrclowiduamaraité (moporional to Cu
conparabl e to those of the connmercial  glue and in the

r &RGEeraticm angrthe H@gwmm%aowerar@afm @@wjs5esly proportional to
g?éﬁ&gr{edéﬁg’gp;m?ﬂe t StiRing ;8 @##%?'nﬁt rgﬂ‘tﬁ?%ﬁé’ﬂtﬁw& [4+10],

(el a’iihe‘éﬁ/et OFb ¥ﬂh@r m%&brrﬁeldmﬁth rAbnémicfedivet] Hyepentaerythritol
or the maxi mum strength in a series of

grou
k‘bef? iafsht)s wiicmperfarnmed web sarmepper airtak oVailpahereasays for this

o or BT Pty YRR CtneVatleis oo f b S s Brtis
(re4e6siys Eéﬁ@ﬁ’d UpBAdhe typedF ARRCBHNRG me)mewat by which the
striking is the fact that, with the exception of

[¢auab>]ttc Cﬁ@(lhmfﬁers/@repotrszdmedmas formed with nononers
derived frompentaerythritol (4, 6, and 7), which
performed well on copper netal. While the reasons for
this are not yet clear, these observations suggest
that structure-activity rel ationships depend upon the
t \Expevimental Sectiond/ or t he net hod by which the

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
12" x 0.125", McMaster-Carr). Zinc plates were cut from commercial carpentry
mending plates of 17 x 6” dimension, obtained from a local hardware store.
NMR spectra were obtained at 200 MHz ('H) on a Varian Mercur); 200
instrument; IR spectra were obtained on a MIDAC FTIR instrument using a
horizontal attenuated total reflectance (HATR) accessory (Pike Instruments).
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
for the majority of tests. “GAP” is GAP Polyol 5527, manufactured by MACH I®
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catalytic Cu(l) centers are introduced. Experinental
Section CGeneral. Solid copper plates ( 1" 2") were cut

wo cannesygen-free all oy 101 Cu bars (2" 48" 0.BCBHU$2005/026177

purchased from McMaster-Carr, Inc.); brass plates from
all oy 260 (68.5-71 .5% Cu, 28.38-31 .38% Zn, 0.07% Pb,
0.05% Fe; 1" x 12" 0.125", MbMggter-Carr). Zinc plates
were cut fromcomercial carpentry nendi ng pl ates of

1"InG!, obtaines iadd, useldt A 2209 (VR l ET;{% Eatst Or €.
NMR spectra were obtained ag 28%0M@%('E )g\#%g?a}%ri an
Mercury 200 instrunent; IR spectra were obtained on a

M [R.instrunment using a horizontal attenuated
to@?ﬁt&l‘f@&gance (HATR) accessory (Pike Instrunents).

El ementgltj g dwest .
M or of ansiarfighdsies sHRfcs RErd BeBitndl wlh E8FBbxcpate zinc made
c Hat eleciseplating fnoch aeidic coppley sulfatel $61PRGE . T%’gmetﬂ plates used

Lal gl f
(B Bop s VieReai ATkt BOG EgIava pavinot aneacehon crossed at
( i b4 ot aneace
ot ERES S e o FisP e JRnAd B B8N plates, and the

t HesWiousing eesenmateresds birg déswibed] sEIbWY e hast i
5527, manufactured by MACH paper describes

" ?')O«P" ils GAP Pol yol ! ] %

| ‘)"PH@,°98H§5?%2§ eRtaingsatsing selidiouprannpidtes ¢l x2 irmhesh These
tfayde” t ! NG~ A0 tial, adhes .

ot e EleR Feats £ CLAGE! Bea W ol n85 85RsES st ighbgnates.

el ectroplating fromacidic copper sulfate solution.

T met al ﬁrg(l ?}tées used were 0.5 inches wide and 1 inch
| SFYIOMRY PYPtAeR_ht act area when crossed at ri ght

ol T OERIITE o, B4 M Fo bR Prlbictb s iindy

coetn by Ot T UOBRG PSR s v

( Preprarad hydhe raprited 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.; etal. 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,
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
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
mmol) in dry THF (50 mL) was added Et;N (18.3 mL, 131 mmol) at 0 °C and
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"large" plates create a contact area of 645 mm2 when
crossed at right angles. Mnonmer Syntheses. Conpounds

w@2008/01256nd 14 are conmercially avail abl e; 16 »eEUS2005/026177

ki ndly provided by Dr. Jun-cai Meng. The follow ng
conmpounds are known and were prepared by the reported
procedures with only slight adjgstnents: 2 (Trost, B.
M; Rudd, M T. J. Am Chem Soc. 2002, 124,

4 X8 ikilie WERNrr e 1ok 15 i B-TotlrenRUSHR Khicdp: sRES: 26.25

122, 11529-1 1530; eau, S.

zcrnmol)lami DNW@(:SEB@tuIé{pmhpWere Addedt ThE. redctlcﬁ?( S}lxture was
998, 63, 9610-961 1), 10 (Jarman, M; J.
'OWB%IéH]W%b@ rogEn temperaiyremnd was stired (oweerpglntatwmn TLC

gfaé{gyswsﬁ%ée(g%m@é ec?%gf};dn ?_}f% éﬁ%tg A%g/aﬁ\ nggalremove the
Oﬁ%N‘(bﬂ)lleBmZ@ﬁyactdd% W(tBE tOdT| Phiee 8ombined org%hlca;bhas@sguere

249 02 and 15 (Korostova,
é? tataﬁhe 24’1'81 hﬁne qufqg é&)g)@) ierad aé@ggncqrgratgg4 Treesidue was

7 R Y IR R B T ksl I3

f d%-ﬂnewmjlbenzenesulfonamlde (6.22 g, 80% vyield).
L/, L/-Bis-(2-azidoethyl)-4-nethyl -benzenesul f onam de
(1) To a suspensi on of bis(2-chloroethyl)am ne

o added e cofioof #e SnREbid ity (300, & mon i
nEtOb i, s: 13 (1 10 el ) fnesre Bodet Nany; (T8l ygrmyh{rﬁ&?/ bt room
CF| orid 26. 25 mmol ) and DVAP (a spatufla

5. 00
GHERS" @%a@wchmé &-erantr-6 etherx t themitereawasweftiuxed for 12

rred overn
UL MR RR T S REERSH IR 1AL MR B scuecus
Mayeumsmdsraﬁ:téd Wﬁl&tEtO(Acr waBned Wite BrindNdFel N%dSO4) filtered,
extracted with Et OAc. The conbi ned organi ¢ phades*we

wa8f canGentrated; dée rgsidsie wagpeiind by flash eohxﬂnranhromatography

CRN&RE PIL8 o889 fitld]U& &'Ghite 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, J= 8.0
Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H); ®C NMR (CDCl,) § 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
(relative intensity) 432 (M+Na)* (100). HRMS calcd for CHHﬂ;N,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
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,S0,), filtered, concentrated. The final

traces of solvent were removed under vacuum to yield 4 (64 g, 90% yield) as
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purified by flash colum chronmat ography to afford
L/,L/-bis(2" -chloroethyl)- 4-nethyl benzenesul f onam de

w@ 80082812369 80% yi el d). To a stirred sol uti on of P¢1©S2005/026177

above sul fonamde (6.00 g, 20.3 nmol) in EEOH H20 ( 1
1) (110 mM_) were added NaN3 (13.3 g, 203 mmol)
at roomtenperature and a pi ncggof 18-crown-6 et her.
The m xture was refluxed for 1 , after which tine

| pertiela o BT KR {E08k S8 S ThERcer [ 815 4D, 3.08 (5, 4

drize f4is| 4 d e

resi :jil\lul\gﬁ\%a %?}6f4 |5edQ{)261jf(?3;gh|R:c ﬂﬁ%%ﬁ?ﬁggg@f %9%4 %088

af 1292 930( MS)Bﬁg(reﬁﬁi‘?/eymtehsh)y)zﬁt)ga(M*Na)é ($00). OHRMS calcd for

474 51 (s, 3H), 3.37 (t, J =
%87 @9%?1 fPtdeSZ Q§34@> Hz, 4H), 7.40 (d, J =

80Hz 2H), 7.77 (d, J = 8.0 Hz, 2H); 13C NWR (CDCl 3)

d 30.0, 49.4, 5 1.2, 127.6, 1304 136.1 , 144.5; IR

(tshNpNTNIY: ﬁ‘rlse(m-ﬁlc&}ﬁapyﬂq4% S]HQﬂneMQ;B-trlﬁnrﬁd(S)

(relative intensit 432 (M+Na) + (100). HRWMS cal cd for

C1° 1 Ghrers i, of ehlofcenmaylgmqbs@rochlonde (409, 037 mol) in

2,28 ' 1

2 TSR RS RRAIE Aol s 9 & i mon ana

C PIEMBEKI WERhE réslstioh rﬂlxﬂjr’@l\ﬂé@EWﬂirW h-a190 °C The reaction
, 3- propanedi ol (100 g, 0.38 nol), sodium azi de gca

o vg@s geplipd éﬂdomsgr(p@wurﬁ and NHQH fpsitat) wam@dﬁéaﬂél

prRrbe! 1 156 MNaRA s R el I Tl liarbxttadd gye times

flwm toluese. WIrh8 cbhibited arfnidiayehbredried INGSO )Hateed, and
were washed with brine, dried (Na2SO4) , filtered,

c dhe setveat was patbalty en\eaporatsdeglow and varalulle uades Negeem in the

y dDE 3B S0l Bt TS Cpp Safaudifel LO0 Y
4*3 az@ogﬁ) ylamitd)in tAS redWiiihd ORidn® scﬂuﬂ&a a/as5ﬁeésured by

hi n f| Im cm 1) 3369, 2934,
mtegratlon of the "H NMR spectrum (ca. '0.6-1 4M) Cautlon' 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
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,
concentrated, and purified by flash column chromatography to yield 5 (16.68 g,
82% yield) as slightly yellow gummy syrup. 'H NMR (CDCl,) 6 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
C,,Hx;,N,5 376.2177, found 376.2179.
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1292, 930; Ms mz (relative intensity) 209 (MtNa) + (
100). HRMS cal cd for CoHL 1INeO2 187.0943, found

wdsws0s6e L, L/, L/"-Tris-(3 -azidopropyl)-[ IPCT/US2005/026177

,3,5]triazine-2 ,4,6-ti amne (5). To a solution of
3-chl oropr opyl am ne hydrochloride (40 g, 0.31 nol) in
H20 (280 nl_) at roomtenperatsye was added NaN3 ( 100
g, 1.54 nol) and a pinch of KI. The reaction m xture
was stirred for 72 h at 90 OC. The reaction was cool ed
to roomtenperature and NaOH (pellet) was added until

ca.2,pj2=Tris(aztbbindthdfdthwnsel {g)en added and the mixture
was extracted five tines with toluene. The conbi ned
or gam €9 ”é%b’ﬂ"\ﬁ@r%a?dwfé@@&mquhl@mde by ¢he litenatutdre

(f‘r—ﬂful ¥VE?E){mder \% l?ﬁ‘ﬁ%’? Q{%LW@%agggg’tQﬁ 4666-4668).

| CNVlst mtmﬁfeiﬁatb%onghﬁjté@gﬂ%éf tﬁb'd?ﬂ‘dé’f‘e?ctlon mixtyre (analyzed by
3-azidopropylamne in the resulting uene so

Wa3as eBEyA r@ghy)mr@gms porifiexdt by h@cryﬁamwatlengaom ﬁm(elandes The
shou

O dps Hen R O BB A3 Sl R S

chaatyd &t 14U «C fsle1 £ AO The Rdae r%%tfﬁf& ﬁﬁB(tJr@(Fvﬁs (lﬁé_&em at

at 0 OC were added dii sopropyl yl am ne
1¢gu1ygle;|ntrypwmmofrwate(rlwamdQechrhluie 8rgamicl ppodyy Maisi éxgracted into

h
e b OMH vhs bRk aaFaceAoR Walers e orpacas v was
mﬁe@ AgS3Y) aﬁu'ds)éd%\éammbedt HefedritenfFaRbAYRe!\isd dUfrmined

was extracted with e co ned org

| By &8\RweGautiarsh Schall dn’gabICIHEiﬂeSi‘thﬁdd hN&éﬁﬁthstllled to dryness.
filtered, concentrated, and purified by flash col um
chromatography to yi eld 5 (16.68 g , 82%yield) as

SRR g MR(P09) L % (n

NI\/R ( CDaEBYdebxgthedhylRmidomethane 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
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.

* 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.
The use of this compound is described below. Mp 45-46 °C: 'H NMR (CDCly)
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49.5, 171 .6; IR (thin film cm 1) 2137, 2061 , 1288,
869; Ms mz (relative intensity) 377 (M+2)+ (20), 376

w@ dvd/0)2564 100), 130 (100). HRMS cal cd for Cl2HP@MUS2005/026177

376.21 77, found 376.21 79. 2,2,2-Tr

s(azi donmet hyl ) ethanol (6). Pentaerythritol was
converted to the trichloride Jyqythe literature
procedure (Lynch, K M; Dailey, W P. J. Og. Chem

1@5.25@@th§@69#Q§,86H), Ef?&?gd?ﬂ%‘ ﬁ?g%;f;’%gﬂﬁwgégg J=74Hz

94% of t crude reaction xture _ _
cHFm&dg afshin, 2t} 8:2% (dhur+ 7ieHzPpyH),&:85 % a) LigAH2AH), 8.65

. . ) 14 et
8ol B BT En 1Te e Bl Rk, 4and sbar tb 4 1108, 1235,
0426, 18021135 301621 3£AC1 308 %e.gEJth?ﬁtﬁ?ngp@gfﬁnﬁ“‘&z%, 2057,

equi val ent vol unme of water’ was ad
prl8d@ce0ucdSentz (aelatiek interasityph o Rl+Na)(0BYF39688v+2)* (9), 389

b 5 cted into r. The organic sol ution was
affigas CRBBAET b S catnst or 12N S 882 4 AOB atoupd
08389.1w9ap determ ned by NVR Caution! Small organic
azi des shoul d never be distilled to dryness.

Tri s(azi donet hyl ) am nomet hane (7).
) am nor net hane was converted to the

' h
;I-FI?(% Hﬁé’ﬁéygﬁﬁ%ﬁ%f%mm@d&sm.y descri bed

. ) ; 0p0, 65,

704 cr8E) CoRRPEP oY waGafayedted i S 0GiRq RifEn B3eh end 1o
dfaE:ﬂMteddeihang’ﬁfgeﬂiﬂWéighﬁf@dIdﬁdt@sﬂn@thé%ﬁﬂbﬁPMwme
anld heated to reflux. The condenser was connected to a
tf 3 W%@%

Spn¢ eSOy brieferosre onidy&O arfgllawedt by thdrough

: : CLAft 17 h, the, m xture
osibd b ARG Bt 4eflie: 2ok Ve ddbst Mitesients
qs@vertt. aqydemrmedaabbveamddmﬁbr@wra%&eg 'ri]@ESn& tgbges-stock

Thﬁ Qrganic sol ution was dried (MySO4) use '
$RIdfionsyusing éhe prigianim fecessary amaunt of diHT (tsuatly lapproximately

WB-M%%ERMOMH). 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
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.

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

introduce the load at each increment without imposing a sharp stress on the
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organi c azi des should never be distilled to dryness.
5- Di net hyl am no- napht hal ene-1 -sulfonic acid

whe@epRsemzi doet hyl ) -am de (17). The sane pr oceCIUS2005/026177

used above to obtain 1 fromtosyl chloride was applied
to dansyl chloride, yielding 17 in 52% overall vyield
as a yellow solid. The use of is conmpound is

descri bed bel ow. M 45-46 0C;° NVR (CDCI 3)d 2.25 (s,

4%3%&&8; J %ailqr%kgfqgeﬂq;egveaﬁa% ﬁ ﬁ]wrgarq) thegalgtplg)ﬁppajated
- \A7 th?h 6Re ﬂiah%te?’% tﬁé "(’fché &ﬂlﬁé‘z éﬂ'ﬂi%an %egggéﬂied]asra simple

115e§’-typmteét anA3vas cﬂ@&rﬁ)bedéi&eﬂwgh]&@egrodlﬁmlé residts were
4, .134.5 _ 152 4; thin film cnf 2 17
19A>§a'n9@58hﬁerme ‘@ﬁ@'ﬁ%ﬂ?\’/"é m%ﬁb@f@?%%f)gp@aﬂ"t(%ﬁﬂg)‘hs but was

i BB o B o8 o 310 e

Expeximueniozld ¢fr3iclkglwoenpared o ap® kg atitiespaesesttabtie results
copper plate was constructed with a drilled hole on

e&ePrespataddnifigune 4 ateclistad imbigyira§- dn thet tghlesareq!se fsigd
i h i usit
R0l igeloaGRTR soRbBLER AR hBIRRAIY whBh Bhgper aram

r idﬁstihesma). hWikileatot digduabed abavel, taredftore;a differerwagay to
cl eaned with organic solvent. As described above,

mSABIRAE agbesivaimixiures te 8aekAthedt ed st ock sol uti ons
usi ng the m ni num necessary anmount of THF (usually
approximately 0.5 Min each nononer). The required

angsebf Polyrhenl AFidé Wddities. t hen deposited at the
center of each plate, and the m xture was manual | y

s pr ead Popa@iallehsstiof lexparimentsgivas pefformed pyanretraaling of the metal
> R38R DAY b PRGN e GBI 328 potymer
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

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
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

the strength of the resulting material was observed (data not shown).
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contact with each other, and rested flat under a 25-1Db
wei ght for the indicated period. The contact area was

wo beseisse 1 in2 (approxi mately 650 mMm). |f GACI/WE®05/026177

used (see below), the polymer in ethyl acetate was
first applied to the two surfaces, the netal pieces
were allowed to dry, and then she above procedure was
perforrred with the rononers 6f3choice. Load test | ng

mgs per {"g‘gg? %&%ﬁggiun%&gneaﬁlda: ﬁet gt ﬁe(r:h?iona chain
on Wwhi Bﬁur‘f@io% ﬁ\oagmaqqf rgii?gv%rg‘“r;c'oﬂp r@?q% rgﬁ H,0 (0.3

1-1b increnents e asse

fmrm @aehmonbd®er)adtireomienideratuee Ve mwhom@anltn@ Ipwd;e of 5%
Care was taken to introduce the | oad at each increnent

wrHRBuENAYsisedium asaprpate.r £8e selyenhwasmaused off, leaving a
@UIIHH{ scg{ Iﬁ‘lﬁh Mée\%é/ﬁe %&%ﬂg%ﬂ% ”Pﬁefﬂa%tof%h Goroform

In one mn elnga

T'hHE (Ba)) dre dréethunidest \muanﬁl Apingall' pertion twaserenesited By Scraping
was chosen because highly reproducible results were

olstegianated 8akalbe yeraainder wag dissalved ibrheylddB&} and precipitated

RE Bodh RERand” THeTRab 00 AoRE IR L 0 waspec

NHefdiAwWIH Wattr Ohethahok ThiseRBHAT, @hd PHE (Sedignatedi3ly. PRRS latter
test. The results represented in Figure 4 are listed

i makeril r@pr@sentedtthatmajabt:emaoeeaﬂ @fdheurwtme approximately 70%,
"normali.ze val ues. of esi ve r n h max| d

8 BB uASubiéd &FioR sesrEn ooty Btrias a3 LAt BMSB

agp é!@troéc%'{)ﬁ: @AE]IR afd NNIRS Wené cWﬁé’lsfé?\t Wﬁﬂﬂég)ré%&% ye

m xtures to each other. Use of Polyneric Azi

Arpiiitivieleshoxt pbaias [(ehreactedodzide padiatkymesbaing spesrtimelmiﬁtected
e P b e S0 5 L B2 metner
POAY PR was %ﬁcm@ntl?%@lﬁﬂﬁﬁﬂ"éP‘C%Iy@@ e product of

azide substitution on

Detailed 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. This
polymer was found to be DMSO soluble with a broad molecular weight
distribution which extended up to (1),5(2),, (m/z = 12,565).

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

and copper-triazole interactions are also represented.
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ri ng-openi ng polymer of glycidyl chloride). The
pur pose was to increase crosslinking at the netal

w0 nioenizme®e, perhaps providing greater adhesi veP@DUE2005/026177

Wil e the general observed trend was toward better
adhesi ve properties (Figure 4, Figure 9), the effect
of GAP was not dramatic and noygtructure-activity
trends were changed with its use. Dansyl diazide 17

(Fi gur ¢; asy, ' h elative .

ef f ect iqtl ness o@%ﬁjﬁvﬁﬁ%g&g%%ﬁgﬁ%ﬁs&g?ﬂ ?'gyr,]eﬁrﬁpg agidgs that
omeratésted dor thekability tovierm sdiasNegoll/mest andar d

pai rwi se conpositions; entries 23-24 show that no

di fference in adhesive performance was realized. \Wen

| kyne S: ' o_ addi t.i on azi de,
e S et o G P BB The 554 oftne
s bomibirgationstof the diffedentqidy e pzied fod) OMERIRAUR A0adE su ppc?rted by
stitched together into a networked structure wth only
at%?@h%%v%maﬁpw‘m@ theninglicated mixtunel of thangmsenaeare shown on the

oG A ‘ t erature, little
AP Ere@ardPh e & FRAARSER "OE SETR. Thg Piaeiadirnds are
wasryclisiian fort adfietizes @rﬁacﬁd‘lwwﬁ)anblvﬁﬁﬁiut%@éddmfn@ WRIE AP polymer.
sol ution Bi functional nononmers 1 and wer e condensed

i Rows mapsdavtiHpoxed dgsignationsaefalkpmo (i andi4) denote the use of
eI 0, g B AR BRRSE FL rb er v
| treeimanSidREYDISE) rd SHOWHDWRSCLVAS 'é%gé@&é“zﬂgmj@éhéf azide

with water, nethanol, chloroform THF ( rre
uR¥RS- vacuum A small portion was renmoved by scraping
(designated 3a). The remai nder was di ssol ved in hot
DMSO and precipitated by the addition of nmethanol. The
resul tFigars 6lié &A the Bﬁn%ﬁﬁ[t?ﬁ g ion of th
wat er, ?rjgt hgnola,gbgﬁrllorg#vgfr@tm arﬁd THF esﬁgzgt gé‘fuggs orthe
Tameunts efgnonamers used.ephe yahtechedide eash point dsrtrenetdl mmoles

j ' 70Y% , . . .
o<f)f thgecorrnnﬁclﬁgcrj ?nonaoon%r%);({aact (raele}/ctlog Contains an equimolar ratio of azide
and alkyne groups. Adhesive layer thicknesses were approximately 20-100
microns.

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 S\2
displacement of the chlorides to obtain the diazide, 1. The second reaction is
an N-propargylation of 4-methyl-benzenesulfonamide under mild conditions to
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

used in the adhesives tests. The formation of 6 starts with the displacement of
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and was insoluble in a wide selection of solvents
ot her than hot DMSO. Spectroscopic data (IR and NMR)

wowee/0csnsi stent with the presence of rel ati veb@r/shmn/026177

chains (unreacted azi de and al kyne being sensitively
detected by their overlapping signatures at ca. 2100
cml1l in the infrared), but neijher sanple was
sufficiently soluble for GPC &nal ysis. Detail ed

scription of Fi res: Fiqure 1 sho t.he . .
cOBe LM s rtasrTiidp eherer R inigaRdiate. S,2
\ GisBidcaiety 2 M6 Ehloriis By ffie ubledpfichBidd Bhiop gives the triazide
bé. BVE@ikIseblienve isusedioonmtiasizc Tl Thevengatylene, 10 is

di stribution which extended up to (1)23(2)22 (mz =
19btrgd brdipplacing Spthsea chlorides obcyaneif acifamdienfild

aggﬁéiitiﬁgsbg(pi§8§r§&l?:%n&he formati on of networked

trirazoles: and al kyne nononers in the

presence of Cu(l) ions generated from and/or

stabilized by, the copper(0O surface; (B) Cu-nedi ated

cycl oafigure Snisesgriasef reaetidnssshavipg theskntbesigqfithe monomers

Cc : . u 0 . : .

R I oo e B ST maCigh PR i Wameep oer
t by@tﬁgbisttbﬁobﬁldﬁo@érgylf@hérﬁ witie eith@ot 8rB8-trilydroxybenzene,
copper-acetyl i de and copper-triazole interactions are
aP¥ ek esentaarythriol enderdpiheondiiors.r uct ures of the
sel ected al kynes and azides that were tested for the
ability to form adhesive polyners. Figure 4 is a

t hr ee- gigmra 9 ienplabtdef thessianngiromemens; ratis of teagehts ded
conmbi nat1 ons of the different polyners tested. Maxi mum

| sHesgLPIbetrestiigg eHbesiun asimeasurade Gangtifianse A mixture of 0.1
RS e S o R OB i AP P D051 e
OlagricVEsIn b6 etitsn arminrBlubh smauhesf TIF vash@istritRsedBE@venly as
with and w thout precoating wth GAP Pol yner. i}
possible by pipette over the intersecting region ot 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
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

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

trialkyne results in stronger adhesives (entries 5-11 vs. 2). Thus, when used in
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Rows marked wi th boxed designations of al kyne (10 and
14) denote the use of a 1:1.5 ratio of total azide

w@ewmaps2std al kyne groups in the m xture. Underpetr®S2005/026177

t hree- di nensi onal plots are shown projections al ong

t he al kyne and azide axes. Figure 5 is a graph show ng

the maxi mum | oad (kg) as a fungtion of the anmounts of

nmononmer s used. The val ue besi' ‘each point is the
each, react

& B dEr amouat Wik 4 Craking s T Ratia of Saden o alkyne groups)
59818 9%&??@25%9ﬂﬁ?é“%m'fdf’?éﬁ’%ge@ﬁ@?Oa%ﬂcge%‘”@%%mat

s hewksg(enttes $NT iw)s i Thedfleible tARMe)RY) 9 3ysredutéd biorer

adhesi ves test. The first reaction to make 1 is an
Naél]ewmye@tfy Bh byt theneapping 6fthe ramaiaing, hydroxy! to give the

fol | .
ettt PO BleaFra e @Sty 120 Sty e miont be
1exﬂ'@@te§ €6 teh FRAE rin@B, 4ikd %s'\érﬁfr%?%hgbfisaiﬁé?ﬂsefner 11 the fact

4- et hyl - benzenesul f 6nam de under mild conditions
gthad thése ohonoeers exbibitsimilahgeferstanceasttggests that heg formatlon

BRSPSl 55 o AT AR by e
éeﬁlptahbéﬁ of 93%Hﬁh%“6tﬁ?r7 tr!ﬁél kﬂ%e‘sg?m?ﬁe ‘E:Bn’féﬁﬁ&ﬂdt rﬁ(‘é‘ls

show ng the synthesis o rs use

atﬂmepan@sllamabﬁ 4)ith fpent‘aﬁrythntdbfdeﬁvsﬂ a!laﬁde!\ntsihom the same
di spl acenent of t hree hy drogl grou
pmfeb@frwmﬁsw%stre@gtgm@ 1:hd 2zideRIkYNE rah@ebuiempawed

ét?c%{ll theorfatlbh C%Bél’eggg 12¥ grﬂ]ﬂFQ%ﬂ ‘?‘?Eh' lic

a2| e an| the rde ar “seqlience
Is used to synthe3|ze 7. The triacetylene, 10 is

obt ai ned by displacing the three chlorides of cyanuric
aci d uhbersupstiytios editiazte SH9r dingidarbin reectens with trialkynes

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
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.
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

better than a five-fold improvement on a per-gram basis (entry 4 vs. 2-3). The
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Figure 8 is a series of reactions show ng the
synthesis of the nononers used in the adhesives tests.

wdbmseizsenct i ons use the WIlianmson ether syntpPeRUS2008026177

form propargyl ethers with either

1, 3,5-tri hydroxybenzene, pyrogallol or pentaerythritol
under mld conditions. Figure.®7Ls a table of the
starting nononers, ratio of reagents and strength of

t pes@sod of é‘rGaﬁﬁH‘t? f .ﬁ%naﬁ@@ i

m xture of 1 rmo? dﬁ? t he Hﬁg%g@gﬁlp%%%aﬁﬁ@plany

angsronsike. (Stmomres slich asrmutmsizdlyl)anahed% SR @BARMHD U by
of THF was distributed as evenly as

pc%g‘f'g'lngrgéﬁﬁr%l PERDS 1Q grasstiMechaips ped & mete ae@ve)nomer catalytic
{ lienieho Vb8 preABASY dblsBhRR: in/ 4 Efark gf%gg'gﬁ_e,g nase

al | owed to evaporate, e plates

V\Areapttt)ns4hatpis(trlémlle¢sfroctu?esilé)tﬁmgtthé @@ﬁirbﬁf&!ﬁﬂ ﬁ‘\taﬂﬁﬁ nitrogen
val ues reported are the average of at |east

|ﬁ' e &rer }S@Ppﬁé‘hrt@Rﬂer@ﬁﬂdﬁovléplnmmymmtlm tdtalysis
Abha bR aH&&HQﬁTﬁz@WQH\}@?SIrﬁ?@%Sl kg. Note that

experiments i nvo adhesi ve were | ess
reproducible, with an error of, (a) Ratio of

azi de groups to al kyne gE N K%:(i mum | oad

supported by the plates oerbﬂﬁ,m e (c) Values in
brackets were obtai ned with tnf use of GAP as

descri bed above (d) "Wl d- | )N 18 manuf act ured by

Devcon, Inc. It was noted ea that the relatively
poor § & nce of materials rrade from di azi des and

di al kyRBYIeSEL ang g4 WW%?%@@W%FIIMWESOﬁﬁmrm‘meiarrsgbted no

ds@RghGs a]d%e(sﬁ)eglfﬁg 16 g&lréé/p ?sqﬁ Jnﬁ%lﬁn ;I'ﬂle%lolr(#rgf

conponent wth a
aelmlmm;ts((enﬂrnets% 58)1wére\/r$103f1 deddhbed M’ﬁﬁ_@ té‘)?tethen alkyne

o? (] ggsdg@ r%fi”munﬁgné“ (&%Itlonmgg%eggaegdemg slrohg ranlheswe

%%?&ﬂléé@ (%W%)VMJ\‘N'%S tiHRRE rs} Saoqu%ZIdae 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
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.

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

monomers. (b) Determined by three independent replicates; +1 kg, except for
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weaker (entries 5, 7, 8). The flexible tri(alkyne) 13
produced a poorer adhesive (entry 9), but the capping

wmRooshessemai ni ng hydroxyl to give the tetraal ymesmbs/ 026177

restored the desired function (entry 12). Structure 12
m ght be expected to formnore rings, and thus shorter
chai ns, than isoner 11; the f%t that these nononers
exhi bit simlar performance s gg'ests that ring
ormation. is, not '

f J [ t ant i d .
Lt N TN TR T
Woriiedh (cfBoRitifed 5L {Hmes)) . The combination of

tri propar gyl am ne h pentaerythritol-derived
di azi de 4 showed the sane | evel of adhesive strength

r aimat T16H% J20neepRaEE DR adic0 P Borg aghesive resus
(@Phicopiatd, (bFbu (TREpRUMRSiKE) 1R Gsdiddi Setonfe,

diazide 1 1n reéact wth trialkynes gave e or
nGulBiyr o gdrant hydroduenenthesre disgolved infvatérebefate mixihg with the
The sane general trends with structure of the al kyne
cBpRaTs G etsmainarbay Hired TARARUen apisates; 31 iingxeept for
/ I ry d4da hut i
pEtres Vo FINEK 545 KB P8 o o IiofdtBE ) Syrestwas
Sommedi {¢)dDeterramedans ial Sguieeiot ed, for exanple, 13

was not nuch worse than 10-12 (entry 18), and
tetraal kyne 15 not substantially better (entry 22).

Trial k [ '
rra #@gjﬂ%%@Q'thl%Wﬁéﬁ&ﬁﬁsstzq%“d@%gin%m(ﬁéﬁ ¥ a%%n\éﬁora of

15-18), I'ts use wt Ia was not as goo
wamoudtsaaf Mendmeesusgd.1fa)'smdlimonorfkers' is ttoeviotalhaftboth
factors other than nmpnoner branchi ng can be inportant;
pROSRMATE J tendure; "ratiar isrtBpdatie of fotelalkyii aripsrtorride

ri | 3 . .
PIOUPRL Ty B i Ef Riporls  iplire Br 8107 mrl ERige 1 ana 0.0

ohfRsIMEdIkphé MOt [(bpBetgmifedas i Figueé a0i Nmstwitth GAP &ere not
addlr els?edd in the text. '
calculated.

Figure 14 is a table showing experiments where additives were
incorporated. Conditions and table notations are the same as described in
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.

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



10

15

20

25

30

Note that the conbination of diazide 4 wth dialkyne 9
provides a four fold increase in adhesive power

WO edoabi2sed t 0 the other "linear” systens, and bett/882005/026177

than a five-fold inprovement on a per-gram basis
(entry 4 vs. 2-3). Thepresence of an amino group in
monomer 9 is likely to be at lgast partially .
responsi bl e. Structures such as bis(triazolyl)amne 18

CRItEs; Qi%ﬁtfﬁg@&'h‘ﬁd@ﬁ P rélqylgoglléggu Féoitoz t@% ﬁéicpastgcgﬁmeyprii%r to load

crossl’i nk arns and a activ _
ctastiog. W have previously observed in standard (i.e
non-pol ymeric) reactions that bis(triazolyl)
structures | acking the central coordinating nitrogen

at om a rlBﬁ’&ﬁﬁn b%%%hﬂ s%ﬁgeergﬁga%n%ﬂ\@ s Were briefly

cycloa Ition catalysi st

t exarhineidazotsdasamy the prbsslmaufrﬁﬁer WHEH tRStwd3matdl pidtes are
d ante that m xtures of nononers created no
SteeR

oerldnodestyrnbaneed doe ﬁé@él@ncﬁf@g@gmnm polymer
- wer e
19, 15 SAPETE DAL L e

V\malxlrﬂ@rlﬁ aftett da ool |ht:@h5mionaéhd%teé9dll§7ftﬂﬁf msIedy aﬁéf #H9 time.
a.?ﬁeswe was produced (entry 27), show ng that the

& CORUNercial ighe ermplaved forsomparsen shewed agteady dedline in

SEEIGRIOVR ETSUE  LRPOLY cho b Y SR PHENES 1

o;bossmbimthahthercﬁ!éaum of inbtd thati 4d @b%@ﬁnur&b&h@f éMs@ﬂﬂ@"leads
of the resulting material was observed (data not

siRARPtWaIK dhatds 1ep brttle tofunetianres asleffestivdhadhesive. Good

dhesive val ue sho I
FRTeAIGH . tho B SLOAHeREY el tie 55RPEr g on a
sttplatd evithout-additiondl lpressiet(@laendtydowrymar i ZeS the
prelimnary nmeasurenents of adhesive strength for zinc

plates (a) Cu (1) was dissolved in acetonitrile;

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
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
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

amounts of copper entrained in each polymer can be expressed as a ratio to
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CuSHM"5H20 and hydr oqui none were di ssolved in water
before mxing with the nononers (b) Determ ned by

wo ooes12seependent replicates; 1 kg, except fPCEROSI00E626177

la-d, which is 3 kg. A value of zero indicates that no
adhesive was forned (c) Determned as in Figure 9.

Figure 12 is a table that su izes the kg | oad per g
adhesive results for zinc plates (a) Cu (I) (cuprous

i gk i ' ANy woH20 an

P S AR08 SRR JPuBE R el D Torblaf i g8 Hhome
wcytloaddition mere confdig¢teDet er i ned by t hree i ndependent
replicates; 1 kg, except for entries la-d, which is 3

kg. A value of zero indicates that no adhesive was

f or med =] Ay I 0. E Fi 13 is.a ..
tabl o F e s REaprs shdlibaHe Sxfoln pf RHbBerciypdinga witin
athruadisesive polyareens. adkesivastréngtbl (lsfrereddiesive §théngth per
tot?l of both pononers in the mxture; "ratio"” is the

r 404 gvedghtt%ilgswg(l(@hg. groups to azi de groups. Thus,

the first rowreports a mxture of 0.10 mmol diazide 1
and 0.10 mmol trial kyne 10. (b) Determined as in

Fi gur eFifire r8ris awiebbtiéPEhawing thesyAthesid ¥ £ Mnedr fBiMer from a
tabl e showi ng experinments where additives were

14 is a 10WM .
i ﬁ'Esrep@PQPmr WhighiIs selheeagtive « Sntesist eft iagrisazide-3-heop-2-

. e . cod i
- B oAz o F1d)" oY [0 Moo 1 Bl Bad e ot or
colyviepipeopargylethdh @. 1624 { 57.88RRoR 0 6}]2?‘4‘5’ XQG?U% 8zide and 0.95

introduction to the nonomer m xture )
3¢1d-§ 8ieph G RAvMhammenisrrehionde weredissolvell indn mblmmethanol

R SR T A R L L e
o Ay e Shon 0l M TN o ot
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 MgSO,, and evaporated.
The crude product was purified by chromatography over a short silica gel
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, CDCl,)  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)-).
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on the indicated variables (a) nmononers 1 + 10 (0.05
mmol each) used with GAP as described, incubated with

w0 beciordseat ed pressure for two days prior to POEUS2005/026177
testing (c¢c) 1 + 10 (0.1 mml each) in THF, used with
GAP, |l arge Cupl ates; incubated under 11.4 kg pressure
for the indicated tinme prior t:g | oad testing.
Vari ati ons i n the anneal i ng pr k3ure and anneal i ng
' | efly exam ned. Increasing the pressure

gt 'MF efi® two metal plates are forced to anneal

nodest |y enhanced the creation of a networked pol yner
adhesive (a). Fig. 15b shows that the performance of a
t dsA proeess forfermihg @neadtesiveupolafee codtinapa aofolid surface, the
I ncubation, and s'{?:f%ﬁi |y di minished after that tine.
TRECESHANTRRING | 8P%-or conpari son showed a
steady decline in strength over the course of the
ei ght -day experinent (data not shown). It is possible
that Step Ar epplyiny aimiriure of hasttivaferdphomernersuotterthefsolid
crosslinks Ieﬁds to a etvvork that is too britt|le to

f Iunct ib§H aee.dhe drixiure of @Lﬁ%\f?é%"t\i@m%‘@bs ?&H@éﬂg)ﬁowamonomers
al so gagﬁpgrg@glebéfmﬁ@%ﬁd? Eh?escélrpcpﬁ{on%n‘?ér@%(agglg;&%g{ple

0C on out a |t| onal pressure

shown) termigalratkyirte fumhctiohallties; sodrflesni ng t he copper
content of adhesive m xtures. The foll ow ng procedure
was performsd on adhered plates fromthe foll ow ng

runs I , ] .
2) (E@O étd;g%rl\g polﬁn%rlmln c?&ﬁ%?rg%rfoenﬁ‘ 1r’1aq}£rliré %yultlvalent
6); ( C}aze]qucthlltlés with. the mohorhérs( Halmg nﬁjltlvalemtttemninal
11) ; éD) two copper. plates with no nononer
deposi BwneAw@rowtl%@nf@a@meﬁh@ﬁéhﬁ@agLnoésfmﬁrt ceating on the
adhe&gghdsgﬁﬁggéh the two copper plates for each

npl e were i nmersed conpletely for 15 mnutes in a
msasured anmount of cone. H2SO4, which had been

previously found to dissolve the polyners. Follow ng
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.
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this treatnment, the copper plates were renoved and the
resulting solutions were diluted in water and anal yzed

wo oooco3per content with a Varian Vista Pro | QReBER005/026177

i nstrument, using standards prepared in the sane
medi um The foll ow ng val ues were obtained: (A) 0.037
0.004 mol Cu; (B) 0.031 0.QG3% mml; (C) 0.021 0.003
nol ; (D) 0.0060 0.0006 mml. Subtracting the
agv b ner: | f t-h el ves
[ SRl o R o RALS Brer g he SBb &l Al U R o
pol ynmer can be expressed as a ratio tothe total nunber
o% ériazole roups that could be fornmed if the
aZi ad'af yeingda draimph Wherain deprekd surfageyhas alcopper
apeﬂgﬁaphs show ng the anmount of copper contai ned

thinh the adhesive polyner vs. adhesive strength
(left) and adhesive strength per unit wei ght adhesive
(éi ht). Figure 18 is a reaction showi ng the synthesis
of- /g ArPERSS AGEOIrGiRa to cladm 2WHerjN éhersalisheurfage eludes a
S - j nt hesis of rac- 1-azi do-3-prop-2-
yﬁ%ﬁ%&@fﬁ¢%ﬁgﬂ¥§?o| (19). 1.00 g (8.9 nmol, 1.0 equivVv)
racgl yci dyl propargylether, 1.16 g ( 17.8 mol, 2.0
equi v) sodium azjde and 0.95 (17.8 mmol, 2.0 equi V)
anmorPN $HERieR Adbempdurg dseincdudesa sowrceiof aepprasalt that

and thﬁot’éﬁﬂ?lw meuaieélt&?{%«ieg%@g heated to reflux. After 2

h, the reacti’on was as shown by thin |ayer
chr omat ogr aphy. The m xture was cooled to room
tenperature and the sol vent was renoved under reduced

pr gséﬂﬁ@id Siep Belbiedue QEginptes: at leaatio nest, fen avﬂ&ﬂectiondof the
fi ce or St St ALY e eBOURG DRI RE Prcsgridale. ©

phases were washed with water and brine, dried over
MySO4, and evaporated. The crude product was purified
by chromat ography over a short silica gel

9. A process according to claim 8 wherein:

in said Step A, the reducing agent of the solid surface is a metal capable

of reducing Cu™ to Cu*.
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.

11. A process according to claim 8 wherein:

in said Step A, the copper salt is 10 mol% relative to at least one of the

multivalent monomers.
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colum, eluting with hexane and ethyl acetate (1/1).
The fracti ons were conbi ned and sol vent was renoved to

wy@bd126¥ ng (209 of 19 as a colorless oil. AtFNRIR05/026177

(500 MHz, CDCI3) d 4.18 (d, J - 2.2 Hz, 2H, CC-CH2-0O),
3.97- 3.93 (m 1H, -CH(OH)-), 3.60-3.53 (m 2H,
-CH2-N3) , 3.39-3.35 (m 2H, -0-CH 2- CH), 2.45 (t,
br, J = 2.2 Hz, 2H, HCC, CH®H) -). Wat is clained is:
1. A process for form ng an adhesi ve pol ynmer coating
on a solid surface, the process conprising the
0.1 ok d&s§%%€§rdn%ﬁ?clﬁrmﬁﬁ%é’ﬁe a mxture of
mul tival ent nonone onto the solid surface, the
m xture of nultival ent nononers including both

azi de functlonalltles a

nmononers, h VI n é 3
monort®f8id2t IFW'EY epkmeNATIers aks Rach independently
funCt'r%P?ééetm&?b}/%ﬂnhl?aeln Step B: catalyzing a

t

pol ymerization o nononer s having nul tival ent

azide functionalities wth the rmnorrers havi ng

mul tival ent term nal al kyne functionalities for

form ng the adhesive pebymRy iz pn the solid (Formulal)
surface. 2. A process accordl ng\to claim1 wherein: in
said Step B, the polynerization of the' nononers is
csherejyrzed by Cu+. 3. A process according to claim?2

wherein the solid surface includes copper and in said
St epCB"et K '@HM“@‘#'PQH tRreendrip é‘ﬁlqcﬁ%j ﬁ@m earppa @d muyjtiradicals

A PrOSERRARELiBRtC A Bictole hile! AR, btfer, carbonate,

surface I's ¢ t oCESS Ccor

wher ei crarbamase)ISuﬁoﬁw saltste] thicuthel, Iselenypethar ddurea;
copper wherein copper makes up t he majority of the

metal in the
R is a functionality that binds to metal ions or to metal surfaces and is

absent or selected from the group 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; 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.
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alloy.6. A process according to claim3 wherein the
copper alloy is brass. 7. A process according to claim

w@20060156M the solid surface has a copper pl atP@mUusSB05/#26177

process according to claim2 wherein the solid surface
i ncludes a reducing agent and in said Step A the
m xture al so includes a sourc§ of copper salt that
potentially includes Cu++; 41 said Step B, the Cu+
originates, at least in part, froma reduction of the
Cu++ of said Step A by the reducing agent of the solid

f [ :
345! Afoodks ARHNE) AECIZAER o BdRohralRTEsb g Blowing
Isuacﬁnﬁsﬂ capabl e of redu0|ng Cu++ to Cu+. 10. A
process according to clam 9 wherein: in said Step A
the netal is selectedrﬂaon1the group consisting of
copper, Zi RC, ym num and nagneS|un1or al | oys
of & o Qi?ﬁﬁ/p 6ﬁ' alum sj,um 11.° A
proce cqordlng Nclai;m 8 N%?%§L Ste
t he cEppg? salt isH nnl@breh@tlv% to am Ieg%t oﬁt\6fv//
the miltival ent nonofers.12. A process accordlng to
claim1 wherein: in sgaid Step A the multival ent
mononers are each independently represented by Fo?gyla

I: R[Core]-(x-RG Forrrulak> n ; / !
« H \/N Ne NH \/o @
SN 0 Q DN
r;l:/ Z o_#Z

O o]
:—/?<o/—z— X = Or_—:
LN AL~ 0 _

I

—
Vi
A

14. A process according to claim 13 wherein the preferred monomers have the

S

following structures:
N3

H
H N3\/\/N\|/N\ NH \/H N_NH N
1o ) NN . ?\I/ N NS &
N3 s H\l\ll/ > 7 = > \\/N\// .
N3 HN_Z
N3

15. A method according to claim 14 wherein the preferred monomers have the

following structures:



wherein: "Core" is a nultiradical core and is sel ected
fromthe group of nultiradicals consisting of

w@biophstsex, aryl, heteroaryl, am ne, al kenyl, Bt1®©82005/026177
carbonate, carbamate, sulfonyl, sulfate, thioether,
sel enyl ether, and urea; Ris a functionality that
binds to netal ions or to netal surfaces and is absent
or selected fromthe group radicals consisting of

amkng, r.oarvl. rhoxyl ate, .sul fate, thiol, and
h%f@ﬁ@%@o@g@hgﬁgﬁmﬁa f‘?g’e'%‘nd is selected from
the group consisting of azide and term nal al kyne; and
Xis alinker for Iinking RGto the "Core" and is
opt i dA&RId,/StapsAnthegnixtweadftnedtivalon moeogrersipreapplied onto the
di r adi I,sting of alkyl(Cl-C20), alkenyl,
al kyny%@'i?l&g#%,a}al kyl t hi o, al kylam ne; aryl,

5 heteroaryl, and heteroaromatic; and "n" is 2 or
greater.13. A process according to claim 12 wherein
t he mononmBHEsieRA()héorming dvé mixtste by dissekingdlthe rultivalent
process according to claim13 erein the preferred
NONONer s har\%lgﬂf)ﬂ%r?m?%\?fgﬂ"gﬁ\s\@ﬂ‘ﬁr es: 15. A nethod
according to claim 14 wherein the preferred nononers
have the follow ng structures: 16. A process accordi ng
to cl ai m Subsiepa(@): distribating Siemidurd inea ohionm enariner on the
mul ti val ent_ nmono are applied onto the solid

rs..
10 surface by LBEEEOME AN forming the nixture by
di ssolving the nmultival ent nononmers in an organic

sol vent ;
Substep A(3): allowing the organic solvent to evaporate from the
distributed mixture.
15 17. A process according to claim 8 wherein:

in said Step A, the mixture of multivalent monomers are applied onto the
solid surface by

20 Substep A(1): forming the mixture by dissolving the multivalent

monomers in an organic solvent together with a copper salt;

Substep A(2): distributing the mixture in a uniform manner on the
cleaned solid; and
25
Substep A(3): allowing the organic solvent to evaporate from the

distributed mixture.

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

30 the processes described in claims 1-17.
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Substep A(2): distributing the mxture in a uniform
manner on the cl eaned solid; and Substep A(3):

w@bdoewa2sgp t he organi c sol vent to evaporate fropat/82005/026177

di stributed m xture. 17. A process according to claim
8 wherein: in said Step A, the mxture of nultival ent

nmononmers are applied onto the golid surface by Substep
A(l1 ) : formng the m xture by dissolving the

) ! | )
oL ASRoEEke PRSP EbFREL oSO o or mor
rr'sﬁlidJsm'fédfegith@Ffdﬂdﬁblmﬁitﬁrsirfyﬁthbﬁéll&}vﬁgrﬁgp§°| id; and

Substep A(3): allowing the organic solvent to
evaporate fromthe distributed m xture. 18. An

adhesi 0 coat. formed on.a solid surface .
accor%?éﬁ)g'&'t %xg&{/ngoé)ﬂﬁl%@p%f)g@@yggeragg%r}c?rggrd; between;thg solid
1-17. 18urfédcqy, tiee afxtues of ﬁfulﬂv@ﬁa_rﬂ”r‘nc%ﬂ?ﬁéﬂs\ﬁﬁclgelrﬁg“%th monomers
cenment between two or nore solid surfaces, the process

c_on'tpr i BaviggRdltiplel azide ﬁ@%ioeplﬁiesar?bmnotaﬁms Waln’@ganultiple
m xt ur A n noner s, pbet ween e soli
surf ac%gﬁﬁq%l%gr%%ﬁgﬁ%ﬁﬁwﬁﬂ?% nNononer s

i ncl udi ng both nononmers having nultiple azide
functionalities and nononers having nultiple termna
al kynatep Biceatalyaing a @olymerirating of the maBonuers dlayriguguitivalent

Do do B iyt ag IR IR P g Rt terminal
mul ti valkgné flreitiohaRtiesiok Yoring id hOR&divé bgﬁ/rﬁé}r cement between

form nt% t he adhesi ve pol yner cenent betwe
e solid surfaces.

20. A process according to claim 19 wherein:
in said Step B, the polymerization of the monomers is catalyzed by Cu".

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.
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the solid surfaces. 20. A process according to claim
19 wherein: in said Step B, the polynerization of the

WORenerssy | s catal yzed by Cu+. 2 1. A process BCTDUSTIFRG6177

to claim20 wherein at |east one of the solid surfaces
i ncl udes copper and in said Step B, the Cu+

originates, at least in part,i?%nnthe copper solid
surface. 22. A process accordi*Hg to claim2 1 wherein
bat h of the solid surfaces_are caopper. 23. A pr.ocess

2 eBoP AR ACIOIIRSA0 S1aiRER bivieralh the PPRParAlldedrate
an all oy containing copper wherein copper nmakes up the
majority of the netal in the alloy.24. A process
a@éoAdrogesacdondimgdo Llaime2 tivhetdin tit@ppkd satfacss have a copper
brass. 25. A process according to claim2 1 wherein

t RAUBGL i d 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

t 26. Aiprboess accordingab wiks 20 adierair tiod solipperfacsd includiata
potentially includes Cu++; and in said Step B, the Cu+
of$HGRA 898NtANd east in part, froma reduction of the
Cu++ of said Step A by the reducing agent of the solid
surfaces. 27. A process according to claim26 wherein:

I n saintsdil Ste\A, theemidrecalsg ingedds afsolihse sfatopper salt that

surface is a netal capahle of reducing Cu++ to Cu+.
potentially includes Cu™"; and

in said Step B, the Cu” originates, at least in part, from a reduction of the

Cu™ of said Step A by the redubing 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”.
28. A process according to claim 27 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.

29. A process according to claim 26 wherein:

in said Step A, the copper salt is 10 mol% relative to at least one of the

multivalent monomers.
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28. A process according to claim 27 wherein: in said
Step A the netal is selected fromthe group

W@ onsisisemg of copper, zinc, iron, alum num aPdr/US2005/026177

magnesi um or al |l oys of copper, zinc, iron, alum num
and magnesium 29. A process according to claim 26
wherein: in said Step A the copper salt is 10 nol %
relative to at |east one of t$&-nultival ent

nmononers. 30. A process according to claim19 wherein:
in said Step A the nul tival ent nononers are each

B A PRRERS A BT REPRR 1 PR el 1. v corer s

mul tiradical core and is sel ected fromthe group of
mul tiradi cals consisting of aliphatic, ary
het eimaaigl Steard.itbe raultiealgnt menpmers aeg géﬁatr@ependenﬂy

car bamat e | fate, thioether, selenyl

et her ’reghéose@reei’gyﬁlopgu%lfunc“ onal ity that binds to

metal ions or to netal surfaces and is absent or

sel ected fromthe group radicals consisting of anine,
heteroaryl, carboxyl atg, &k _ }yl, and hydr oxfprmula 1)
RGis a functionality and 1s selected fromthe group

consi sting of azide and term nal alkyne; and X is a

lWwh&®in:for linking RGto the "Core" and is optionally

absent or selected fromthe group of diradicals
consCarehig a)muitiraglk:emoremw is slekented from tt\prgrpupeqf m;dyradlcals

al kyl t(I:qolno&stlngka/f azimhatlé awpl‘wétel?ggr?/ %?Tr"}‘ey alﬂenyl, 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 selected from the group 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; 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, alkyithio, alkylamine; aryl, heteroaryl, and
heteroaromatic; and

is 2 or greater.
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heteroaromatic; and "n" is 2 or greater.3 1. A process
according to claim30 wherein the nononers have the

wo odobo¥aseg structures: 32. A process accor di ngpe¢DUS1085/006177

3 1 wherein the preferred nononers have the foll ow ng
structures: 33. A nethod according to claim32 wherein
the preferred nononers have t foll ow ng

structures: 34. A process accortihg to claim19

in said Ste m xture of multival ent
ﬁ@ﬁo%e?@csﬁ%aawpmﬁmm g‘ﬁé‘/h&s@ndh@ mnareesyhaigpthedpliowing
AGlrutture§:orm ng the m xture by dissolving the
mul tival ent - nononers iR, an organi c sol vent; Substep

A(2): distributing thg/ﬁi xture in a uni form manner on
the cleaned solid; and Substep A(3): allow ng the

or gani cysol orate fromthe distributed

m xt MS;. A pr@%@Ss accordi to.cl aNﬁP%aUzv\/ner

in sa(dSbep B, thevsolid surflaced: Being [pladed i nt o _#
physi Cal contact with each othér with an application

of a constant pressurg while catalyzing the

pol ymeri zation of theMNwonomers. 36. A process

according to claim 26 vvhereln in said Step A th

mi xture of multival ent noneffers are appifed onio he

solid rfgce by Wm’n othe m re by
dlssol\sh\\ng rrultlvqj% Qg : 0

o)

=
1 ;NN o
|

32. A process according to claim 31 wherein the preferred monomers have the
following structures: '

33. A method according to claim 32 wherein the preferred monomers have the
following structures:



nmonomers in an organi c solvent together with a copper
salt; Substep A(2): distributing the mxture in a
wainoborassaanner on the cl eaned solid; andSubstBEI/B§BYPS/026177

al  owi ng the organic solvent to evaporate fromthe
di stributed m xture. 37. A process according to claim
36 wherein: in said Step B, tjip.solid surfaces being
pl aced i nto physical contact wth eaﬁ:hl ot he[ }Nlth an

[ ' i re i le catal yzing
taﬁghpﬁgl%?rg]?%otrlag@qgﬁaéﬁy?m%%?réps. 38. An adhesive
pol ynmer cenent forned between two or nore solid

rding to any of the processes described
isgr Eﬁ%%sfg %i%?g? _thegmlxture gf multivalent monomers are applied onto the

solid surface by

5
Substep A(1): forming the mixture by dissolving the multivalent-
monomers in an organic solvent;
Substep A(2): distributing the mixture in a uniform manner on the
10 cleaned solid; and
Substep A(3): allowing the organic solvent to evaporate from the
distributed mixture.
15 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.
20
36. A process according to claim 26 wherein:
in said Step A, the mixture of multivalent monomers are applied onto the
solid surface by
25

‘Substep A(1): forming the mixture by dissolving the multivalent

monomers in an organic solvent together with a copper salt;

Substep A(2): distributing the mixture in a uniform manner on the
30 cleaned solid; and
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Substep A(3): allowing the organic solvent to evaporate from the

distributed mixture.

5
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
10 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.



