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Gick Chemistry Route to Triazole Dendriners
Description Technical Field : The invention relates to

woendviosass and to net hods for nmaki ng dendri mepeT/usbe0s/ 023718

particularly, the inventionirelates to the use of
click chem stry for synthesizing triazole dendrinmers.
Background : Uni que properties of dendriners, which
are a direct consequence of their regular structure,
have sparked significant interest in recent years (D
A. Tomalia, et al. Angew. Chem 1990, 102, 119-57,
Angew. Chem, Int. Ed. 1990, 29, 138; D. A Tomali a,

H D. Durst _in Topics i rrent ems 165
(Eds.: E. GlekGh egmsfmyel%wﬂ It%be_t@aélmSﬂSS
193-313 F. Zeng, S. C Zi rmerman Chem Rev. 1997, 97,
1681-1712; C. J. Hawker in A ances in Polyner Science,

Vol . 147, Springer-Verlag, ek Hei del ber g,
Ger many, 1999, pp. 113-160; MCHEP%T:her F. Vogtle

éggg?ggéﬂwre,gig 1999, 111, 934-955; Angew Chem, Int.
884-905; A.W Bosnman, et al. m_Rev.
1999, dbe ineydionggiates to dendnmpes and ?%meﬂﬂﬁéj%f%rﬂgﬂeg

@gﬁbﬂ@%ﬁs Q%?g P@%&llaﬁgﬁ’cﬁ%&vgbhod rel%/}’&'@rﬂﬁregfgﬁg%f click

PeRemidiat for s&ﬁm@sz&g triaSis d&itnerd9, 4782-4787). A
| ar ge numnber

Background:
Unique properties of dendrimers, which are a direct consequence of

their regular structure, have sparked significant interest in recent years (D. A.
Tomalia, et al. Angew. Chem. 1990, 102, 119-57; Angew. Chem., Int. Ed.
1990, 29, 138; D. A. Tomalia, H. D. Durst in Topics in Current Chemistry, Vol.
165 (Eds.: E. Weber), Springer-Verlag, Berlin, 1993; pp. 193-313; F. Zeng, S.
C. Zimmerman Chem. Rev. 1997, 97, 1681-1712; C. J. Hawker in Advances in
Polymer Science, Vol. 147, Springer-Verlag, Berlin, Heidelberg, Germany,
1999, pp. 113-160; M. Fischer, F. Vogtle Angew. Chem. 1999, 117, 934-955;
Angew. Chem., Int. Ed. 1999, 38, 884-905; A. W. Bosman, et al. Chem. Rev.
1999, 99, 1665-1688; J. -P. Majoral, A. -M. Caminade Chem. Rev. 1999, 99,
845-880; L. J. Twyman, et al. Chem. Soc. Rev. 2002, 31, 69-82; J. M. J.
Eréchet Proc. Natl. Acad. Sci. USA, 2002, 99, 4782-4787). A large number of
dendritic structures varied in size, solubility, and function have been prepared.
However, most dendrimer syntheses, particularly at later generations, require
high monomer loading, tedious and lengthy chromatographic separations, and
generate considerable waste (S. M. Grayson, J. M. J. Frechet Chem. Rev.
2001, 101, 3919-3967; J. M. J. Fréchet J. Polym. Sci., Polym. Chem. 2003,
41, 3713-3725). For example, synthesis of polyether dendrimers (S. C.
Zimmerman, et al. J. Am. Chem. Soc. 2003, 125, 13504-13518; S. Kimata, et
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dendritic structures varied in size, solubility, and
function have been prepared. However, nobst dendri nmer

weynicdvesias, particularly at |ater generations, PCEQSR008/023718

hi gh nononer | oadi ng, tedio2s and | engthy

chr omat ogr aphi ¢ separations, and generate consi derable
waste (S. M Gayson, J. M J. Frechet Chem Rev.

2001, 101, 3919-3967; J. M J. Frechet J. Polym ScL,
Pol ym Chem 2003, 41, 3713-3725). For exanple,
synthesi s of polyether dendriners (S. C. Zi mrerman, et

ahl. J-Pdiymn. SeenPolpat CI’%J)@CQOOI‘.QFM 833085885 18; Dghan, M. Portnoy
Kimata, etal. J. P0I6ym Sci., Polym Chem 2003, 4
SberabaBodks 8056, (D3bd00E0,EMICHaHD) Bbal ob AsoGhem. Soc.

3 034- : _ t S
2@921 W SOPAT 535, S eupplali, ol g Arly Clfpr>Foo. 2003,
T R 72410 B 145 406l il b shmcatons nd
hhiabgenatlomlssuffscsf fremsmtompatlhldjbnwmln veiidus funetional groups and
variouys functj onal Igfcﬁs and conp |icate

pg@mpjlg%tppmlﬂcﬂmq C iedupelipna f%afgﬂ‘n tp}%lphery, such as
pe@l—lpr@ng éthNWz] ?rg'hot c%%étﬂﬁéjMtNWilllaﬁh%rﬁ‘@fherlflcatlons and

conpat i i anson etherifications and
habkgenatioesns. Dendrinmers have many uses. For exanpl e,
the recently discovered ability of polydentate
1,4-disubstituted 1,2,3-triazoles ligands to stabilize

gu( IC% aﬁ)%%gitn?r?eirs Y\%pe'rﬂ?_@?y%’%sgéreé?é}hélecﬁﬁgfégeﬁgg d§/s-60vered

pb@“l?ﬂoflpw?d@htatéﬂ li-gisopstitatedan, [2L3—traizot&sshg(a@ds\kﬁrs@ab|bze Cu(l)

spggcl'gsé&]pngﬂ%ggegﬁ;\ae?oobqg cor%dzlgcslong ](192R3(1§R an, é al. Org. Lett.
Submitted), has already proven crucial in biological applications (Q. Wang, et
al. J. Am. Chem. Soc. 2003, 125, 3192-3193; A. E. Speers, etal. J. Am.
Chem. Soc. 2003, 125, 4686-4687; A. J. Link, D. A. Tirrell J. Am. Chem. Soc.
2003, 125, 11164-11165; A. Deiters, et al. J. Am. Chem. Soc. 2003, 125,
11782-11783). Triazole dendrimers can be employed for this purpose. Also,
dendrimers are employable for making porous materials, i.e., the dendrimers
are mixed with a matrix material, the matrix material is solidified, and the
dendrimers are vaporized. In order to achieve a precise porosity, dendrimers
of uniform size must be employed. Unfortunately, prior to the present
disclosure, it was not practical to make dendrimers having a precisely uniform

size, i.e., substantially all dendrimers having the same size.

What is needed is a simple method for making dendrimers of precisely

uniform size.
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C_hem Soc. 2003, 125, 4686-4687; A. J. Link, D. A
Tirrell J. Am Chem Soc. 2003, 125, 11164-1 1165; A.

wOabdesmwso46et al. J. Am Chem Soc. 2003, 125, p&T8R205/023718

1783). Triazole dendriners gan be enpl oyed for this
pur pose. Al so, dendriners are enployable for making
porous materials, i.e., the dendriners are mxed with
a matrix material, the matrix material is solidified,
and the dendriners are vaporized. In order to achieve
a precise porosity, dendrinmers of uniformsize nust be
espinavied: Unfortunately, prior to the present

di scl osure

R L
SRR "I T oA whpesesni elabity
A i A i TS
cicheristneisi highly regiesslective.depaifagin 4. -ﬂ@h‘Lﬁﬂfé@A fazoles. A
OBEGEER Dha Pde O4f tbebae s th oy maer

C'bga?c;ddcy forpnetl hthi readiorsiel NaCi. v secendlganegation and some third
1,4-disubstituted triazoles, A variety of functional
gioeuptatonedendrpas ware divechy isetatpd gedute $HAS (e o1 v

e BRPE ook SR e et o BRGBRARel Pl i cate
Ve Blidhtisietl | y i solated as pure solids (i.e. no

chr omat ogr aphi ¢ separations), neeting the requirenents
for large scale

One aspect of the invention is directed to a process for producing a
product dendron having a single azide group. The process comprises a first
step wherein “n” organic azide molecules are reacted with an AB, molecule.
The AB, molecule has “n” terminal acetylene functionalities and one
halomethyl group, where “n” is two or greater. The reaction occurs in the
presence of sufficient copper catalyst to insure complete reaction for producing
a product molecule having “n “ triazoles and one halomethyl group. In the
second step of the process, the product molecule of the first step is reacted
with sufficient sodium azide in an organic/aqueous solvent mixture at a
temperature high enough to give complete or nearly complete displacement of
the chloride from the halomethyl group for producing the product dendron
having a single azide group. In a preferred mode, the product dendron is a
first generation dendron. Preferred organic azides are selected from the group

represented by the following structures:
O

O
®_\N3 ; HOJ\/\/\/N3 ; tBUO/U\H/\/N3 ;

H
N3 ; © ; /O\/\ /\/NS .
N @)
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applications. One aspect of the invention is directed
to a process for producing a product dendron having a

weiomlwsmai de group. The process conprises a fPCEUS3G08023718

wherein "n" organic azide mpl ecules are reacted with

an ABn nol ecul e. The ABn nol ecul e has "n" term na
acetylene functionalities and one hal onet hyl group,

where "n" is two or greater. The reaction occurs in

the presence of sufficient copper catalyst to insure

conpl ete reaction for producing a product nolecul e
h&vanethen pieferfredanbds, ‘arids twe RreferschfB, gnalagules @re iselected
second step of the process, the product nol ecul e of

t frent thesgrogpappraseniait by thefallRWdig $GIEIRS: sodi um azi de

I n an organi c/ agueous solvent m xture at a tenperature

hi gh enou to give conplete or nearly co
di spl acene 8f the chloride fromthe haIEp L@i\gﬁroup

for produci ng™y he product Q_ﬁnQrO@ having a single
azi de group. I@_Rr eferred t he produc endr on
is a first gen ti on dend=sn’/ Preflerred org C '

azi des are Pected fromthe group represented by the
following gtructures:In another preferred node,©"n" is

two. Preferred ABn nol ecul es are sel-ected fromthe
group represented by the follow ng structures: In

anot her preferred de, the pr.oduc r j ;

=R anatyE rerared AR RdNs PSR o | Aleceqod gBpgraton

aziefiardPhRg wheh dithé ki sjanteasiamdaBcHlesd afirst! deridhation

i nstance, the first generation dendron nay al so be

maigadkon. In this instance, the first generation dendron may also be made by
the process of the invention or not. In another preferred mode, the product

113 »

dendron is a third generation dendron and each of the “n” organic azide
molecules is a second generation dendron. In this instance, the second
generation dendron may also be made by the process of the invention or not.
In another preferred mode, the product dendron is a fourth generation dendron
and each of the “n” organic azide molecules is a third generation dendron. In
this instance, the third generation dendron may also be made by the process

of the invention or not.

Another aspect of the invention is directed to a process for producing a
triazole containing dendrimer. The process comprises the step of reacting two
or more dendrons, each dendron possessing a single azide functionality, with
a polyacetylene core compound, the polyacetylene core compound containing
two or more terminal acetylene groups, in a suitable solvent and in the
presence of catalytic quantity of copper(l) species for catalyzing a triazole
formation reaction for forming the dendrimer. Optionally, the process may
include the further step of washing the product of the first step with sufficient
aqueous ammonium hydroxide/citrate solution to remove copper species that

may be bound tb triazole moieties of the dendrimer. In a preferred mode of
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the process of the invention or not. In another
preferred node, the product dendron is a third

wgeonmrwsison dendron and each of the "n" organi ecaaisd®s/023718

nol ecul es is a second generation dendron. In this

i nstance, the second generation dendron may al so be

made by the process of the invention or not. In

anot her preferred node, the product dendron is a

fourth generation dendron and each of the "n" organic
azide nolecules is a third generation dendron. In this

i (& aspect dfttRe iMigntiopetier polyacetydend one irgelattol fhem the group
made by the process of the invention or not. Another
a%@ﬁe@ﬁedtbVethﬁrfOEE‘hWI“@rﬁtf@tlHPFect ed to a process for
producing a trigazole containing dendriner. 4 process
conprises the ep of reacting two or noreldendrons,

each dendron ngseSS|ng a single azide fu ionallty,

with a pol yacétyl ene core conpound, the pol#acetyl ene

core conpoun ntaining two or nore ter ng
acetylzgsAgg ih a suitable sol ven he ;
presen of? cat alyt i quantity of COp eCoES
for catalyzing a triazole formation reaction for
formng the dendrinmer. Optionally, the process may

i nclude the further step of washing the product of the

first stegwith sufficient aqueous amoni um
hydroxide%%$grate solution to renove copper | peci es
that may be Houpd to triazole noieties of th
dendrinmer. InJa preferred node ofthis aspegygof t he
i nvention, t ol yacetyl ene core is seleqﬂgd fron1the
group repres t d by the folil owi ng struct re
07
O)\ 0/\\\ /\ /\\

This process may be employed for making a first, second, third, or fourth
generation dendrimer wherein the dendron is first, second, third, or fourth

generation dendron, respectively.

Another aspect of the invention is directed to the first, second, third, and

fourth dendrimers made according to the above processes.

Another aspect of the invention is directed to a trifunctional reagent

represented by the following formula:
\ﬂ
{ \> Q
m
-/ R
/e

In the above structure, X is a diradical selected from the group consisting of
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This process may be enployed for making a first,
second, third, or fourth generation dendriner wherein

woheaosthesdson is first, second, third, or fourtBRCT/US2005/023718

generation dendron, respectévely. Another aspect of

the invention is directed to the first, second, third,

and fourth dendriners nade according to the above
processes. Another aspect of the invention is directed

to a trifunctional reagent represented by the

following formula: In the above structure, Xis a
diQadhdab-:Riea raticalrsiedthd fpnote g carsisjingfofaC! and -Br; n

o e o 1 & aeTGt e e LSRR 7 g vention
enp ' b
- BRCad RSy Py PRTBiou Rl hRu ™ anot ner aspect

of the invention is dir ed to a trifunctional
reagent represented by thg following fornula: In the
above structure, Ris ara i%al selected fromthe

group consisting of -Cd and -n is 1-10; and mis

1-10. A preferred enbodi nent ht-s, aspect of the

i nvention may be represented k=t he i®l | ow ng fornul a:
Anot her aspect of the invention is directed to a
trifunctional reagent repfesented by the foll ow ng
formula: In the above s cture, Ris a radica
selected fromthe group consisting of - and -Br; n

is 1- 19\r}cﬁﬁé¥£§ et bf H infeRtich %@lﬁéi:t@d@ﬁltﬁl@uﬂbtl@ﬁaltrbagent

aspect the 1 nvention nay be represented by the
f sbpmsented loy thd fllowing formuia:

—_—;—Qn 0
ad
=, UmR
In the above structure, R is a radical selected from the group consisting of -Cl

and -Br; nis 1-10; and mis 1-10. A preferred embodiment of this aspect of

the invention may be represented by the following formula:

Another aspect of the invention is directed to a trifunctional reagent

represented by the following formula:

In the above structure, R is a radical selected from the group consisting of -Cl

and -Br: nis 1-10; and m is 1-10. A preferred embodiment of this aspect of
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wahosmostss uct ur e,

Anot her aspect of the invention is directed to a core
nmol ecul e represented by the following fornmula: In the

Figures: Figure 1 illustrates an exanple of a |arge
dendrinmer that can be prepared by the nethod outlined.
Figure 2 illustrates the copper(l)-catal yzed synthesis

of 1,4-disubstituted 1,2,3-triazoles. Figure 3
illustrates the reaction sequence by which the
i ndi vi dual branches or dendrons, were constructed,

S invBatidr By e répresaitdd byahetibkowingdorhelaFi gure 4
illustrates three structures that were chosen for the

AB2 mononers. Figure 5 illu a the different
nonoazi des which are useﬂ?fi‘r\['fﬁ%i n ends. Figure 6
illustrates an NVR spectrumoefstle product
b/s-triazole. Figure 7 illustrates the GPC traces for
the crude reaction products, B-[G4]-N 3 (9d),
MEE-B-[ G 3]-N3 (6d), and MEE 2]-N3 (4d), obtained
by dendritic growh fromthe zyl ether nononer 11,

Another aspect of the invention is directed to a core molecule

represented by the following formula:

N,

In the above structure, n is 1-10.

Brief Description of Figures:

Figure 1 illustrates an example of a large dendrimer that can be

prepared by the method outlined.

Figure 2 illustrates the copper(l)-catalyzed synthesis of 1,4-disubstituted

1,2,3-triazoles.

Figure 3 illustrates the reaction sequence by which the individual

branches or dendrons, were constructed, starting from the “outside” of the

molecule.

nis 1-10. Brief Descripti onPaf/us2005/023718



10

15

20

Figure 8 illustrates the structures of the
pol yacetyl ene cores to which the dendrons were

weanclemosde Figure 9 illustrates a representati PeT/US2005/023718

exanpl e of a dendriner that8is obtained by coupling a
third generation dendron to a triacetyl ene core.

Figure 10 illustrates a MALD - TOF mass spectrum of
dendrimer 7a.Detailed Description : A highly efficient
route for the production of triazol e-based dendriners
enpl oys click chem stry. This new efficient and

pr epar &igureldyillastnates threetstruchsnestteal werehehapemeioatheAB,

of diverse dendritic structures (Figure 1) of high
ptAN8Mei¥ed i n excel l ent yield. The uni que aspects of
this route arise fromthe near perfect reliability of
the Culcatal yzed synthesis of 1,2,3-triazoles from

azi des Figutedd Kysiestet Fhe differ@nt fivnodzidBe sthich seevysed for the
al . Angew. Chem Int. Ed. 2002, 41, 2596-2599; C W
TéhAw erds.a] . J. Org. Chem 2002, 67, 3057). The
reaction is experinentally sinple - proceeding well in
aqueous sol utions w thout protection from oxygen,

requi r ifigurers MustratesEONKR bpectrom af the praxtumt bisagiazole.
materials, and generating virtually no byproducts.
Equally inportant is the wi de scope of this

transf o [ j I YA ;

quant | ag0t5e D@ (i CIEG kel BEMENAE oqction prodygts
I QACELRINGLA- (MEECB-[&e8]BN, Bd)abnd MEEVB-[CH+N .
Ed. 200 ,ﬂ%@g 04 5051 ) ]b %ﬁ%)gr i o b ,
sialppipedibyi dendsitid gsewthy frem, thakenaybethep manomedliband the azido

ard?(eltﬁc’y?elar?é Sﬂ/cgﬁ dfelril\/g\{i\‘?et 4gh ©f

Figure 8 illustrates the structures of the polyacetylene cores to which

the dendrons were anchored.

Figure 9 illustrates a representative example of a dendrimer that is

obtained by coupling a third generation dendron to a triacetylene core.

Figure 10 illustrates a MALDI-TOF mass spectrum of dendrimer 7a.
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sinple extraction. Frechet's convergent approach was
utilized in the dendriner synthesis disclosed herein

wOGnochosHawker, J. M J. Frechet J. Am Chem $80T/US2005/023718

1990, 112, 7638-7647). Thus9 the individual branches,

or dendrons, were built sequentially, starting on the

"outside" of the nolecule. They were then coupled to a

mul tival ent centerpiece ("core") in the |ast step, as

outlined in Figures 3A and 3B, which led to a variety

of dendrimers with different chain end groups (R and

[ mtee;:illmllgee@uﬁtonuni gs (X). In expl oiti ng Cu(l)

catal yzed reaction for dendriner uction, a ,

var i et Y igh W@'%HBW%?CU&E‘?%O% ?fetﬂaﬁ%lgg?fsglq dendrimers
[

rETRIO SBRTHeRERY, 278 ﬁ%*#.ﬁ@é;%btﬁ? DIUJELAGIER) S route
Syeé%dlt%tlh¢hégeatafajloasoffcwersee!elndtm@dtruchuoes (Fflgure 1) of high purity
acetylenic groups lLead to S|gn f|c

d.a@érlglewel{wgmlé Afe YRigi 8rPedn & QWSt rﬁlér%ﬂsera#é%mt‘% near

"SRR MBBAPLIRETY beid oy TR Y fiBfoles from azices
S@ﬁ@'élkﬁfésl QFlgLn@CE)RVr ¥ Rdstovtse, let akyAnbemi Chem dntaaj?ﬁ 2002,
di scl osed herein to allow facile activation of

f ddaR5p6i2599% rGuy. dJormery el@hddi Peg- Coea: 2002 éﬁ ?6%)57t)hérhe

£ PR S oD iemaB S Bl S R Bl ERbRls Seluipns
S%tHbmt %Fét@@tlér?ﬁfgﬁ\ (t))%/gialhaf’éqdlﬁﬁ%bﬁlyf Qbmimdrﬁétn@farﬁdjlmts of

desired azi donmet hyl group, can then be coupl ed
vvlstd{rtlmg mdierialsy amd genegting viralhene byerasiusts. orqdelhdinpprtant is

F| s 3A a
( WI e scope gg this %ranér%rmahgn, high selectivity and nearly quantitative

yields. Not surprising for the best click reaction to date (H. C. Kolb, et al.
Angew. Chem. Int. Ed. 2001, 40, 2004-2021), the procedure involves simply
mixing and stirring, whereupon pure products are isolated by filtration or

simple extraction.

Frechét's convergent approach was utilized in the dendrimer synthesis
disclosed herein (C. J. Hawker, J. M. J. Fréchet J. Am. Chem. Soc. 1990, 7112,
7638-7647). Thus, the individual branches, or dendrons, were built
sequentially, starting on the “outside” of the molecule. They were then coupled
to a multivalent centerpiece (“core”) in the last step, as outlined in Figures 3A
and 3B, which led to a variety of dendrimers with different chain end groups

(R) and internal repeat units (X).

In exploiting Cu(l) catalyzed reaction for dendrimer construction, a
variety of AB, monomers can be envisaged based on terminal acetylenes and
alkyl halide functionalities. Readily available starting materials and simple
synthetic strategies for the introduction of acetylenic groups lead to significant

structural diversity (Figure 4). However, one structural feature was retained
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AB2 nononer units, a variety of the chain ends with
reactive functional groups ranging from carboxylic

weaeb@/dso4al cohol can be enpl oyed in the constr ecriusmos23718

di verse triazol e dendri nmersio( Fi gure 5).

Copper (I)-catal yzed reactions Of AB2 nononers and

chain end units were carried out in the presence of

2-5 nol % CuSO™4, 5-10 nol % sodi um ascorbate in 1: 1

m xture of water and te/t-butyl alcohol at room
tenperature, generating the desired ib/s-triazoles in
nestweprand j 12tance1y,) rdrdelythe presareeanfrusingtsf chjopseethyl group.

Its in th d [ '
Eﬁmsswaggﬁﬁéﬁé’%a& RpaoKR B 0 P R EU By Pcospierein
"GHIHF 54 AnEURh S PR BPLEI BEARBAR) ADHA bonsnuctor
c oyhhaednvérigent hrovatbssppreacti. Redetiqnt ofidendritic fragments
purifications were greatly sinplified. Thi_é, (S | nt N
dicpataining @ siagle chleremethylareup AvithRadien A alsrdlsiipeguantitative
synt hesi s the. h i
oY SHER o e A SHET RS AR P HSS Eolpd wi

ugqd1poor 13 (£ gRe tiibeleis geherdien txidrae (Figates®A and 3B). As with
dendritic fragment. Furthernore, purification by f]ash

c B meermmephyits, & vasiedy of theeehain efdstwitnkaactive fiinationgl groups

28T i Y A e R s ghfbrcton o

SO pHEEC b ane rgaermond g a7, des by reaction

Copper(l)-catalyzed reactions of AB, monomers and chain end units

were carried out in the presence of 2-5 mol% CuSO,, 5-10 mol% sodium
ascorbate in 1:1 mixture of water and tert-butyl alcohol at room temperature,
generating the desired bis-triazoles in near quantitative yield. The trace
amount of copper salts in the products was easily removed by washing with an
ammonium hydroxide-citrate aqueous buffer. The high degree of efficiency
permitted a stoichiometric amount (2.0 equivalents) of azides to be used.
When combined with the absence of side products, purifications were greatly
simplified. This is in direct contrast with a classical polyether dendrimer
synthesis by the convergent growth approach where an excess of dendron
(2.05-2.20 equivalents) is typically used to increase yields of the next
generation dendritic fragment. Furthermore, purification by flash
chromatography is usually required at each step (C. J. Hawker, J. M. J.
Fréchet J. Am. Chem. Soc. 1990, 112, 7638-7647).

In the next step, the primary chlorides were converted to the
corresponding azides by reaction with 1.5 equivalents of sodium azide in
acetone/water mixture, which was equally facile and typically resulted in yields
of more than 95% with the only byproduct being NaCl. (Monochloride dendrons
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acetone/water mxture, which was equally facile and
typically resulted in yields of nore than 95% with the

wonbos/dogas oduct bei ng NaCl. (Monochl ori de PCT/US2005/023718

dendr onsgenerated from benzignesul f onam de 13 were

converted into the correspondi ng azides in wet DW.)

The dendrons were then 'grown' via the reaction of the
resulting azides with the original nmonomers 11 , 12 or

13. Al second generation dendrons were isolated as

pure white solids by sinple filtration or aqueous
woekerptedfronusenmprieselferarnide teweracboverted o Henaewesponding

e RSPV e leRT e e Sy SRR el B ElLer e
S}]elsu?]tnﬁ ALESARIRE orr@riaﬁ ﬂcﬁ{onﬁé@tﬂﬂ 12 &B.CAll Sedodd
ch, i n conparison th the mxture obtained froma

pyEeénatibh elefdrony wersisoldtad as aiues whittGdds by simple filtration or
regi oselectivity. Follow ng the sanme, procedure, anide
meaueeLs workyp, Rrediding the seapridageneratien aRIESREN5ARS | isolated

el | h 1 - i
E o A R R e S it
WBhiF1021a3i3) Fg@ed)Lthetintddiatione rather yrow@s f and ¢ is 2:1

propagated to the third generation, respectively. In
t ivbréadn, uasmpansmrewbrtbeirrmtu:ew@t@nﬁ@tfrom)amr@lyitﬁermal process,

agueoys mxtures,. slight. nodification of reaction
c%ﬁjéqacl%?%ﬁs Oe/& f?@O?ﬁ'ng\é{% degree of efficiency and
near quantitative yields. For exanple, benzyl

term nated dendriners prepared from 14 and 11 were

f ound Folldeingrthelsaiepracetiurd, sraide TRIFNeEUT 2 ovith égyt-butyl azide
0 reaction

second generation, resulting i . . .
silfiatdhe periperyassyveh agthe angﬂ@gp%rn@pﬁwner 11 with azide 19 were
propagated to the fourth generation. Monomer 12 with the azide 16 and 19 at

the periphery was propagated to the third generation, respectively. In those
cases where dendrimers were not soluble in aqueous mixtures, slight
modification of reaction conditions led to the same degree of efficiency and
near quantitative yields. For example, benzyl terminated dendrimers prepared
from 14 and 11 were found to be insoluble in 1:1 H,O/THF solutions at second
generation, resulting in no reaction. Similarly, conversion of the chloromethyl
group to the azide group was unsuccessful with aqueous sodium azide. To
overcome this difficulty, the copper-catalyzed reaction was performed in THF
with an organosoluble Cu(l) species, (PPh;);CuBr, under microwave
irradiation, leading to quantitative yields of the next generation dendritic
fragment. Similar results for azide formation were obtained when the
displacement was performed with sodium azide in DMF or DMSO. Analysis of
the dendrons by MALDI-TOF mass spectroscopy as well as GPC provides no
signs of products with defects that would arise from incomplete branches

(Figure 7).

Works by Tomalia, Fréchet, and others demonstrate solubility
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group to the azide group was unsuccessful wth aqueous
sodi um azide. To overcone this difficulty, the

woappaosaat al yzed reacti on was perforned i n THPCwuUSk00an23718

organosol ubl e Cu(1) speciesi2 (PPh3)3CuBr, under

m crowave irradiation, leading to quantitative yields
of the next generation dendritic fragnent. Sim |l ar
results for azide formation were obtained when the

di spl acenment was perforned with sodi um azide in DVF or
DMSO. Anal ysis of the dendrons by MALDI - TOF nmass

s pexfiartiss opgerrdriticehbleaslesRteptaingtas by theingperipifery (S. M.

RS LI AL 1 B oo
oSS T GRS YO PEESY 2D, S pisrvatons of

Gy 88ndrirerd\iisdlosEd dehsth [4Hyem foffew.th@€®trend4.0 A, unique property
3919-3967; J. M J. Frechet J. Polym ScL, Pol

?Eéthdeszgd_a,zoleiba;@vil@m@@ is, gprine HﬁCPl??U'%é%?%%igBﬁﬁ of
] ; _
¢ CBRAGIORS ey BB BRE wefiche T e@h PRt ol and Mg fore

depRib ' dihloASmbiHaneD bRlorbBEM] gieoholki gtk surprisingly, aqueous

generations, they becone |ess soluble in ethyl acetate
amixisirésyh(lhgemeral, dendrione genesated fiomp kenremesulfonamide 13 are

chl orof orm. al cohql s and, surprisingly,,,agueou
e
; oo | S

S hARaAR o sPiea chan SR ke ddincending
t Rabs@gampy ation of 19 as a chain end increases the
solubility

Finally, several third and fourth generation triazole dendrimers were

constructed by anchoring these dendrons to a variety of polyacetylene cores

(Figure 8).

A representative example is shown in Figure 9, where the third
generation dendron tBu-F-[G-3]-N; (6a) was coupled directly with
2 4,6-tris-prop-2-ynyloxy-[1,3,5]triazine (23) in the presence of the in situ
generated Cu(l) catalyst. It is noteworthy that even at these low
concentrations (0.06 M in alkyne and azide), the catalysis proceeded rapidly
enough at room temperature, reaching completion in less than 30 hrs as
indicated by LC-MS analysis. Dendrimer 7a, with 24 periphery units
(molecular weight 6322 Da), was isolated as a white solid in 92% vyield. All
dendrimers were characterized by 'H and ®C NMR, and further confirmation of
structure and purity was obtained by GPC and MALDI-TOF mass spectroscopy
(Figure 10). High polarity, good alcohol/water mixture solubility, and strong UV
absorptions at 210 and 229 nm are unique features of this new class of triazole

dendrimers.



10

15

20

25

30

substantially.) Finally, several third and fourth
generation triazole dendriners were constructed by

wanglesmosoag t hese dendrons to a variety of pol yacetgb@sn23718

cores (Figure 8). A represemtative exanple is shown in
Figure 9, where the third generation dendron
fl3u-F-[G3]-N3 (6a) was coupled directly with
2,4,6--?7s-prop-2-ynyloxy-[1 ,3,5]triazine (23) in the
presence of the in situ generated Cu(l) catalyst. It
IS noteworthy that even at these | ow concentrations
( Dehsiled Daserigkipneofdridur@si de), the catal ysis proceeded
rapi dl y enough at room tenperature, reaching
comlal etion in less than 30 hrs as indicated by LC M5
anal ysi n r
(mol ecul Qel Q{%ﬂ@ég% Bﬁ%‘é B&éiarf@?odé;{bggﬂgﬁéﬁgf éan be prepared
g @Iy;cE'e Ime;ﬁ?g’ogﬂtlmedi Hid diffenstrti Rrgrmpﬂesfmvcrhaﬂmtfew dzllffecent

an NVR, and further confirmation of
sﬁp&&?ﬂlﬁlﬁé of e peaultapt qﬁ@‘?‘?ﬂﬁ?éi ned by GPC and MALDI - TOF
mass spectroscopy (Figure 10). High polarity, good
al cohol /water m xture solubility, and strong W
absor ptHigure Egh@ﬂ@tmdo;ﬂ%r(lmwyzadmwmleeélsaf drdedisobstituted
this new class of tri azol e dendri ners, Det

Pés%BrtﬂﬁZ@ﬁSoﬂ hei cappes() isichiaieed byHR situ 5ﬁ8;é9t%q)fethgfcogper(ll)
S8R e R g s s

ditépERitlire in a water/alcohol solvent mixture to give nearly quantitative yields

of the 1,2,3-triazole product.

Figures 3A and 3B show the reaction sequence by which the individual
branches or dendrons, were constructed, starting from the “outside” of the
molecule. These are then coupled to a multivalent centerpiece or “core” in the

last step. The internal repeat units are “X” and the chain end groups are "R.”

Figure 4 shows three structures that were chosen for the AB,
monomers. These were based on terminal acetylenes and alkyl halide
functionalities. The structural feature, in addition to the diacetylene, that was
retained between the three structures 11, 12, and 13 was the chloromethyl
group. The reaction of dendritic fragments containing one chloromethyl group
with sodium azide would lead to the quantitative formation of the azidomethyl
group which would then be coupled with 11, 12 or 13 to give the next

generation dendron.

Figure 5 shows the different monoazides which are used for the chain
ends. There are reactive and non-reactive end groups for the dendrimers.
The non-reactive groups have an aryl, alkyl and methoxyethoxy ends and the

reactive end groups have carboxylic acid, benzyl alcohol and protected
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solubilities of the resultant dendriner. Figure 2
shows the copper(l)-catalyzed synthesis of

wb 2decthosoabst i tuted 1, 2, 3-triazol es. The copper pL)X/US2005/023718

obtained by in situ reducti®n of the copper(l1)

speci es, here obtained fromcopper sulfate. The
reaction is run at anbient tenperature in a

wat er / al cohol solvent mxture to give nearly
quantitative yields of the 1,2,3-triazole product.

Fi gures 3A and 3B show the reaction sequence by which

t peimardiamidedlindiiomatitiess or dendrons, were constructed,
starting fromthe "outside" of the nolecule. These are
then coupled to a nmultival ent centerpiece or "core" in
the la r

the chiiPTEris i AMR SPEeR RRRE PO BiSifizof. .26 spectrum
Sishuisithe sontipléteviacie of by esgibisonens inBi2 pmdumaaswould be

These were based on term nal acetyl en
h &xpaetedfremi aiharingl excloageition f lgpaﬁﬁ'\eergg igrQf IXQegratlon for

? %gbﬁolﬂgg r&é ﬂ:@fg‘lg&%hgg@ théﬂgﬁ X%ﬁ% @kﬁé&ﬁgr 1RGbIRE in the

eloRdBtan! m&Ht@seﬁlﬂé ofﬁﬁ@big@@lﬁor @etreif ahil € protons is due to
fr gments contai ni ng one chl oronet hy d grou Wit h
¢

s doe diffexendmagoeticl ehdgehmentshe the antide aondsotoserst i on
of the azidonethyl group which would then be coupl ed
with 11 , 12 or 13 to give the next generation

dendr OrfigileOi Sons O WP faces raherude RstioRasoslbieNMEE-B-
[G-4]-N, (9d), MEE-B-[G-3]-N, (6d), and MEE-B-[G-2]-N, (4d), obtained by
dendritic growth from the benzyl ether monomer 11, and the azido di(ethylene
glycol) derivative 19. These traces show no signs of products with defects

stemming from incomplete branches.

Figure 8 shows the structures of the polyacetylene cores to which the

dendrons were anchored.

Figure 9 is a representative example of a dendrimer that is obtained by

coupling a third generation dendron to a triacetylene core.

Figure 10 is a MALDI-TOF mass spectrum of dendrimer 7a. This time-

of-flight mass spectrum was part of the proof of purity of this product.
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ends. There are reactive and non-reactive end groups
for the dendriners. The non-reactive groups have an
wanyide/oosdskyl and met hoxyet hoxy ends and the re&Criuge005/023718
end groups have carboxylic 1&ci d, benzyl al cohol and
protectedprimary am ne functionalities. Figure 6 is an
NVR spectrum of the product b/s-triazole. The spectrum
shows the conplete | ack of any regioisoners in the
product as woul d be expected from a thernal
cycl oaddition reaction. The ratio of integration for
piEXperiméntal Section:2: 1 whi ch shows that only one
regi oi somer is forned in the cycloaddition. The
presence of two signals for both f and ¢ protons is

0Soddtal DRI SlothefERANERLEE WEbUHIEAER tid Wirich and were

oners. ure ShOWS traces

t heed rvwﬂﬁ)ut Wemrﬁblmtmutyﬁﬁeﬂiso[@nﬂs} wﬁﬁe ()Btt)h,ased from
MEE- B- [ -N3 (6d and MEE-B-[ G 2] -
olﬁﬂiﬂh@dﬁ% o@rmiLa Pratefiasune. ﬁr@wttq%Tbgn\ef% P@ffﬁ@’f‘ed on

L

WIGé] feefi2sr shrohatoy REHhyvpae M@e@mle%btgebﬁer(gtaesctomgsh eASTM).
8 shows the structures of the poly acetgl ene cores

wiNMR (e speoine wese cecardrdiedher Fh guBBIkGT AMS- 00, AMX-500 or

g 1Sl esBr dralhi B BasTHF s (3irg o8RO Rértz, and

t rdnaREX| hives SR l%poﬁ'eatiﬁ ‘baﬂt@ pe? I‘ﬁ”IMDfL('I) rdigfivees €HCI, (7.26 ppm

spectrum of dendri ner . Thi's tineof -
for 'H and 77.2 ppm for 13C) or DMSO (2.50 ppm for 'H and 39.5 ppm for *°C)
or CD,OD (3.31 ppm for 'H and 49.0 ppm for "*C) or acetone (2.05 ppm for 'H
and 29.9 ppm for '®C) as internal reference. Preparation HPLC was performed
on a Dynamax HPLC system using a ZORBAX SB-C18 column (21.2 mm i.d. X
25cm) with H,O/CH,CN as eluent, the flowing rate was 6.5ml/min. Gel
Permeation Chromatography was performed in tetrahydrofuran (THF) on a
Waters chromatograph equipped with four 5-jdm Waters columns (300 mm x
7.7 mm) connected in series with increasing pore size (two mixed B, 10%A,
10°A). A Waters 410 differential refractometer and a 996 photodiode array
detector were employed. The molecular weights of the polymers were
calculated relative to linear polystyrene standards. The modulated differential
scanning calorimetry (MDSC) measurements were performed with the TA
Instruments DSC 2920 and a ramp rate of 4 degrees per minute. The thermal
gravimetric analysis measurements were done with the TA Instruments Hi-Res
TGA 2950, under nitrogen purge, and the ramp rate was 10 degrees per
minute. 2-chloro- N,N-di(prop-2-ynyl)acetamide 12 (A. J. Speziale, P. C.
Hamm, J. Am. Chem. Soc. 1956, 78, 2556-2229); azide 15 (D. Charon, M.
Mondange, J. -F. Pons, K. Le Blay, R. Chaby, Bioorg. Med. Chem., 1998, 6,
755-765), 16 (P. G. Mattingly, Synthesis 1990, 366-368), 17 (J. C. Bottaro, P.

E. Penwell, R. J. Schmitt, Syn. Comm. 1997, 27, 1465-1467);
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flight mass spectrum was part of the proof of purity
of this product. Experinental Section: General Mthods.

wGCamwmosi4al reagents were obtained from Al dri clkCcang2005/023718

were used without further prification. Deuterated

sol vents were purchased from Canbridge |sotope

Laboratories, Inc. Analytical TLC was perforned on
commercial Merck Plates coated with silica gel G254

(0.24 mmthick). Silica Gel for flash chromatography

was Merck Kiesel gel 60 (230-400 nesh, ASTM. NWR (1H,

1303, SSne(@romMWoxﬁbmmm(md?laoa R. Bepke:in ERPOUR0, FR
AMX- 500 or AMX-6 ectroneter.

CHS9B4A8 SA{ 1]OBH T TSAT h RS- GRHOb-2naTQ) PhenyDethane

PGEIAE S DAY, T 0 Crr

D@Q 48850710pm4n1 5845 Igwo ppeéaméwrdm@% tRe r@.ﬁ&@i methods.

31 ppm for 1H and m for 13C) or acetone
(2 05 ppm for 1H and 29.9 ppmfor 13C) as internal

f P at HPLG
LPLG oyheRehag e HRHAR 8 JerT G ARy ek B2 foRe:

f
RIS EPY e R Beg(beR i RincRioBroupsut defitheey Bn for
pe&yeheyEBoG forttettaityl cbtlmgﬁluaman(aTelFthfmr aerwmyi SMEE for

R S T R & P S gL

T S O, 1 oo
Atfonae Yed esupibey ddnctibinal grouscal the foedlgiuist, efthehehloride, Cl,

ynmers were
or aZ|de N,.

Syntheses of repeating units.

o KOs —

HO = AN P .
18-crown-6 \/O O\/ LIAIH,
acetone, reflux THF
0”0”7 90%

84% oo
DN o~ soC NG o_~Z
CH,Cl,, pyridine
OH 0;& tort Cl
72% b

Methyl 3,5-Bis(propargyloxy)benzoate. To a stirred solution of methyl
3,5-dihydroxybenzoate (16.8 g, 100 mmol) and propargy! bromide (29.7 g, 220
mmol) in acetone (300 ml) were added potassium carbonate (15.1 g, 109
mmol) and 18-crown-6 (0.1 g, 0.4 mmol). The reaction mixture was heated at
reflux under nitrogen for 24 hours, filtered and evaporated to dryness. The
crude material was then crystallized in methanol to give the ester as pale
yellow crystals (20.6 g, 84.4%). 'H NMR (500MHz, CDCl,): 0 =2.55 (t, J = 2.4
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calculated relative to |inear polystyrene standards.
The nodul ated differential scanning calorinmetry (MDSC

worasnsiyent s were perfornmed with the TA | nstr rOBMIS2005/023718

DSC 2920 and a ranp rate of174 degrees per m nute. The
thermal gravimetric anal ysis nmeasurenments were done

with the TA Instrunments H -Res TGA 2950, under

nitrogen purge, and the ranp rate was 10 degrees per

m nute. 2-chloro- L/,L/-di(prop-2-ynyl)acetan de 12

(A. J. Speziale, P. C. Hanmm J. Am Chem Soc. 1956,

78z, Z%@HZZEIQ)S QZISCKGH;(B 319) Aha(dn) =14.4 Mm@ CH, 4H), 6.83

“E. P .
| GoanPg, HE .06, ohb 20, "6 NWR (1 2z, SHRINGE 5276 (s,

e T

1,1&°107I9 ¥Ar21 10X 27 berzaR ZCRA30B4 B, TEOORH,, 1C
Pepl)n n FR>§>B<B€ %8408 E\ 1 19871% 13 FR(gi 1087), 1, )

1 158-.90 (S(m-ﬁ(rpEGb %W(&W%n?@)et hane 2 1 (D.
OKroneg S. R Denneade, M Y. Chiang, R Breslow,

Am Chem Soc. 1985, 107, 5544-5545) were prepared

a@@ﬂéﬂﬁtohgr%@%épfl?é}{iﬁ%éﬁmo% a gﬁ]’?ec?@?%ﬂ%%tf‘tﬁ@ester (20.6

uséd ramework i s as

R-oX-84G AMmdf) indetgdrBus aHF (17@smi)hvead gadéd Giddmaomjyaim hydride
at periphery, Bn for benzyl , Boc for fe/f-butyl
et(By%ar Himteol) i gnal sertiosst Beakstromkereageht (25 g) was then

( | : .
BT AT PRy i

bepgefies et iupierveeuurm, te $diRl wasHased withgHoisibeirethane¥and the

descri bes functional group at the focal point, either

c Hilsatedtriedavith MgSO,. After evaporation of the solvents, the alcohol was
recovered as white crystals (16.4 g, 90.1%). '"H NMR (500MHz, CDCl,): 3 =
2.46 (t, J = 2.4 Hz, C=CH, 2H), 4.45 (s, CH,0OH, 2H), 4.61 (d, J = 2.4 Hz,
CH,C=CH, 4H), 6.46 (s, p-Ar, 1H), 6.56 (s, 0-Ar, 2H). °*C NMR (500MHz,
CDCl,): & = 56.30 (s, CH,C=CH, 1C), 65.50 (s, CH,OH, 1C), 76.09 (s, C=CH,
2C), 78.76 (s, C=CH, 2C), 101.88 (s, p-Ar, 1C), 106.60 (s, o-Ar, 2C), 143.97

(s, CCH,OH, 1C), 159.23 (s, m-Ar, 2C).

3,5-Bis(propargyloxy)benzyl chloride, 11. To a stirred solution of the alcohol
(14.7 g, 68.0 mmol) in dichloromethane (200 ml) and pyridine (10.7 g, 136.0
mmol) was added and the mixture was placed on an ice bath. Thiony! chloride
(12.1 g, 102 mmol) dissolved in dichloromethane (20 ml) was added dropwise
to the reaction mixture and the ice bath was allowed to warm to room
temperature. The reaction mixture was then allowed to stir under Ar for 24 h
followed by quenching with water. The organic layer was allowed to separate
and was washed with water (3 x 100 ml), dried over MgSO,, filtered, and
evaporated to dryness. The crude product was purified by flash

chromatography, loading with 1:1 dichloromethane:hexane and eluting with 2:1



10

15

20

25

or azide, N3. Syntheses of repeating units . Methyl
3, 5-Bi s(propargyl oxy) benzoate. To a stirred sol ution

wohoosmbkpt 3, 5- di hydr oxybenzoate (16.8 g, 100 ruwiys2@sa23718

propargyl bromde (29.7 g, 1820 mmol ) in acetone (300

m ) were added potassium carbonate (15.1 g, 109 mmol)
and 18-crown-6 (0.1 g, 0.4 mmvl). The reaction m xture
was heated at reflux under nitrogen for 24 hours,
filtered and evaporated to dryness. The crude nateri al
was then crystallized in nmethanol to give the ester as
paliehly@imeathane yhekahs tqd ivetthe,chBstodtdihyl ThbMdrRe(, 310 @GisHe white

Gt SHNMA (GAONTHE, GDL13 8 =857 (rgtioA CHHf 5% (B FH.CH.C,
Pars P S Eanft 8 Al PG aEaME Y

76 38 (184 CCH 10), 78y34(S, CCH, A \107.91 (S, W
pC)Ar O %gg 273,(5 O60AT 2CR4 132 50 (s, (%Q(IJCI-BOSO
1 1 3= ) 2

3, 5- Bi S{pr opangylioxy) benzy ! ag;ﬁohol %o acgoﬂztlf‘f”‘é'ﬁ

sol ut ignoof £ffe estero{20. 6 84. 4 ) i nzanhydr oy
THF (170 m) was added it hi um al um num hydri de (3.99

g, 105 mmol) in small portions. Beckstrom s reagent

( 26(Qhloramethyh)-NyNadifptap-Guamdjberize nesuifonianyde; 48i The

al um num hydride. The reaction m xture was_filter ?\ﬂ\ﬂ
ump%tshwms PreRarsdusingiasimilarsuaceflng as for 11. 'H NMR (400

il BOCTor 2B TR 24 bR, St 238 41 L L= ve
CH,C=CH, 4H), 4.61 (s, CH,CI, 2H), 7.52 (d, J= 6.4 Hz, Ar-H, 2H), 7.82 (d, J=
6.4 Hz, Ar-H, 2H). *C NMR (100 MHz, CDCl,): & = 36.4 (s, CH,C=CH, 2C),
45.1 (s, CH,CI, 1C), 74.4 (s, C=CH, 2C), 76.1 (s, C=CH, 2C), 129.2 (s, Ar-C,
2C), 129.3 (s, Ar-C, 2C), 138.2 (s, CCH,CI, 1C), 142.9 (s, CSO,, C).

Svntheses of monofunctional azides:

1-Azido-2-(2-methoxyethoxy)ethane, 19. A solution of 1-bromo-2-
(2-methoxyethoxy) ethane (12.4 g, 67.8 mmol) and sodium azide (13.2 g, 203
mmol) in water (150 mi) was stirred under reflux for 16 hours. The aqueous
phase was extracted with dichloromethane (2 x 200 ml), dried with MgSO, and
evaporated to dryness, to give 19 as a colorless oil in 87.3% yield. 'H NMR
(500MHz, CDCl,): 8 = 3.29 (s, CH,0, 3H), 3.30 (i, J = 5.2 Hz, CH,N,, 2H),
3.44-3.48 (m, CH,OCH,, 2H), 3.53-3.60 (m, CH,OCH,, 4H). *C NMR (125MHz,
CDCl,): d =50.89 (s, CH,N,, 1C), 59.27 (s, CH,0, 1C), 70.29 (s, CH;OCH,CH,,
1C), 70.84 (s, CH,OCH,CH,, 1C), 72.21 (s, CH,CH,N;, 1C).

Svntheses of cores:

Diprop-2-ynyl piperazine-1,4-dicarboxylate, 22. To a 4 ml CH,Cl, solution of
propargyl chloroformate (237 mg, 2 mmol) was added piperazine 86 mg at 0°C,
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recovered as white crystals (16.4 g, 90.1 % . 1H NWR
(500MHz, CDCI3) : d =2.46 (t, J = 2.4 Hz, CCH, 2H),

WO .24®/005046 CH2OH, 2H), 4.61 (d, J 2.4 Hz, CH2CCPCTAISR005/023718

6.46 (s, p-Ar, 1H), 6.56 (s9 o-Ar, 2H). 13C NMWR

(500MHz, CDCI3) : d = 56.30 (s, CH2CCH, 1C), 65.50 (s,
CH2OH, 1C), 76.09 (s, CCH, 2C), 78.76 (s, CCH, 20,

101 .88 (s, p-Ar, 1C), 106.60 (s, o-Ar, 2C), 143.97

(s, CCH20H, 1C), 159.23 (s, mAr, 20).

3, 5- Bi s(propar gyl oxy) benzyl chloride, 11. To a stirred
sdblivwed byfdropwisal additibn OfLELR. ghe68abtiomwiap than stirred at room

HTPRGTS daiek i T heC i ot RBgCHh ahthesgacton. 5
ai ot ST Was g 2ty “‘%mselpéﬁ%tsﬁqﬁﬁgﬁ% ARESTR Kigh Wlshod
r esuth Nah-l(m)y(tsat ¢ v, bind drizel Wwithh Naywd® ,. aMtewmdaptomamaag the

to room t enperat ur The react | on m Xt ure was

2 SRV 116 Qe REARG WS PURTTEsHY fash pBWéaetegraphy (hexane: ethyl
quEng e@m'ghglg‘é@ asT Q‘?Nrﬁ{]eq&ﬂ yle%?éof@@(z% {YW?P'NMR (600

separate a ed Wi

oVHzMIR(Acetbhb ). & E<3 03l JevRBHALCHCHY 2Gr)y8el$38(brTNezH N, 8H),
crude product was purified by flash chromato
| chdRid, Wirth6Hz, QlddQﬁﬂlUr éHﬁ%(ﬁQaNM%é%Mlmcﬁ %/qr@ 0 =443

V“hﬁ‘ NGBy A is. Ca,CSEPhSch 7l E,ﬁcfﬁm@ ). 796 (s
QF%F'F%%‘??@ RO &Py ?‘Z”Czﬁ R A

6.80 (d, 1H, ArH).

Chl oronet hyl ) - N, N- dl} P benzenesul f onan de
4.6 Tﬁg(prop-z-ynyloxy) 3,5 rlazm . Propargyl alcohol (10 ml) was

added slowly to a suspension of cyanuric chloride (2.2 g, 12.1 mmol) in 15 ml
THF at room temperature followed by K,CO, (5.2 g, 36.3 mmol). Reaction
heated to 60°C overnight. The reaction mixture was filtered. After evaporation
of solvent, the residue was dissolved in 80 ml CH,CI,, and washed with dilute
citric acid (10%), saturated brine. Dried over MgSO,, evaporated to give 23 as
white solid in 90% yield. 'H NMR (600 MHz, [Dg]JAcetone): & = 3.13 (t, J =2.2
Hz, C=CH, 3H), 5.10 (d, J = 2.2 Hz, CH,C=CH, 6H). *C NMR (150 MHz,
[Ds]Acetone): & = 53.4 (s, CH,C=CH, 3C), 77.3 (s, CH,C=CH, 3C), 78.4 (s,
C=CH, 3C), 173.5 (s, Ar-C, 3C). m.p. 69-70°C

A Representative Procedure A for the Cu(l) Catalyzed Triazole Ligation
Reaction: 2-Chloro- N,N-di(prop-2-ynyl)acetamide 12 (300 mg, 1.765 mmol)
was mixed with 470 mg (3.529 mmol, 2.00 eq.) of benzyl azide 14. The mixture
was mixed with 2 ml of 1:1 tBuOH/H,0 solution. Sodium ascorbate (35 mg,
0.177 mmol, 0.10 eq.) was added as a solid, followed by the addition of CuSO,
(22 mg, 0.089 mmol, 0.05 eq.). The reaction was stirred overnight at room

temperature. The white cloudy suspension was diluted with 10 ml H,O and 1
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20

25

conmpound was prepared using a simlar procedure as for
11 . 1H NMR (400 MHz, CDA3) : d = 2.15 (t, J = 2.4

wWo2p06@0kb46 2H) , 4.17 (d, J = 2.4 Hz, CH2CCH, 4HpCTAISGMDS/023718

(s, CH2d, 2H), 7.52 (d, J=206.4 Hz, Ar-H, 2H), 7.82
(d, J= 6.4 Hz, Ar-H, 2H). 13C NMR (100 MHz, CDCI 3) : d
= 36.4 (s, CH2CCH, 2C), 45.1 (s, CH2Cl, 10, 74.4 (s,
CCH, 2C), 76.1 (s, CCH, 2C), 129.2 (s, Ar-C, 20,
129.3 (s, Ar-C, 20, 138.2 (s, CCHC, 10, 142.9 (s,
CsS®2, C). Syntheses of nonofunctional azides :

1- rﬁkmcﬂm&ﬁr(aiedfmﬂ-n%y@tlhe&)fbeﬂOarmautekfﬂané\tlsm ﬂltem dhe resulting
1-bronp- 2- &5 nmet hoxyet hoxy) et hane &M
miBirgteaaviitripewdan vias Wwashed g timesw ?H er@rdrled to obtain

( 16 hours. The
a#ﬁg&g}gﬁ@iﬂé' S g@ﬁzg?éﬁé’\?\éé%)&d‘%c 'I or oret hane (2 x
200 m), dried with MySO4 and evaporated to dryness,
to give 19 as a colorless oil in 87.3%yield. 1H NWR

(WMQSWH"B’)@ Pratedwe® forsthecbl(h)-Caxtalyzed fatalyzed Eriazole

] = 5gafondReastionio o8 15 (765 matol\RRI{ FaehiSduth 56 ma (3.529
(S, w&%%% p C"gﬁgizi(? m@%lﬁ%ﬂ%%‘g was mixed

( switlR2AIHENG 1 1BGDH/ByDtsohstion. decumn escomam (ﬂﬁ mmﬂ 77 mmol,
p| erazi ne-1, 4-di car boxy| at e, To

40iesk) was gddsara@ya selid, 6@'&%@%&/ the §@¢ltlﬁg of 1 @Ufﬁ%i (22 mg,

o A S 05,8 P SO OB P e

I o light yellow mixture was diluted with 10 ml H,O and 1 ml concentrated
NH,OH, stirred for 10 minutes and extracted 3 times with 30 ml portions of
EtOAc. The organic layer was washed 2 times with saturated NaCl, dried over
MgSO,, and evaporated to yield pure product Boc-F-[G-1]-Cl, 1¢ (898 mg, 94%
yield).
A Representative Procedure for the Conversion of Dendritic Chlorides to
Azides: 500 mg (1.36 mmol) of 1a was dissolved in 4 ml acetone/water (4:1).
NaN, (132 mg, 2.04 mmol, 1.5 eq.) was added, and the mixture was heated to
60°C for 1 hour. The mixture is cooled to room temperature, acetone
evaporated, diluted with 10 ml H,O, and extracted 3 times with EtOAc. The
organic layer was washed with saturated NaCl, dried over MgSO,, and
evaporated. tBu-F-[G-1]-N, 2a was obtained as a white solid (490 mg, 96%).

General Procedure for Non-aqueous Click Chemistry Catalyzed by
Cu(PPh,),Br. A solution of 3,5-bis(propargyloxy)benzyl chloride, 11, (234 mg,
1.00 mmol), benzyl azide, 4, (266 mg, 2.00 mmol), N,N-diisopropylethylamine
(48 mg, 0.37 mmol) and Cu(PPh,),Br (55 mg, 0.12 mmol) in tetrahydrofuran (5
ml) was submitted to microwave irradiation at 140°C (nominal temperature) for

5 minutes. The crude product was purified by filtering through a silica plug



tenperature for 3 hrs. until LC-MS indicated the
conpletion of the reaction. 5 m 10% HCI was added and
wohevsgeprb at ed organi ¢ phase was then washed weC/us2005/023718
NaHCO3 (sat), brine, and drated with Na2SO4. After
evaporating the solvent, the crude product was
purified by flash chromat ography (hexane: ethyl
acetate 3:1) and gave 22 as a white solid, yield 220
ng (88% . 1H NWR (600 MHz, [D6]Acetone): d = 3.03 (t,
= 2.6 Hz, CCH, 2H), 3.48 (br, NC2H4N, 8H), 4.72 (d,
J slutth@with,a THAGRH reddfdicHISICNMéRané BB dhizthanol, to give
[ D6] Acet

CHBeBHG ﬂoanze,l ()28 woloa‘jq;@@wm‘z‘r%?'ng %-6"/033#8@3 (BYMHz,

5 GDBL =4 BR (8 CH P R0 1§ 7CHED, 4t), 54145, CH.N, 4H), 6.67 (s,

Proyppragy) 73l1cphel (n, JA}HmbHyaén@e%i(zss IA@MA zHg _
suspensi‘on of cyanuric chloride nmol) in
15 m THF at room tenperature foIIovved by K2CO3 (5.2

ed to over

ewm\%ap S T tne N e BrAGHe oS SY GRS Gl bRRIBRC Azides. A
fgﬁ d'éﬁaf' EnigRge dicS 'Ovrﬁg ;08%%{80 %%&Hm azide

an vvash ute citri aC| saturate

brBae.mgr 5. ednnmrwé@ciﬁ@éolveda@wsed(ﬁ ol gTble r@dctish was heated at
white solid in 90%vyield. 1H NWR _%600
[ lﬁﬂ "Rcler @4d),-payred #ita water (290-m. Pheaquepts laygy was axjracted

Trigg{zggé(fﬁgo %%Q@g@ &é%%dwg%%a]tgg(%@{%o ml) dried over
C"M@@@é aid evZ;Sor%técﬁto &hesS Purificaioh HySiltrétiorthrdGyh a silica
plug elutlng W|th 10% MeOH:EtOAc, gave the pure azidomethyl derivative 2d.
Yield : 492 mg, 97.1%. 'H NMR (500MHz, CDCl,): & = 4.36 (s, CH,CI, 2H),
5.03 (s, CH,0, 4H), 5.44 (s, CH,N, 4H), 6.63 (d, ArH, 2H), 6.68 (t, ArH, 1H),
7.22-7.35 (m, ArH, 10H), and 8.21 (s, ArH, 2H).

o
N«,NJANJK/Q
N H/\N

Q—J N:N' b
1b
Bn-F-[G-1]-Cl, 1b: '"H NMR (500MHz, CDCl,): 6 = 7.53 (s, 2H), 7.36 (m, 6H),
7.23 (m, 4H), 5.47 (s, 2H), 5.43 (s, 2H), 4.65 (s, 2H), 4.56 (s, 2H), 4.42 (s, 2H).
3C NMR (125MHz, CDCl,,): & = 167.1, 134.4, 129.4, 129.1, 54.5, 43.1, 41.9.

m.p. 111-112 °C.
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A Representative Procedure A for the Cu(l) Catalyzed
Triazol e Ligation Reaction: 2-Chloro-

wOQ0ds/o0sti46 pr op- 2- ynyl ) acet ami de 12 (300 ng, 1. PE6D/usp@LN23718

was mxed with 470 ng (3.522 nmmol, 2.00 eq.) of benzyl

azide 14. The m xture was mxed with 2 mM of 1. 1

ffiuOH H 20 sol ution. Sodi um ascorbate (35 ng, 0.177

mmol, 0.10 eq.) was added as a solid, followed by the

addition O CuSO4 (22 ng, 0.089 nmol, 0.05 eq.). The

reacti on was stirred overnight at roomtenperature.

TftBuWh[(Bel JNo2dy’ HWWE@WI—W@DEIW&@?NZ (s, 16)nT.76826, 1H),
1m concentrated

10 m
266 Koo, e e (53 210 3156(§u2|ﬁ n1g66 S5 (9 J. 05 i D “C NMR

PO R TR B g e . o

A granr Blseidradi areal lﬁa@ﬁﬂw&ﬁa 26N(,)JO (%¢: Cus1 B2CHE A0 N 37.41.
Catal yzed Tri azol e ation Reaction: 300 ng ( 1 .765

miundsoC, B4 . b h- Qéd'%mﬁﬁﬁ%sspniﬂ 3415, mml 2. 00

eq.) of Boc-protected azi doethyl am ne 16. The m xture
was mxed with 2 of 1: 1 f OH H20 sol uti on.
Sodi um ascor bate@g ng, 0.17 =N 0.10 e was
added as a solid, |Ysowed by the i tio SO4

(22 ng, 0.089 mol, e ) NNFner @g;h nI vvaﬁt
e lig

stirred overnight at r
yeIIowmxturevvasdiIth\nt_{gm H20 and 1 ni
concentrat ed NHAOH, <Y1} M nut es and
extracted 3 times with 30 Yk portions of EtQAc. The
organi c | ayer was vvad 2 times with saturated Nad ,
dri ed over MgS™, and aporat e to yield pure product
Boc-F-[G1]-Cl, 1c (898 ny, 94%

n-F-[G-2]-Cl, 3b: 'H NMR (500MHz, [D6]DMSO): & = 8.24 (s, 1H), 8.08 (s, 1H),
8.02 (s, 1H), 7.91 (s, 1H), 7.35 (m, 20H), 5.70 (d, 4H), 5.60 (s, 4H), 5.54 (s,
4H), 4.67 (m, 8H), 4.55 (s, 2H), 4.51 (s, 4H) 3C NMR (125MHz, [D6]DMSO): &
= 167.1, 144.1, 137.3, 137.2, 130.1, 129.5, 125.3, 125.2, 54.2, 54.1, 52.3,
44.0, 43.1, 42.6, 32.6. MALDI-TOF: 1076 (MNa*), PDI: 1.01.

o} \\\
N«
o
No ci
o N N Nan © =N N
X \n/ \/\l\\]%’/ N\)\/N <N \:lﬂ
o} N=N d N N\/\

Boc-F-[G-2]-Cl, 3¢: 'H NMR (500MHz, [D6]Acetone): O = 8.04 (s, 1H), 8.02 (s,
1H), 7.82 (s, 1H), 7.80 (s, 1H), 7.77 (s, 2H), 6.25 (br, 4H), 5.75 (s, 4H), 4.75
(m, 8H), 4.62 (m, 6H), 4.48 (m, 8H), 3.55 (m, 8H), 1.37 (s, 36H). °C NMR
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yield). A Representative Procedure for the Conversion
of Dendritic Chlorides to Azides: 500 ng ( 1 .36 mmol)

wohodsaosms di ssolved in 4 m acetone/ water (4: RrT/uSan3/023718

( 132 ng, 2.04 mmol, 1.5 e®3) was added, and the

m xture was heated to 600C for 1 hour. The m xture is
cooled to roomtenperature, acetone evaporated,

diluted with 10 mMl H20O and extracted 3 tines with

Et OAc. The organic | ayer was washed w th saturated

NaCl, dried over MgSO4, and evapor at ed.

fl BZGI‘HH?QD@ ANt ) WaS . 4) he6l0as66. 7TWHBES, JdKi2l 14ded 143.7,

28 Gl T et B Tt Batfa 50nh BB 4513, 885, 41.5,28.7
’pggpll\ﬁAF?P ng)zﬁly ()Z\)IﬂggzyigﬁNg%ﬂpe’ éloo(ﬁﬁéﬂ??’

N, N-di i sopropyi ethyl am ne (48 ng, 0.37 ) and
Cu(PPh3)3Br (55 ng, 0.12 mmol ) |n tetr ran (5
m) was submtted m'crovva 3i g a on at 140C
(nom nal tenperat yNfor 5 u %crude pr oduct
was purified by fil N ag aS| i ¢a pl ugel uting

romsthane an thanol, to
as a colorless oIl (477 ny,
95.5% . 1H NMR ( , CDCI3): (= 4.62 (s, CH2d,
2H), 5.06 (s, CH2O ™M) 1 5. 4143(3 CH2N, 4H), 6.67 (s,
ArH, 3H), 7.21-7.37 (m ArH, 10H), and 8.23 (s, ArH,

oI, A TRERMRS CMHBIDERCARHER S = A6 1ES1H), 8.14 (s

chikpr i7d® (0 1(50P.86Ys, 1HNT.800, )1 HINT. 2O, did)agirded, 4H), 4.80 (s,
OH), 4.77 (s, 2H), 4.74 (s, 2H), 4.67 (s, 2H), 4.60 (d, 4H), 4.41 (s, 2H), 1.68 (s,
9H), 1.67 (s, 9H), 1.63 (s, 18H). *C NMR (125MHz, [D6]Acetone): O = 168.7,
166.8, 166.6, 144.2, 143.8, 143.7, 143.3, 126.2, 126.1, 121.4, 60.6, 60.1, 59.9,
52.1,51.2, 42.6, 41.8, 41.5, 30.2 ppm. MALDI-FTMS: expect MH* 925.5353,

found 925.5368.

wth a 9:1 m xture of
give Bn-B-[GI]-C (1d

N\l;\l\l s 0 N)g
~ YA
N\ N /’;( , N S/\ N
N=N O&N N O ([NN "IN\)LN/\<\/ X

{BU-F-[G-3]-N,, 6a: 'H NMR (600MHz, [D6]DMSO): & = 8.29 (d, 4H), 8.17 (d,
2H), 8.14 (s, 1H), 8.03 (d, 4H), 8. 00 (s, 1H), 7.96 (d, 2H), 5.76 (m, 12H),
4.77(s, 4H), 4.72 (d, 8H), 4.56 (t, 16H), 4.40(s, 2H), 1.61 (s, 36H), 1.57 (s,



1

o

15

20

(325 ng, 5.0 mmol ) was dissolved in DMSO (5 nml). The
reacti on was heated at 60C for 24 h, poured into water

w0206/0506 The aqueous | ayer was extracted w t RCTHREN0R/023718

(3 x 50 M), conbined, washgd with water (2 x 50 m)

dri ed over MgSH, and evaporated to dryness.

Purification by filtration through a silica plug,

eluting with 10% MeOH Et OAc, gave the pure azi donet hyl
derivative 2d. Yield : 492 ng, 97.1 % 1H NVR (500MHz,
CDhClI3): d =4.36 (s, CH2C, 2H), 5.03 (s, CH2O 4H),

5. 33H).<3C CH2R, (186{HZ6 [BB]Acetona)HD =218)8,2,616886 ( 166.Ar 156.3, 166.2,

anl43 bl T3 A1 B K (R 1 208, 663 5135064 5, 50.6,
(342.%(H)11.97 43, (40 %6%@.5 p%j% mslglﬁgﬂbl ﬁaﬁb%g@ﬁb 2048 (MNa*),

2H?DI1’BOD5II\/R(125I\/HZ CDCI3,): d = 167.1 , 134. 4,
129.4, 129.1 , 54.5, 43.1 , 4 1.9. mp. 111112
0C.Bu-F-[G1]-N 3, 2a: 1H NMR (500MHz, CDCI3) : d

7&%%&% de%?ﬂn%?@gl’[@o 2§p§?o g)ﬁég%@) t‘ga}‘ﬁ: § éa NyBais
( 12hdddewitFe@ g (O 026-mkAg!) 8f 2 We-t9s-pilabl2-yhyloddJ1%B, 5]tr|azme 23.
60.4, 5 1.6, 43 4 1.5 30.6 | ement al' anal

Callee rmugﬁur@%dmmml"(@/& migf 51 ﬂgl@H ‘H,OBobgionNSaogiium 1

asl‘]cqu?iéﬁ%? E,g,%%(yﬁ m%@m F%SM& ?faljrowed by the
8 gd'dlflén of-@us@ (%@nd 9. 0@8*}nm§l @21déq) 3I'H)a reéc@én fssstlrred at room
(stenm@ratma(ﬁaﬁd(mmalleljed @,VES“Elg(r‘A; as;tm{jlpatedsjy I(@ MSH)l'he:s?eBctlon
Nwrﬁl ure |WIUtédD\?AtP¥Sm) H, 8 and 1 ml concentrated NH,OH/citrate buffer,
stirred for 2 minutes and extracted 3 times with 30 ml portions of CHCI;. The
organic layer is washed with brine, dried over NaSO,, and evaporated to yield
a while solid, which is then purified by prep-HPLC (pump flow gradient
settings- solvent CH,CN/H,O; flowing rate: 6.5 ml/min, 0 min, 29% CH,CN; 2
min, 58 % CH,CN, 30 min 80% CH,CN) to give pure dendrimer 7a 150mg,
90% yield. '"H NMR (600MHz, [D6]DMSO) & = 8.26 (m, 16H), 8.20 (s, 3H), 8.15
(d, 6H), 8.00(m, 15H), 7.95 (d, 5H), 5.76 (m, 44H), 5.51(s,6H), 4.74 (m, 44H),
4.55 (m, 44H), 1.59 (dd, 108H), 1.54(dd, 108H). *C NMR (150 MHz,
[D6]Acetone ) O 167.3, 143.9, 143.6, 143.4, 143.1, 126.8, 122.2, 121.9, 119.3,
113.6, 60.7, 60.4, 52.4. 42.7, 41.4, 30.1. MALDI-TOF: calcd for

(CareHsssN 155054 + Na)*: 6345, found: 6345 + 0.1%, PDI: 1.027.
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= 167.1 , 144.1 , 137.3, 137.2, 130.1 , 129.5, 125.3,
125.2, 54.2, 54.1 , 52.3, 44.0, 43.1 , 42.6, 32.6.

woOBLdgl0FE: 1076 (MNa+), PDI: 1.01 . Boc-F-[ G BLT@IS2005/023718

3c: 1H NWR (500MHz, [D6] Acexsone): d = 8.04 (s, 1H),
8.02 (s, 1H1 7.82 (s, 1H), 7.80 (s, 1H), 7.77 (s,
2H), 6.25 (br, 4H), 5.75 (s, 4H), 4.75 (m 8H), 4.62
(m 6H), 4.48 (m 8H), 3.55 (m 8H), 1.37 (s, 36H).
13C NVR(125MHz, [D6] Acetone): d = 167.1 , 166.9,
166. 7, 156.8, 144.2, 143.9, 143.7, 126,2, 124.8,
124.7, Weht B cldfndd is52. 1 , 50.7, 50.5, 43.5, 43.3,
42.5, 4 1.5, 28.7 ppm MALDI-TOF: 1267 (M) , 1289
( M\laA)processs tormrp@qmg ra moduct dandawR hesgaeisingle azide group, the
ceton"%) th ” F\St , 8 14 (s, 1H), 7.89
(sp $EFS COMBESING ?H?O""?' geieRs: 7.78 (s, 1H),
5.77 (d, 4H), 4.80 (s, 2H), 4. 77 (s 2H), 4.74 (s,
2H), 4.67 (s, 2H), 4.60 (d, 4H), 4.41 (s, 2H), 1.68
(s, 8kp Al.reaciirng “ﬂH)rgamiOG&i@s maletdles wdiE avRB molecule, the
125MHz, &éDG Acet one 7, 166.8, 166, 6,
3

143. 8, lequig he! '“928‘"2”“1'28" geetylepe fUﬁCt"%ﬂ?“éeS pd.pne

er i - PR Bt o sl br trahel, G523ty Bluring inthe

ffiu-F- @séhcé\loﬁsuﬁatenlbb 898, mélﬁﬁ]&‘ﬁ@)ete geaetion for
8.29 ( 8.17 (d, 2H), 8.14 (S, 1H), 8.03 (

4H), 8. pr@dugmg a pyodurt g@l@@le pRyings n76r|gm)le§gq;:i one halomethyl

4. 77(s, d, 8H), 4.56 (t, 16H), 4.40(s, 2H),

1.61 (sgrogérﬁ‘f‘dih (s, 36H). 13C NMR ( 150MHz,

[ D6] Acetone): d =168.2, 166.6, 166.4, 166.3, 166. 2,

143.5, 143.4, 143.3, 143.1 , 142.7, 125.8, 120.9,

59. 53t€19B3, reBctingthesproduct Bolagulelaf 9aid Step R with sufficient sodium

?,c\)/i\g;) 2a?z'ige I?r? 2}1 ozrggér%'lc/aq%%ttj)ls _sgﬁ/]éht m|x2ture§ M_H )terhpera%ure high
enough to give complete or nearly complete displacement of the
chloride from the halomethyl group for producing the product dendron

having a single azide group.

2. A process according to claim 1 wherein the product dendron is a first

generation dendron.

3. A process according to claim 2 wherein the organic azide is selected from

the group represented by the following structures:

3

O i £
N ’ HOJ\/\/\/Ns » 'BuO H/\/S’

HO
%‘Na ; @ ;O ~Ns
N

3

{1 )

4. A process according to claim 1 wherein “n” is two.
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PDI: 1.005. Synthesis of dendriner 7a: 160.2 ng (0.08
mol) of fBu-F-[G3]-N3 6a is mxed with 6.4 ny

wOQo@assoamol ) of 2,4,6-tris-prop-2-ynyloxy-[1 PCT/US2005/023718

,3,b]triazine 23. The m xtwoee is diluted with 0.8 n

of 1: 1 tBuOH H 20 solution. Sodium ascorbate (3.1 nyg,
0.016 mmol, 0.20 eqg) is added as a solid, followed by
the addition of Cus®™ (2ng, 0.008 mmol, 0.1 0 eq). The
reaction is stirred at roomtenperature and conpl et ed
overni ght as indicated by LG MS. The reaction mxture
| 5. dAlprbesk b ddoringl toldPimah dihkreth the B, mholalcalt of Step A is
NHAOH/ citrate buffer, stirred for 2 mnutes and
exaclenied frog thengroup rerresenigd pythe EHowiRg elkstaresihe
organic layer is washed with brine, dried over NaSO4,
and evaporgted to yield a while solid, mhl 'sAégfn

purified by rep HPLC (punp flow gr adi ent % 5t'?1 S
sol vent CH3CN rovmng e: &5 nm/mn ~Q mn,
29% CH3CN;, 2 ng (58 % CH3CN, o/gb—yan 80% CH3 to
gi ve pure dendpirer Ja 150mg—90%d el d. 1H

(600MHz, | O d=28.26 (m 16H), 8.20 (s, 3H),

8.15 (d, 6, 8.00(m 15H), 7.95 (d, 5H), 5.76 €m
44H), 5.51 (s,6H), 4.74 (m 44H), 4.55 (m 44H), 1.59
(dd, 108H), 1.54(dd, 108H). 13C NMR ( 150 Mz,

[D6] Acetone ) d 167.3, 143.9, 143.6, 143.4, 143.1 ,
126.8, 122.2, 121 .9, 119.3, 113.6, 60.7, 60.4, 52.4.

4% TA ftodedh a&drding Rt TWheréinltré rfr@cﬂuct dendron is a second
(C276H393N159C24 +"Na) +: 6345, found: 6345 0.1% PD:
1. gxtersten desdwinadmabdachs of the e organic azide molecules is a first

generation dendron.

111 ”

7. A process according to claim 6 wherein each of the “n” organic azide

molecules is the product dendron of claim 2.

8. A process according to claim 1 wherein the product dendron is a third

113 ”

generation dendron and each of the “n” organic azide molecules is a second

generation dendron.

(13 n

9. A process according to claim 8 wherein each of the “n” organic azide

molecules is the product dendron of claim 6.

10. A process according to claim 1 wherein the product dendron is a fourth
generation dendron and each of the “n” organic azide molecules is a third

generation dendron.

& ”

11. A process according to claim 10 wherein each of the “n” organic azide

molecules is the product dendron of claim 8.
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1. A process for producing a product dendron having a
singl e azide group, the process conprising the

wbabdemosoag steps: Step A reacting "n" organi cprazivdeo0s/023718

nol ecules with an ABn nol ecal e, the ABn nol ecul e
having "n" term nal acetylene functionalities and one
hal onet hyl group,"n" being two or greater, the
reaction occurring in the presence of sufficient

copper catalyst to insure conplete reaction for
produci ng a product nolecule having "n " triazoles and
one. halpesais’yfor groaliigingpa tridAvtan cShiamifly deaddinengthieh@ocess
product nolecule of said Step Awith sufficient sodium
agoawrisingathediojawing €eBeous sol vent nixture at a
tenperature hi gh enough to give conplete or nearly
conpl ete displacenent of the chloride fromthe

hal ogRbp! redding ther ohesigéndrohb cesdipdusdrongrsiisessing a single
having a single azide group. 2. A process according to

cl ai m Bzidesfusctionaldy prv b adqolyrasdylene cereacempeiind, the

eneratjon dendron. 3. A pro G ' '
Sror o pahesEne BorecormpB 84 EaRRfRg Wb A be ehinls®
repr es 8oty gkdifhst M hRuitaBleSolvEH WneiSih the pfeddmeasicatalytic
according to c?al m 1 wherein "n" is two. 5. process )
accor diqugntity efl coppes(| brgdesiorsatiprings Eeaple formatien reaction

Ais selected fromthe. group represented by the
fol I owitfigrosyngL g dendrirter

13. A process according to claim 12 comprising the following further step:

Step B: washing the product of said Step A with sufficient aqueous
ammonium hydroxide/citrate solution to remove copper species that

may be bound to triazole moieties of the dendrimer.

14. A process according to claim 12 wherein the polyacetylene core
compound is selected from the group represented by the following structures:

| TS
, )

N O
] ’ ol
o RN
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6 . A process according to claim1 wherein the product
dendron is a second generation dendron and each of the

wOnbosmogmni ¢ azi de nol ecules is a first gener aPCOMS2005/023718

dendron. 7. A process according to claim®6 wherein
each of the "n" organic azide nolecules is the product
dendron of claim2. 8. A process according to claiml
wherein the product dendron is a third generation
dendron and each of the "n" organic azide nolecules is
a second generation dendron. 9. A process according to

c14@. NA §rodesyseon pRfitirdf a fikg gomeratidipdésdrdaedi@ccording to claim 12
mol ecul es is the product dendron of claimé6. 10. A

pvderetn thedandirar used dn aaich Jtepriised firgtigengratinncgendron.
dendron is a fourth generation dendron and each of the
"n" organic azide nolecules is a third generation

dergdr & Trﬁ)roééss"ftr?ﬁ prdm@,ﬁg 8eeebHd BenbaatiohaddAdhasscdirding to

each o gani ¢ azide nol ecul es is the product
deatalmot2 zwmecenauthe @emdromumd)me%@ld Sdep gy l@cmeemcggeneratlon
H%920|e contai ning dendriner, the process conprising
?T-owi ng step: Step A reacting two or nore
dendrons each dendron possessing a single azide
functlonallty, with a pol yacetyl ene core conpound, the
pOII?ya/ésepIrqd:easdoc praslucinga dinidd genesationregndrioasrageording to claim

t e{éﬂwﬂerem the dendron used in said Step A is a third generation dendron.

18. A process for producing a fourth generation dendrimer according to claim

12 wherein the dendron used in said Step A is a fourth generation dendron.
19. A first generation dendron made by according to the process of Claim 2.
20. A second generation dendron made according to the process of Claim 6.
21. A third generation dendron made according to the process of Claim 8.
22. A fourth generation dendron made according to the process of Claim 10.
23. A first generation dendrimer made according to the process of Claim 15.

24. A second generation dendrimer made according to the process of Claim
16.

25. A third generation dendrimer made according to the process of Claim 17.

26. A fourth generation dendrimer made according to the process of Claim 18.
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acetyl ene groups, in a suitable solvent and in the
presence of catalytic quantity of copper(l) species
woanocmasmbyzing a triazole formation reacti on POT/US2005/023718
form ng the dendrinmer. 13. 24 process according to
claim 12 conprising the followng further step: Step
B: washing the product of said Step A with sufficient
aqueous ammoni um hydroxi de/citrate solution to renove
copper species that may be bound to triazole noieties
of the dendrinmer. 14. A process according to claim 12
wWREr & triftifnetional peepeny represented myotinedoliewing fesnule: ed
fromthe group represented by the follow ng
structures: 15. A process \Qr producing a first
generation dendrimer according to claim12 wherein the
dendron used in said Step A a first generation
dendron. 16. A process for cing a second
generati on dendri nmer accord(i;?Eb—ﬁbaln112 wherein the
dendron used in said Step A segond generation
dendron. 17. A process for ucing a third
generation dendri mer accor, ing to claim12 wherein the
dendron used in said Step/A is a third generation
dendron. 18. A process for producing a fourth
g&ﬂﬁﬂ@ﬂpon dendrinmer according to claim 12 wherein the

lorgiioR gk BoRh ThRBna driu hRubhb BERS! 850 o8-
aC Riglhngdical éé]éc@ﬂql?&ﬁ?zhé’br Jacmﬁsm@gof £ s@cond;

generation dendron made according to the process of
Cl anms 6-10; and

m is 1-10.

28. A trifunctional reagent according to claim 27 represented by the following

\

formula:

Cl

//—o

29. A trifunctional reagent represented by the following formula:
_E_Qn O
=t
____—____(/fn m R

R is a radical selected from the group consisting of -Cl and -Br;
nis 1-10; and
m is 1-10.

wherein:
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2 1. Athird generation dendron nade according to the
process of Claim8. 22. A fourth generation dendron

woaos/@saer ding to the process of Caim 10. 23pCAiuSRe0SH23718

generation dendrinmer made aocording to the process of
G aim15. 24. A second generation dendrinmer nmade
according to the process of Caim1l1l6. 25. Athird
generation dendrimer made according to the process of
Caim17. 26. A fourth generation dendrinmer nade
according to the process of Claim18.27. A

trad. URQFIfLQi&ﬁbnél%gg@ht é&ﬁr@iﬁg% %@bng Peprbsbhiewi BYthe following
formul a: wherein is a diradical selected from't
grfoupuleonsi sting of -O and -S-; Ris a radical
selected fromthe group consisting of -C and -Br; n
is 1-10; and mis 1-10. 28. A trifunctional reagent
according to claim 27 rep“r?sﬁi\te dDy the foll owi ng
formula: 29. A trifunctional nt represented by
the follow ng fornula: \/\/ﬂ—el—ﬁ a'gév—sca r adi cal

sel ected fromthe group consisting of - and -Br; n
is 1-10; and mis 1-10.30. A trifunctional reagent

acgr Al thfliricloRbedy &Rt FepPESSHREA BY tRY foIlbihG koRMIAY

Z M

wherein:
R is a radical selected from the group consisting of -Cl and -Br;
nis 1-10; and
mis 1-10.

32. A trifunctional reagent according to claim 31 represented by the following

formula:

Z N

0=8=0

/

Cl



formula: 3 1. Atrifunctional reagent represented by

the following fornmula: wherein: Ris a radical
weeb@asdef rom t he group consisting of -C  andpeBs2005/023718

is 1-10; and mis 1-10. 32.31A trifunctional reagent

according to claim3 1 represented by the foll ow ng

formul a: 33. A core nol ecul e represented by the

following formula: wherein: nis 1-10.

33. A core molecule represented by the following formula:

10
wherein:
nis 1-10.



