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Cick Chem stry Route to Triazole Dendriners
Description Technical Field : The invention relates to

waleovdoosmes s and to et hods for naki ng dendri nePCT/UMMN®023718

particularly, the invention relates to the use of
click chem stry for synthesizing triazole dendrinmers.
Background : Uni que properties of dendriners, which
are a direct consequence of ~thei r regul ar 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. Durgt. i.nlopi Gs,in_Curyent em stry, Vpl. 165
(Eds.: E ChalOhemistngRouls fagiTiazale Bensimers
193-313; F. Zeng, S. C. Zinmrerman Chem Rev. 1997, 97,
1681-1712; C. J. Hawker in Advances in Pol yner

Sci ence, Vol. 147, Springeney&idta. Berlin,

Hei del berg, Germany, 1999, pp. 113-160; M Fischer, F.
Vegphhecalrgddn Chem 1999, 111, 934-955; Angew. Chem,
ey, THtTVgRton EaSRdaatensrinaps apg By aptnos Tofrakg
oo o ey g IhorioR §iElSs bo ink po B
Fehectistry RyrcsyntiNedizing Adamble 8endritdgss. 2002, 99,
4782-4787). A |l arge nunber of

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, 111, 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.
Fréchet 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

w@wbhewes, particularly at |ater generations,PCEUSI0&023718

hi gh nononer | oadi ng, tedious 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. Fr¥thet J. Pol ym SclL,

Pol ym Chem 2003, 41, 3713-3725). For exanple,

synthesis of polyether dendriners (S. C. Zi nernman, et
al.. JIPohm. StigrRo/Boc Cheon2003247, 385535385 A. Hatwin, M. Portnoy

aodiniociins 2BARat0. MOPIEof Moo el uredn fem. Soc.
Az 178,3938 5658, ¥ S Frolm Blady, oty g SFm"6¢. 2003

Ap5, GheBB-13360) 2085bd 328, setji@hde b2 Yhifllamdmsettietifications and

sequence of WIIlianmson etherifications and i
Hgllegrnationsn suffersfiram inganapatibility Mt Yasiqust fun@lienal groups and

vari qus, funct.jonal groups I cat .

SEiiteied BRbTORRpeP PRI e GolkS st ipe ppphery. such as
ReYH RERIGH SHEINBS arfrlot c&iapHtiBrRAvitINWAliadisoMetherifications and
conpatible with [1iamson etherifications and
Hwlogenationsns. Dendri ners have many uses. For exanpl e,

the recently discovered ability of polydentate
1,4-disubstituted 1,2,3-triazoles ligands to stabilize

(REU( 81 a[%@ﬁgritirﬁglrsew%&b h{ép9tcijé%§g$ kg}'l‘ﬁ%rx@mgﬂe,ct%@%béﬁm\ﬁd@&vered
sty rof polydiesttatert ,gimﬁmttiﬁaeg a&hhﬁa%q’ﬂegi‘aégahé %ﬁ?gé,bil'@e Cu())
%%‘IJ%S é\\g]qn gqgg]geo%%ﬁgergg%sdon%ﬁ%nss(lﬁ %1 ?f.‘:lhgasri, e'%'al.EOrg. 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, etal. 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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Chem Soc. 2003, 725, 4686-4687; A. J. Link, D. A
Tirrell J. Am Chem Soc. 2003, 125, 11164-1 1165; A.

w2iobee®46 et al. J. Am Chem Soc. 2003, 725, RATBR005/023718

1783). Triazole dendriners can be enployed 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 faterial is solidified,
and the dendriners are vaporized. In order to achieve
a precise porosity, dendrinmers of uniformsize nust be
Unfortunately prior to the present

di scl osur
T E R SN —
aéﬂnp@‘?@ @ilbﬂ%ﬁémﬁw Mohik W@ut%adé?\e‘ﬂtgﬁomvi‘h@tuﬁp?e{?@@@lﬂgd irliability

a sinple nethod f meki ng dendriners of precisely
uofi tﬁe Gn(t)rcmalsznadrhggtlon of teingina) asetlenasand aagidesf dhe

Weeeﬁir@ﬁi%ﬁ&r"efmﬁe@g Bl e e GorciiietdR théZotes. A
3?6?'@?’?%%5% nan lard )Sof?f patibR Al khe 6?30@337&?1@ the only major

[ gatl on ter acetyl enes and azi des.
cb@mdﬂctyformed] iirgthe/rea@gomsaNe&I |Adb$e¢cnfwgemergtlon and some third

1,4-d tsubstltuted tri zoles riet of,@fu.ctlonal
Jonation dengrmms Wi diral Lolttediaul Solids RE bl s
R

vwapelicdtioest|y isolated as pure solids (i.
chr omat ogr aphi ¢ separations), neeting the reqU| rements
for l.arge scal e

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/agueous 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:

0 o)
Q_\N3 ; HO/U\/\/\/Ns ; tBuO/U\ﬁ/\/NB’;

5} HO
N3 ; \—Q_\ ; /O\/\O/\/N3 .
N
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applications. One aspect of the invention is directed
to a process for producing a product dendron having a

W@ emghesoazi de group. The process conprises a fPCHUSEDEM3718

wherein "n" organic azide nolecules 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 greaterﬁ'ﬁﬁe reaction occurs in

the presence of sufficient copper catalyst to insure

conpl ete reaction for producing a product nolecul e
Haanaghemprefarredamoides “ahis towe RagferredAB, motagules are sriected

second step of the praqcess, the product nolecule of
e ot fpreesnBa B ERE B FUERIRE 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 acenen_of the chloride fromthe hal%ﬁg\\\group

for produci ngdthe product =gendros having a Singl e
azi de group. refe;rred , the produ endr.on
is a first geperati®n den . Préderred or c
azides are et ected fromthe group represented by the
fol |l ow ng/tructures: In another preferred mode® "n" is
two. Preferred ABn nol ecul es are setected fromthe
group represented by the follow ng structures: In

d ' :
SRR o RS S thdt he hRER BEHEforfE Rt R Fyheration
agérstfronineiced aisof the & nf’ lorgdnig eriicanblatutsndreoiivst henétaition
i nstance, the first f(?P,ener ation dendron may al so be
n@erdrey. 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
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 to 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

w@emenetosoOn dendron and each of the "n" organi BCHES065/023718

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'g&bduct dendron is a
fourth generation dendron and each of the "n" organic
azide nolecules is a third generation dendron. In this
ithistespest of the inventipng S palypeetytrnedere isaglesterbirpa the group
made b% %rs @{Oﬁ@ss.of,§q§ i nvention or not. Another
depEsentad by, e IUWING3YEUES ected to a process for
produci ng a trjazol e contai ni ng dendrinero/ﬁﬁgprocess
conprises the step of reacting two or nore dendrons,

each dendron ssessing a single azide f ionality,
with a pol yacetyl ene core conpound, the pofyacetyl ene
core conpou ontaining two or nore tegA .
acetyl e I a suitable solve 3 @ t he ’
prese%&o cata ytjlq\ quantity @ : e@'/e\&\

for catalyzing a triazole fornafrbn reaction for
formng the dendrinmer. Optionally, the process may
i nclude the further step of washing the product of the
first st with sufficient aqueous ammoni um
hydr oxi de/Chtrate solution to renmove copper ||species
that may be nd to triazole noieties of the
dendri ner. Ina preferred node ofthis asp of the
i nvention, theypol yacetylene core is sel ecked fromthe
group repre b;ed by the foll owi ng struqﬂyg§§:
(o Nige
oéko Z

74

/

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:

\)HT

&y

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

W baemesode on is first, second, third, or fourtkCT/US2005/023718

generation dendron, respectively. Another aspect of
the invention is directed to the first, second, third,
and fourth dendriners nade a%fording to the above
processes. Anot her aspect off ®he invention is directed
to a trifunctional reagent represented by the

following formula: In the above structure, Xis a
dO-adidcS-; Bds ecedital selectenerandbp otows censiatingdf €1 angd-Br; n

F 1 i B A PR BGES RTINS PR RsERtRibhifention
e b o L ot her  aspect

of the invention is dirgeted to a trifunctional
reagent represented by the Bol lowng forrmula: In the
above structure, Ris a radigal selected fromthe
group consisting of -d and /B nis 1-10; and mis
1-10. A preferred enbodi rrent R aspect of the

i nvention may be represented)y/the €ioll ow ng fornul a:
Anot her aspect of the invenon is directed to a
trifunctional reagent represented by the foll ow ng
formula: In the above ucture, Ris a radical

sel ected fromthe group’consisting of -Cl and -Br; n

i s 1- Inothedaspéd oftA8 invenfiorfsdirectedto edriferndtiondl tezigent
aspect ofthe invention may be represented by the
frepressnted by the fellowing formula:

:——Qn 0
E—Qf:l‘gﬁﬁR

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

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 mis 1-10. A preferred embodiment of this aspect of
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W@DRweo0®IF 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,
sthaiinverdgiohrmay beaepmasesitetbby tHe fdllewingd faroiuda:Fi gure 4
illustrates three structures that were chosen for the
AB2 nmononers. Figure 5 il] r the di fferent
nonoazi des which are us%ﬁ%i n ends. Figure 6
illustrates an NVR spectrun®seS<t®e product
b/s-triazole. Figure 7 illustrates the GPC traces for
the crude reaction products,fMER-B-[ G 4]-N3 (9d),
MEE-B-[ G 3]-N3 (6d), and MEE G 2]-N 3 (4d),

obt ai ned by dendritic growth om t he benzyl ether

nononer 11, and the azido di (gthyl ene glycol)
derivative 19. Cl .

Another aspect of the invention is directed to a core molecule

represented by the following formula:

\)

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 Descri pti onP@f/US2005/023718
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Figure 8 illustrates the structures of the
pol yacetyl ene cores to which the dendrons were

wa@pwhoowde Figure 9 illustrates a represent atiR€T/US2005/023718

exanpl e of a dendrinmer that is obtained by coupling a
third generation dendron to a triacetyl ene core.
Figure 10 illustrates a MALD ; TOF mass spectrum of
dendrinmer 7a.Detailed Descriftion : A highly efficient
route for the production of triazol e-based dendriners
enmpl oys click chem stry. This new efficient and

pr epar Biguteet jllustratascthree structses thatiwere isbogen derathediB,
of diverse dendritic structures (Figure 1) of high
pUPI'PYPESFd i n excel lent yield. The uni que aspects of
this route arise fromthe near perfect reliability of
the Cu' catal yzed synthesis of 1,2,3-triazoles from
azi desFigute alillustrateq thegdifferemt manoazideroghishtarewsedtfor the
aI..An%§ML Chem Int. Ed. 2002, 41, 2596-2599; C W
THRRENGE- al . 3. Org. Chem 2002, 67, 3057). The
reaction is experinentally sinple - proceeding well in
aqueous sol utions w thout protection from oxygen,

r equi rFigyreo@lifustratescain dMdRrspectinouet thedqirodual bistigazole.
materials, and generating virtually no byproducts.
Equally inportant is the wi de scope of this

transf ' hSHHREGRE frid it BRAY Macti ducts,
quant i Itf’r"g{[}?%'éﬂ{/l{sél{ég%‘t Not ?’g}rr%dr:elii’foﬁg for theaggg? p(gcl)i%cks

r i&E-BeB-4 BNg Qd), VHEE-B-[BSIN, (6d),and MideR-[CAEM, (4ah), .
Ed. 2001 , 40, 2004-2021 ) , the procedure invqlves .
sphigInedb % ferdriiciorowth fiopy thepenzh s rﬁﬂ?%ora%gac@@d the azido

Aifethy B dibdYadhati84gon or

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

w@ ahosdosomawker, J. M J. Frechet J. Am Chem BoODUS2005/023718

1990, 112, 7638-7647). Thus, 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 ("cdre™) 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

iDetailedhDesepiption:units (X). In expl oiting Cu(l)
SR T T A —
te?ﬁﬁlb?@'ch&@@ﬁé%%ws T nébvkéﬁlc@ﬁ’c hee pf'étfb?rbh%l?'sirhplésroute

Readil'y avail able starting naterials and
sestltein thegenaratipres diverserderdiiticsiueturen (BIgure 1) of high purity

Frithesitsof G 1 Cnblie HeBBels @ Bis Lid itsé fom thegrear
dcetéldy ﬁ_\?%f u'léatal *Edl s?ﬁ%e’s% oF@E‘H-MatzBFéS from azides

resence o a single chl ororre hyl group. This was
spetalkined (Bigirec2y (WhatRabtovisev tétel s yimgewt ihesnr fat.dgy. 2002,

AT Gk B Bl ol e
Byt Bl ESARE . BB RR D el URGb Rl

Smm&méﬁéie@ﬁoh @RS okygah) astuiriayionty ét@icmkbmemooémbhﬂts of
desired azi domet hyl group, which can then be _cou

vﬁtaﬂmglmatemls @ndigenesating wiriuplly Rehy PEetgtat ﬁ&HaPy important is
Oh%@%ae scopd '6f fifis %Angfb‘?m%%h, %h"getlgctlwty 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, 112,
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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ABZrmonomer units, a variety of the chain ends with
reactive functional groups ranging from carboxylic

w@eiod/0e4@l cohol can be enployed in the constrect/Uswos23718

di verse triazole dendriners (Figure 5).

Copper (I)-catal yzed reacti ons O AB2 nononers and chain
end units were carried out in the presence of 2-5 nol %
CuS™, 5-10 nol % sodi um ascoi®ate in 1:1 mixture of

wat er and tert-buty\ al cohol at roomtenperature,

enerating the desired Jlb/s-tri azol es in near
een 4di, 42, gnd g, namely thecrresadem of amsinae shloraretiyl group.

i-n.the prodyct Py, : ' ' .
Thiv s arascaly Eoeepiadinkd MR BBy Spatept g gadtherein
ds@i8® fakie hEGPAtRMCOT tREFEdL hethtyreli® dakhgRhkitner BorBtruction
(2.0 equivalents) of azides to be used. en conbi ned

vayt thetdomvahgantgrowth sppreaphoReaction efidenddtie fregments e
SeSEhhbard TRl RErorebi o LT 98 RAe1 Budhnanve
B a1 PR eee "
yi‘g@s oofl 3tibgiveettte gexteeacrationddertironi(Eigurag8drand 3B). As with
Furthernore, purification by f]lash chromato

WABNPYORmEs Unia e Yariel«H the spainends W#B»Rﬁ%ff’f%ﬁfﬁ%ié'ﬁa' groups

CAOBR o Ao M PR RAar 2 oSBT RS cincon o

tdieereertriasglentdindginers Eiguby 5).eaction with 1.5

equi val ents of sodium azide in

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 m xture, which was equally facile and
typically resulted in yields of nore than 95% with the

woeog/0isppe oduct bei ng NaCl. (Monochl ori de PCT/US2005/023718

dendr onsgenerated from benzenesul fonam de 13 were

converted into the correspondi ng azides in wet DW.)

The dendrons were then 'gromQ via the reaction of the
resulting azides with the ofibrnal nmononers 11, 12 or

13. Al second generation dendrons were isolated as

pure white solids by sinple filtration or aqueous i
weneigied frasa benagnesitionasyde 1§enieAanyerigdi gl erkarasponding

AR SR SheEREN R tied BrofT Yialhe Rkl the
Gesulting alzIfe8atift tHeofigihhPmbAbMRF©1 9112 orAg, All Secbnl
whi ch, in conparison with the m xture obtained froma

[genergtiarhdemdionp weredsolataddas ptreswhite 90lids by simple filtration or
USRS kb produP POyl sECad GenarioR 4i0e Heppii § fsolated
xerm@ lekcé‘édih? ggb/én Al s%hﬁrthﬁ(%ﬂﬂi@?ﬂ-l NMRIShBCBEHISF déhdron

e propaga to the fourth generation. Mpnoner 12

\Bri-R-[(h2]-E(3te (Eiguae 6),1Be antegratiopentip ier protars f and c is 2:1
propagated to the third generation, respectively. In
WMl 10 somparisonavita e MidhEe GRIINENSTORE Wiy tirmal process,

] res;: i nodi fication of reaction
3@%5%?0%5@%@60%%&#&&% degree of efficiency and
near quantitative yields. For exanple, benzyl
term nated dendrinmers prepared from 14 and 11 were )
f ound idloéng Hubsamedrpeedure; amydy maposwiritd WiE faf-butyl azide

SRR, 8P AL A B RERRYE 1 wit azic 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 w th aqueous
sodi um azide. To overcone this difficulty, the

w@e oppessoeat al yzed reacti on was performed i n THCTS1008023718
or ganosol ubl e Cu(l) species, (PPh3)3CuBr, under
m crowave irradiation, leading to quantitative yields
of the next generation dendriftic fragnent. Sim |l ar
results for azide formati on®Wwere obtai ned when the
di spl acenment was perforned with sodi um azide i n DVF or
DMSO. Anal ysis of the dendrons by MALDI - TOF na
gﬁ@@eﬁmmﬁi@n%tlmqle%e@@ deaiiaied bbrdhgir@%lpbery (S. M.

QARSI P 10 RS, rscho

9 WlﬁndSBPrPéII/ﬁi ©HEPh.B003, WPB?H’@WZ%ZG |mH‘§r'IBﬂrstbﬁvatlons of

mol ecul es are doni nated by their perip
Ghaylendrimers Misclhselr earbt Iafgfﬁyrn‘olmthezeﬂnendsloq unique property

otdhesesolehased da0dPnes. 45 the b epuiRseard HaRRTs of
. TR Do Re IR S e S BREltg R iy e

dsmhatyle rirs dich]orametinen eyaihdarofarm, radxmﬂmlshagdhesurpnsnngly, agueous

generatl ons, they beconme |less s in eth acetf at
AR BRgIn Genasal cepHMS STl o eRgaUlonaidS 13 are

SPLEEOLB A GRS P, AR 2 AU B et

hﬁm@ﬂ%ﬂ%&%‘r’éﬂcﬂﬁoﬂ@ LR d:h?aiﬁ epdlindreastd o delndlians

made from acetam de 12 in all solvents tested, while
tSubstani@ilpgr ati on 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 {Bu-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% yield. Al
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.
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substantially.) Finally, several third and fourth
generation triazole dendriners were constructed by

w@n@hoeiong t hese dendrons to a variety of pol yeCEUyi0851623718

cores (Figure 8). A representative exanple is shown in
Figure 9, where the third generation dendron
Su-F-[G3]-N 3 (6a) was couplgd directly with
2,4,6-fr/s-prop-2-yny|oxy-[11,3,5]triazine (23) in the
presence of the in situ generated Cu(l) catalyst. It
i S notemorthy_that even at these | ow concentrations

afeq 198 ymef Kigy 2%i de), the catalysis proceeded
rapldly enough at roomtenperature, reaching
conpletion in |less than 30 hrs as indicated by LC M

anal ySFlFUI‘@@IbW@Ein éﬁampletcﬁf 2thrge deplAmer tdttcan be prepared
(ol ecul ar vvelﬁ?ht 6322 , was Isolated as a white

shﬂﬂ‘@ metremheyiiaed. Thmdlfa%r@at Rr@roypswshewaralioxe fas differgnt
H,. h f t f
TRt rsa”ﬁ*@q? RIS oo by (e and VALD! - TCF

mass spectroscopy (Figure 10). High polarity, good

al cohol /water m xture solubilit and strong
absor pFigures 2showsdhasepped| reatalyzed ﬁVqUh@SfSlethﬂé?bSldﬁSfltUted

ihec itolis fng boberll & Soatbd bR S ERisil of e, pompert)
@gfélﬁ‘eéj PRAE IoFRdinéd Honf adh Fsb@(rmm@r PTHe h¥adifth 8BLARE ambient

outlined. The different oups shown all ow for
diefriparature 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

wa0bediwbstituted 1,2, 3-triazol es. The copper¥¢l/usm05/023718

obtained by in situ reduction of the copper(l1)

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

wat er / al cohol sol vent m xtufe™fo give nearly
quantitative yields of the 1,2,3-triazole product.

Fi gures 3A and 3B show t he reactlon sequence by which
tménarmmmduncmraa%lﬁés or dendrons, were constructed,
starting fromthe "outside" of the mol ecul e. These are
then coupled to a nmultival ent centerpiece or "core" in

the | gqsfusd €5 aﬂ' hkﬂvIR"ép%'bfrahw éﬁﬂ@qiroéﬂcﬁlﬁsc’lf &z01&K" Thedspectrum
the charn end oups are "R " Figure 4 shows three

sthowest tineesornple 5 of enysegiofsomemnsdn Ap2 prashsiesgvould be

h?fé%gev&fgﬁmbg gfpi' -cg@%g]cmﬁog?%%%t{ nfl’?(? g%tfouﬁtl |h¥4g‘§at|on for

a48tdrisHand clif'e: ﬂm%téﬂcﬁﬁlﬁhat Baky d\ﬁ’érég%@bﬁ\%‘ﬂ iDRIrMReENn the
the three structures 11, 12, and 13 was

adyictoaniditidny | Tloe puqmentbe)frtwacsngrtats Gdr biﬁhdrartd ¢ protons is due to
fragnents cont a| ni n% one chl orﬁrret hyl h%{n%\,rp Wi th
SbaitliveTant AGNGHFETVERRMERS IRNE FMEPRANAOIBE Rt i on

of the azidonethyl group which mould t hen be coupl ed

with 11, 12 or 13 to give the next generation dendron.
Fi gur eF|§u@E\mowyethélcﬁ?@rt&wesrfontbmzmrdde rebctidn proglucts MEE-B-

for the
[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

wa@eopb/00skkyl and met hoxyet hoxy ends and the r eBCT/US®05/023718

end groups have carboxylic acid, benzyl al cohol and
protectedprimary am ne functionalities. Figure 6 is an
NVR spectrum of the product Rés-triazole. The spectrum
shows the conplete |ack of any ‘regioi sonmers in the
product as woul d be expected froma thernma
cycloaddition reaction. The ratio of integration for
xeymnentalndeetier: 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

deenéml MEh8hs.fComieromORSigentoNEid OPEREE oM AldRich and were
am de bond rotoners. Figure 7 shows the GPC traces for

tusedcwitiieutrfiartber purifigationc Deutavetedssolyenta wee quaahased from

E-B-.[[G3]-N3 (6 d - B- [.G. 21~
SrnPrede igo Bln A2 BPeh Aoavica T Partarmed on
neiARRfcidllMerdIPIaiss e3atda vilth Siidy beNGFaby¥ ¢0!24 mm thick). Silica
derivative 19. These traces show no signs of products

wiehfod faels chramatagraphy wesMercl m&ml@eltﬁ(hfaﬁﬁ)ez% Fgply, ASTM).
SRR 0 A BB PSR 65CH00 coo o
RMWG%?‘W&: %Seﬁd‘é\ﬁ@’téﬁ QBu?liirgbﬁé&Htﬁﬁt"s (th‘gFe teporiidahMetz, and

r
by coupling a third genera dendr on a

t cheanieblyshifie ace reporfadyinr gartsopersmiliavA()l reledivertasSHCI, (7.26 ppm

SREG g £F Kdendil ML LRoME) 32 50 B for H and 39.5 ppm for °C)
or CD,0D (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
25¢m) 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-pim 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.

w@mmeedi@l reagents were obtained from Al dri cPCEOS2005/023718

were used wi thout further purification. Deuterated

sol vents were purchased from Canbridge |sotope
Laboratories, Inc. Analytical TLC was perfornmed on
commercial Merck Plates coat@®@-with silica gel GF254
(0.24 mmthick). Silica Gel for flash chromatography
was Merck Kiesel gel 60 (230-400 mesh, ASTM). NWMR (1H,
188)5-iskrop2-VRylexy)bearenral28i(PhBlacen Ra Repindn FR¥XBH0FR

- r = ctr t.er. , Couplin
corcpit & $9B2PEPs BG ABBERI R TEH Sl (IR % hiprogrpnenypethane
' i r heha t rcmbhgi QN rel ati
B O S T P ee, M, by ReBEESiduy 9t Ghem.
(340108550 0P pBr4406545) werk Bepared actanding3to) ther rePb&ED methods.
(3.31 ppmfor 1H and 49.0 ppmfor 13C) or acetone
(2.05 ppmfor 1H and 29.9 ppmfor 13C) as internal

f [ i
LG S nmeERli BAdTRl thd B @Ric PaTEAAE iPa IBIR
| RK-[G-ndXC Whetb R dEREAS3IRY faactiinat groudshat féripkiery, Bn for
rate was 6.5m/mn. Gel Perneation Chrorrato%raEh was
¥

gearizyt nBac ifor tedthuinyeinyicarmamatefBu oy tartjot for

COTBTASCaBRy flinne X abbtrtbes M lEntal fhfs BT,
RAGRYISErZen6! Pdofforeantide 1934y b efbsufoviirhrics ndid@he number for
differential refractoneter and a 996 t%hOt odi ode arra

dqenarationsidr deserivlesyfuactionsa greuratiherfogal Reint ether glloride, Cl,
RS G S e e

Svyntheses of repeating units.

OH K2003, ==

HO AN s
18-crown-6 \/O O/ LiAIH,
acetone, reflux THF
o0“>o0” 90%

AN S x A
.0 o_”Z socl, N_0 o_”
CH,Cl,, pyridine
OH 0i& 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 propargyl 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,): d =2.55 (t, J = 2.4
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calculated relative to |inear polystyrene standards.
The nodul ated differential scanning calorinmetry (MDSC

wore@siowaent s were performed with the TA | nst recEOSR05/023718

DSC 2920 and a ranp rate of 4 degrees per mnute. The
thermal gravimetric anal ysis nmeasurenments were done
with the TA Instrunments Hi Rﬁ TGA 2950, under
nitrogen purge, and the ranp’'fate was 10 degrees per
m nute. 2-chloro- L/, L/ d| (prop 2-ynyl ) acet am de 12

A J. eziale, P. Am Chem Soc.
Q%GBE 241039245 @@3@53H[’D 4. éﬁdﬂorﬁ Y %M@CHJ 4H), 6.83

fag@%"r”?méw%zé?& W2, SRR o8 Bt FEB70 o

t |
%c’h ?5’&6& (s, J(S’H%gr;cﬁ 5?@ 12@39 1(22% 16H Rer)eBl34 @, C=CH,

11,(3), 5017r91s(qope‘br 2@@@9}27)(86@-2“@%02013(2354 IP$ LEOACH;, 1C),

B 08_A 9871 113 FR 1987), 1,1
§% 4T’R>§'§ 59521§ﬁ1§$2§ﬁ09@?]( hane 2 1 (D.
O Krongl y, S. R Denneade, Y. Chiang, R Breslow,
J. Am Chem Soc. 1985, 107 5544-5545) were prepared

B, 5 Big(rdpargy X)B@ﬂiyl@lcﬁﬁbhqﬁﬁa sfilred solwionl cfttbie @ster (20.6
used for the dendritic franework is as foll ows:

R, 84.mmoly in anbydrors dd¥fc (1 B i) wes edded ilighium gueipsm hydride

I oL oS el pien BERs, BRSO MacBispt Bgb) was then

(Fddet ia)oq{y@{dhqm)r@hiéﬁﬂﬁ% IiRhiGRSATIAREM IHYHAEB AT hé edfdion mixture

units, B for 1, 3 dioxybenzene, F for formam de, S for
bea Gltersd mnﬂﬂmadeurmthessoliﬂbwaa rinsedivgth @@h@r@meﬂmne and the

ﬁﬁg{g % d ‘{H‘i\hg%"’" AR ap%trattlohneoff t%%aslol on"cé1 ttheee{lct.:o ol was
recovered as white crystals (16.4 g, 90.1%). 'H NMR (500MHz, CDCL,): 8 =
2.46 (t, J = 2.4 Hz, C=CH, 2H), 4.45 (s, CH,OH, 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,
CDC,): © = 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. Thionyl 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
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or azide, N3. Syntheses of repeating units . Methyl
3, 5-Bi s(propargyl oxy) benzoate. To a stirred sol ution

wo@Rooamodoys 3, 5- di hydr oxybenzoate (16.8 g, 100 memiU¥20a5623718

propargyl bromde (29.7 g, 220 mmol) in acetone (300
m) were added potassiun1carbonate (15.1 g, 109 mol)
and 18-crown-6 (0.1 g, 0.4 The reaction m xture
was heated at reflux under hi rogen for 24 hours,
filtered and evaporated to dryness. The crude nateriw
was then crystallized in nmethanol to give the ester as

mmomﬂbwnems@aeéo o, theghlaamethyl menamrr,( @R hite

SRR sGaPe bpdp 457 (Bhiarhig S5 8t e

nr.f«s (, th)l CFI @} .89 tOQH Ar@l andlé@oNMleaErNbﬂz CDCl 3)
G001

CH2CCH, 10,
76 38 rs CCH 1C)/78”3# (s X 107.91 (s//\N’\
p- Ar ° BS
10,

€) 1,809, 27 (s° SoOC)Ar g ,ig, (S,50G000CH
3, 5- Bi (prt?ﬁgg)’g’iﬁ‘oxy)%nzyl @l cohol g?To a drirred

sol ut¥of of the estef [°20.6 g, 84.4 nfftbl) i rm%anhydr ogd
THF (170 M) was added lithium alum num hydride (3.99
, 105 mmol) in small portions. Beckstrom s reagent

(c‘e&@bormset wBrN Adiprer-2qvryitbenzanassdianamigle, i18niThm

al um nlg'ggcwéﬁ]pr?ﬁ%reggeqlrigea%ihﬁ?rn%@&eapf%g\éa§orff1| t@rﬁﬁlR (400
A OO O 2 et L R A G P e
CH,C=CH, 4H), 4.61 (s, CH,Cl, 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 ml) 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,): © = 3.29 (s, CH,0, 3H), 3.30 (t, 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,): 0 =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 mi 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),

W@ 2006/00946 CH2OH, 2H), 4.61 (d, J = 2.4 Hz, CH2BCHpS20b§/023718

6.46 (s, p-Ar, 1H), 6.56 (s, o-Ar, 2H). 13C NMR
(500MHz, CDCI3) : d = 56 30 (s, CH2CCH, 1C), 65.50 (s,
CH2OH, 1C), 76.09 (s, @c)& 78.76 (s, CCH, 20),
101 .88 (s, p-Ar, 10, 106 509¢s, o-Ar, 2C), 143.97
(s, CCH2OH, 1C), 159.23 (s, mAr, 20).

5- Bi s(propargyl o enz chl or| de, 11. To a stirred
é@llwe:@bydropweaads%%w évaTbe reactomwes themstirred at room

ﬁ'lﬁlg]hl % onefﬂ{?ﬁrsaﬁg l&')'\ﬂ? !}?Q]&’%@gﬁéggﬁogﬁ)g%tz%rﬁog%%qegctmn )

hﬁ! M%Trtncpmb a@ﬁb@rdr@ethéls%pérﬂed Hganiephaseiwsothepdvashed

di chl or onet hane (2 was added dropwi se to the
rdtte NabiC @j (sati), ebrmd and ¢lriedavibnNg.9Qs Alteromaporatinging

SRR B o BREAT ot RSB eane: oty
SR 29) U ot s 00T gkzen o) v AT 00
dVelz, [RP¥etofe): s @d03 énd =e2/6|dflz e@%ﬁl-t Qer $48dbr, Nﬁg—hN 8H),
T dailpg) 4 5 He CHCEHEOr bl bR S dOgAGRIGH): 3 = 44.3
dii DaHa D BRE TR PG 26, fo & AErHE =Gitg 796 ¢
B i T e R A
6 80 (d, 1H, Ar H) .
gg}lﬁ%rﬁ nl%tptl nyloxy)d'i %pg ?r?azmt\én% )Igr%?)za?gy a cl:ofh%l ?{8 m?) 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,Cl,, 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, [D¢]Acetone): 6 = 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,
[Dg]Acetone): O = 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,O 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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conmpound was prepared using a simlar procedure as for
11. 1H NWR (400 MHz, CDCI3): d = 2.15 (t, J = 2.4 Hz,

w@asomieye 4. 17 (d, J = 2.4 Hz, CH2CCH, 4H), 4P@I/USDP5/023718

cHda, 2H), 7.52 (d, J=6.4 Hz, Ar-H, 2H), 7.82 (d, J=
6.4 Hz, Ar-H, 2H). 13C NWR (100 MHz, CDCI3): d = 36.4
(s, CH2CCH, 20Q), 45.1 (s, CHZCI 1C), 74.4 (s, CCH,
20), 76.1 (s, CCH 20, 129~ 20 (s Ar-C, 20, 129.3 (s,
Ar-C, 2C), 138.2 (s, CCcH2Cl, 1C), 142.9 (s, Csx2, O).
Synt heses of nonofunctional azides :

1mpeonpentrated Ml Rikyadineskipy 40 mnéteSigndAhgmﬁuereﬂq Tée resulting

TR B Gp R ST ESH g 16 i Priofcpriad to obtain
1(9@ piiré BIAF-[SLALCPYb. uqnermgegd;%xwé@ 16 hours. The

aqueous phase was extracted with dichl oronethane (2 x
200 m), dried with I\/gSO4 and evaporated to dryness

t('gd%i#ﬁ%%g s\@apcol f?g hq;&gég %}9 ldg% %ql Triazole
gl'@gﬁé Tlé?é%#zp@&@ f"ﬁlﬁ’S %@%ﬁm%%) mg (3.529

?mﬁﬁﬁ 390(exy.) @-B@Bprdt%te&@dﬂethylanﬁh@@ﬁ Tag, m&&;%%ﬁs mixed
) S ]
(\ylth @Hinbpizm th@ﬁ/?-Is?rﬁqus Sediypassorbate ,536@@ Gyhg7 mmol,

CORBRENER SoralaGh P Bliras RS pButioR pr RgRe(32 mo

V@989 ¢RI, 1. @@éﬁlz)l nrﬁeﬁréamrﬂwaé?@mréeldv@wghba{t doaPwSerature.
addi tion of Et3 The reaction was then stirred at
r Blgright 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. {Bu-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
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tenperature for 3 hrs. unti
conpl etion of the reaction.
W0 bwesead at ed or gani ¢ phase was then washed wW€TUS2005/023718

NaHCO3 (sat.),
evaporating the solvent,
purified by flash chrormt ogra
acetate 3:1) and gave 22 as~

bri ne,

my (88% . 1H NVR (600 Mz,
J = 2.6 Hz, CCH 2H)
£It;ztlrm with a9 aomiureigf digioromethans @neHpethens). Ae divhe) -

Bcﬁ%ibh?@&m oigtes daf 589, e io R 0o

Ef?gf;l L S?ﬁ (8€H,Cl, 2H), 3 06 (s, CH,0, 4H). 5.41 (5, CH,N, 4H), 6.67 (s,

pr

op- 2 ynyl

, 3.48 (br,

| LC-M5 indicated the
5mM 10% HC was added and

&lvhite soli

[ D6] Acet one):

NC2HAN,

-tr iazin

and dried with Na2SO4. After
the crude product was
?hy (hexane:

et hyl

d, yi eld 220
d 3.03 (t,
8H) 4 72 (d, J

e,

Rxrbh By 7. 24 £. 8 dm, (Aré, l110]—|)y\a|sd B, sNerQM)t o a
suspensi on of cyanuric chloride (2.2 g,
room tenperature followed by K2C33 (5.2

15 M THF at

%eﬁ?rﬁ Iﬂg%%i

reaction mixX

(ko 2415 ol

(\ldnth é:l—FC? % g0 RS

n

urdFS N

ure was fi

n9%
ougeal

d ='53.4

i el.d.

12.1 mmol ) in

ﬁ:eQ \éeé narltlpledes A

phERageoly sy

r evapor Ion O

salyigretof thE@ehafiicloriovide 1d GD0l mgd1i00 Bthdr) akdigediam azide
and washed with dilute citric acid (109

HB2heng v.Dedmel)evasvyssalvedvinpiviaOe(® mb.

, saturated
hegeadtiopswas heated at

j{voat?f 2](@ Nmég%u%lamwa%eﬁtbacted

m@('i",)waéﬁ’éa M‘t’ﬁavﬁa’ltépgﬁ\&%o ml) dried over

(MQSCH, a@d:)evamﬁaﬂec( 0 dl@tnlasssla)lrlflca‘nanﬂ))(fﬂtramn mrolgi) a silica
pIBg, elutlng wnth 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~

O
N;NJA&C'

1b

N
N:N' 2

Bn-F-[G-1]-CI, 1b: "H NMR (500MHz, CDCl,): 0 = 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,,): d = 167.1, 134.4, 129.4, 129.1, 54.5, 43.1, 41.9.
m.p. 111-112 °C.

N=N

!
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A Representative Procedure A for the Cu(l) Catalyzed
Triazol e Ligation Reaction: 2-Chloro-

wa@.2q0kbhesdig pr op- 2- ynyl ) acet ami de 12 (300 ny, 1.FEGBUMOFN23718

was mxed with 470 ng (3.529 nmmol, 2.00 eq.) of benzyl
azide 14. The m xture was mxed with 2 mM of 1. 1
f13uOH H20 sol uti on. Sodi um Qgcor bate (35 ng, 0.177
mol, 0.10 eq.) was added as“a°solid, followed by the
addition O CuSO4 (22 ng, 0.089 mml, 0.05 eq.). The
reaction was _stjrred overnight at omten‘{)eratur

TRY-fndfBt1d-Ny, 8ad>H MR RAOY Z\/\&)Qﬂe) =d- %4 (% 119, fi7OHso1H),

o el h ALl 8Os Gearli TS koS B M R

RAPERHZ, \BBCYRE2d63.8, |1m1285 w21ho 1parb, 6@@ 5@66 dll?J ﬁdmg 30.6
obtain the plre Bn-F- -'cl 1b. %2737 m\%)2 96% vyi el d

ArReprleseantak anal Galet Lﬁ@HBN‘mQ( eCCﬁ( Batlad G AB7 .41,

PR 52 B Il 88 TS (13580 mml . 2.0

eq.) of Boc-protected azi doe | am ne 16. The m xture
was mxed with of 1:1 %HZOsolutlon Sodi um
ascorbate (35 né?__gg WL77 ol ﬂ'b“eq ) was=added as a
solid, followed b addi ti on o%%;u . 0.089
mol, 0.05 eq.). The “rsact i onviha NL/[eEI over ni ght at
roomtenperature. The AN cht y m xt¥%re was dil uted
with 10 m H20 and J% once ated NHAOH, stirred
for 10 m nutes and oes with 30 n

tines with saturate Cl, drigd over MySO4, and

evaporated to yield e product Boc-F-[G1]-C, 1c

(898 ng, 94%

n-F-[G-2]-Cl, 3b: '"H NMR (500MHz, [D6]DMSO): 6 = 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) "*C 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.

portions of EtCAc. he%org?&nl c layer was washed 2

N=p g \/\N .
r\? 04[\0
HN A

3¢ OYNH

Boc-F-[G-2]-Cl, 3¢: 'H NMR (500MHz, [D6]Acetone): 8 = 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)

wWo@Ro0dmodnas di ssolved in 4 ml acetone/ water (4:RCPH/US2005/023718

NaN3 (132 ng, 2.04 mmol, 1.5 eq.) was added, and the
m xture was heated to 600C for 1 hour. The mxture is
cool ed to roomtenperature, ggetone evapor at ed,
diluted with 10 M H2O, and €xXfracted 3 tinmes with
Et OAC The organic Iayer was washed w th saturated

dri ed over and evapor at ed Bu- IA-N
3‘@6%[@61@6&@@ -mm 468 |1§6(74§@%1%£@14 9, 143.7,
RSB b ST, ) oo 19851025, 415,207

%%WA@MWQ%WWH?WBQQMWMG 11 , (234 ny,
00 nmol ), benzyl azi (266 ng, 2.00 mml)

N, N- di i sopr opyl et hyl am ne (48 rrg, 0. 37@/% and
Cu(PPh3) 3Br (55 ny, O 12 moly, i tetr \A‘Furan (5
m ) was submtted mcrovvav Nrrha/dwn’&t on at 140C
(nom nal terrperat for 5O es.o 367 crude product
was purified by fi Itﬁf longN ugh a siy.jjca plugel uting
with a 9:1 mxture o éh\e?‘l or ormet hane a met hanol, to
give Bn-B-[G 1] - ) as a colorless oi'l (477 ny,
95.5% . 1H NWR IMiz, CDC1 3), © (= 4.62 (s, CHQ,
2H), 5.06 (s, O,N’HH), 5.41 (s, CH2N, 4H), 6.67 (s,

ArH, 3H), 7.21-7.37 (m ArH, 10H), and 8.23 (s, ArH,
2Hu-F{eomL |48r0%\mmR 5000 Hzh D djPizefshe 0B s= Syt [RESHS, 8.14 (s,
of Derf%ﬁlmtlﬁc Azi d Kmxturg)of the dendriti c(b % (
ctip7idk(ssd ) 575(861@, 1H).0086hted 1HATd7S (i Uik 824 7desl, 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,
9H), 1.67 (s, 9H), 1.63 (s, 18H). °C NMR (125MHz, [D6]Acetone): 5 = 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,
521, 51.2, 42.6, 41.8, 41.5, 30.2 ppm. MALDI-FTMS: expect MH" 925.5353,
found 925.5368. '

e -

fBu-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,
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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

W@ 206/00d03¢ The aqueous | ayer was extracted w tPCIZHRIODR023718

(3 x 50 M), conmbined, washed 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 QAc; @ave t he pure azi donet hyl

derivative 2d Yi eId : 492 ng, 97.1 % 1H NWR (500MHz,
23: (s, %—I 5.03 %s, CH20, 4&-%

53&17@ gNM&r(\nsqwz [D@é\cgtg)ne)\r 168)2, 16668 166.4A166.3, 166.2,

1654, 15 5 s it et e i 2% 2953593 B1.6 s s0.6,

(432 2244) 9, 11?45408 m pp7n 29, (TWIAEB)-,T@: @OZ@(MQH} 2048 (MNa"),
3 (s 5 (s, 2H), 4.56 (s, 2H),
zPrDl 11@15N|\/R(125|\/Hz ‘cpal 3,): d:1671, 1344

129.4, 129.1 , 54.5, 43.1, 4 1.9. mp. 111-1 12

0C. fBu-F-[G 1]-N 3, 2a: 1H NWVR (500MHz, CDCI3) : d =

/ . ; ] ’ ) .
i oy i, 402y FS0g ol i g
(rhBEbhrith 6120ng) (0.026 mrﬂ;ﬂ)BoBZ 41@1-Prissprop22—yngloxy£{(b 335]triazine 23.
60.4, 51.6, 43.1, 4 1.5 ? Eﬁs nFIaI r&

cHie mixtyre mdigedindio Q- %m' QE1 % QUQE? HyQ) spl ROd#M 41

EBM8e Gyt B0 e gD 3ol 30 4 B 1opd b e

SadiﬂtlcﬂrSof CHB0 4268, (OSOO&H)moISOGZ) é@) Thél)reaétlcﬂils(stlrred at room
1H), 7.35 (m 20H), 5.70 (d Hé
(tempgrpture agd qamplstied ovprgggh( §s |r1¢15:ateqj by_LL((JgM 4m51e I@@:‘uon

%t&rgé%teo[ Wit %P?-Izo%nd 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% vyield. '"H NMR (600MHz, [D6]DMSO) 0 = 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
(CyrsHa03N1560,4 + 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.

WORWB0OSI@F: 1076 (MNa+), PDI: 1.01 . Boc- F-[ G R{F/052005/023718

3c: 1H NWR (500MHz, [D6] Acetone): d = 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), 3.55-8M~ 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, Whatlissclaiftedis: 52. 1 , 50.7, 50.5, 43.5, 43.3,

?ﬁ\g;p)rgcelgqcs foy] %?_chlé) &? a@hﬂé‘ Egd-re%:q;wiéggg&\%@\’gk; %iigg group, the
1@)61:@%6%‘2’“?@3'“ Iﬁsie%ﬂ(g%ﬁé?tédfpm 7 78(?’3, T)HS, 50971

(d, 4H) 4. 80 (s 2H) 4.77 (s, 2H), 4.74 (s 2H)
4.67 )
oH) Step by el regctlrm)‘n” qrgé@lC(%Zldqmﬁﬂec(tﬁ%%Wﬂ%F@r( ABa phglecule, the

128 Ao P iRl i

59. 9, Hdomethyp glowp, “H’Qbﬁng‘iwé 0% gréatér the38adtidtPBtcurring in the
MALDI - FTMVS: expect M 925. 5353, found 925. 5368.

ffi u- Porecends o sufficieat coppenvRIzIgsORHRSUTIB ket reattion for

iH)Z 9 roggg%g asle%q)Zjugsg hgﬁe’_%%e %g)quﬁg g "‘7‘[@’_%(;)]1]93 f@a)éné halomethyl

4. 77(Syedh (d, 8H), 4.56 (t, 16H), 4. 40(s, 2H),
1 61 ( rougbaﬁb]étqéb (s, 36H). 13C NVR (150MHz,

[D6] Acetone): d =168.2. 166.6, 166.4, 166.3, 166.2,
143.5, 143.4, 143.3, 143.1 . 142

59. §tep5§ geagtln_g @e [grogugt rr‘@baqglle g‘;seyé 2§ AngtB syffpent sodium

?IC\)/I\S )grz?dé iP B organid/aquidbbPsollSht midaR SihHdmpefHaf: 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:

P 5 by
. . N .
N3 ’ HO)J\/\/\/ Nz BUO H/\/ 8

HO
%'Na ; ¥—< >ﬁ ;o O~
N

3

£5 ”

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

W@ 006aas0me0l ) of 2,4,6-tris-prop-2-ynyl oxy-[1 PCT/US2005/023718

,3,b]triazine 23. The mxture is diluted with 0.8 ni

of 1:1 tBuOH H 20 sol ution. Sodium ascorbate (3.1 ng,
0.016 mmol, 0.20 eqg) is added_.as a solid, followed by
the addition of CusO»4 (2ny, - 6008 nmmol, 0.10 eq). The
reaction is stirred at roomtenperature and conpl et ed

overnight as indicated by LCG-Ms. The reaction mxture
i% Aiprocess ateardBignp i 4mdherein the dxi3.emotenudel of Step A is

NH4OH gitrate buffer, stirr f or m.nutes and .
eIl diom e B eprSsang Dydhe iRy sEefEs e
organic layer is washed with brine, dried over NaSO4,
and evaporgted to yield a while solid, whi [ hen
purified br\ ep- HPLC (punp fl ow gradi ent%gh\ég %
sol vent CH3 /~_ flowi ng=ate:06.5 m/mn, mn,
29% CH3CN; 2 Q8 % CH3CN, mn 80% to .
give pure dendrPmer®7a 1567 90%%iel d. 1H

(600MHz, | (bI\/BO) d =8.26 (m 16H), 8.20 (sl _3H),
8.15 (d, , 8.00(H 1 15H), 7.95 (d, 5H), 5.%¥6 (m
44H) 1 5.51 (s,6H), 4.74 (m 44H), 4.55 (m 44H), 1.59
(dd, 108H), 1.54(dd, 108H). 13C NWR (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.

48.. A prébcésglac&irding todaibi 4 Tkereimathedrbduct dendron is a second
(C276H393N159C24 + Na) +: (?134‘5,” found: 6345 O. ]]% . PDI_:
19¢neratien dendran angggch of the “n” organic azide molecules is a first

generation dendron.

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

generation dendron.

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

w0 odoboosiong st eps: Step A: reacting "n" organi CPE@RUS®05/023718

nol ecul es with an ABn nol ecul 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 pr@ge'nce of sufficient

copper catalyst to insure conplete reaction for

produci ng a product nolecule having "n " triazoles and

ohd Agiroseshidr pyeduging artdardlercoBtaiping: derehizhem the heocess
product. | e Y e.of said Step Awith sufficient sodium
a%rHBr'§'ﬂggl?legq W P&fueous sol vent mixture at a
tenperature hi gh enough to give conplete or nearly

conpl ete displacenent of the chloride fromthe

hal Gitex Ay regeingptwWwmor prove dendopris) eaph aldmdror pogsessing a single
havi ng_a singl e azide. group. 2. process according to

ol ai madpdiationality. BB Relatsilens qare sopmmaind, the

gener at ; ﬁfggt(,@ [i 4012

wher e?%&?ﬁ%&g%gg(rﬁ&éeg% g@l F‘g se %@t frgenmﬁ)ﬁ%%d%ﬁ%

r epr esacdtglenbygroes,fimlal suitabie solvect amd st thé. prAspnee efsatalytic
accordin o ¢l ai mrb)wher,ei ' rocess

! "n" js. two,5 A )
accor oYY OF FAPRR \%H%‘F'E?Eort%aWEW%Fr&@l%PQSF“aﬁPQH%C“O“
Ais Sﬁkmﬂ%iﬁé’ﬂéﬁ@ﬁmgﬁow represented by the

foll owng structures:

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:

I 9N
J )

N (@)
(] ’ inl
Ao Z 0N TN
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6. A process according to claim1l wherein the product
dendron is a second generation dendron and each of the

w0 nio6omadi c azi de nol ecules is a first gener ap@DOS2005/023718

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
wherei n the product dendron=#8-a third generation

dendron and each of the "n" organic azide nolecules is

a second generation dendron. 9. A process according to

clai mpootss foir preduding & firstegeneratioy dendriser decording to claim 12

I I i h duct . dron of  claim6, 10. A
TPhS UL R bR R SR SR s Bl Gyt Bendion.
dendron is a fourth generation dendron and each of the

"n" organic azide nolecules is a third generation
dehdAqrocdsds foh produucisg asecondigegeratiarl demarir@emaecading to

each the "n" o nic azide nmolecules is the, produgt
i 25 wiSTeinne dsTaBon uSat SLsad $ep Abrkh serola Gerertion
tc!]érﬁﬁgﬁl]e contai ning dendriner, the process conprising
the fo

lowing step: Step A reacting two or nore
dendrons, each dendron possessing a single azide

functionality, with a po cetyl ene core, conpound, the .
p'b?I’-y_ &&99%%@@69@%%&65%@ OEBREIOR g@“ﬁ’mer 0%3@9 to claim
U8 HhBALin 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

WO enoeoatoad yzing a triazole formation reacti on POF/US2005/023718

formng the dendrinmer. 13. A process according to
claim 12 conprising the followng further step: Step
B: washing the product of said Step A with sufficient
agqueous ammoni um hydr oxi de/ iCrate sol ution to renove
copper species that may be bound to triazole noieties
of_the dendriner. 14. A process according to claim12
wier B tifunesiopal fpggeny remeserted bydhp dolinwing feendet ed
fromthe group represent by the follow ng
structures: 15. A process r producing a first
generation dendrinmer accorying to claim12 wherein the
dendron used in said Step h% a first generation
dendron. 16. A process for cing a second
generation dendrimer accordkn mai m 12 wherein the
dendron used in said Step A F5=a se®ond generation
dendron. 17. A process for Ardducing a third
generation dendri mer acco/ﬁing to claim12 wherein the
dendron used in said Step/A is a third generation
deHdron. 18. A process for producing a fourth

i on dendri ner according to claim 12 wherein the
de i j ; rdd @
de%'?%d"*%%ga'ﬁ'?%ﬁ gl er g SSE gy &

ac Goisdhi raylital seherted droes theodroGpaiomsisting @f -8l and 6B
generatl on dendron made according to the process of
a &imlsl0

mis 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:
_—_———Qn 0
ae
=, O=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

woree/0asoe®©r di ng to the process of Caim 10. 23PCHUSI005023718

generation dendrinmer made according to the process of
G aim15. 24. A second generation dendrinmer nmade
according to the process of Claim1l6. 25. Athird
generation dendrimer made ac8Brding to the process of
Caim17. 26. A fourth generation dendrinmer nade
according to the process of Claim18.27. A

t 30.f Artdfunetiahalrreagent aceepdiageatolaima3O tépresehtedvibyniie following
fornmul a: wherein: X is a diradical selected fromthe
gosBl& onsi 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 claim27 répresénteg” by the follow ng
formula: 29. A trifunctional Neagent represented by
the foll owi ng formul a: Ferel n: r&la radical

sel ected fromthe group consisting of - and -Br; n
is 1-10; and mis 1-10.30. A trifunctional reagent
agt.oAdtifugictionsl rebgedtrepegsarted bgdhd Yolioveng dbinawiang

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

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

formula:

Cl



formula: 3 1. Atrifunctional reagent represented by
the following fornmula: wherein: Ris a radical

W@ edoeoowds from t he group consisting of -C  andPeBUS2005/023718
is 1-10; and mis 1-10. 32. A trifunctional reagent
according to claim3 1 represented by the foll ow ng
formul a: 33. A core nol ecul e represented by the
following fornul a: wherein: -8li=s 1-10.

33. A core molecule represented by the following formula:

\)

10
wherein;
nis 1-10.



