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Abstract : Dendrimers are new class of polymers,
firgtinventedin 1978 by Vogtle. Unlikelineer polymers,
dendrimershave specia properties such asnanometer
szerange, narrow polydispersity, high degreeof branch-
ingand presenceof internd cavitieswhich alowsthem
to be used in many applications. Dendrimers can be
mainly synthesi zed by either divergent or convergent
routes. Recent advances lead to different routes for
dendrimer synthesi swhich gives control over molecu-
lar architecture and alowsincorporation of different
functionditiesindendriticarchitecture. Asaresult new
typesof dendrimerswith different functionalitieshave

INTRODUCTION

Traditionaly polymer sciencehasmainly focused
onlinear polymers. Since 1970sagrest deal of inter-
est wasincreasedin highly branched macromolecules
because of their uniquepropertieswhich facilitatetheir
usein “Host-Guest Chemistry. One such branched
macromol ecul e which was discovered by Vogtle et
al.2in 1978 termed as“Dendrimer”. Thenin early
1980s, Denkewalter et dl. reported three patentsd®®!
on polylysinedendrimer, Tomdiaet . published his
work on “Starburst dendrimer” and Newkome et al.l”

been synthesized. Uniquepropertiesof dendrimershave
atracted atention of severa researchersfrominterdis-
ciplinary fields. Thisled to applications of dendrimers
invariousapplicationsfor e.g. variousroutes of drug
ddivery, genetherapy, cancer therapy, catadysisandin
membranetechnol ogy. Thisreview coversapproaches
for dendrimer synthesis, and their potentid gpplications
such asdrug delivery, gene ddlivery, cancer therapy,
catdysisandin membranetechnol ogy.

Keywords: Dendrimers; Drugddivery; Genede-
livery; Catadyss; Membranetechnol ogy.

synthesized “Cascade molecules” laid the foundation

for dendrimer synthesis. Dendrimersarelargeand com-

plex molecul es having very well-defined chemical
structures.

They possessthreedistinguishing architectural com-
ponents, mainlyt®

(& Aninitiator core,

(b) Aninterior layer (generations), composed of re-
pesting units, radialy attached totheinitiator core
and

(0) Exterior (termind functiondity) attached totheout-
ermodt interior generation asshowninfigurel.
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Figurel: Show dendrimer with structural componentsinitiator cor e, surfacegroupsand generations.

Dendrimersare synthesized mainly by either “Di-
vergent” or “Convergent” route. With the time and re-
search in the field of dendrimer synthesis, new ap-
proaches have al so been evolved. Dendrimers offer
plenty of advantages compared to other architectural
formsof polymers. For example, dendrimers having
nanometer sizerange, narrow polydispersity, high de-
gree of branching and presence of internal cavities.
Therefore, dendrimerscan easily be used as polymeric
materidsinfiddssuchascadysd¥, for drug-ddivery
systemg®, particularly useful of applicationsfor can-
cer therapy>13, geneddivery™ and as membranes®®.
Present review covers different approaches for
dendrimer synthesisand their potentid applications.

ROUTESOF DENDRIMER SYNTHESIS

Sincethefirst ever reported dendrimer inVogtle
et a. (1978), mainly two methods have evolved in
dendrimer synthesis. M ost syntheses of dendrimers
involvetherepetitiousalternation of agrowth reaction
and an activation reaction. Often, thesereactionshave

to be performed at many sites on the same molecule
simultaneoudly. Thefirst method i ntroduced was“Di-
vergent Growth” by Tomalia®*® inwhich dendrimer
isoriginated from acore. In thisroute dendrimer grows
outward from acoreto surface. The second method,
pioneered by Hawker and Fréchet™ followsa“Con-
vergent Growth”, in which, several dendrons are pre-
pared and reacted with amultifunctional coreto ob-
tain adendrimer. So, adendrimer growsinwardsfrom
surfaceto core. Over 100 compositionally different
dendrimer families have been synthesized and over
1000 differentiated chemical surface modifications
have been reported, mainly on the basis of thesetwo
synthetic routes’®24,

Diver gent route

In divergent approach, synthesis of dendrimer
startsfrom amulti-functionalizedinitiator core (Figure
2), to which multi-functionalized branching unitsor
monomersare attached infirst step. During thisreac-
tion surfacefunctionality of thisbranching unitsarede-
activated or protected. After completion of first step
these surface groups are activated or unprotected,
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which undergoesfurther reaction. Theseiterativereac-
tions steps are repeated until desired generation of
dendrimer isobtained and adendrimer grows outwards
from coreto surface. Moreover, asthedendrimer grows
larger, the end groups on the surface become more
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and more closely packed and because of steric hin-
drance, thedendrimer reechesitsupper generationlimit.
Thisisknown asthe “de Gennes dense packing”?3
named after Pierre-Gillesde Gennes or ““starburst ef-
fect” named after Tomalia®,

Figure2: Shows“Diver gent Approach” (Where F=Unprotected functional group, P=Protected functional group and C=

Coupling point)
Convergent route

Hawker and Fréchet!*” devel oped the convergent
methodol ogy, which assemblesthemacromoleculefrom
the outsideto finish at the core. Convergent growth
generaly startsfrom surface unit which coupled witha
monomer unit to give adendron whosefocal pointis
deactivated or protected (Figure 3). Inthe second step
of reaction thefocal point becomes activated for fur-
ther reaction, and thedendronisgrowninwards. At the
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end of thereaction these highly branched dendronsre-
acted toamulti functionalized coreto giveadendrimer.
Thedimensonsof dendrimer growth aresubject tolimi-
tations set by steric-hindrance during reaction of the
dendronsat the periphery. However, steric hindrance
at thereactive point preventsthe preparation of high
generationsof dendrimersbecausethefinad macromol-
eculeissynthesized by coupling two or morewedges,
whichthemsdvesarehighly stericaly demanding.

b) Activation

Figure3: Shows“Convergent Approach” (Where C= Coupling point, P=Protected focal point and F=Unprotected or

activated focal point)
Doubleexponential growth

The double-exponential method can basically be
regarded asaconvergent growth strategy for aDen-
droni2+21, Thisapproach involves growth of dendron
intwodirections:

1. Growthinwardstowardscoreby focal point acti-
vationand

2. Growthtowardssurface by surface group activa
tion.
A branching moiety contai ning two coupling sites
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both are completely protected undergoes selective
deprotection. Intwo completdy separate steps, branch-
ingunitin onestep undergoessurfacedeprotectionwhere
asinother step it undergoesfocal point deprotection.

Now both unprotected dendrons are reacted in sec-
ond step to give second generation dendron. Iteration
of the synthetic sequenceleadsto the corresponding
fourth-generation dendron.
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Figure4: Shows*“Double Exponential Growth” (Where C=Coupling group, F=Functional group, and P=Pr otected gr oup)

Hyper coreor Hyper monomer approach

Frechet et al.l? focused on acceleration of
dendrimer synthesis. Theoutcomeof thisresearchwas
“Hypercores” approach. These methods involve the pre
assembly of olingomeric species, which can then be
linked together to give dendrimersin fewer stepsor
higher yid ds, taking advantage of the best pointsof both
the convergent and the divergent technique. The
“Hypercore” and “Branched Monomer” are pre-

[~
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branched ana oguesof the coresand dendronsthat are
used in“Traditional”” dendrimer syntheses.

Figure 5 showshow they could be utilized in the
synthesis of large dendritic structures. Thewedgeis
constructed by reaction of a surface unit with a
branched monomer in onestep followed by focd point
activation in second step. Hypercoreis constructed
by divergent growth of corein single step. These sur-
face activated hypercore and focal point activated
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Figure5: Shows“Hypercores” or “Branched M onomer s” growth (Where C=Functional group, F=Activated focal point and

P="Protected focal point)
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wedge can bereacted in asingle step to give fourth
generation dendrime.

Orthogonal coupling strategy

Inan orthogona synthesi stwo different branching
unitswith complementary coupling functionsareused
dternating and no activation stepisemployed®#1, The
sdlected reactantsaswd | astheresulting coupling prod-
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uct must beinert towardsthe subsequent reaction con-
ditions. Theterm orthogona meansthat thefunctiondities
areinitialy inert towardsthe coupling conditions, but
can beactivated in situ for the desired subsequent re-
actionor coupling.

AsshowninFigure6, If thisconditionsare met, a
dendrimer can be constructed either by divergent or
convergent methodinjust afew steps.

P

Figure6: Shows“Orthogonal Coupling Srategy” (WhereP= Protecting group which onin situ activation isconverted into
C=Functional group which spontaneoudy under goesr eaction)

However, the method of orthogonal coupling has
still not been very widdy adopted becausethebuilding
blocksused haveto meet very stringent structural re-
quirements®. Spindler and Fréchet?® werethefirst to
prepare athird-generation polyethercarbamate dendron
in aone-pot synthesis. Zeng and ZimmermanY re-
ported thefirst application of orthogonal couplingto
thesynthesisof higher generation dendrimer. Freeman
and Frechet™ reported convergent synthesisof poly
(benzyl ester) dendrimer and Shimanek et d .= reported
synthesis of melamine based dendrimer by using or-
thogona coupling strategy.

An advantage of such method isthat it does not
involve protecting group manipul ationsand functional
groupinterconversions.

L ego chemistry

In“Lego chemistry” strategy, highly functionalized
cores and branched monomersare applied to prepare
phosphorus dendrimers. Theend groupsaregeneraly
phosphinesand hydrazines. Generation 4issynthesized
inonly 4 Steps and no. surface group increasesfrom
48t0 250. Thissynthes srequires minimum volumeof
solvent, allow facilepurification and produce environ-
mentally benign by products such aswater and nitro-
ge’][34] .

Click chemistry

In 2001, Sharplesset a.* proposed this method
inwhich smaller units arejoined together by way of
heteroatom bondsasafast track route to compounds.

Typical reactions applied are 1,3-dipolar cycloaddi-
tions, nucleophilic substitutions for ring opening of
strained e ectrophilic heterocycles, aswel | asadditions
to carbon-carbon multiplebondse.g. epoxidation. Azide
functionalized PAMAM dendronswere produced by
convergent method using click chemistry®,

APPLICATIONSOF DENDRIMER

Dendrimer ascarrier for drugdelivery

Dendrimersled several groupsto investigatethe
possibility of encapsulating drug moleculeswithinthe
branches of adendrimer. Thisoffersthe potential of
dendrimerstointeract withlabileor poorly solubledrugs,
enhancedrug ability, bioavailability and controllingits
release. Nature of drug binding may beether physica
encapsulaionintointerna cavitiesof dendrimer or may
be co-valent bond formation to the periphery of
dendrimerts738],

Dendrimersin ocular drugddlivery

Anaomy and physiology of eyemakeit avery ddi-
cateand highly important organ. Designing an effective
therapy for ocular diseases particularly for posterior
region has considered aformidabletask®. Eye con-
tainsvarioustypesof barrierssuch asdifferent layersof
cornea, scleraand retinaincluding blood aqueousand
blood-retinal barriers, choroidal and conjunctiva blood
flow etc. Thesebarrierscauseasignificant chalenge
for delivery of adrug doneor inadosageform, espe-
cially to the posterior segment of the eyed*”. The nano-
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Size, ease of preparation, functionalization, and possi-
bility to attach multiple surface groups renders
dendrimersassuitabledternativevehicleof ophthamic
drug deliveryt*-3, Recent research effortsfor improv-
ingresdencetimeof pilocarpineintheeyewasincreased
by using poly(amidoamine) dendrimerswith carboxylic
or hydroxyl surface groups*!. These surface-modified
dendrimerswere predicted to enhance pilocarpine &
tropicamide bioavail ability™*®. Also some of thephos-
phorus contai ning dendrimerswith quaternary ammo-
nium coreand terminal carboxylic groupshas success-
fully reported for ocular drug delivery of carteol ol !,
Yao et d . have prepared and characterized the com-
plex of puerarin and poly(amidoamine) (PAMAM)
dendrimersand to evaluate the complex asan ocular
drug ddivery system. Theresults showed that puerarin-
dendrimer complexesformed primarily by hydrogen-
bonding interactions. Typically, 43, 56, 125, and 170
mol ecules of puerarin could beincorporated into G3.5,
G4, G4.5, and G5 PAMAM dendrimer molecule.
Puerarin was released more slowly from puerarin-
dendrimer complexesthan free puerarinin deionized
water and phosphate buffer solution (pH 6.8). Further-
more, puerarin-dendrimer complexes produced longer
ocular residence times compared with puerarin eye
drops. No damagesto the epithelium or endothelium
were observed after the PAMAM dendrimer adminis-
tration inthiscornea permestion study. Theseresults
indicatethat dendrimersare potentia carriersfor oph-
thalmicdrugddivery.

Dendrimer intransdermal drug ddivery

Transdermal drug delivery has made an important
contributionto medica practice, but yet tofully achieve
it’s potential as an alternative to oral delivery and hypo-
dermicinjectiond®®. A way toimprovetransderma drug
ddiveryistousetransderma enhancerswhichincrease
permestion through skin. Therefore, polymeric enhanc-
ers with hydrophilic and hydrophobic groups like
PAMAM dendrimers have attracted increasing inter-
est. Wang et al.[*? reported the utilization of
polyhydroxyalkanoate (PHA) and G3 PAMAM
dendrimer asnove transdermd drug delivery systems.
Tamsulosin hydrochloride was utilised asmodel drug
and it was concluded that PHA-dendrimer matrix can
be utilised asdrug delivery systems. Yiyun et al.*% re-

ported that Poly (amidoamine) dendrimer complex with
Non-gteroida Anti-inflammatory Drugs(NSAIDs) eg.
Ketoprofen, Diflunisal could beimproving thedrug per-
meation through the skin as penetration enhancers.
K etoprofen and Diflunisal were conjugated with G5 Poly
(amidoamine) dendrimer and showed 3.4 and 3.2times
higher permeation. Chauhan et a5 investigated en-
hanced bicavailability of Poly (amidoamine) (PAMAM)
dendrimer by using indomethacin asthemodel drugin
transdermal drug delivery. Borowskaet a .52 have as-
sessed the ability of (PAMAM) dendrimers G3 and
G4 to facilitate transdermal delivery of 8-
methoxypsoralen (8-MOP) invivo. In vitro study us-
ing Franz diffusion cdll reved ed an enhanced transderma
flux for 8 MOPin complex with G3 and G4 dendrimer
inrelationto standard 8-M OP sol ution.

Dendrimer inoral drugddivery

Oral drug-delivery system has been the dominant
route for many years because of itssignificant advan-
tages. It isby far themost convenient administration
route with good patient compliance. Alongwith these
benefits, there are al so some defectsof ora delivery
route likelow solubility in aqueous solutionsand low
penetration acrossintestina membranes®d. Anidea
macromol ecular carrier for orally administrated drugs
should havethe ability to protect the drugsfrom de-
grading. They might reducenonspecificinteractionswith
food proteins and alow enhanced absorption across
theintestinal epithelium®. Duncan et al . systemati-
caly investigated the effect of dendrimer size, charge
and concentration on uptake by theadult rat intestine
and studi ed the absorption mechanismsof dendrimers
in intestine tissues so as to develop PAMAM
dendrimersaspotential ora drug carriers. It was sug-
gested that dendrimer size was akey factor on deter-
mining overall uptake®. Ora drugddlivery studiesus-
ing the human colon adeno carcinomacell line (Caco-
2) have indicated that low-generation PAMAM
dendrimer acrosscdl membranes, presumably through
acombination of processes, i.e. paracel lular transport
and adsorptive endocytos's. Remarkably, the P-Glyco
protein (Pgp) efflux transporter does not appear to af -
fect dendrimers, thereforedrug dendrimer complexes
are ableto bypassthe efflux transporter™. But with
increaseinthe concentration and generation, therewas
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increase in the cytotoxicity and permeation of
dendrimers. Keet a.® developed adrug-PAMAM
complex for oral administration. Doxorubicin was
loaded into PAMAM, thecdllular uptake and pharma:
cokineticsof thedoxorubicin-PAMAM complex was
studied. Astheresults, thece lular uptake of doxorubi-
cin in Caco-2 cells treated with the doxorubicin-
PAMAM complex wasincreased significantly withan
increasein concentration and time, ascompared to that
treated with free doxorubicin. And the transport effi-
ciency of thedoxorubicin-PAMAM complex from the
mucosa sidetothe serosal sidewas4-7 times higher
than that of free doxorubicin in different segments of
smadl intestinesof rat. Thedoxorubicin-PAMAM com-
plex led to the bioavailability that wasmore than 200-
fold higher than that of free doxorubicin after ora ad-
ministration. These results indicate that PAMAM
dendrimer isapromising novel carrier to enhancethe
ora bioavailability of drug, especidly for the P-glyco-
protein (P-gp) substrates.

Dendrimer in pulmonary drugdeivery

Theability to deliver proteinsand peptidesto the
systemic circulation by inhal ation has contributed to a
riseinthenumber of inhdation therapiesunder investi-
gation. For most of these therapies, aerosols are de-
signed to comprisesmall spherica dropletsor particles
suitablefor particlepenetrationinto theairwaysor lung
periphery. Sudies performed primarily with liquid aero-
solshave shown that these characteristicsof inhaled
aerosolslead to optimal therapeutic effect. Though still
inefficient drug ddlivery can il arise, owingto exces-
sveparticleaggregationinaninhder, depostioninthe
mouth and throat, and overly rgpid particleremova from
thelungsby mucodilliary or phagocytic dearancemecha:
nisms. To address these problems, particle surface
chemistry and surfaceroughnessaretraditionally ma
nipulated™. During one study, efficacy of PAMAM
dendrimers in enhancing pulmonary absorption of
Enoxaparin was studied by measuring plasmaanti-fac-
tor (Xa) activity, and by observing prevention efficacy
of deep veinthrombosisin arodent model. G2 and G3
generation positively charged Poly (amidoamine)
dendrimersincreased the relative bioavail ability of
Enoxaparin by 40%, while G2.5 PAMAM half gen-
eration dendrimers, containing negatively charged car-

boxylic groupshad no effect. Formulations did not ad-
versely affect mucociliary transport rate or produce
extendvedamagetothelungs. So, thepostively charged
dendrimersaresuitablecarrier for Enoxaparin pulmo-
nary delivery®™. The absorption-enhancing effects of
poly amidoamine (PAMAM) dendrimerswith various
generationsi.e. GO-G3 and concentrations i.e. 0.1%—
1.0% (w/v) on the pulmonary absorption of peptide
and protein drugswerestudied inrats®. Insulinand
calcitonin were chosen asmodel s of peptideand pro-
tein drugs, and their pulmonary absorptionwith or with-
out PAMAM dendrimers was examined by in vivo
pulmonary absorption studies. PAMAM dendrimers
significantly increased the pulmonary absorption of in-
sulinand cacitonininrats, and their absorption-enhanc-
ing effectswere generation dependent. The adsorption-
enhancing effectswereincreased with increaseingen-
erations. For the same generation, the absorption-en-
hancing effectsof PAMAM dendrimerswereshownto
be concentration dependent. Dendrimersdid not cause
any membrane damage to the lung tissues. So,
dendrimersare promising polymersfor pulmonary drug
delivery.

Dendrimersin controlled releasedrug delivery

Controlled releasedrug delivery isanew way to
treat illnesses. Theterm controlled rel easereferstothe
ability of adrug delivery systemto releaseadrug over
an extended period of timeat acontrolled rate. It gen-
erdly involvesimplanting an engineered polymer directly
into the organ or system that is affected by adisease.
Sincethe polymer isimplanted directly into thetissues
affected by disease, the side-effects are often small
compared to systemic drug delivery. Dendrimersoffer
advantagesincluding alower polydispersity index, mul-
tiple sitesof attachment, and acontrollable, well-de-
fined sizeand structurethat can be easily modified to
changethechemica propertiesof thesystem!(®Y. Inad-
dition, macromolecules such asdendrimershave an
enhanced permeability and retention effect that allows
them totarget tumor cellsmore effectively than small
molecules®. Liu et a .[%*% have prepared poly (aryl-
ether) dendrimers containing dua functionality onthe
surface. Oneisused to attach poly (ethylene glycol)
(PEG) unitsonthe surfacetoimprovewater solubility
and the other oneisutilized to attach hydrophobic drug
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molecules. They havea so synthesized aseriesof den-
dritic uni-molecular micelles with a hydrophobic
polyether core surrounded by ahydrophilic PEG shell
for drug encapsul ation. A third-generation micellewith
indomethacin entrgpped asmodel drug givesslow and
sustained in vitro release, as compared to cellulose
membrane control 65. Poly (ethyleneglycol) PEG-2000
was conjugated to G3 Poly (amidoamine) (PAMAM)
withvarying degree of substitution. Methotrexate drug
was encapsul ated to the prepared conjugatesand in-
vestigated for drugreleaseinadiaysisbag. Theresults
found that PEG dendri mers conjugated with encapsu-
lated drug and sustained rel ease of methotrexate as
compare to no encapsulated drug. Asthana et al .l
achieved controlled rel ease of the Flurbiprofen by for-
mation of complex with amineterminated G4 PAMAM
dendrimers. Prepared dendrimer complexes observed
that loaded drug displayed initial rapid release (more
that 40%till 3rd hour) followed by dow release. Phar-
macodynamic study was performed us ng carrageenan
induced pawedemamode, revealed 75% inhibition at
4th hour that was maintai ned above 50%till 8th hour.
Thedendriticformulation showed 2-fold and 3-fold in-
creasein mean residencetimeand terminal half- life,
respectively, as compared to free drugs. Theresults
show potentid of dendrimersin controlled releasedrug
delivery.

Dendrimer in targeted drug delivery and cancer
research

Theapplication of drug carrier syssemsfor target-
ing tumor cellshas gained importanceasan dternative
gpproachfor treating cancer and offersboth increased
therapeutic index and decreased drug resistance.
Thereby increasing efficacy and reducing side effects
of chemotherapy. An effectivetargeting drug-delivery
systemrequiresabasethat isuniform and ableto couple
multiple components such astargeting molecule, drug
and cancer imaging agent’®”. Dendrimershaveideal
propertieswhich areuseful intargeted drug-delivery
system. Oneof themogt effectivecell-specifictargeting
agentsdedlivered by dendrimersisfolicacid. Membrane
associated high-affinity folatereceptorsarefolate-bind-
ing proteinsthat are over expressed on the surface of
different typesof cancer cdlse.g. ovarian. Choi et d .[%
produce dendrimers conjugated to different

biofunctiona moietieslikefluoresceinandfolicacid, and
thenlink them together using complementary DNA oli-
gonucl eotidesto produce clustered mol ecul esthat can-
cer cellsthat overexpressthehigh affinity folate recep-
tor. These conjugateswereinjectedi.e. into immuno
deficient mice bearing human KB tumors that
overexpressthefolic acid receptor. Thesefol ate-con-
jugated nanoparticles concentrated inthetumor and liver
tissueover 4 daysafter administration. Targeting meth-
otrexateincreased itsantitumor activity and markedly
decreased itstoxicity, alowing therapeutic responses
which are not possiblewith afreedrug. Patri et al .5
haveinvestigated that complexingadrugwith dendrimer
asaninclusion complex improvesitssolubility inwater,
acleavable, whilecovaently linked dendrimer conju-
gateisbetter for targeted drug ddlivery becauseit does
not rel ease the drug prematurely in biological condi-
tions. They reported less cytotoxic effect with the co-
vaently linked dendrimer. Sharmaet d.™ studied syn-
thesisof asurface modified dendrimer for cancer tar-
geted drug delivery system. For this, G4 PAMAM

dendrimer was conjugated with Gallic acid and char-
acterized through UV, IR, 1H-NMR and mass spec-
troscopy. Cytotoxicity study of dendrimer conjugatewas
carried out against M CF-7 breast cancer cell lineusing
MTT assay. The study revealed that the conjugateis
activeagainst MCF-7 cdll lineand might act synergisti-
cally with anti-cancer drug and gallic acid-dendrimer
conjugate might beapromising nano-platformfor can-
cer targeting and cancer diagnosis.

Dendrimer in genedelivery

Dendrimers have unique mol ecul ar architectures
and propertiesthat makethem attractive material sfor
thedeve opment of nano-medicines. Key propertiessuch
asdefined architecture and ahigh ratio of multivalent
surface moietiesto molecular volume a so makethese
nanosca ed materiad shighly interesting for the devel op-
ment of synthetic (non-viral) vectorsfor therapeutic
nucleic acids*. Besidesof that someresearch recently
indicated that dendrimer based gene delivery system
also have significant potential in clinical trials.
Kukowska-Latallo et a.[™™ reported that intravenous
administration of G9 Poly(amidoamine) (PAMAM)
dendrimer-complexed pCF1CAT plasmid could result
inhighlevel of geneexpression in thelung tissues of
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rats. It enhancesthetransfection efficiency and expres-
sion pattern of dendrimers. Joester et a.[2 synthesized
amphiphilic dendrimershaving arigid diphenylethyne
corefeatured avariety of geometriesand substitution
patterns, al of which showed high transfection activity.
Thehydrophobic parametersinfluenced the DNA bind-
ing and transport more strongly than anticipated, ex-
hibiting lower toxicity. In contrast to cationic dendrimers,
these dendrimersdid not have any sizelimitation for
transfection. In another study; Takahashi et a.[”® syn-
thesized amphiphilic, PAMAM dendrimersof genera-
tions1to4, and utilizing di-n-dodecylamineasthecore.
These complexeswith DNA and, in case of the G 24
dendrimers, were able to cross cell membranes and
efficiently deliver DNA. Huang et a.["¥ conjugated
ligand Transferrinwith PAMAM dendrimer using bi-
functiond polyethyleneglycol. Thisvector showed 2.25
fold increases in gene transfection compared with
PAMAM and PAMAM-PEG invivo. Yu et al.l"™ in-
troduced histidine residues into L-arginine grafted
PAMAM G4 dendrimersto enhance proton buffering
capacity and eva uated the physicochemical character-
isticsand transfection efficaciesin vitro. Theresults
showed that the synthesized PAMAM G4 derivatives
effectively ddivered p-DNA (plasmid DNA) inddecdlls
andthetransfectionleve improved considerably asthe
number of histidineresi duesincreases.

Dendrimersin catalysis

Thecombination of high surfaceareaand high solu-
bility makesdendrimer useful asnanoscd ecataysts ™.
They combinethe advantages of both homogenousand
heterogeneous cata ysts. Homogenous cata ysts are ef -
fectivedueto agood accessibility of active sitesbut
they are often difficult to separate from the reaction
stream. Heterogeneous catalysts are easy to separate
from the reaction mixture but thekinetics of thereac-
tionislimited masstrangport. Dendrimershaveamulti-
functiona surfaceand al catalytic Stesareawaysex-
posed towards the reaction mixture. They can bere-
covered from thereaction mixture by easy ultra-filtra
tion methods. Thefirst example of acataytic silane
dendrimer was described by thegroup of Van Koten™.

Bhyrappaet d.["® devel oped aseries of oxidatively
robust Poly (phenylesters) dendrimerswerethrough a
convergent synthesis. Significantly greater regiosd ectivity

isobserved with thedendrimer metalloporphyrins, rla
tive to the corresponding parent 5,10,15,20-
tetraphenyl porphyrinato manganese(111) cation.

Inmetallodendrimer, heterogeneouscatdysisarea
nickel-containing dendrimer area so reported activein
the Kharasch Addition™, palladium-containing
dendrimersactivein ethylene polymerization™ andin
the Heck Reaction®.

Karakhanov et al .Y devel oped Bimetallic Cu(ll)
and Pd(l1) metal complexes with nitrile-based
dendrimersdemonstrated high activity inWacker Oxi-
dation of terminal alkenesa ong with good selectivity
for methylketoneformation and samegroup hasdeve -
oped new heterogeneous catalysts based on Pd
nanoparticlesand cross-linked poly(propylene-imine)
and poly(amidoamine) dendrimerswere prepared and
examined for sel ective hydrogenation of unsaturated
compounds.

Rajesh Krishnan et a.®2 used poly (amidoamide)
dendrimersasorgano-catalystsfor “Knoevenagel” and
“Mannich” reactions in water. Knoevenagel Conden-
sation between carbonyl compounds and active meth-
ylene compoundsaswell asthreecomponent Mannich
reaction between a dehydes, ketonesand amines pro-
ceeded smoothly inwater with good to excellent yield
and high sdlectivity inthe presence of zeroandfirst gen-
eration poly (amidoamine) dendrimer.

Dendrimer asmembranes

Dendrimer with high degree of branchingunits, high
density of surfacefunctional groups, nano-scaled size,
well-defined molecular weight and low- dispersity are
suitable as membranes. Proton exchange membrane
fuel cell (PEMFC) isbelieved to bethe best type of
fuel cell asanew clean and high efficient power, which
will eventually replacethegasolineand diesdl internal
combustion engines. Thefunction of the proton ex-
change membrane (PEM) is use to conduct the pro-
tonsand separate the catalyst. Leeet .1 employed
PAMAM dendrimersas componentsof PEM for fuel
cells. Compared to thetraditional “Nafion117”, the
membrane containing PAMAM dendrimershashigher
proton conductivity but lower fuel permesability even
under low humidity condition and or at high tempera-
tures. Bipolar membrane is atype of composition
membrane, which containsacation-exchanging layer,
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ananion exchanging layer and aninterfacia layer. The
novel property of abipolar membraneisthat thewa
ter molecul es can be dissociated efficiently into the
hydrogen ions and hydroxyl ionsunder reverse po-
tential bias. Toimprovethewater dissociation ability
of abipolar membrane, PAMAM dendrimerswere
used as catalysts of thewater dissociation processin
theintermediatelayer of abipolar membraneby Fu et
al®. They prepared the new bipolar membrane by
immersi ng the heterogeneous anion exchanging mem-
braneinto Poly (amidoamine) (PAMAM) dendrimer
aqueous solutions and casting the N,N-
dimethylformamide (DMF) solution of sulphonated
poly(phenylene oxide) (SPPO) onto the dendrimer
treated anion exchanging membrane.

Sarkar et al.[® reported first use of dendrimer in
themodification of reverseosmos s (RO) membranes.
Theeffectsof dendrimer surface coatingson the ad-
vancing water contact anglei.e., coatings’ hydrophilic-
ity, permeateflux and % salt rejection of commercial
polyamide membraneswere studied. The membranes
were coated by in situ crosdinking of amine-functiond
polyamidoamine (PAMAM) dendrimers and
PAMAM-—polyethylene glycol (PAMAM-PEG) multi-
arm starswith difunctional PEG crosdinkers. There-
sulting coatings significantly reduced contact angles of
membrane surfaceswithout affectingtheir % salt rg ec-
tionand only moderatdly reducing their permestefluxes.
Lower contact anglesindicated morehydrophilic mem-
braneswiththepotentid for increased res sancetofoul-
ing by hydrophobic foulants, such as biofoulantsand
organic pollutants.

CONCLUSION

Dendrimershaveemerged asared forceto bereck-
oned with in chemistry. Thelarge body of research on
the synthesisof dendrimers shows how the different
methodol ogiesthat have been devel oped can be ap-
pliedto awidevariety of chemica systems. Thetech-
niquesfor the synthesisof dendrimersincludemethods
inwhich structural and functional groupscan beincor-
porated into adendrimer in specific positions, poten-
tialy giving the chemist an extremely high degree of
control over architecture, and functionality. Many re-
searchersof multidisciplinary dassesareworkinginthe

field of dendrimerstowardsvariety of objectiveswhich
leadsto several applicationsof dendrimer which are
discussed herein. Asprogressin dendrimer synthesis
will be moreprevaent, therewill behighlevel control
over dendritic architecture as a result number of
dendrimer classeswill be expand and more number of
applicationswill beprevalent. Still, lotsof work isre-
quired donewith respect to cost effectivenessfor suc-
cessful commercialization of thistechnol ogy.
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