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Abstract

The development of sulfone-based macromolecules (polymer to dendrimers) has been inspired and prompted by much
interesting importance of sulfone chemistry. Literature reveals that dendrimers are more demanding than the polymer in
many aspects, because of its unique structural properties. Inspite of increasing importance and applications of dendrimers, it
has a lot of hindrance regarding the tedious way of synthesis, which requires large excess of reagent and several problems in
isolation. Therefore, time to time several tactics of synthesis has been developed. It was also well known that sulfonylation
reaction is not only fast and easy to handle but also aryl sulfonylchloride derivatives are inexpensively available. Nowadays,
sulfone-based dendrimers are exponentially expanding its application in disciplines of science which lie in organic synthesis,
material sciences, combinatorial chemistry, medicinal chemistry and chemical biology. In this review, we have compiled the
types of dendrimer and chiefly focused on the synthesis of sulfone-based dendrimers and their applications, in short. Further,
future prospect of sulfone-based dendrimers in various branches of science has been outlined.Copyright © 2017 VBRI Press.
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branched macromolecules of the same molecular weight
[24]. Inspired by these novel features of dendrimers, it
attracted a lot to the polymer scientists to focusing on
generating new chemistries that can  deliver
monodispersed polymers with structural perfections and
enhanced functions.

Introduction

Advancement of organic chemistry has given a lot of
method of synthesis (solvent free to metal catalyzed, low
temperature to high temperature and photochemical to
microwave reaction conditions). These methods have
been extensively utilized in a broad range of research
areas including natural product synthesis [1,2], material
science [3], medicinal [4], biological [5] supramolecular
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chemistry [6], catalysis [7], coordination chemistry [8] De,,d‘,imers I I

Hyperbranched Dendigraft Dendronized
and macromolecule synthesis [9-10]. Moreover, some of polymer polymer
the reactions (Suzuki-Miyaura [11], Heck [12], 4 :} “%““q
Staudinger [13], Ullman [14,15], Sonogashira [16,17], i ?f’,&

and click reaction (cycloaddition reaction) [18-20]) are
very powerful tools for the creation of smart
macromolecules i.e. branched dendritic molecules [21],
which are now become an exciting area of research.

Branched dendritic family includes dendrimers, dendrons,
dendrigraft and hyperbranched or HY polymers (Fig. 1)
[22,23].

Among  branched  macromolecules, dendrimers
represent a key component because of its unique
properties like monodispersity, globularity and multiple
end-groups at the periphery of the dendritic framework,
which does not show by other branched macromolecules
and small molecules. Thus dendrimers are foreseen to
deliver extraordinary features, for applications in areas
such as cancer therapy, biosensors for diagnostics and
light harvesting scaffolds, compared to small and

Copyright © 2017 VBRI Press

Fig.1: Structural representation of the dendric family.

Flory’s, 1941 opened the gate for the synthesis of
branched three-dimensional structures [25, 26]° The
synthetic work of such extraordinary molecules was first
pioneered by Vogtle in 1978 and termed it “cascade
molecules” [27]. A few years later, in the early 1980s,
Denkewalter et al. patented the synthesis of L-lysine-
based dendrimers upto high generations, but they had not
given acomplete characterization of the dendrimers except
for size exclusion chromatography (SEC) data [28]. The
properties of dendrimers were first examined by
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Tomalia’s PAMAM dendrimers and Newkome’s arborols
[29-31] (unimolecular micelles), then with Meijer’s
poly(propylene imine) (PPl dendrimers) [32]. Now
PAMAM and PPl become most studied and
commercialized dendrimers. Nowadays, in the field of
synthetic organic chemistry dendrimers become one of
the most exciting structures to synthesize and access in
comparison to their linear analogs. The field of
dendrimers has been continuously reviewed [33-43].
Since an excessive number of dendrimers have
continuously been reported. Therefore, we shall shortly
describe the dendrimer by diffrent type.

Types of dendrimers
Dendrimer can be divided on the basis of:

1. Structural design: This category of dendrimer have
been constructed by their shape, i.e., spherical [44],
dumb-bell [45,46], tadpole shape [47,48], snowflake
shape [49], multilingual [50] and Janus [51] as shown
in Fig. 2.

2. A way of synthesis: This category of dendrimers are
classified by their synthetic strategies. The synthetic
strategy was started with convergent [33] and
divergent [52] method. Now, these come under the
conventional growth approach [34]. Further, several
strategies had been developed, which came to the
accelerated growth approach [53]. The accelerated
growth strategies have been divided into two parts as
demonstrated in Fig. 5. We briefly explain these

strategies.
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Fig. 2. Different shape of dendrimers.
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Conventional synthetic strategy

(i) Divergent method: In this approach synthesis starts at
the core proceeded outwardly to the periphery of the
dendrimer.The basic strategy has been demonstrated by
cartoon diagram as shown in Fig. 3. The process starts
with the coupling between site C and focal point F leading
to the intermediate with protected periphery indicated by
the letter P. Activation of P at the periphery gave another
intermediate with activated periphery indicated by the
letter C. Further, coupling with focal point F of the
another branched monomer forming upto second
generation dendrimer possessing protected functional
group P, which becomes a convenient place for a new
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active site to react with new branched units to increase
generation in dendritic framework.

a) Coupling b) Activation
+ 3 [ e— ———

a) Coupling

C = Coupling Point, F = Active, Unprotected functional group
P = Protected, inactive functionality

Fig. 3. Cartoon diagram is representing divergent synthesis.

(ii) Convergent method: In this approach synthesis started
at the periphery and proceeded inwardly to the core. It
operates inwardly by increasing generation in branched
monomer followed by activation and deactivation steps
and attached to a core as shown in Fig. 4. Through this
method, obtained dendrimers are highly pure and
monodispersed.

b) Selective
a) Coupling activation
2 + > ——

® @
& e

3 @® b) activation
 — | e—
a) Coupling

C = Coupling Point; F = Active, Unprotected functional group
P = Protected, inactive functionality

Fig. 4. Cartoon diagram is representing convergent synthesis.

Above two methods have advantage and disadvantage
too. Therefore, several other methods have also been
developed which are either mixture of the convergent and
divergent or some modification in them. Now, these
modified methods are called revised traditional strategy.
These approaches increase the number of branching in the
dendritic framework by decreasing number of synthetic
steps but could not eliminate activation and deactivation
steps. Several dendrimers have been synthesized using
conventional or revised traditional strategies [54-57].

These are as follows:
Revised traditional strategies

(i) Double-stage convergent growth approach: It
combines both convergent and divergent approach and
provides new alternative pathway of synthesis, in which
both hypercore and dendrons were synthesized parallel
through activation and deactivation steps. Further, focal
points of dendrons are coupled in a divergent manner to
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the periphery of a hypercore, prepared either by
convergent or divergent growth. The synthetic strategy
has been shown in Fig. 6. The first successful attempt
regarding this approach was made by Wooley [58] et al.

Synthetic strategy
I
[ 1
| Conventional strategy | I Accelerated strategy |

I I
[comene]
Divergent w—rw— " Reduced no. of steps and

ul convergen Erni =gz
deactivation

Reduced no. of steps and
increases no.of branching

Fig. 5. The flow diagram is showing the synthetic strategies for
dendrimers.
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Fig. 6. Cartoon diagram is representing double-stage convergent
synthesis.

(ii) Double-exponential dendrimer growth: This approach
has been initiated by Moore et al. and developed by Hult
et al. [59, 60]. The strategy has been demonstrated in
Fig. 7. Two kinds of small branched dendron
(activated/deactivated) were utilized. The coupling of
these small dendrons was carried out by making
activation in them. One dendron is activated selectively,
at their focal point while other at the periphery and then
coupled together to obtain a higher generation fully
protected dendron. These steps were repeated to increase
dendrons generation and, in the final step, the focal points
of the dendrons are activated and coupled to either tri-
core or multi-functional core. Thus, The high molecular
weight dendrimers were constructed in a lesser number of
steps.

So far, scientists have developed newest and simpler
routes to construct dendrimers without
activation/deactivation steps. Now, these strategy comes
under the orthogonal strategy which is accelerated
strategy. Further, orthogonal growth concept will be
discus.

Orthogonal coupling strategy

Recently, Zeng and Zimmerman developed an alternative
method, that is short period synthesis of thedendrimer, to
overcome the difficulties of revised traditional strategy
(double stage convergent and double exponential growth
approaches) [60, 61]. In the orthogonal methodology, no
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activation step is required. Two different kinds of
dendrons having different functionality (AB, and CD,)

were utilized for increasing branching units.
%@ @g@ — @i\g@ ii) Selective

) b i nupln? activation +
ﬂi)Coupling
ii) Selective
activation

p G a

[o%

i) Coupling %

Fig. 6. Cartoon diagram is representingDouble-exponential convergent
synthesis.

The functionalities at periphery and focal points should
be arranged in such a manner that AB, dendron couple to
the site C, and surface functionalities B should be neutral
toward C. Similarly, when CD; dendron couples to the
site B, surface functionalities D should be neutral toward
B. Alternatively, AB, and CD; should be coupled to the
desired core (Fig. 7). Thus activation and deactivation
step are eliminated.

AT
e

i) Coupling i) Coupling g@
i) Coupy

Fig. 7. Cartoon diagram is representing the orthogonal synthesis.

i. Chemoselective strategy: By orthogonal concept,
Barany and Merrifield (in 1977) introduced the
concept of chemoselectivity. This strategy has been
utilized for peptide synthesis. The strategy was
utilized for the construction of dendritic framework,
which was first initiated by Spindler and Fréchet in
1993. Several numbers of dendrimers were
constructed through chemoselective and orthogonal
approaches by the discovery of click chemistry
concept. The click concept was introduced in 2001 by
K. B. Sharpless and co-workers. They found
following observation by click chemistry concept.

e The products yields was very close to 100% and side
products was null.

e The isolation of products was easy.

1007



Review Article

Nowadays, copper-catalyzed Huisgen 1,3-dipolar
cycloaddition (CuAAC) between azides and terminal
acetylenes, is the most studied click reaction, which
selectively forms the 1,4-substituted 1,2,3-triazole
(Scheme 1). The exothermic CUAAC reaction displays a
large thermodynamic driving force (i.e. 84 ki-mol?) to
favor a single product.

In 2004, the CUAAC reaction was first reported as a
chemical reaction for the conventional growth synthesis
of triazole containing dendrimers [Meldal (2008)].
Presently, the click concept has proven to be a reliable
synthetic platform to deliver complex macrostructures.
The concept is today extended to include the Diels—Alder
(DA) cycloaddition as well as the thiol-ene coupling
(TEC), Scheme 1. In 2008, Hawker et al. illustrated the
power of UV, initiated TEC for the divergent growth of
generation four polythioether dendrimer. To date, a
significant number of dendrimers has been constructed
using click concept.

Copper catalysed Huisgen 1,3- dipolar cyclo- addition (CudAC)

Diels Alder cycloaddition

AN

Thiol-ene coupling (TEC)

R—SH  + A R/s\/\n'

Schemel. Schematic representation of common click reactions.

The orthogonal strategy now closely connected to the
click reactions. This concept (click and the orthogonal
strategy) was introduced by Malkoch [61] et al. in 2007,
for the synthesis of four generation dendrimers, via one
bis-MPA based and another Fréchet-type dendron [62].
Nowadays, several higher generation dendrimers are
synthesized using orthogonal strategy and click coupling
[63-67].

One pot synthesis

One-pot synthesis was initiated in the 1990’s, but this
attempt did not give fruitful result and dendrimers
obtained were having high PDI i.e. up to 1.4. The first
successful attempt regarding one pot system was made by
Rannard and Davis et al. [68, 69]. They succeeded into
synthesizing up to a third generation carbonate dendrimer.
For simplicity, one-pot reactions were divided into two
major parts, first the non-tandem reactions (NTRs) and
the second one tandem reactions (TRs) [70]. NTRs take
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place consecutively, one at a time,
while TRs take place independently of one another, and
simultaneously also. Several dendrimers were also
prepared using these approaches [71].

Besides the advantages of these reactions, it was still
difficult to synthesize and isolate a perfect monodispersed
dendrimer through one-pot reactions. Since formation of
byproducts and uncontrolled perfect stoichiometry of the
reagents made this method tedious, therefore these
strategies are less utilized for the synthesis of
monodisperse dendrimers.

3. Application: Among branched molecules, dendritic
structures became the most innovative class of polymers
and advancing entities [72].
Lot of dendrimers have been designed and synthesized on
the basis of applications (biological to material
applications). These includes liquid crystalline [73-75],
chiral [76], miceller [77,78], amphiphilic [79-80],
metalodendrimers [81], dendrimer nanorector [82,83],
dendrimernanoparticle [84,86], dendrimer-based
nanomedicine [87,88], drug delivery [89-91], gene
delivery [92-94], light-harvesting [95,193], organoiron-
mediated dendrimer syntheses [96], metallocene
dendrimers as electrochrome molecular batteries [97,190],
functionalized dendrimers [98], dynamers [99], catalysis
[100,101], dendrimers nanotube [102], nanocomposites
[103], redox aspects [104,105] olefin metathesis [106],
dendrimers in solution [107], photoactive dendrimers
[108-110], multivalent neoglycoconjugates  [111],
biohybrid polymer capsules [112], cleavable dendrimers
[113,114], dendritic nanomaterials [115], electrode design
[116], solubility enhancers [117], gelators [118,119],
light-emitting diodes [120-123], environmental
remediation [124], MRI agents [125], biomimetics [126],
folded dendrimers [127], nonlinear optics [128],
quantum dots [129], molecular recognition [130],
tailored dendrimers [131] and branched oligogermanes
[132].
4. Different functionalities: On a molecular level the
dendrimers are made up of small basic core units, branch,
and periphery, which can incorporate several
functionalities into these units. Thus a lot of dendrimers
have  been  constructed incorporating  different
functionalities either at core, branches, terminal or
mixture of any two and three of these dendritic units.
These dendrimers are; heterocyclic dendrimers (triazine
[133-134], porphyrin [135], thiophene [136,137],
pyridines [138,139], thiadiazole [140],
carbazole[141,142], oxidazole [143,144] benzothiozole
[145], triazoles [146,147] etc), Heteroatoms containing
dendrimers (Si, P, B, Ge, or Bi) [148], Different linkage
(amide, anhydride, ester, ether, thioether, sulfonamide
etc) containing dendrimers [149-155], homoaromatic, and
polynuclear aromatic (nephthalene, anthracene, anullenes,
etc.) [156-158] aliphatic dendrimers (only alkyl chain,
hydroxyl, thiol and conjugated aliphatic chains) [52,73-
75,159], dendrimers with biomacromolecules
(glycodendrimers [160, 161], purins and pyrimidins
[162,163] containing etc) and fullerene dendrimers [164].
Due to a large number of designs and synthetic
approaches have been used to create these impressive
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structures. Thus a lot of dendrimers have been
constructed, and literature is continuously growing, whose
description is impossible through one review. Therefore,
we shall mainly focus on the synthesis and applications of
sulfone-based dendrimers. We will end with its
importance in future developments.

The importance of sulfone/ sulfonamide/sulfonimide
based molecules

The development of sulfone-based dendrimers has been
energized and elicited by the engrossing importance of
sulfone functionality. Which are as following:

e Ease of synthesis of sulfone derivatives. Specialy,
N,N-bis-sulfonylation reactions.

e These are the part of various biological systems [165-
168].

e The derivative of such molecules may behave like
drugs (long range to small acting) [167-169], which
shows antibacterial, antimicrobial, antidiabetic,
antiretroviral, anticonvulsant, Cox-2 inhibitor and
dermatologically based activities.[170]

e Sulfonyl acid chloride is the most active reagents for
mono and bis functionalization of amines
functionality among carboxylic acid chlorides
or the corresponding active esters [171-174].
Sulfonyl acid chloride derivatives are also
inexpensively available.

e In the biodegradable process, these linkages are
easily cleavable [175].

Inspite of biological importance, nowadays, sulfone
derivatives also played a major role in the material
applications, i.e., sensing, electronic and nanotechnology
to nanoscience [176-187].

Need of sulfone-based dendrimers

To keep dendrimers monodisperse and to avoid the
formation of the side product, which are difficult to
separate from the desired dendrimer. There were several
methods of synthesis have developed and, continuously
been progressing.

Nowadays, construction and functionalization of
dendrimers have been successfully achieved through a
wide variety of reactions, which are complete, fast,
inexpensive and easy to handled. So, sulfone-based
moieties come in that category, especially N,N-
monosulfonylation and  N,N-bissulfonylation based
reactions fulfill all the criteria of novel dendrimer
synthesis with high efficiency and less cost effectivity.
However, the first iteration of N,N-bis-sulfonylation
reaction on PAMAM dendrimers was initiated by Vogtle
et al. [188,189].

Synthesis of sulphone/ sulfonimide /sulfonamide based
dendrimers

Peripheral functionalization of dendrimers with the
activated reagents was the most widely employed method
to create dendrimers for possible application. Earlier, in
this manner poly(propylenimine) dendrimers were
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selectively functionalized by carboxylic acid chlorides or
the corresponding active esters as well as with the
isocyanates and isothiocyanates [190-193]. However,
these reactions were not generated complete
functionalization. Fritz Vogtle et al. utilized sulfonic acid
chlorides for mono and bifunctionalization of
poly(propylenimine)-dendrimers. They started the N-
sulfonylation of poly(propylenimine)-dendrimers and
proposed that the method can be utilized for the synthesis
of higher generation sulfonimide based dendrimers [194-
196] as shown in Scheme 2.

a =p-tosyl N,N-Dimethyl densyl

Ly
b S e o TaCL BN o0
- ol % § CH.Ch o
Nk PRl HH, | ————= | PRl
- Mo g 2 H
N N s
[ 5

Scheme 2. Structural representation of N-sulfonamide based dendrimers.

Further, synthesis work of dendrimers, having
sulfonimide units at the branching points, were also
proceeded by Fritz Vogtle et al. in 2004 [197,198]. They
gave a method for functionalization of oligoamines and
tris(2-aminoethyl) amine via N,N-bis-sulfonylation with
various  arylsulfonyl  chlorides  derivatives and
standardized reaction conditions utilizing different base.
They reduced monosulfonylated precursor 4, using
Ethanol/SnCIl/HCI at 78 °C, generated precursor 5 and
applied it for the preparation of spherical dendrimers 6,
and 7 in 33% and 18% yield respectively in divergent
fashion (shown in Scheme 3). Similarly, dumbell-shaped
second-generation sulfonamide decorated dendrimer 8
was prepared.

Scheme 3. Divergent synthesis of dendrimers possessing N-sulfonimide
branching points.

Further, on the basis of mono- or bis-sulfonylation,
Oleg Lukin et al. constructed several higher generation
dendrons and Janus-type dendrimers (up to the third
generation) possessing sulfonimide units at every
branching point by convergent pathway [199], described
in Scheme 4a and 4b. Synthetic steps involved,
N-sulfonylation, persulfonylation of amines, reductions
of nitroaromatic compounds, and the Suzuki cross
coupling (SCC), in which n-octylamine  was
persulfonylated by p-nitro sulfonyl chloride gave 9 in
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95%, which on reduction using HCI/EtOH/SnCl, at
reflux, led to the formation of generation one (G1)
dendron 10. Further, these steps were repeated and led to
the formation of higher generation dendrons 11 and 13 in
71% and 57% respectively. Similarly, dendrons 14-21
were synthesized in decreasing yield as crowding
increased (Scheme 4a). Further utilization of Suzuki
cross-coupling (SCC), dendrimers 22, 23 and 24 were
prepared by the coupling of dendrons 17,19 and 21 to the
core 1,4-phenylene diboronic acid diester, in presence of
Pd[(P(p-Tol)s]s, THF/H20 at 80 °C for 24 h (Scheme 4b).

Oy N, HH, b
05N, N M. O N N.cO
. G2 20 B W, SRR,
a b a b
§ ¢ g 12 1
9 (@5%) 10 11 (71%) l"
e 207 Vg 207
Qg 2" ofo '5-?0
i L e UINO" O" §2, ’Y
F g _{}\2 Cg, 08 Tl 380780, 80
“‘ﬁs = o”( “OH 16 nencrimm ﬂgjﬂ { ofo
‘; (ﬁ § 17 o= CHy(B4%) Y § (;
} )
14 %) 15006%) 13 (57%)
\ N .
g, PO,
2 2
hDB‘;’ 18R = o, (10%) --Qah( 20 Renoy 4%y

7 19 R=cHy TRy P> L
) )

Scheme 4a: Synthesis of dendrons and reagent condition (a) ArSO.CI,
EtsN, CH,Cly, reflux; (b) SnCl,,HCI, EtOH/DCM, at 40 °C.
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$ :%Sl ccg‘i ¢ AJe Tl 20730
WO %n ~ Mg { A
AT A , Tlo of T 8y Y Q)
ofo 4 § e S g 4 ofo
o mee | $ S WO OO
Jai kv T o }
ps L cg oS“ o0 O i 24 (78%) ;
10 3 'S OgNsO ~ ]
o . ;
) . L;’o 23 (76%) é ‘%su—kf" "]‘\.»L,!?gf]
T 55 ; ofo
RS LRI 4] 9]

Scheme 4b: Synthesis of dendrimers 22, 23 and 24 reagent condition (c)
PA[(P(pTol)s]s, THF/H0, 80 °C, 24 h.

They concluded that -

e Dendrons possessing —NO, functionalities (16, 18
and 20) was unable to couple through SCC

e Reduction condition (absolute ethanol and Sn
granule) causes cleavage of one of the sulfone
linkage.

e Catalytic hydrogenation causes dehydrohalogenation
in dendrons having bromoaromatic functionalities.
Further in 2007, Oleg Lukin et al. overcome the

previous problems (reduction condition) [200]. In

previous reduction condition, the catalytic hydrogenation
caused partial dehydrohalogenation in dendrons having
bromoaromatic functionalities (14-17). The reduction in

refluxing ethanol using SnCl. led to the splitproduct 28

through short-lived species 27 (see Scheme 5a). On

modification of the previous reduction procedure they
utilized 1:1 mixture of ethanol/dichloromethane at 40 °C
for 20-40 min, in place of absolute ethanol at 78°C, led to
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the formation of amine 26 in quantitative yield (100%).
Further, combining the new reduction procedure and
previously reported monosulfonylation and
persulfonylation, several higher generations dendrons
were prepared as shown in Scheme 5a, In which dendrons
31d was doubly coupled through core 1,4-
phenylenediboronic  acid via SCC gave the
pentaphenylene centered dendrimer 32 in yield 70% (see
Scheme 5b).

D. Schubert and Oleg Lukins’s group reported a
topological study of the above described dendrons and
dendrimers [201]. The photophysical study of dendrimer
32 was also started by Vogtle et al. [202] and developed
by G. Bergamini et al., who gave the photophysical
properties (absorption, emission, and excitation spectra;
fluorescence decay lifetime and fluorescence anisotropy
spectra), using different experimental conditions i.e.
dichloromethane solution and solid state at 293 K,
dichloromethane/methanol rigid matrix at 77 K [203-
206].

SnCi2/ HCI W“O‘MUNN Yol yd
4 .
g 29 _ -
oneyp o O [auene: P 29a = - ) % g w={ e
S AT 26 o
+ s e =i o 29h Ar=- 81%
25 SoCiy /I 0}9 o - Cb
EIOH, reflux o : o 19:N=-O"0‘ 76%
d 29iAr= - 60%
ey, o mEE ane O PN
28 o 27 29 ar= - {0)-w 00%
00% A P a an® Ta 29j~=~§:)7 9%
B S & 290ar= -4 nor  To%
fo ot & °6 O
QN N PO )2g = 2 g=t
Sy o B me D m meeQ
Pl A NO

i 5 SR o’ Mea={ro mw MA.=~Q:> 5%
IR VR o Y o ST T & S

B g ep
of d‘g“" 31a R=nOayt Ar= -~
N st_q'ro e o 31b R=nocytar=-{O)
Fra’s Coon® ‘o
A O 31c R=noayiAr=-{}
oo o a NHy
¥ 5 )
M ~.

Q.9
31dR= --O}-n‘_\\xoo ®a=- O

Scheme 5a: structural representation of new reduction method and
dendrons series.
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Scheme 5b: Synthesis of dendrimers 32. Reagent condition of SCC
{Pd[(P(p-Tol)3]3, THF/H.0, 80 °C, 24 h}.

Moreover, Paul C. Taylor developed a divergent route for
G1 oligo(aryl sulfone)s and a G2 oligo(aryl sulfone)
dendrimer [207, 208], using nucleophilic aromatic
substitution reactions, described in Scheme 6 In this
interesting synthesis, they have used compound 33 and
trichlorobenzene as starting material and coupled them to
prepare 34 which on oxidation of central sulfur gave 35.
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Further, repetition of steps coupling and oxidation,
several other intermediate 36, 37, 38, and 40 were
constructed. Only 38d and 40d were utilized for the
construction of dendrimers 39 and 41 in 74% and 80%
yield, respectively.

e el a c a o
D—s‘ K . cr—Q =2 Q—S—Q o D_STQ 11:;»\? 36
cl of g4 @ o a5 ©
[

a ]

Ty zose T

Qg} \ /) _DMFaosseC S,
e T
X 38 X=E (63 Z ¥

b;
=gt &
= b
-t
BBra / CH,Cly

0*CloRT 41 x.on(sa:-l
39 X =OH (74%)

B34 /CHly
8710

Scheme 6. The divergent construction of sulfone-based dendrimers.

In another way of elegant synthesis Scheme, 7
Matsumura et al. synthesized novel hexakis(4-(4-
fluorophenylsulfonyl)phenyl)benzene 43 in 60% via
Friedel Craft reaction. The reaction of hexaphenylbenzene
42 with 4-fluorobenzenesulfonyl chloride in the presence
of iron(l1l) chloride. They utilized this small generation
dendrimer for theconstruction of multiblock copolymers
[209].

F

Q Q F—@—SO; Qoz .
BRSO g s T — 3
O O 140°C.16h 05 O Q O 0,
%2 p Q '8
025—©—F

60%

Foows

Scheme 7. A simple route to sulfone-based dendrimers via FC reaction.

In very recently Tewari et al. constructed several
triazine cored sulfonimide dendrimers 44a-44 d (tri-
armed) and 45a-45d (hexa-armed) via click reaction (see
Scheme 8) [210]. They gave an efficient method of click
synthesis and obtained both Cu-free and Cu complexed
dendrimers in good yield.

Application: Above section described,
sulfone/sulphonamide and sulfonimide based, dendrimer
synthesis. Nowadays, several sulfone-based dendrimers
were synthesized for their important applications.
Therefore, in this part, we shall describe synthesis and
application of sulfone-based dendrimers

Biological application: In the following examples, we
shall illustrate work of Paula Ortega et al.. They utilized
the sulfone-based dendrimers (carbosilane dendrimers
containing dansyl groups at their periphery as shown in
Scheme 9) as biologically active tools [211]. Paula
Ortega et al. developed their previous synthesis of
carbosilane dendrimers [212-219], to prove the
internalization studies of carbosilane dendrimers.
They carried monosulfonylation, at the periphery of
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previous dendrimers, by dansylchromophoric
group (i.e. 5-(dimethylamino)-1-naphthalenesulfonamido)
and prepared dendrimers 46a-46c¢. Further, these dendritic
systems were tested for in vitro toxicity on primary cell
cultures (dendritic and peripheral blood mononuclear
cells), and their cellular uptake was studied using
confocal fluorescence microscopy.
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Scheme 8.Triazine cored sulfonimide dendrimers 44a-44d (tri-armed)
and 45a-45b (hexa-armed).
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Scheme 9.Structural representation of per-dansylated dendrimers 46a-
46c.

On the other hand, J. M. Sanfrutos utilized PAMAM
dendrimers to functionalized their primary amino groups
to vinylsulfone group via aza-Michael type addition
reaction and prepared upto two generation dendrimer
series bearing peripheral alkyl sulfonyl hydrophobic tails
(52-54) as shown in Scheme 10 [220]. For this they
prepared vinylsulfone series 47, 48, 49, and 50, which
were subsequently treated with the PAMAM amine group
in the presence of 1:1 mixture of THF/Water at r.t., gave
G1 dendrimers 51a-d. Similarly, G-2 series 52-55 were
prepared. These dendrimers were utilized for gene
delivery. For this, they compare the transfection
properties of native PAMAM-G2 dendriplexes and
amphiphilic sulfone-based dendrimer. They found,

1011



Review Article

dendrimers (52-55) were highly efficient for gene
delivery. The incorporation of hydrophobic alkyl chains
of different length was anticipated to be a structural factor
that would positively contribute to improving the cellular
uptake and internalization of the corresponding
dendriplexes synergistically. A. M. Fernandez et al.
created an exciting vinyl sulfone ferrocenylation reagents
[182]. The key sequence of reaction is shown in Scheme
11, In which compounds 58a and 58b were
simultaneously coupled to tris
(2-aminoethyl) amine (6) through Michael-type addition
and created G1 dendrimers 56, 57 and 58. Azide
derivative 60 was synthesized in two steps i and ii via
precursors 58 and 59. Similarly, recombination of the
monomers 58a and 58b to the aminosugars,
cyclodextrins, tripeptide glutathione (GSH), glutathione
disulfide (GSSG) created conjugates and bioconjugates
(ferrocenyl terminated dendrimers 57 and ferrocene—sugar
61, ferrocene—peptide, ferrocene protein conjugates 62
and 63, ferrocene—cyclodextrin 64 and 65,). These
biomolecules were found for strong bioactivity.

[s]

0
RN R‘J\ /\/V\/\ \’},
5 *48 adv=0 O
47 a (CHzMe 49 =8
b (CH)gMe \/q\/\
©(CHz)sahe

d (CH;);CHECH(CH,lMe
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o
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Scheme 10. Surface coupling of PAMAM dendrimers via Aza-Michael
addition to prepared dendrimers having sulfone units at terminal
branches.

In very recent Fabrizio Carta and coworkers also used
poly(amidoamine) (PAMAM) dendrimers and their
amines were surface functionalized with benzene sulfonyl
chloride and created an innovative series of sulfonamide
terminated dendrimers 66G0, 66G1, 66G2 and 66G3
[222] (see Scheme 12). Further, developing their
Work, they utilized dendrimers (66G0-66G3) for
medicinal chemistry applications and investigated
benzenesulfonamide moieties of these dendrimers shows
strongly human carbonic anhydrase inhibiting properties.
Inhibiting properties increases as the sulfonamide
molecules increases on going from G0-G3.
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Scheme 12: Structure of sulfonamide terminated dendrimers GO-G3.

Material application: Sulfone based dendrimers
constitute one of the most important research topics.
Inspite of biological applications, some of the sulfone-
based dendrimers were constructed, which shows
significant interest in materials applications. Now, we
shall explore several sulfone-based dendrimers possessing
excellent liquid crystalline, non-linear optical and fuel cell
properties.

Liquid crystalline [LC]: Dendrimers and Dendrons
proved particularly versatile candidates for the elaboration
of new LC materials [222]. Particularly, the dendritic
structure is an interesting framework, where liquid
crystalline behavior can be modulated by very subtle
modifications of the dendritic connectivity. There have
been several kinds of dendrimers constructed such as
side-chain liquidcrystalline dendrimers, silicon-containing
LC dendrimers, polyamide amine (PAMAM),
polypropyleneimine  (PPI)  dendrimers,  Polyester,
polyether LC dendrimers, ferrocene and/or C-60 subunits
containing LC dendrimers. Recently, M. M. Manas and
co-workers reported the synthesis of the 15 membered tri-
olefinic aza-macrocycles functionalized with appropriate
are sulfonamide groups as well as their palladium(0)
complexes 67, 68 and 69 has been explored in Scheme 13
[223].
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Scheme 14.Synthesis of N-sulfonamide dendrimers with mesogenic
properties.

The mesomorphic behavior of the compounds was
studied by polarizing optical microscopy, differential
scanning calorimetry and X-ray diffraction, which
enabled the determination of the structural parameters.

Very recently, C. A. Hincapi et al., by their previous
work based on small liquid crystalline molecules,
prepared a series of liquid crystalline dendrimers. They
constructed liquid crystalline dendrimers by combining
phosphorus dendrimers with sulfonamide derivatives.
Thus generated dendromesogens 72 and 73 bearing
mesogenic units on their surfaces (see Scheme 14) [224].
These effects are probably due to the establishment of
inter- and intra-molecular hydrogen bonds, generated by
the external sulfonamide moieties bearing N-H bonds.

W. Wu and Zen Li’s group reported two series of
sulfonyl based high-generation NLO dendrimer 79
through the combination of the divergent, convergent
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approaches, and Sharpless click reaction, Which was
easily constructed with high purity and satisfactory yields.
Although they previously prepared several nitro groups
containing dendrimers, that dendrimers demonstrated high
(ds3) second harmonic generation coefficient values (NLO
coefficient). In the present work, they found sulfonyl-
based chromophore dendrimers have high optical
transparency and NLO stability comparatively without
sulfone units. Basic outlook of the synthesis was
explained in Scheme 15. In which intermediate 76 was
clicked to the 74, led to the formation of 77, which on
diazotization using 75, gave 78. Repeating these steps
dendritic series have been constructed [225, 226].

Kunpeng Li [227] et al. gave an easy convergent
synthetic strategy of dendrimer synthesis without
protection/deprotection steps. Synthetic steps were a
combination of several reactions like Friedel Craft
acylation, Vilsmeier reaction, Heck coupling in dendrons
and Wittig—Horner reaction, summarized in Scheme 16.
Donor core 82 and acceptor dendrons dO, d1, and d2
were synthesized by applying these reactions, where
sulfonylation of toluene gave 80, which on bromination
and phosphorylation led to the formation of 81 and core
82. Further dendron dO was synthesized via Vilsmeier
reaction, which acts as a precursor for 83 and 84. Heck
coupling between 83 and 84 in the presence of
Pd(0Ac)./KsPO4, gave dendron dl1. Similarly, d2 was
synthesized. Further, dendrons d0-d2 were coupled
through Wittig—Horner reaction to the core 82, led to the
formation of novel dendrimers generations (G0-G2) 85,
86 and 88. These dendrimers were applied for hetero
junction solar cells, in which dendrimer GO shows a
relatively high power conversion efficiency (PCE) of
0.34% under AM 1.5 illumination of 100 mWcm-2.

LpgnD s D@ Opnen Qa0 Qe D
g g 0 S e Orp
HE. g ij r_; - 'EJ r,.g«
N ST T L G ,-v,;‘?,“
76 7 = L;m
78 &
A5
< &
oy 5
wn % o 0y 0}%.~ﬂ§0 Ggﬂwwngo Of"'wofo
o porOl, g Crg Oy 3
o "
¥ *'f ?@’“\":,_J"f‘y ,,?gf\ nnnnnnn pp,.
g ? g
£ ow i [?
3 RN W
S . ;)
i
2

Scheme 15.Convergent synthesis of dendrimers via CuAAC having
NLO properties.

In Scheme 17, the sulfone core was again utilized by P.
Rajakumar et al.. They developed their previous work of
benzothiazole terminated dendrimers [228], utilizing the
click coupling to construct the dendrimers 88, 89 and 90.
They used, these dendrimers in dye-sensitized solar cells
(DSSC) as additives, which exhibited good current
generating capacity and a power conversion efficiency in
higher-generation than lower generation dendrimers.
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Scheme 17.The sulfone cored dendrimers are bearing good DSSC
properties.

Recently, M. M. Zerco et al. gave a straightforward
procedure for the synthesis of a novel sulfonated
dendrimers 93 and 94 with a PES backbone [229].
Dendrimer 94 was blended with poly-[1-(4,
4-diphenylether)-5-oxybenzimidazole]benzimidazole
(PBIOOVR) at different ratios to prepare a series of acid-
base PEMs (Scheme 18). They studied these dendrimers
as a fuel cell.
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Scheme 18. Synthesis of the polysulfonated dendrimer 93 and 94 with a
PES backbone.

Future viewpoint

An analysis of the sulfone/sulphonamide/sulfonimide
chemical structures, synthesis methods and applications
presently available reveals that these dendrimers have not
been fully explored yet. Both synthetic and application
aspects can be enhanced by introducing heterocyclic,
polycyclic hydrocarbon heteroatoms, etc. triazine with
sulfone/ sulfonamide or sulfonimide. As a final remark,
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combined with advancing functionalities these dendrimers
will have a great impact on dendrimer synthesis. It would
advance the application of such dendrimers.

Conclusion

In this article, we deliberated to review the
comprehensive description of sulfone-based dendrimers
synthesis and their biological to material applications. We
have described the type of dendrimers, importance, and
need of sulfone derivatives and the chemistry, in short. It
was observed that till now several kinds of sulfone-based
dendrimers were constructed by utilizing different
reactions, but N,N-bis-sulfonylation reaction were fast
and complete. Thus several dendritic assemblies were also
created that possessing sulfonamide units and have
applications. This article is endeavoring to find potential
future directions in the development of more analogs of
sulfone-based dendrimers synthesis for various biological
to material applications. We expected that the information
given in this article will not only modernize the
researchers with recent synthesis and applications of these
dendrimers but also buoy up them to use this promising
moiety for the design of new molecules with enriched
medicinal and material properties, that are leading to
novel treatments luxury agents for the benefit of humanity
and technology.
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