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The exploration of coordination polymers (CPs) composed of metal ion and organic ligand has been incipient at an astonish-
ing pace. The promising applications and essential diversity in structure of these materials are the driving forces behind the
extensive research of such kind. Actually, inorganic metal ions and organic ligands (carboxylate, sulphate etc.) or neutral mol-
ecules (N, S donor ligands) are contented to formulate these polymeric compounds. These are the leading accessories to
the advancement of solid-state coordination chemistry which is termed as ‘crystal engineering’ presented by Schmidt. Although,
the terminology has been used in regard to the solid-state photochemical [2+2] cycloaddition reaction for first time, subse-
quently, this [2+2] cycloaddition reaction has been unveiled within the CPs and resulting structural transformation promotes
different potential applications: gas sorption, magnetism, sensing, dielectric property, isolation of new organic ligand, electri-
cal conductivity, photo salient effect, flexibility and elasticity of materials. Herein, we discuss on the impact of [2+2] cycload-

dition reaction of CPs for various potential applications.

Keywords: Coordination polymers, crystal engineering [2+2] cycloaddition, solid-state reactions, post synthetic modifications.

Introduction

Coordination polymers (CPs) are highly desirable candi-
dates to upgrade the flag of scientific revolution in materials
chemistry!=°. They have a wide spectrum of applications due
to their tailor-made tunable architectures. To depict the de-
sirable structure judicious choices of building block is a re-
puted tool. However, in the modern days, post synthetic
modifications, such as single-crystal to single-crystal (SCSC)
conversion, photo and thermo-chemical cycloaddition, trans-
metallation, functional group derivatisation, coupling reac-
tion etc. have received immense interest®=8. Off these, the
photochemical [2+2] cycloaddition is distinctive due to its
green in nature, high percent of yield, simple technique, small
time consumption etc. Researchers have done enormous
work on [2+2] cycloaddition in coordination polymeric sys-
tem®'". This in really helps the chemistry community to up-
grade the synthetic strategy and variation in structural archi-
tecture. Recently, few groups have been inspired with the
previous work of [2+2] cycloaddition on CP system and uti-
lized it for various potential applications. Again, due to its

simple structural tenability, one can easily recover the struc-
ture according to asking property. Here the most important
factor is the judicious selection of organic ligands and their
functionality'2-14. Keeping this concept in mind, research-
ers have mainly focused on ‘C=C’ within the ligand moiety.
Among ‘C=C’ based ligands, trans-1,2-bis(4-pyridyl)ethane
(bpe), 4-styrylpyridine (4-spy), 4-(1-naphthylvinyl)pyridine (4-
nvp), 4,4"-stilbenedicarboxylic acid (sbd), fumaric acid and
muconic acids are there. If the arrangement of these ligands
are such a manner that ‘C=C’ bonds are within 4.2 A (for
most of the cases), then they can readily experience [2+2]
cycloaddition reaction. After [2+2] cycloaddition (Fig. 1), the
obtained photo-product may believed to be the post-synthetic
modification (PSM) of CPs for introducing desired proper-
ties. This article mainly focuses on the recent development
of [2+2] cycloaddition reaction in CPs accompanied by tun-
ing of their desired properties in regard to the applications in
gas sorption, magnetism, sensing, dielectric property, isola-
tion of new organic ligand, electrical conductivity, photo sa-
lient effect, flexibility and elasti-city of materials.

tinvited Lecture.
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Fig. 1. Pictorial representation of [2+2] cycloaddition reaction in CPs.

Critical discussion

In this section, we will discuss various strategies how [2+2]
cycloaddition reaction impacts the properties of CPs for po-
tential applications. In recent years, CPs showing electrical
conductivity have attained significant attention among the
scientists working in the filed of electronic and opto-elec-
tronic devices'®17. There are different approaches under
consideration for charge transportation: charge transporta-
tion through bond and charge transportation through space.
It is quite normal to promote the transportation of charge via
bond with in a compound. Therefore, judicious selection of
component building block of CP is a very important factor.
Overlap of metal and ligand orbitals can also pave the way
for charge carrier. Again, the charge transportation through
space is activated via supramolecular interactions. In recent
trend, - - interactions play the pivotal role for charge trans-
fer. Dinca et al. have designed some tetrathiafulvalene (TTF)
based metal-organic frameworks (MOFs)'8.19 to obtain
through space charge transportation viart--qtand S ---S non-
covalent interactions within the network resulting the electri-
cal conductive of the materials. The electrical conductivity
values span in the range from 1078 Scm=" to 104 Scm™".
Banerjee et al. also considered the it -1 interactions in their
In(i11) MOFs20 to exhibit a better charge barrier mobility
(4.6x1073 cm? v-" s71) (Fig. 2).

To extend the above mentioned approach, our group is
also able to explore some compounds for charge transporta-
tion which are discussed below.

(a) ACd(n1) based complex Cd(quin),(4-nvp), (1; Hquin =
quinoline-2-carboxylic) undergoes [2+2] photodimerization
under sun light to get Cd(quin)(rctt-4-pncb),, (1”; rtt-4-pncb
= rtt-1,3-bis(4’-pyridyl)-2,4-bis(naphthyl)cyclobutane). Here,
the deep insight into the structural architectures reveals that
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Fig.2 Probable mechanism for the charge transportation in CPs via
7. interactions.

7 -+ stacking interactions disappears and as a result the
electrical conductivity also decreases?'.

(b) A Cd(1) based one-dimensional (1D) CP, {Cd(bpe)(p-
brba)}, (2; p-Hbrba = para-bromobenzoic) has been con-
verted to {Cd(rctt-tpcb)4o(p-prba),}, (2’; rett-tpcb = rett-
tetrakis(4-pyridyl)cyclobutane) via (2+2) photochemical
dimerization under UV light. Here, dimerization leads to the
reduction of extent of 7t - - interactions among aromatic rings,
which results the decrease in electrical conductivity?2.

(c) Another 1D CP {Cd(adc)(4-nvp),(H,0)},(3; Hpadc =
acetylenedicarboxylic acid) has undergone topochemical
[2+2] photodimerization to generate two-dimensional (2D)
CP [Cd(adc)(rctt-4pncb)4,0(H,0)] (37) (Fig. 3). In this case,
in this case m ---t stacking interactions have been increased
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with respect to the starting material resulting an increase in
electrical conductivity.?3 In summary, electrical conductivity
of (a) and (b) has been decreased due to absence of -t
interactions after dimerization, whereas the conductivity in-
creases for (c) owing to the enhancing of it -- -t stacking in-
teractions. Interestingly, all these materials (1, 17, 2, 2/, 3
and 3’) have used to fabricate electronic devices at labora-
tory level. These findings may be utilized to design electrical
conductive CPs and resolve the energy crisis issue.

MacGillivray et al. designed a Ag-based metal-organic
compound [Ag,(4-stilbz),][CF;SOs], (4; 4-stilbz = trans-1-
(4-pyridyl)-2-phenylethylene-N and CF;SO4H = trifluoro-
methanesulfonic acid) which undergoes [2+2] cycloaddition
to generate 1D CP [Ag,(4-pyr-ph-cb),][CF;SOs], (4'; 4-pyr-
ph-cb = n2,3,4-diphenylcyclobutane-1,2-bis(4-pyridyl)-
N,N)2*. At this point, the conductivity of 4 rises by 40%
incomparison to 4 which is attributed to the &t -- 7t stacking of
the stilbazoles sustained by Ag ---Ag interactions. Lang et al.
described a 1D CP {[Zn,(3-bpep),(2,5-FDC),]-1.5H,0}, (5;
3-bpep = 2,9-bis-(2-pyridine-3-yl-vinyl)-[1,10]phenanthroline
and 2,5-H,FDC = furan-2,5-dicarboxylic acid that exhibits
photochemical cycloaddition to produce {[Zn,(3-
bpep)(trans,rctt-3-bpbpycb), 5(2,5-FDC),]-H,0},, (5”;
trans, rctt-3-bpbpycb = 1,3-bis-(8-(2-pyridine-3-yl-vinyl)-
[1,10]phenanthroline)®. This conversion changes the space
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Fig. 3. Topochemical structural transformation of 3 to 3’ via photo-
chemical [2+2] cycloaddition resulting the increase in electri-
cal conductivity.

between centroid to centroid of criss-cross fashioned double
bonds from 3.761 A to 5.313 A, which reduces the second-
ary interactions and impacts the dielectric property of the
compound. The relaxation peak strength corresponding to
electrical measurement decreases in 5" sharply. By lowering
of -9t communication, the value of mean dipole fluctua-
tion process decreases and follows the drop of dielectric re-
laxation peak strength from 0.078 (for 5) to 0.035 (for 57).

Detection of ions or molecules is a significant application
in the recent scenario of human civilization and environmen-
tal contamination. So far, various detection methods have
been achieved to enrich sensing application; among them
fluorescence technique is one of the promising and advan-
tageous because of its simple technique, rapid response,
effortlessness, real-time, high selectivity and operability. The
judicious selection of sensor moiety helps to develop a bet-
ter sensor. In this regard, CPs have been found to exhibit
satisfactory performance in sensing hazardous chemicals
with profound selectivity and sensitivity?6-28. Mechanism of
detection is also described in some cases to get proper un-
derstanding structure-property relationship. To getinsightinto
the mechanistic aspects various post synthetic modifications
(PSM) have been employed among which [2+2] photodimeri-
zation is a well discussed method. Recently, some CPs have
been reported to show [2+2] cycloaddition, where changing
or improvement of their photo-physical or chemical proper-
ties took place. A Cd(i1) based CP [{Cd(ppene)(1,4-
BDC)} -MeCN], (6; ppene = 4-pyr-poly-2-ene, 1,4-H,BDC =
benzene-1,4-dicarboxylic acid) undergoes [2+2] photodimeri-
zation to generate [{Cd,(4-tp-3-lad)(1,4-BDC),} -2MeCN],, (6";
4-tp-3-lad = 2,3,5,6-tetra(pyridin-4-yl)bicyclo[2.2.0]hexane).
Here, both the CPs have been found to be fluorescence sen-
sors for sensing nitroaromatics in water. However, dimerized
product 6” shows better selectivity and sensitivity with re-
spect to starting material 6 with a lower detection limit (0.12
ppm) for 2,4-DNP in water2®. Besides, 6" is also employed
for sensing Hg2* in aqueous medium. Another Cd(ll) based
2D CP, [{Cd,(5-F-1,3-bpeb),(1,3-BDC),}-0.5DMF -2H,0],, (7;
5-F-1,3-bpeb = 5-fluoro-1,3-bis[2-(4-pyridyl)ethenyl]oenzene;
1,3-H,BDC = 1,3-benzenedicarboxylic acid) undergoes [2+2]
photodimerization to generate [{Cd,(syn-dftpmep)(1,3-
BDC),}-0.5DMF -H,Ql,, (77; syn-dftpmcp = syn-3,4,12,13-
tetrakis(4-pyridyl)-8,17-bisfluoro-1,2,9,10-diethano[2.2]meta-
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cyclophane)®. Here, both the compounds have 2D frame-
works constructed from linking [Cd,(1,3-BDC),],, chains via
5-F-1,3-bpeb or syn-dftpmcp bridges. However, after photo-
chemical modification, compound 7’ detects AIB* with much
higher selectivity and sensitivity as compared to 7. The de-
tection limit for 7 is found to be 183 ppb®0. Sensing study
reveals that the weak electrostatic interaction between AI3*
and F atom of 7 accounts for the profound detection limit.
The same observation is also obtained in view of structural
architecture; the dihedral angle between two 5-fluorophenyl
groups of syn-dftpomcp moiety in 7” is distended as compared
to that of 7, approving better interaction of the AI%* ions with
F atom. Such molecular interaction is believed to moderate
the energy transfer efficacy of the t -n* transitions and thus
leads to fluorescence quenching of 7” (Fig. 4). Therefore, it
is essential to improve a suitable probe that specifically
senses required analytes. In this regard, [2+2] photodimeri-
zation is an important PSM to develop such appropriate sen-
SOor.

Photo
dimerized
product

Olefin

m U\}k

Fig. 4. Photodimerization can be an important PSM to develop an
appropriate sensor.

Synthetic organic chemistry always pays special atten-
tion due to generation of potentially applicable molecules.
However, it is really difficult to develop a desire molecule
because it takes lot of complicated reaction circumstances
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and schemes. Therefore, the time consumption and percent-
age yield of reaction product are also the vital issues. More-
over, syntheses of highly strained cyclobutane ring deriva-
tives are further difficult using conventional synthetic routes.
Hence, engineering a new procedure is every time welcome.
In this aspect, Vittal, MacGillivery and other researchers are
able to design some cyclobutane based organic compounds
by the assistance of template directed syntheses®'-33; where
secondary interactions support to align the C=C bonds within
allowable topochemical distance (4.2 A) and [2+2]
photodimerization takes place to synthesize new cyclobutane
derivatives. Han and the group®* stretched the concept and
contributed some cyclobutane derivatives by the photo-
dimerization of some coordination moieties. Recently, our
research group also described an elusive cyclobutane de-
rivative rctt-4pncb isolated from the photo-cycloaddition of a
1D CP [Zn(glu)(4-nvp)],, (8; H,glu = glutaric acid)*. The com-
pound exhibits photo salient effect and disintegrates in to
powder trash. After recrystallization of the powder product,
cyclobutane derivative has been isolated (Fig. 5). This com-
pound is a stereo-selective novel organic ligand and may be
advantageous for the scheming different coordination archi-
tectures and impending applications.

CPs have been documented as potential catalysts in
heterogeneous catalysis owing to their adaptable inorganic
and organic components, and the structural architectures.
Metal-organic compounds comprising catalytically active
metal centers, functional organic linkers, or loaded with vig-
orous catalysts have been designed and utilized in hetero-
geneous catalysis. The progress of efficient catalyst schemes
for the selective oxidation reaction has been captivated in-
credible fascination to the synthetic chemists3¢. Wu et al.
established a unique contribution to design a Mn(l) based
2D CP [Mn,L,(H50),]-3H,0 (9; H,L = E-5-(2-(pyridin-4-
yl)vinyl)isophthalic acid) which undergoes [2+2] cycloaddi-
tion to form three-dimensional (3D) CP [Mn,L’,(H,0),]-3H,0
(9; HoL” = 5,5’~(3,4-diphenylcyclobutane-1,2-diyl)diisoph-
thalic acid)®’. Both the compounds exhibit selective oxida-
tion of phenylmethanol to benzaldehyde; which is an impor-
tant organic transformation. However, the photodimerized
compound 9’ gives better yield of oxidation product 97% at
333 K for 18 h, whereas same for the compound 9 is 64%.
The variation of catalytic activities of compounds may corre-
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Fig. 5. Isolation of the elusive organic compound from 8 through the recrystallization of photodimerized product.

spond to their diverse in cavity sizes, which effects the diffu-
sion of the substrate. Thus, photochemical structural modifi-
cation can be a path to adjust the catalytic activity.

One of the valuable aspects of the sustainable growth of
our humanity is connected with the eco-friendly and economi-
cally favourable capture, separation and storage of gas mol-
ecules, e.g. Hy N, H,0, CO,, CHy, etc. Off these, CO, is
one of the main components of green house gases and would
generate rigorous world-wide climate change if it is accumu-
lated to a high level. Besides, CO, is also a necessary inter-
mediate in most of the hydrogen production procedures.
Hence, separation and storage of CO, from the flue exhaust
of plants is progressively significant in the upcoming world.
The designing of CPs that can modify its sorption process
via tunable channel structure or the pore environment re-
mains a challenge. In this aspect, Kitagawa et al. have pro-
duceda photo-responsive 2D-CP, [Zn,(moip),(bpe),(DMF),]
(10; H,moip = 5-methoxy-isophthalic acid) that participates
[2+2] cycloaddition as a method to adjust the pore structure
and accessible surface area causing an on-demand gas sorp-
tion activity®3. The olefinic bonds present in the 2D CP main-
tained the Schmidt's topochemical principle and displayed
[2+2] cycloaddition under UV light to generate [Zn,(moip),-
(rett-tpcb)(DMF),] (10°). This process leads to the enhance-
ment in size of the channel due to the formation of
cyclobutane. Wu etal. have reported a 2D CP, [Mn,L,(H,0),]-
3H,0 (11; HoL = E-5-(2-(pyridin-4-yl)vinyl)isophthalic acid)
which quantitatively undergoes [2+2] cycloaddition reaction
into a 3D porous framework, [Mn,L’,5(H,0),]-3H,0 (117
H,L’"=5,5"-(3,4-diphenylcyclobutane-1,2-diyl)diisophthalic

acid)3. This structural modification also caused in increased
cell volume (24 to 27%) and enlarged channel size. Both the
compounds showed uptake of N, at 77 K. These results indi-
cate that photocycloaddition in CPs may result in changes of
the space, thereby change in the adsorption behavior.

Every molecule wants to get stabilized via lowering its
energy. To minimize the energy, the molecules react and
convert energy from one to another. In crystalline solid, the
molecules are organized in a regular fashion and their ki-
netic motions become restricted. Therefore, there remains a
possibility of mechanical motion while introduction of exter-
nal stimuli. Recently, Vittal and coworkers have reported some
CPs which are able to undergo [2+2] photocycloaddition along
with photo salient effect i.e. crystalline material shatters vio-
lently during photochemical conversion similar to popping of
popcorn®®41. This light induced mechanical motion of crys-
talline material attracts the researchers due to promising
applications in the fields of engineering and technology in
regard to photo and electrochemical study, smart medical
and memory devices, molecular and electronic sensors, ar-
tificial muscles, photo actuators, and probes*2-44. Reddy and
the group have reported some materials where elasticity has
altered through photochemical transformation*®46. Naumov
et al. designed few innovative compounds where photo sa-
lient effect revealed excellently during light induced conver-
sions*”48_ Inspiring from the exciting activity, our group has
also invented a 1D CP, [Zn(glu)(4-nvp)], (8) which exhibits
photo salient effect (Fig. 5)3°. Interestingly, this compound
popped with the exposure of UV light as well as the sunlight;
although sun light induced popping is little slower. Recently,
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Vittal et al. reported a Pb(ll) based 1D CP, which reveals
photo salient effects triggered by [2 + 2] cycloaddition of
coordinated olefinic ligands. Here, the rod-shaped crystals
display numerous mechanical effects such as jumping, roll-
ing, splitting and breaking upon UV light irradiation®.

The inevitability for smart materials is growing swiftly
among the material scientists due to the wide diversity in
their applications. Photoactuators are type of smart constitu-
ents that efficiently adapt external governable stimuli into the
mechanical process®?. In this regard, Lang et al. have pro-
duced a Zn(I1) based compound, [Zn(bdc)(3-F-spy)] (12; 1,3-
F-spy = 4-(3-fluorostyryl)pyridine; Hobdc = 1,4-benzenedi-
caboxylic acid) that is converted to [Zn(bdc)(reti-ppeb) 5] (12’;
reft-ppcb = rett-1,3-bis(4-pyridyl)-2,4-bis(3-fluorophenyl)-
cyclobutane) via [2+2] cycloaddition reaction and exhibits
photomechanical behavior®!. This process indicates that
photochemical cycloaddition can cover the route towards the
production of consistent devices such as rewritable optical
memory storage and smart medicinal memory devices®253,

Conclusion

In summray, we have described a small overview of cur-
rent progress of [2+2] cycloaddition within CPs in regard to
the impression in various potential applications. This [2+2]
dimerization is a striking and highly efficient PSM where the
unsaturated double ‘C=C’ bonds in coordination moieties are
transformed into cyclobutane correspondents. The process
is demonstrated to be attractive methodology with environ-
mentally benign, regio-selective, facile reaction and high yield.
Through this photodimerization, CPs are found to tune their
physical, chemical and electronic properties. These correla-
tions will fetch a paradigm shift in our comprehension of the
macroscopic materialization of the photodimerizations for
exclusive applications. This discussion also displays that
[2+2] cycloadditon in CPs may lead to the progression of
smart materials. This fashionable alteration of hybrid materi-
als may open up a new path for the efficacy of these com-
pounds and advancement of modern materials chemistry.
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