This article was downloaded by: [University of Haifa Library]

On: 16 August 2012, At: 08:57

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Investigation of Photo-
Responsive Chiral

Polyisocyanates
Jie Li *, Gary B. Schuster ® & Mark M. Green °

& School of Chemistry and Biochemistry, Georgia
Institute of Technology Atlanta, GA, 30332-0200

® Herman F. Mark Polymer Research Institute
Polytechnic University, Six Metrotech Center
Brooklyn, NY, 11202

Version of record first published: 24 Sep 2006

To cite this article: Jie Li, Gary B. Schuster & Mark M. Green (2000): Investigation
of Photo-Responsive Chiral Polyisocyanates, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 344:1, 7-13

To link to this article: http://dx.doi.org/10.1080/10587250008023808

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023808
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 08:57 16 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 08:57 16 August 2012

Mol. Cryst. Lig. Cryst,, 2000, Vol. 344, pp. 7-13 © 2000 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Investigation of Photo-Responsive Chiral
Polyisocyanates

JIE LI2, GARY B. SCHUSTER® and MARK M. GREENY

aSchool of Chemistry and Biochemistry Georgia Institute of Technology Atlanta,
GA 30332-0200 and "Herman F. Mark Polymer Research Institute Polytechnic
University Six Metrotech Center Brooklyn, NY 11202

A new class of polyisocyanates incorporating the 8-phenylmethylenebicyclo [3.2.
1Joctan-3-one chromophore through three different linkage patterns to the polymer backbone
was synthesized. Photoresolution and photoracemization experiments were conducted to test
its response to circularly polarized light (CPL). Irradiation of the polymers with CPL leads to
the partial photoresolution of the bicyclicketone chromophore. This enantiomeric excess
causes the polyisocyanate chain to favor one helical sense over the other. The handedness of
the polymer chain can be switched with the sense of the circularly polarized light, leading to
novel photoresponsive polyisocyanates.

Introduction. Polyisocyanates are an unusual class of macromolecules, since
they are one of the few types of synthetic polymers that adopt a stable helical
chain conformation in solution as well as in the solid state.1-3 In the absence
of chiral pendants, the polyisocyanate chain exists as a racemate with

dynamically interconverting equal populations of P and M helical backbone

conformations.4 However, when a stereogenic center is present in a pendant
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group, the polymer helices are related as diastereomers with different energy.

and the helical sense with the lower free energy will predominate, leading to

an optically active polyisocyanzue.i6 For this case, Green and coworkers
have shown that, due to the highly cooperative helix structure of the
polyisocyanate, the equilibrium between the M and P helices of the

polyisocyanate shows a nonlinear response to the concentration of chiral

pendant groups of different types.”-10 The helical excess of
copolyisocyanates formed from a mixture of (R)- and (S)-enantiomers
responds strongly to slight differences in the concentrations of the
enantiomers and the net helical sense is controlled by the enantiomer that is
in the majority.! ! More recently, it was shown that terpolyisocyanates
composed of as little as 1.6 % of a chiral unit with only a 2.8 % enantiomeric
excess and 98.4 % of achiral units shows a strong preference for one helix
sense of the polymer, resulting in a striking amplification of the chiral
information of the chiral pendant group. 12 The helical excess can be detected
by circular dichroism (CD) spectroscopy in the absorption range of the
polymer’s amide backbone (ca. 255 nm).13 The magnitude of the induced
optical activity of the polyisocyanates is interpreted by statistical physics
based on the one-dimensional Ising model, 14-17 which offers insight on the
control of chiral amplification.

The potential of using CPL to switch between binary states of
organic photochromic material has been recognized previously. 18,19 Thjs

goal requires the reversible photoresolution and photoracemization of a chiral

(+)CPL
-—>

@ : (-)CPL -
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photochromic compound in a photochemical reaction. The excited state of
the photochromic compound causes interconversion between the R and S
enantiomers. Due to the different absorption of these enantiomers with CPL,
a photostationary state develops with the enantiomer having the smaller
absorption predominating. The enantiomeric excess at photostationary state

(Ypss) of the chiral photochromic compound is determined by the Kuhn
anisotropy factor20.21 (g1 = Ag/e), according to: Ypss = Y2 gy Unfortunately,
the enantiomeric excess at the photostationary state for most organic

photochromic compounds is ca. 10%.22-24 Chemists have been trying to

improve the enantiomeric excess from photoresolution by designing

photoresolvable compounds with unique structures.25-28 Schuster and
coworkers discovered a new photochromic compound, axially chiral

bicyclo[3.2.1]octan-3-one, 1, which can be photoresolved to ca. 1.5%

enantiomeric excess upon irradiation with CPL.29

,{_\, ”#i, 1!__)_I: + uﬁ” I v

H H

0 0
para-terpolymer (r = 0.06) meta-copolymer (r=1) Mw =27, 000
Mw = 226,000 meta-terpolymer (r = 0.02) Mw = 623, 000

" ortho-copolymer (r=1) Mw =16, 000

ortho-terpolymer (r = 0.02) Mw = 405, 000
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The discovery of the stereochemical amplification of polyisocyanates
and the development of photoresolvable ketone 1 presents an opportunity for
the generation of novel photoresponsive chiral polyisocyanates by the
incorporation of the photoresolvable bicyclo[3.2.1]octan-3-one moiety into a
polyisocyanate. This must be accomplished without the sacrifice of the

required photochemical properties of the chromophore. Such systems may

be of interest for optical data storage.3"34'35

Results. Three types of polyisocyanates were synthesized having the
bicyclo[3.2.1]octan-3-one moiety incorporated through different linkage
patterns to the polymer backbone (Chart 1). The chiroptical properties of the
polymers were investigated to learn the effect of the chiral bicyclicketone
pendants on the polymer chain conformations.

Polymerization of the isocyanate monomers followed Shashoua’s

method36-37 using NaCN as the initiator. The molecular weights of the
polymers were determined by gel permeation chromatography (GPC). The
compositions of the terpolymers were determined by '"H NMR spectroscopy.
The photoresolution of the bicyclicketone pendants on the
polyisocyanate was accomplished by exposing N»-saturated solutions of the
polymers to circularly polarized light. CPL having wavelength >300 nm was
-generated by passing the light from a 1000W Hg (Xe) lamp through a cutoff

filter, a Glan-Taylor linear polarizer, and a Fresnel rhomb. CD spectra in the

amide backbone absorption region (ca. 255 nm)!3 were used to detect the
shift in equilibrium between the M and P helices of the polyisocyanate chain
caused by the photoresolution.

The meta and ortho-terpolymers show a CD signal around 255 nm
region while the para-terpolymer does not have a measurable CD spectrum
after irradiation with CPL. The appearance of a CD band in the mera-

terpolymer and ortho-terpolymers indicates the successful chirality transfer
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from bicyclicketone pendants to the polymer main chain, leading to one hand
of the helix dominating the other. It is interesting to observe that the sign of
the CD for the mera-terpolymer is opposite to that of the ortho-terpolymer
although both polymers were irradiated with the same circularly polarized
light. The opposite CD sign of meta-terpolymer and ortho-terpolymer
indicates an opposite twisting sense of the polymer chains.

The meta-terpolymer was employed to test the photo-switching of
the helical sense of the polymer with circularly polarized light. Rotation of
the linear polarizer by 90° converts (+)CPL to (-)CPL. Racemic meta-
terpolymer in an n-hexane solution was irradiated with (+)CPL and (-)CPL
alternatively, and the reaction was followed by CD spectroscopy.

The samples show a mirror image relationship in their CD spectra
demonstrating that the mera-terpolymer is capable of being switched. The
helical sense of the polymer chain changes with the handedness of the
circularly polarized light. Furthermore, irradiation of this solution with
unpolarized light racemizes the ketone and causes the polymer to return to its
racemic state. Similar results were observed for the mera, and ortho-
copolymers and the ortho-terpolymer.

Discussion. Previous studies by Green and coworkers showed that a
predominant helix sense in polyisocyanates can be detected by CD

measurements in the polymer main chain absorption region at ca. 253

nm.7-9:10 However. a complication might arise in the sysiems studied here.
The appearance of the CD signal at ca. 255 nm in the sample may not
represent that of the polymer's amide backbone since the absorption of the
backbone overlaps with the absorption of bicyclicketone monomer. Thus,
the CD signal at ca. 255 nm of the irradiated polymer might be due to the
bicyclicketone pendants or the polymer backbone.

The oppositely signed CD spectra observed for the meta-terpolymer
and ortho-terpolymers after irradiation with the same CPL sense shows that

the CD signal at 255 nm come from the polymer backbone. The sign of the
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CD spectrum of the bicyclicketone pendants generated from irradiation with
the same handed CPL will be the same.

Chirality transfer from the bicyclicketone chromophore to the polymer
backbone. The transfer of chirality from the bicyclicketone pendants to the

polymer backbone is determined by the diastereomer free energy difference

between (M-helix + R-pendant) and (P-helix + R-pendant) interactions. 14-17
This free energy difference is highly dependent upon the distance between
the chiral pendants and polymer backbone. One can expect that with a large
distance between the bicyclicketone chromophore and the polymer backbone
(i.e. the para-polymer case) the bicyclicketone chromophore chirality will be
independent of any interaction with the polymer backbone, leading to a zero
free energy difference of the diastereomers.

Conclusion. Chiral bicyclicketone chromophores have been successfully
incorporated into the polyisocyanate system through different linkage pattern
to build novel photoresponsive polymers. Photoresolution of the
bicyclicketone chromophore in the polymer by circular polarized light has
been achieved. The chirality transfer from the chiral bicycticketone pendants
to the polymer backbone is found dependent upon the distance between the
chiral pendants and the polymer main chain. Upon irradiation of the
polymers having as little as 2% of ortho-linked or mera-linked bicyclicketone
pendants with circularly polarized light, the small enantiomeric excess that
results in the ketone is able to induce one helix sense in the polymer. The
handedness of the helical polyisocyanate with ortho- or meta-linked
bicyclicketone pendants is switchable with the sense of the circularly
polarized light. The ortho-linked bicyclicketone pendants in the terpolymer
system are found to have an opposite helical preference than the meta-linked
system. Irradiation of the photoresolved polymer with the unpolarized light
results in the racemization of the bicyclicketone group, returning the helical

polymer to its racemic state.
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