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From Carbohydrates to Pigments : An Exercise in Molecular
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Summary. The utilization of saccharides as basic materials for the synthesis of
high-grade chemicals, optional in electronic and opto-electronic applications, is
outlined. A general scheme for the overall procedure is given. The conversion
of 5-hydroxymethyl-2-furaldehyde (HMF) — a key chemical of industrial sugar
chemistry — into molecular components with electron-transfer and light-
sensitive properties is presented. The syntheses of electrochemichromic and
photochromic molecular components are described and their application in
chemical and physical switching devices is given. Results are presented
concermning the chemistry of HMF-based poly(arylene vinylenes) and
carbohydrate-modified conducting polymers.

1. Introduction

The quest for renewable resources as substitutes for the fossile raw materials coal,
crude oil or natural gas has its ups and downs depending on economic and political
actualities.* Nevertheless, there is need and interest to outline strategies providing
the chemical conversion of renewable resources into compounds and materials
which might be of significance for trendsetting technologies. In the following
account possibilities are examined to utilize sucrose, glucose, and fructose as the
source for molecular materials suitable for electronic and opto-electronic devices.>:0
Compounds that meet these requirements are pigments with either one of the
following properties: (1) electron transfer acitivity, (2) electrochemichromism, (3)
photochromism, (4) luminescence, (5) non-linear optical response, and (6) magnetic
properties.

Correspondingly, a general description is given on the conversion of "natural"
resources into "molecular” materials as exemplified by the use of sucrose and
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sucrose-derived saccharides for the preparation of molecular materials of electronic
and opto-electronic interest. In addition, the elucidation of the properties of those
molecular components by physicochemical methods is described.’

2. Sucrose : Depot-compound of Solar Energy — Source-compound for

Chemical Use

To evaluate the use of sucrose as basic source-material, some general data are given
in Table 1 highlighting the energetics of solar irradiation and the availability of
sucrose as a renewable energy resource which is industrially exploited by high-
standard technology.8

Table 1. Sucrose as a biochemically renewable deposit of solar energy on earth

approximate total radiation energy of sun; in W 3.8 1026 Ref.2
solar radiation energy received by earth; in W 1.7 1017 Ref.b
production rate of biomass on earth (total land regions); to/sec 3170 Ref.C

approximate total amount of carbohydrates produced by photosynthesis (90 % of biomass)
estimate of total amount of sucrose industrially produced

worldwide (1989/90); to/sec 34 Ref.d
total amount of sucrose used for industrial purpose worldwide; to/sec ~0.025 Ref4

a) Enzyklopidie Naturwissenschaft und Technik (K.-H. Schriever, F. Schuh, Eds.), Zweiburgen
Verlag, Weinheim, 1981.

b) A. Goetzberger, V. Wittwer, Sonnenenergie — Physikalische Grundlagen und thermische
Anwendungen, Teubner, Stuttgart, 1986.

¢) W. H. Bloss: Solar, Wind, Waves, Biomass, Heat pumps, Hydraulic energy. Renewable Energy
Resources, World Energy Conference, Survey of Energy Resources (F. Bender, K. E. Koch, U.
Ranke, W. Siiss, Eds.), Munich, London, 1980.

d) Wirtschaftsiibersicht: Zuckerind. 115 (1990) 215.

Solar energy is an inexhaustible source of energy as is demonstrated by the
total amount of irradiation energy generated by nuclear fusion on sun (> 1026 W)
and the solar irradiation energy received by earth (> 1017 W). The biomass
produced by photosynthesis, which largely consists of carbohydrates, exceeds
3000 to/sec. Sucrose industrially produced amounts to more than 3 to/sec
worldwide. So far only a minor share is used industrially.

The utilization of sucrose in food and non-food industry is outlined in the
following scheme.5:9 Most of the sucrose is consumed in the food section, other
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major fields of application are biotechnology and fermentation processes. Possible
applications of sucrose as tensides,!0, surfactants, or liquid crystals!! are under
investigation at different places. Fine chemicals prepared from sucrose are of
interest as chiral synthetic units.12

nutrition liquid crystals

sweetener
fermentation surfactants
industry \ / tensides
biotechnology e Jon

Sucrose

bioethanol e e, polymers
biological fine chemicals
active compounds
"molecular colorants, dyes

pigments -

recognition” )
optoelectronics

Sucrose as raw material for food and non-food utilization

As of now, little emphasis was given to saccharides as source-chemicals of
functionalized non-carbohydrate polymers or functionalized dyes and pigments with
applications in electronics and opto-electronics. In dyes and colourants it is the
electronic structure of the chromophors that makes them electron-transfer active as
well as suitable for energy transfer interaction. Both of those properties are essential
prerequisites for electronic and opto-electronic materials.!3.14

In the future, new organic opto-electronic materials are expected to gain
increasing market shares and pay-offs in technologies for the storage,
transformation, and processing of information and energy.!5 Because of its
molecular structure and of the high standard of industrial processing, sucrose must
be a rich starting material for those chemical components. The same applies to
glucose, fructose, cellulose, and starch.

A general strategy for the chemical conversion of carbohydrates into pigments
may be outlined as follows:
poly-, oligo-, or monosaccharides — — m-heterocycles — —

molecular units (molecular materials) for electronic and opto-
electronic applications — — materials
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In the first step, agriculturally harvested materials like poly-, oligo-, or
monosaccharides are processed and converted into -heterocycles which afterwards
are transformed into molecular units with dye-behaved functionalization in order to
absorb visible light or near infrared irradiation. In the next assembling step, the
molecular units attain cooperative behaviour (molecular materials). A final finishing
process makes materials ready for practical use.16 In other words, the conversion of
natural materials into those for technical use entails a multistep procedure, of which
in this account only the synthesis and characterization of molecular units with
electronic and opto-electronic characteristics will be discussed.

3. Five and Six-membered nt-Heterocycles from Saccharides

It is well established that a manifold of five and six-membered m-heterocycles can
be prepared from sucrose, heptulose, glucose, and fructose, some of which are
shown in the following scheme:

OH
0
T 3,
HOH,C CHO HO H,C-HC CHO
e e b g
o~ “CHO OH OH
[HMF ] [GMF ) [GEF)
0
H
e N o ey
N ! JI> RO | = 0 [
N“>CHO  OHC” N il HOH,C” N0
[FPO) [FIA] [HDP) [HMP ]

n-Heterocycles with potential use as precursor compounds for electronic and opto-electronic
applications

All of these compounds constitute molecular components which, by proper
functionalization, can be converted into pigments. The furan and imidazole
derivatives 5-hydroxymethyl-furaldehyde (HMF),!7.18 5-(a-D-glucosyloxymethyl)-
furaldehyde  (GMF),!  5-(dihydroxyethyl)-2-furaldehyde ~ (GEF),20  and
4-formylimidazole (FIA)?! are obtained in good yields from glucose (=HMF, FIA),
isomaltulose (—GMF), or from sedoheptulose (—GEF). 6-Formyl-3-pyridinol
(FPO) is available from (HMF) by electrochemical or chemical conversion.22
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1,4-Diazines as, for example, palythazin (HDP), again are molecular units with
good prospects for reversible electron-transfer behaviour.2324 The same applies to
the yet unknown 2-hydroxymethyl-4H-pyran-4-one (HMP) which is expected to be
convertible into the interesting class of pyrylium salts.25

4. 5-Hydroxymethyl-2-furaldehyde (HMF) : Basic Compound for High-grade
Chemicals — Molecular Materials for Electronic and Opto-electronic

Devices

5-Hydroxymethyl-2-furaldehyde (HMF) turns out to be a versatile m-heterocyclic
compound for the conversion into electron-transfer-active (chapter 5) or light-
sensitive (chapter 6) molecular components as will be shown by HMF-derived
compounds in the ensuing scheme:26

BaMnO,
/N S G\
HOHZC/O\CHO OHCQCHO

6] 0]
[HMF]) [BFF]
/ CN
/
NC™ en NC CN NC
[TCF) (BTF] (HCF]

RCEC—\/O\ C=CR

[BEF]

H OMe
Gl Urte G

[DHF-1) (DHF-2) lDHF 3}

Molecular units derived from 5-hydroxymethyl-2-furaldehyde (HMF)

All of them are prepared from furan-2,5-dicarboxaldehyde (BFF)27.28 which is
synthesized from HMF by oxidation.2% Tetracyano compound TCF,30 a key-
substance, results by condensation with malononitrile in the presence of base. In the
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solid state TCF has a nearly planar structure with an approximate C,,-symmetry and
s-trans stereochemistry around C-1-C-103! (cf. Fig. 1).

Fig. 1. Crystal structure of TCF. Significant bond lengths: C(1)-C(2) 1.372 A; C(2)-C(2)
1.401 A; C(1)-C(10) 1.423 A; C(10)-C(11) 1.353 A; C(11)-C(12) 1.429 A; C(12)-N(12)
1.148 A

The hexaene furan BTF is formed from the dialdehyde BFF in a two-step
sequence: base catalyzed condensation of BFF with isophorone in the first step and
subsequent reaction with malononitrile. It turned out, by electrochemical
investigations, that TCF and BTF exhibit quite contrasting electron-transfer
properties (chapter 5). The hexacyano derivative HCF was synthesized from the
tetracyano derivative TCF by twofold addition of cyanide anion (potassium
cyanide)32 and subsequent oxidation of the dianion.33 The bisacetylene BEF,
accessible from BFF in a multistep sequence, is anticipated to be convertible into
polyacetylenes and poly(phenylenes), which are of interest as conducting and
electrochemichromic polymers.3435 Dihydroazulenes DHF-1, DHF-2, and DHF-3
again were synthesized from the tetracyanovinyl derivative TCF in a multistep
sequence34 and differ significantly in their photochromic behaviour as will be
shown in chapter 6.36
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5. Electron-transfer Compounds — Electrochemichromism

The difference of furanoid and benzenoid chemistry, the former representing
renewable-resources-chemistry, the latter a typical building block originating from
fossil materials, is strikingly substantiated by the electron-transfer behaviour of
2,5-bis(dicyanovinyl)-furan (TCF) and 1,4-bis(dicyanovinyl)-benzene (TCB),
which is obtained from terephthal-dialdehyde. Both, cyclic voltammetry37 and
spectroelectrochemistry,38 disclose significant differences on electrochemical
reduction. The results are given in Fig. 2. Unlike the benzenoid TCB, the furan
derivative TCF exhibits clear reversible formation of the radical anion (TCF)*~ and
the dianion (TCF)2-. The curvature of the cyclic voltammogram of TCB3? is best
explained by an EC-type mechanism, representing a two-step-reaction consisting of
a one-electron reduction to the radical anion (TCB)*~ in the first step and a
subsequent chemical step leading to dimerization under C-C-bond formation.40

cN i
~ ~CN . GCN
e chemical
i St
NC. =~ NC. -
CN I
Bl [Tcer® (ree)-(1ce)’

Electron-transfer chemistry (EC-behaviour) of 1,4-bis(dicyanovinyl)-benzene (TCB)
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Fig. 2. Cyclic voltammograms of TCF (above) depicting the reversible formation of radical
anion and dianion, and of TCB (below) showing the formation of the radical anion and
subsequent fast C-C-dimerization2’

The reversibility of the reduction sequence
[TEER] = TECE]*> = [TCF|~

is analytically proven by UV/VIS-spectroelectrochemistry (Fig.3) and by the
reversible change of colour (electrochemichromism). In solution, the neutral
compound TCF appears to be yellow and turns blue on reduction to the radical
anion. Further reduction to the dianion leads to an orange solution (Table 2).
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599 nm

fnm]

Fig. 3. Electrochemichromism of radical anion / dianion conversion of [TCF]®- and [TCF]2‘
as shown by UV/VIS-spectroelectrochemistry (Taken from ref.27). Insert: Cyclic
voltammogram with an arrow indicating the potential of generating the electronic spectra.

Table 2. Electrochemical potential [vs. ferrocene (FOC)] and absorption
spectra on reduction of the electron-transfer compounds TCF, HCF, BTF,

and TCNQ
Compound  neutral radical dianion
compound anion
Amax(m) | Ejp(mV) Aga(nm) | EjpmV) Ay, (nm)
TCF 393(4.5) -890 599(5.0) -1240 493(4.6)
HCF 423(4.5) -205 663(5.1) -570 603(4.5)
BTF 514(4.3) -1190 mixed -1010 617(4.5)
potential
TCNQ 392(4.8) -190 842(4.7) -740 330(4.8)




339, J. Daub, et al.

The molecular description of this electrochemichromic phenomenon is given
in the following scheme. Electrochromism (electrochemichromism)*! is gaining
application in optical displays, light valves, electrooptical switching, and as
photoconductives.42

IéDl 393nm (45) bright yellow
409nm (4.5)
NC~CN NC~~CN

El; -890mV N e

— 358nm (4.1)
556nm (4.3)

“ 599nm (5.0) deep blue
NC NCN NG~ CN 754nm (4.1)

875nm (4.1)
E =-1240mV f|e€

12
493nm (4.6)
NC e_ CN NC -—eCN orange

Electron-transfer behaviour, contrasting to [TCF], is exhibited by the polyene
BTF (Table 2).43 The reduction gives a single wave, analyzed as a two-electron
reduction, leading in one step to the dianion [BTF]* with no indication of the
paramagnetic radical anion [BTF]*~ as an intermediate. Therefore, on the basis of
these results, the tetracyano compound TCF is found to be a one-electron mediator,
whereas the hexaenic derivative BTF appears to be a two-electron transfer
reagent.* Applications of the different behaviour in the realm of electron-transfer
catalysis#> are under investigation.

The bis(triscyanovinyl) derivative HCF was synthesized in order to explore
access of carbohydrate-derived heterocycles into the chemistry of stable radical ion
salts. It is well established that in the solid state radical ions may show electrical
conductivity.46 Due to the six cyano substituents, HCF is reduced at less negative
potential compared to the tetracyano compound TCF (Table 2). Furthermore, in
comparison with the reduction potential of tetracyanoquinodimethane (TCNQ) it
turns out that the radical anions of HCF and TCNQ have rather the same reduction
potential. Tetracyanoquinodimethane (TCNQ) is one of the prototypes of "organic
metals"” with conducting or semiconducting properties.4” The findings that [HCF]*-
and [HCF]?- as well as [TCNQ]* and [TCNQ]?- are reversibly formed by
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electrochemical reduction of the neutral compounds is again verified by

UV/VIS/NIR-spectroelectrochemistry as exemplified by the one-electron reduction
to the radical anions in Fig. 4 and Fig. 5.

ne. /[ )\ _CN
NC Co NN
“NCN NC
.4
© ] twA)
= B!
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-g NCIé%CN
= NC~SCN NG-~CN 0
Wi T
- 4
[mV vs FOC]
40 RO S e,
600 -200 1000
0 - %
200 1000
Nanometers

Fig. 4. UV/VIS-spectroelectrochemistry of the formation of the radical anion [HCF]®- from
HCF by electrochemical reduction. Insert: Cyclic voltammogram of radical anion and
dianion formation of HCF, the arrow indicating the scan of potential under which the
absorption spectra were monitored

NE CN
TCNQ

NC CN
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Fig. 5. UV/VIS-spectroelectrochemistry of the formation of the radical anion [TCNQ]*-
from TCNQ by electrochemical reduction. Insert: Cyclic voltammogram of radical anion and
dianion formation of TCNQ, the arrow indicating the scan of potential under which the
absorption spectra were monitored

6. Light-sensitive Compounds — Photochromism

The phenomenon which describes change of colour caused by irradiation and
thermal or photochemical bleaching is termed photochromism.48 Photochromic
materials offer interesting applications including the storage and processing of
information and the conversion of irradiation energy into heat.#% Photochromism is
abundant in nature, as for example in the processes of vision or
photomorphogenesis.50 Photochromes are expected to be capable of the storage of
information as high as the theoretical storage density of 6.5 x 1012 bits/cm3 at
Amax = 532 nm in a 3D memory.5!

In his doctoral dissertation, Knochel52 made the observation, that a solution of
dihydroazulene (DHA), when exposed to sun light, turns deeply red and reverts to
yellow in the dark. It turned out that a photorearrangement of dihydroazulene
(DHA) to vinylheptafulvene (VHF) occurs, i.e. an electrocyclic 10m-electron
arrangement:33
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R NC CN
hev - CN l
— l = e
CN

DHA cisoid- VHF transoid- VHF

By increasing temperature fading of the colour is achieved by the thermal
electrocyclization VHF — DHA. The process is reversible and, since on irradiation
a long-wave length absorption appears, the process is termed a "normal” or
"positive" photochromism.

A furan substituent at C-2 in DHA has a significant effect on the kinetics of
the photochemical and thermal reactions as shown by the photochromes DHF-1,
DHF-2, and DHF-3. To observe colouration on irradiation, DHF-1 has to be cooled
down to -50 °C. This is explained by a fast thermal back-reaction leading to
immediate bleaching at room-temperature. The same is true for DHF-3. In contrast,
DHF-2 rearranges at room-temperature photochemically to the red-coloured VHF-2
and, thus, exhibits room-temperature photochromism.

Table 3. Long-wavelength absorption maxima of the photochromic

system DHF / VHF
compounds solvent / temp. Amax(mm)

DHF VHF Ay (nm)
DHF-1/VHF-1 EtOH/200K 440 548 108
DHF-2/VHF-2 MeCN/r.t. 369 494 125

DHF-3/VHF-3 EtOH/200 K 454 500 46




336 J. Daub, et al.

hv
ot eatl <)
St
dark
dak [om light-form
apsorplion :)lund gt absorption band 548 nm
il magenta
DHF1 VHE1
[mL Elnh.]
0.500
VHE1
DHE1 ;
v
¥
0.2504
0.000 . : :
300 400 500 600 700 [nm]

Fig. 6. Photochromism at -50 °C in ethanol, as exemplified by the HMF-derived system
DHF-1 = VHF-1. Light induced process DHF-1 — VHF-1, thermal backreaction
VHF-1 — DHF-1 (taken from ref.27)

7. Light-sensitive Electron-transfer Compounds — Chemical and Physical

Switching

The furan derivatized photochromic molecular components led us into an exiting
field of new chemistry and physics dealing with functionalized pigments for the
chemical and physical switching.2754 The underlying concept is to synthesize
multifunctional dye compounds contained in light-sensitive and electron-transfer
active subunits and to subject those molecular components to physico-chemical
investigation by combination-techniques.5> The HMF-derived photochromic
compound DHF-1, composed of the light-sensitive dihydroazulene substructure and
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the electron-transfer active dicyanovinylfuryl group, were selected for testing.
Since, on conversion of DHF into the deeply coloured vinylheptafulvene VHF, the
electron acceptor strength of the dicyanovinylfuran is increased, the electrochemical
reduction of the light-adapted vinylheptafulvene form must occur at lower negative
reduction potential. This presumption could be proven by cyclic voltammetry of a
structurally related compound.>* A new technique (photomodulation amperometry,
cf. Fig. 7), the instrumentation comprising of an electrochemical cell equipped with
optically transparent electrodes as working electrodes, a platinum counter electrode,
and a reference electrode, was employed. Subjecting a solution of the electron-
transfer active photochromic compound to a light-pulse gives, under appropriate
instrumental conditions, the current/ time (i/t)-diagram as shown on the right in
Fig. 7.

Power supply i
o .
Working el <l>
g electrode
NN e

¥ Counter electrode
Reference electrode| (Auxiliary electrode)
E.. 5. 1ef

\'2

Fig. 7. Schematic representation of the instrumental set-up for photomodulation
amperometry

Fig. 8 gives a schematic representation of the molecular processes involved in
the described photomodulation-amperometry technique. It is important to note that
the electrode potential has to be adjusted so that under "dark"-conditions no
response is given. In the first step dihydroazulene DHF-1 is photochemically
rearranged into vinylheptafulvene VHF-1, generating a stronger electron-acceptor
and leading to an onset of the electric current as long as electroactive species are
formed. In the dark the current flow gradually decreases. A sequence of
photomodulation obtained by DHF-1 is given in Fig. 9.
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10s +e

Fig. 8. Light-triggered electron-transfer, monitored by photomodulation amperometry.
Instrumental set-up as displayed in Fig. 7.

working potential (E): -1050mV(vs FOC)

200 A

10s working potential (E): -800mV (vs FOC)

—

t

Fig. 9. Photostimulated electron-transfer activation of DHF-1 == VHF-1 monitored by
photomodulation amperometry (figure taken from ref.27)

These observations can be explained in a qualitative way by simple molecular-
orbital considerations as described in Fig. 10: the occupied energy level,
representing the cathodic electrode potential, is maintained constant under this



From Carbohydrates to Pigments 339

approximation, whereas the energy of the lowest unoccupied orbital (LUMO),
which is assigned to the m-system of the pigment, depends on the structure as
indicated in Fig. 10. By light-induced rearrangement, DHF-1 — VHF-1, the energy
of the LUMO decreases and the transfer of electrons becomes favourable
thermodynamically.

NC CN
g /4
hv /
e 0
I

NC” “CN

VHE1

energy

pigment electrode pigment electrode
(LUMO) (cathode) (LUMO) (cathode)

Fig. 10. Schematic description of the electronic changes by photostimulated electron-
transfer

This process of switching, at least on a molecular level, allows to transcribe
light-puls-information into electrical signals.

8. Conjugated Polyenes from Furan-2,5-dicarbaldehyde — Poly(Arylene
Vinylenes)

Poly(arylene vinylenes), being composed of alternating and conjugated arylene and
vinylene groups, are of interest with respect to macromolecular semiconductors,
photoconductors, and basis material for conducting polymers.56

Conjugated polyenes of a structurally related type were obtained by
condensation of p-xylylene dicyanide (XDC) with 2,5-furan-dicarbaldehyde (BFF)
under basic conditions (sodium ethoxide in ethanol).
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The resulting, high-melting (mp > 300 °C) and insoluble material, separated
from low-molecular weight compounds by extraction with toluene, awaits
scrutinized structural characterization. Characteristic bands obtained from the
FT-IR-spectrum (Fig. 11) give some information on the structure of the polymer. A
high-intensity band at 2208 cm! is typically for the stretching mode of a nitrile
group conjugated with a carbon-carbon double bond. The stretching mode for the
C=C-double bond is found at 1597 cm-l. The intense band at 1667 cm-l, which
must be assigned to an aldehyde group, indicates a terminal furan carboxaldehyde
substructure.’

v.am

1 1 i L] L ] i

L 4 L] i ] 1] 1
2800 2400 2000 1600 1200 800 400

Fig. 11. FT-IR-spectrum of the oligomer or polymer formed by condensation of XDC and
BFF

Investigation of the chemical and physical properties of poly(FVP) are in
progress.
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9. Carbohydrate-modified Conducting Polymers — Functionalised

Polyazulenes

In this final section recent results will be presented on carbohydrate-modified

conducting polymers. This topic unites several fields of interest:

(i) the chemistry of conducting polymers,

(ii) the relevance and importance of carbohydrates in intermolecular interaction and
recognition, and

(iii)the use of carbohydrates as auxiliaries to increase solubility in water.

Conducting organic polymers have potential technical prospects in the
following fields: rechargeable batteries, chemical sensors, conducting films,
electronic and memory devices,38 or chemically modified electrodes.>9

In previous studies we found that C-2 substituted azulenes are versatile
monomers for the generation of chemically modified polyazulenes by
electropolymerization:60

b= Ge
Gaa S 8

monomer polymer electrochemical oxidation

{anion doping)

1 conducting
GMA poly- GMA poly- GMA

Azulenes are assumed to electropolymerize under bond formation at C-1 and
C-3 whereas radical cations are formed in the first step which subsequently dimerize
or react with a neutral azulene. From azulene chemistry it is well established that
oxidative dimerization occurs regiospecifically at C-1 or C-3. Therefore,
substituents at C-2 do not interfere with polymerization. Charging of the polymeric
film can be obtained by oxidative or reductive doping furnishing cations or anions,
respectively. Doping, in general, leads to an increase in conductivity.
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An efficient synthetic route for the monomeric species was developed
recently.5! An extension of this reaction sequence to carbohydrate chemistry gives
the azulene-carbohydrate-conjugate GMA with glycosidically linked glucose:62

OR
O
RO i cH
RO Ho~
OR

Br

[ABG] HMA
R=Acetyl

OR
o
RO
RO
OR OCH;

R=H [GMA]

The glucosidation was carried out under Koenigs-Knorr conditions, i.e. by
reaction of acetobromoglucose (ABG) with 2-hydroxymethylazulene (HMA) in the
presence of silver carbonate. The anomers were formed in a ratio o:f =1:9 as
shown by !H-NMR spectroscopy. The removal of the protecting groups was
achieved with 10 % methanolic KOH. Unlike other azulenes, GMA, melting at
189 °C, is soluble in water.

The electropolymerization of the monomeric glucosyloxymethyl-azulene
(GMA) is shown in Fig. 12, analytically monitored by cyclic voltammetry. It is
interesting to note that GMA can be electropolymerized in organic solvents
(acetonitrile) and in water as well. The irreversible electrooxidation is demonstrated
by the initiation curves in Fig. 12 which clearly show different peak currents for the
oxidative and the reductive steps. The overall curvature of the diagram in Fig. 9
clearly indicates the formation of an electrically conducting film with conductive
activity at about 600 mV (vs. Ag/AgCl):
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Fig. 12. Electropolymerization of GMA under formation of poly(GMA) and electrochemical
activation under formation of an electrically conducting polymer. The polymerization was
undertaken in water / 0.1 mol NaClOy4 on a Pt-electrode

Investigations on the structure of poly(GMA) and on the physical and
chemical properties of carbohydrate modified polymers are in progress.

10. Summary and Conclusions

In the introduction, the chemical conversion of carbohydrates into high-grade
chemicals (molecular units) with option and opportunities in the chemistry of
information- and energy-transfer, is outlined. Emphasis is given to conceptional
strategies. m-Heterocycles play the role of key-intermediates. First encouraging
results are given, demonstrating preparation and characterization of
electrochemichromic, photochromic, and electrically conducting molecular
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components. Further intensive cooperative inquiries at university and industry have
to be undertaken in the future. Especially in regard of transforming molecular units
into molecular materials. Chirality as an outstanding property of carbohydrates was
given only modest consideration at this stage of the study, but will receive stronger
accentuation in future work.
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