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Novel Redox-Responsive Surfactant

by Yuming Yang

Vesicles have been identified as
perfect small molecule containers
and possess great potential to be
used in drug delivery systems and
microfluidic analysis devices.!?
However, the controllable release
of the encapsulated contents from
vesicles is a significant technical
barrier that limits their application.
Currently, the main solution to
this challenge is modification of
the surfactant molecules which are
used to construct the vesicles. The
modifications allow the surfactants
to respond to specific environmental
signals, which in turn cause the
vesicles to release their contents.
By adjusting the structure or the
morphology of the surfactant
molecules, vesicle properties can be
carefully controlled.?*

In my dissertation studies, I
am developing a novel surfactant
molecule-based system that is redox
responsive, namely, Q9; see Fig. 1. Q9
is composed of a trimethyl quinone
moiety and a 6-aminohexanoic acid
chain structure, and it is proposed
that Q9 will form vesicles in aqueous
solutions based on previous work
with n-alkanoic acids.>® Furthermore,
work from Cohen on the “trialkyl
lock” mechanism for carboxylic acid-
functionalized quinones allows for
the proposal that Q9 will undergo the
intramolecular lactonization reaction
shown in Fig.1 upon reduction with
sodium dithionite or at an electrode
surface.”” Through this redox-induced
destruction of the Q9 surfactant, it
should be possible to open the Q9
vesicles and empty their contents in
a highly controllable manner. Here,

I report on the synthesis and some
select properties of the Q9 surfactant
molecules.

The synthesis of Q9 was achieved
by a seven-step synthesis using
standard conditions and reagents.’!!
Products from each synthetic step
were characterized by '"H NMR and
mass spectrometry (GC-MS, ESI-MS),
and results indicated the presence of
pure materials. The '"H NMR spectrum
of the final product Q9 is shown in
Fig. 2a.

Once Q9 was synthesized, '"H NMR
experiments in aqueous milieu were
used to ascertain whether the desired
stimuli-responsive reaction could be
achieved and if so, what the reaction
rate was under these conditions.

Q9 was dissolved in pure D,O at a
concentration of 10 mM. Na,S,0, was
used as the reducing agent to trigger
the reaction, as it has been previously
shown that dithionite is efficient
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Fie. 1. Q9 structure and stimuli-response reaction.
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F16. 2. NMR experiments with Q9: (a) 'H NMR spectrum of Q9 alone in CDCl,, chemical shifts
are assigned in the structure at top with letters; and (b) NMR kinetic experiments for reduction of
10 mM Q9 in D,0 after Na,S,0, addition (5 equivalents).

in the reduction of carboxylic-acid
functionalized quinones.!° Indeed,
upon inspection of the NMR
spectrum of Q9 after addition of
dithionite, it was found that the
intensity of peak e associated with
the methylene protons to the ring
(on the chain) decreased with time,
as expected for the insoluble lactone
product.'”

The ratio of the integrated
peak areas for the e and a signals
(e/a) was picked to monitor this
reaction, Fig. 2a. Peak a is associated
with the methylene group of the
aminohexanoic acid chain structure
(a to the amine group), and its
integrated peak area should remain
constant during the course of the
reaction. The insoluble nature of
the cyclized lactone product will
result in a time-dependent signal
during the reaction. In this way,
the ratio of e/a can be used as an
index for monitoring the progress of
the reaction. After 5 equivalents of
Na,S,0, were added, 'H NMR spectra
were recorded at various points
during the 300 min observation
period. The results are plotted in a
first-order fashion (In(e/a) vs time)
in Fig. 2b. The observed linear
relationship (correlation coefficient
r=0.997) indicates that indeed the

reaction is first order in nature. The
half-life t,,, is approximately 60 min,
which is reasonable based on other
quinone structures that have been
reported.'® The outcomes from this
work demonstrate that Q9 is a good
candidate for the construction of
controlled release vesicle systems that
are sensitive to redox stimuli. [ |

Acknowledgments

The author thanks The
Electrochemical Society for the

F. M. Becket Summer Fellowship

and Professor Robin McCarley for

his guidance through the project.
Also, the author wants to thank Dr.
Winston Ong for his help during this
project. Financial support from the
Charles E. Coates Memorial Fund, the
State of Louisiana, and the National
Science Foundation are gratefully
acknowledged.

References

1. Y. C. Tan, K. Hettiarachchi, M. Siu, Y.
R. Pan, and A. P. Lee, J. Am. Chem. Soc.,
128, 5656 (2006).

2. C. P. Leamon and P. S. Low, P. Natl.
Acad. Sci. USA., 88, 5572 (1991).

3. A. Jesorka, M. Markstrom, and O.
Orwar, Langmuir, 21, 1230 (2005).

4. S. Bhattacharya and S. De, Chem.
Commun., 1283 (1996).

The Electrochemical Society Interface * Winter 2006



5. J. M. Gebicki and M. Hicks, Nature,
243, 232 (1973).
6. W. R. Hargreaves and D. W. Deamer,
Biochemistry, 17, 3759 (1978).
7. R. T. Borchard and L. A. Cohen, J. Am.
Chem. Soc., 94, 9175 (1972).
8. S. Milstien and L. A. Cohen, J. Am.
Chem. Soc., 94, 9158 (1972).
9. R. T. Borchard and L. A. Cohen, J. Am.
Chem. Soc., 95, 8319 (1973).
10. L. A. Carpino, S. A. Triolo, and R.
A. Berglund, J. Org. Chem., 54, 3303
(1989).
11.]J. K. Lee, K. C. Ahn, D. W. Stoutamire,
S.J. Gee and B. D. Hammock, J. Agric.
Food Chem., 51, 3695 (2003).

About the Author

Yuming YanG is a PhD candidate
in the Chemistry Department at
Louisiana State University, under
the direction of Robin L. McCarley.
He may be reached at yyang7@lsu.
edu.

The Electrochemical Society Interface ¢ Winter 2006

Interface Article Guidelines

The mission of Interface is (1) to provide a forum for the lively exchange of
ideas and news among members of The Electrochemical Society (ECS) and
the international scientific community at large; (2) to stimulate awareness
of ECS as a leader on the technology frontiers through presentation of
broad-based technical features and highlights from the field; and (3) to
communicate ECS news, information, and activities to its members and the
scientific community.

Issues often highlight one of the Society’s Divisions by presenting
the state of the technology of that Division’s field, as well as featured
articles on that subject area. These contributions should be coordinated
through the Interface Advisory Board member of the appropriate Division.
Other timely articles of general interest to Society members also may
be contributed. Articles submitted to Interface should be written for a
diversified scientific audience, with a broad introduction and wide scope so
that newcomers to that particular field can understand the issues, and with
enough depth that experts in the field will find the article interesting.

Using the following guidelines will improve and tailor articles for
Interface. Article titles should be short and eye-catching, and an abstract
is not necessary. Articles should be no more than 3,000 words in length,
with up to five figures and/or tables. Color for figures, photographs, and
tables should be used where possible. Figures should be submitted in
their original format, preferably as EPS or TIF files, NOT embedded in
PowerPoint or word processing files. The figures should be at least 300 dpi
in resolution. If complex equations are used, especially those prepared with
special math editors, they should be saved as figure files. Distinguished,
high-quality figures or photos are welcome and will be considered for use
on the cover. The authors should provide a short statement showing their
respective affiliations, positions, and e-mail. Please refer to articles in past
issues of Interface for examples.

Authors must submit typed, double-spaced manuscripts and original
figures. Articles should be submitted electronically to the Editor at:
rajeshwar@uta.edu. In general, the Instructions to Authors for the Journal of
The Electrochemical Society should be followed for manuscript preparation.
There are no page charges for publication, nor payments for accepted
articles or photographs. To be considered for a specific issue of Interface,
articles must be submitted to the Editor by the following deadlines:

Article Submission Deadlines

SPIING et December 1
SUIMINIET .ttt March 1
Fall.oc May 1
WIIIEOT L August 15

2007 Editorial Calendar

Spring 2007 — Special issue on ionic liquids, guest edited by Charles Hussey
(University of Mississippi). The issue will include articles on synthetic applications, Al
alloy deposition from chloroaluminates, and dialkylimidazolium cations.

Summer 2007 — An issue devoted to physical and analytical electrochemistry.

Fall 2007 — Special issue, with guest editors Howard Huff (Sematech emeritus) and
Michael Riordan (Stanford Lecturer and co-author, with Lillian Hoddeson, of Crystal
Fire: The Birth of the Information Age). The issue will focus on the anniversary of
Frosch and Derrick’s discovery of silicon oxide for microelectronic applications, includ-
ing diffusion masking, silicon surface passivation, and dielectrics for metallic conductor
overlayers.

Winter 2007 — An issue devoted to High Temperature Materials.
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