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SPONSORS

The Organizing Committee gratefully acknowledges our generous
sponsors for making this event possible:

BioVectra

Chemical Institute of Canada - Analytical Chemistry Division
Chemical Institute of Canada - Newfoundland And Labrador Section
Chemical Institute of Canada - Organic Chemistry Division
Chemical Institute of Canada - Biological and Medicinal Division
Chemical Institute of Canada - Materials Chemistry Division
Chemical Institute of Canada - Maritime Division
Chemical Institute of Canada - Chemistry Education Division
CIC Chemical Education Fund (CEF)

Department of Chemistry, UNB
Faculty of Science, UNB
Office of the President, UNB

UNIVERSITY OF
NEW BRUNSWICK
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CAMPUS MAP

A
WINDSOR ST.

68. Wu Conference Centre. 6 Duffie Drive. Registration, and Sessions

63. Student Union Building. 21 Pacey Drive. contains the Cellar Pub (Friday Night —
access by entering the SUB at the doors facing the residences at the right hand side, and
taking the stairs down) and Tim Hortons (closed at 3 pm)

57. Residence Administration Building. 20 Bailey Drive. Residence Check-In

46. McConnell Hall. 19 Bailey Drive. Breakfast and Lunch
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FREDERICTON LOCATIONS

Off-Campus Destinations:
Sobeys. 407 Regent Street or 1150 Prospect Street.
Tim Hortons. SUB or 1189 Prospect Street.
Alcool NB Liquor. 1150 Prospect Street or 380 York St.

Goody Shop Convenience Store. 701 Albert Street.

Restaurants:
S eMcDonald’s (1177 Prospect Street; other fast food here)
S eHarvey’s (460 Regent Street: close to campus)
S eGreco Pizza (529 Dundonald Street)
S eJack's Pizza & Donair (379 King Street)
S eJungle Jim's (1168 Smythe Street)
S eAsian Beef Noodle (624 Queen Street)
SS eThe Hilltop (1034 Prospect Street)
SS eMontana's Cookhouse (Corbett Centre, 6 Trinity Ave)
SS eNaru Japanese Cuisine (536 Queen Street)
SS eThe Lunar Rogue Pub (625 King Street)
SS eRelish: Gourmet Burgers (348 King Street)
SS eDimitri's Souvlaki Restaurant (349 King Street)
SS ¢McGinnis Landing (280 King Street)
SSS eThe Snooty Fox (66 Regent Street)
SSS eBrewBakers (546 King Street)
SSS eVault 29 (426 Queen Street)
SSS eThe Blue Door (100 Regent Street)

40™ Annual Science Atlantic / CIC Student Chemistry Conference
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GENERAL INFORMATION

Welcome Mixer:

Following Dr. Baker’s plenary lecture, everyone is invited to the
Twenty/20 Club (403 Regent Street) for free pizza. There will be great
drink specials and Karaoke!

Trivia:

After supper on Friday the 22" there will be a trivia and social at the
Cellar Pub, located in the Student Union Building, beginning at 8 pm.

Presentations:

All oral presentations will take place in the Kent Auditorium of the Wu
Conference Centre. Poster presentations will also be held in the Wu
Conference Centre.

Oral contributions will be 15 minutes total, with 12 minutes for the
presentation and 3 minutes for questions. The session chair will stand at
10 minutes into the presentation as a two minute warning. All
presentations for a given session must be uploaded prior to the
beginning of that session.

Poster places will be assigned and material for affixing the posters will be
provided. Posters should be set up on Friday morning or during breaks.

Banquet:

The Banquet will be held in the Chancellor’s Room of the Wu Conference
Centre. The cost of the banquet is S30 per person. Student awards will be
presented at the banquet, and following this, bids to host ChemCon 2016
and 2017 will take place.

40™ Annual Science Atlantic / CIC Student Chemistry Conference 6
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40™ Annual Science Atlantic / CIC Student Chemistry Conference

AWARDS
CIC Award for the Best Undergraduate Oral Presentation in Analytical
Chemistry
CIC Award for the Best Undergraduate Poster Presentation in Analytical
Chemistry
CIC Award for the Best Undergraduate Oral Presentation in Biological or
Medicinal Chemistry
CIC Award for the Best Undergraduate Poster Presentation in Biological or
Medicinal Chemistry
CIC Award for the Best Undergraduate Oral Presentation in Inorganic
Chemistry
CIC Award for the Best Undergraduate Poster Presentation in Inorganic
Chemistry
CIC Award for the Best Undergraduate Oral Presentation in Materials
Chemistry
CIC Award for the Best Undergraduate Poster Presentation in Materials
Chemistry
CIC Award for the Best Undergraduate Oral Presentation in Organic
Chemistry
CIC Award for the Best Undergraduate Poster Presentation in Organic
Chemistry
CIC Award for the Best Undergraduate Oral Presentation in Physical,
Theoretical or Computational Chemistry
CIC Award for the Best Undergraduate Poster Presentation in Physical,
Theoretical or Computational Chemistry
Best Graduate Oral Presentation
Best Graduate Poster Presentation
ACEmat Award in Computational Modeling of Materials
E. Gordon Young Award for Best Pedagogical Graduate Oral Presentation
Murray Brooker Award for Best Undergraduate Oral or Poster Presentation
in Chemical Education
Science Atlantic Science Communication Award
Science Atlantic Undergraduate Research Award




0 =
- =
© =
N =
=2 =
O J
UO(J
= =
w5
T S
O 3

L

A Message of Welcome from...

DR. GHISLAIN DESLONGCHAMPS
Chair of the UNB Chemistry Department
After a 15 year hiatus, we are extremely happy to host the
ChemCon 2015 student conference! UNB Chemistry has a long-
standing reputation of excellence in teaching and research now
spanning 65 years. We look forward to meet students from all
regions of Atlantic Canada, to learn of their important research
accomplishments and to provide a forum for sharing ideas over
this three day period. May the walls of the Wu Centre catalyze
a vibrant intellectual exchange within our region’s ever-growing
undergraduate science community.

Have a great Conference!

Ghislain Deslongchamps
Chair, Department of Chemistry

University of New Brunswick

40™ Annual Science Atlantic / CIC Student Chemistry Conference 8
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A Message of Welcome from...

DR. DAVID MAGEE

Dean of the UNB Faculty of Science
Dear Conference attendees:

On behalf of the Department of Chemistry, the Faculty of
Science and the University of New Brunswick, | want to
welcome everyone to Fredericton for the 2015 Science Atlantic
Chemistry Conference. | know the organizing committee has
worked tirelessly to put together an outstanding program that
includes research presentations and social events. Given the
time of year, | am especially confident that you will find your
time here not only academically rewarding but visually very
appealing as everything begins to bloom. Finally, | encourage
participants to take some time over the weekend to enjoy all
that the campus and city has to offer.

Good luck to all of the presenters and | hope your stay is

pleasant and gratifying.

David Magee
Dean of Science

University of New Brunswick

40™ Annual Science Atlantic / CIC Student Chemistry Conference 9
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A Message of Welcome from...

LOIS WHITEHEAD

Executive Director of Science Atlantic

Dear Student Delegates:
Welcome to ChemCon 2015!

Student conferences provide important opportunities for
bright young scientists like you. If you’re presenting, you’ll gain
valuable feedback from the judges reviewing your presentation.
If you’re observing, perhaps it will spark a desire in you to come
back next year to present your own research. Maybe at the
banquet or during a nutrition break you’ll meet your future
graduate school supervisor or employer. No matter your
experience, you will learn from your peers, hosts, and keynote
speakers.

Your conference organizers and the members of the UNB
Chemistry Society have worked hard to make this year’s event
successful. Please enjoy and take part in all aspects of the

conference!

Sincerely,

A rttetaad)

Lois Whitehead, Executive Director

Science Atlantic

40™ Annual Science Atlantic / CIC Student Chemistry Conference 10
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ChemCon 2015 Organizing Committee:

Fundraising: Jillian McNally, Nicholas Richard, Joel Trites,
Jacqueline Howie Cleland, Mike Thomas, Michael Gilbert,
Nicole Nickerson, Natalie Cormier, Shelby Hunter, Nadine
Vaillancourt, Melanie Michaud, Jake Dore, Katie Bruce,
Sydney McAdam

Food Venue and Accommodations: Morgan Burgoyne,
Chelsey Bubar, Melanie Michaud, Natalie Cormier, Sarah
Hirtle, Jenny Thistle, Laure Sheel, Sydney McAdam, Sarah
Wheeler, Caity Rowe

Registration Coordinators: Viseth Long, Priya Bhutani, Natalie
Cormier

Webmaster: Jonathan Pugsley
Financial Treasurer: Nadine Vaillancourt

Guest Speaker Liaison: Laure Sheel, Nick Richard, Jenny
Thistle

Public Relations: Katelyn Hanscomb, Jessica Dobson, Kayla
Toner, Danielle Scholten, Myriam Ferron, Catherine Tremblay,

Jonathan Cann, Priya Bhutani, Taozhe Wu

Faculty Advisor: Dr. Adam Dyker

40™ Annual Science Atlantic / CIC Student Chemistry Conference 11
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CHEMISTRY AT UNB

“Catalyzing Community” is a theme which struck as particularly
apt to the Chemistry department at the University of New
Brunswick. We pride ourselves on our sense of community, our
commitment to inspiring students to give back to those around
us. In addition to the many advantages of our small professor-
to-student ratio, our community is fostered by activities like
summer barbecues, gatherings in the Chemistry Society room,
and interdepartmental softball matches. Students volunteer as
Peer Mentors to organize events and to support students in the
faculty, and as a PAL Leader (Peer-Assisted Learning) for first-
year chemistry courses. We continually look for new ways to
strengthen our community.

Moreover, at UNB Chemistry we offer a unique
opportunity to students to pursue a field of research suiting
their interest. Through external grants and internal means such
as our CHEM 2009/3009 independent research courses, Work-
Study, Co-op, and Honours programmes, we aim to provide all
students with the chance to work with leading figures in a vast
number of areas. Experience in practical, industry, or
interdisciplinary research is available to students in their
undergraduate degree programme.

Our faculty members in the department boast a unique
set of skills and expertise. Research is on-going in a wide variety
of fields, such as physical synthetic and natural synthetic
organic chemistry, organic batteries, chemical education and
visualisation tools, laser spectroscopy, electrochemistry, and
water treatment.

40™ Annual Science Atlantic / CIC Student Chemistry Conference 12
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PRESENTING DELEGATES

ACADIA

Leah Bennett
Jamie Gillis
Ryan Greenham
Marc Hetu

Evan Carr Kinnear
Julia McCain
Mitch Pinto
Tarig Sainuddin
Alharbi Salma
Alex Veinot
Huimin Yin

CBU

Amanda Cameron
Amy Clemens
Mathew Larade
Ashley LeBlanc
Ceilidh MacDonald
Doug Richards
Matthew Tobin

MTA

Matthew Margeson
Jessica Reiniger
Eric Trevors

MSVU
David Garrison

MUN

Kenson Ambrose
Tim Anderson
Ernest Awooner-
William

Erika Butler
Curtis Colwell
David Gale
Stephanie Gallant
David Hogan
Terri Lovell
Jennifer Murphy
Blake Power
Coralee Ridder
Victoria Rose

SMU

Kyle Awalt
Melanie Davidson
Juha Hurmalainen
Bright Huo
Michael Land
Ifenna Mbaezue
Zoe Paula
Graeme Soper
Angela Todd
Andrew Watson
Jacqueline White

UNBF

David Cameron
Jonathan Cann
Madison Carroll
Jordan Donahue
Ryan Hall
Genesis Infante
Ricarda Konder
Nicholas Richard
Michael Thomas
Nadine Vaillancourt
Hillary Wheeler

UNBSJ

Allyson Bos
Trevor Clark
Kathleen Complak
Brandon Doucet
Andrew Flewelling
Kathryn Melvin
Morgan Sproul

UPEI

Andrew Cameron
Jiabao Hong
Cody McAllister

40™ Annual Science Atlantic / CIC Student Chemistry Conference
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Keynote Speakers...

DR. R. TOM BAKER

Dept. of Chemistry and Centre for Catalysis Research & Innovation, University of Ottawa
30 Marie Curie, Rm BSC 512B, Ottawa, ON K1N 6N5 Canada

rbaker@uottawa.ca  http://www.catalysis.uottawa.ca/baker-group/

BIOGRAPHY: Tom Baker obtained his B.Sc.
(Honours) in Chemistry (1975) from UBC and Ph.D.
in Inorganic Chemistry (1980) from UCLA (Fred
Hawthorne, advisor). After a postdoctoral stint with
Philip Skell at Penn State working on metal atom

chemistry and EPR spectroscopy, Tom spent fifteen

years at DuPont CR&D developing applications of

homogeneous catalysis to fluorochemicals, titanium dioxide, and nylon intermediates. In
1996 he joined the Chemistry division at Los Alamos National Laboratory where he led
projects in bifunctional and multiphasic catalysis approaches for alkane functionalization
and chemical hydrogen storage and production. In 2008 Baker joined the Chemistry
Department at uOttawa as Tier 1 Canada Research Chair in Catalysis Science for
Energy Applications and Director of the Centre for Catalysis Research and Innovation. He
is a founding member of the US NSF-funded Center for Enabling New Technology
through Catalysis (CENTC), member of NSERC’s H2CAN research network, a theme
leader of the Lignoworks Biomaterials and Chemicals network and initiator of the green
hydrofluorocarbons project. In 2009 Baker was appointed Fellow of the American
Association for the Advancement of Science and in 2011 he received the Canadian
Institute of Chemistry’s Green Chemistry and Engineering award. He was recently
presented with the 2013 Kalev Pugi award from the Canadian chapter of the Society of

Chemical Industry.

40™ Annual Science Atlantic / CIC Student Chemistry Conference 14
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Keynote Speakers...

BRUCE SANFORD & BLAINE SHERWOOD

Chemical Technologists at Irving Blending & Packaging

BIOGRAPHY: Through their work at the Irving Blending & Packaging laboratory in Saint
John, New Brunswick, Bruce and Blaine have participated in a number of projects dealing
in a variety of topics. Among these include research and development of oils and various
chemicals, quality analysis of raw materials to finish products, running the Used Oil
program, internal and external technical support, lubricant surveys, validating and
implementing methods, and maintenance on lab equipment.

Blaine Sherwood (cCT, MCIC) graduated from the New Brunswick Community
College in 1990, having completed the Chemical Technology program and being qualified
as an internal auditor. He has worked with Irving Oil since, amassing twenty-five years of
experience in various applications, including Used Oil analysis, quality control work,
chemical analysis, and technical support. He has attended a number of specialized
courses such as MLA | (Machine Lubrication Analyst level 1), CLS (Certified Lubricant
Specialist), and OA | (Oil Analyst level I). Blaine has recently been promoted to
Laboratory Manager at the Irving Blending & Packaging laboratory.

Bruce Sanford (cCT, CLS, MCIC) graduated from graduated from the New
Brunswick Community College in 1997, having completed the Chemical Technology
program and being qualified as an internal auditor. Bruce spent three years working in
the Department of Environment New Brunswick Laboratory analyzing soils and water
samples before joining Irving Oil, where he has fifteen years of experience in areas like
Used Oil analysis, quality control work, chemical analysis, and technical support. He has
attended a number of specialized courses such as MLA I, CLS, and OA I, as well as

being a Certified Lubricant Specialist for the past ten years.

40™ Annual Science Atlantic / CIC Student Chemistry Conference 15
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CONFERENCE SCHEDULE

Thursday, 21° May 2015. Day 1.

Wu Conference Centre:

1:00pm - 4:00pm Registration — Atrium

4:00pm - 4:10pm Opening Remarks — Auditorium

4:10pm - 4:150m Presentation by Amy Reckling, Career Development Leader at CIC
4:15pm — 4:30pm Biovectra Inc., Company Overview by Dr. John G. Riley

4:30pm - 5:30pm Plenary Lecture by Dr. Tom Baker — Auditorium

Twenty/20 Club:

6:00pm - 2:00am Opening Mixer and Pizza

The Twenty/20 Club is located at 403 Regent Street, to the right of the Sobeys.
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Friday, 22" May 2015. Day 2.

McConnell Hall:
7:30am - 8:35am Breakfast

Wu Conference Centre:

8:45am -10:30am Oral Presentations (Session 1) — Auditorium
10:30am - 10:45am Recess — Atrium

10:45am - 12:00pm Oral Presentations (Session 2)— Auditorium
McConnell Hall:

12:00pm - 1:05pm Lunch

Wu Conference Centre:

1:15pm - 2:15pm Plenary Lecture by Bruce Sanford and Blaine Sherwood — Auditorium
2:15pm - 3:45pm Oral Presentations (Session 3)— Auditorium

3:45pm - 4:00pm Recess and Poster Set-Up — Atrium

4:00pm - 6:00pm Poster Presentations — Atrium

The Cellar Pub (Student Union Building):

8:00pm - 1:00am Trivia Night

Exhibition Booths will be set up during the poster presentations:
BioVectra (hosted by John G. Riley, PhD and Gregory Conn, MSc)
Fisher (hosted by Alison Jeffries)
Chemical Institute of Canada (hosted by Amy Reckling)
Graduate School Information booths (MUN, McGill, UNB)

40™ Annual Science Atlantic / CIC Student Chemistry Conference 17
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Saturday, 23" May 2015. Day 3.

McConnell Hall:
7:30am - 8:35am Breakfast

Wu Conference Centre:

8:45am - 10:30am Oral Presentations (Session 4) — Auditorium
10:30am - 10:45am Recess — Atrium

10:45am - 12:00pm Oral Presentations (Session 5) — Auditorium
McConnell Hall:

12:00pm - 1:05pm Lunch

Wu Conference Centre:

1:15pm - 2:45pm Oral Presentations (Session 6) — Auditorium

2:45pm - 3:00pm Recess — Atrium

3:00pm - 4:00pm Oral Presentations (Session 7) — Auditorium

4:00pm - 4:45pm Graduate School Recruiting Session (MUN, McGill, UNB) — Auditorium
Judges Meeting — Marshall D’Avray 210 (MD210, building 45 on Map)

4:45pm - 5:45pm Science Atlantic Chemistry Committee Meeting — MD210

5:45pm - 6:45pm Maritime Local CIC Section Meeting — MD210

Wu Conference Centre — Banquet:

6:30pm - 7:15pm Cocktails — Chancellor's Room
7:15pm - 8:15pm Supper — Chancellor's Room
8:15pm - 8:45pm Awards Presentation — Chancellor's Room

8:45pm - 9:15pm Bids for ChemCon 2016 and 2017 — Chancellor's Room

40™ Annual Science Atlantic / CIC Student Chemistry Conference 18
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ORAL PRESENTATION SCHEDULE

FRIDAY, 22 MAY 2015
Session 1

8:45 AM- U1- OR- Jonathan Cann- University of New Brunswick, Fredericton (UNBF)
9:00 AM- U2- BM- Amanda Cameron- Cape Breton University (CBU)
9:15 AM- U3- AN- Ceilidh MacDonald- Cape Breton University (CBU)
9:30 AM- U4- PT- Mitch Pinto- Acadia University (Acadia)
9:45 AM- U5- IN- Michael Land- Saint Mary’s University (SMU)
10:00 AM- U6- OR- David Hogan- Memorial University (MUN)
10:15 AM- U7- BM- Brandon Doucet- University of New Brunswick, Saint John (UNBSJ)

Session 2
10:45 AM- G1- IN- Kenson Ambrose- Memorial University (MUN)
11:00 AM- G2- OR- Andrew Flewelling- University of New Brunswick, SJ (UNBSJ)
11:15 AM- U8- MT- David Gale- Memorial University (MUN)
11:30 AM- U9- PT- Ricarda Konder- University of New Brunswick, Fredericton (UNBF)
11:45 AM- U10- MT- Stephanie Gallant- Memorial University (MUN)

Session 3
2:15 PM- G3- OR- Jordan Donahue- University of New Brunswick (UNBF)
2:30 PM- G4- MT- Hillary Wheeler- University of New Brunswick (UNBF)
2:45 PM- U11- BM- Jessica Reiniger - Mount Allison University (MTA)
3:00 PM- U12- IN- Doug Richards- Cape Breton University (CBU)
3:15 PM- U13- IN- Jamie Gillis- Acadia University (Acadia)
3:30 PM- U14- OR- David Cameron- University of New Brunswick (UNBF)

Legend

U = Undergraduate Oral / Poster Presentation;

G = Graduate Oral / Poster Presentation

AN = Analytical BM = Biological/ Medicinal IN = Inorganic
MT = Materials OR = Organic PT = Physical, Theoretical

40™ Annual Science Atlantic / CIC Student Chemistry Conference 19
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SATURDAY, 23 MAY 2015
Session 4

8:45 AM- G5- BM- Huimin Yin- Acadia University (Acadia)
9:00 AM- G6- OR- Trevor Clark- University of New Brunswick, Saint John (UNBSJ)
9:15 AM- U15- OR- Curtis Colwell- Memorial University (MUN)
9:30 AM- U16- PT- Victoria Rose- Memorial University (MUN)
9:45 AM- U17- IN- Madison Carroll- University of New Brunswick (UNBF)
10:00 AM- U18- OR- Terri Lovell- Memorial University (MUN)
10:15 AM- U19- PT- Andrew Cameron- University of Prince Edward Island (UPEI)

Session 5
10:45 AM- G7- PT- Ernest Awoonor-William- Memorial University (MUN)
11:00 AM- G8- OR- Nicholas Richard- University of New Brunswick (UNB)
11:15 AM- U20- MT- Jiabao Hong- University of Prince Edward Island (UPEI)
11:30 AM- U21- IN- Michael Thomas- University of New Brunswick (UNBF)
11:45 AM- U22- OR- Andrew Watson- Saint Mary’s University (SMU)

Session 6
1:15 PM- G9- MT- Jennifer Murphy- Memorial University (MUN)
1:30 PM- G10- BM- Tariq Sainuddin- Acadia University (Acadia)
1:45 PM- G11- OR- Genesis Infante- University of New Brunswick (UNBF)
2:00 PM- U23- MT- Ashley LeBlanc- Cape Breton University (CBU)
2:15 PM- U24- IN- Nadine Vaillancourt- University of New Brunswick (UNBF)
2:30 PM- U25- MT- Cody McAllister- University of Prince Edward Island (UPEI)

Session 7
3:00 PM- G12- IN- Tim Anderson- Memorial University (MUN)
3:15 PM- G13- IN Erika Butler- Memorial University (MUN)
3:30 PM- U26- IN- Alex Veinot- Acadia University (Acadia)
3:45 PM- U27- MT- Matthew Tobin- Cape Breton University (CBU)

40™ Annual Science Atlantic / CIC Student Chemistry Conference 20
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POSTER PRESENTATION SCHEDULE

FRIDAY, 22 MAY 2015, 4:00-6:00 PM

UP1- OR- Kyle Awalt- SMU

UP2- IN- Leah Bennett- Acadia
GP1- BM- Allyson Bos- UNBSJ
UP3- PT- Zoe Paula- SMU

UP4- BM- Julia McCain- Acadia
UP5- AN- Ryan Greenham- Acadia
GP2- MT- Graeme Soper- SMU
UP6- IN- Amy Clemens- CBU

UP7- OR- David Garrison- MSVU
GP3- OR- Morgan Sproul- UNBSJ
UP8- IN- Mathew Larade- CBU
UP9- AN- Jacqueline White- SMU
GP4- IN- Juha Hurmalainen- SMU
UP10- IN- Matthew Margeson- MtA
UP11- OR- Bright Huo- SMU

GP5- BM- Kathleen Complak- UNBSJ
UP12- AN- Evan Carr Kinnear- Acadia
UP13- IN- Angela Todd- SMU

GP6- OR- Alharbi Salma- Acadia
UP14- AN- Melanie Davidson- SMU
GP7- BM- Kathryn Melvin- UNBSJ
UP15- OR- Ifenna Mbaezue- SMU
GP8- PT- Ryan Hall- UNBF

UP16- IN- Eric Trevors- MtA

UP17- BM- Blake Power- MUN
GP9- BM- Marc Hetu- Acadia
GP10- IN- Coralee Ridder- MUN

40™ Annual Science Atlantic / CIC Student Chemistry Conference
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ABSTRACTS: PLENARY LECTURE

Thursday May 21%, 4:30 pm — 5:30 pm

Beyond Fossil Fuels: Turning Renewable Resources into Consumer
Products through Catalysis

R. Tom Baker

Dept. of Chemistry and Centre for Catalysis Research & Innovation, University of
Ottawa

Economic prosperity can be linked directly to ready access to an inexpensive source of
energy.! Current exploitation of fossil fuels includes power generation, production of
transportation fuels, and manufacture of chemicals and materials that go into our
consumer products. With predicted escalations of energy demand, increasing costs of
fossil fuel extraction and climate change linked to its combustion, we need to develop
renewable sources of power and transportation fuels and obtain more of our
consumer products from renewable resources such as agricultural and wood waste.’
In this presentation we discuss the growth of this new chemical manufacturing
business sector (through discrete examples) and its prospects for supplementing and

replacing current routes to commodity petrochemicals.

1. http://secondlawoflife.wordpress.com/2007/05/17/energy-consumption-and-gdp/
2. Clark, J. H.; Luque, R.; Matharu, A. S. Ann. Rev. Chem. Biomol. Eng. 2012, 3, 183-207.

40™ Annual Science Atlantic / CIC Student Chemistry Conference 22
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PLENARY LECTURE

Friday May 22", 1:15 pm — 2:15 pm

Life of an Engine Oil: Blending to Used Oil Analysis

Bruce Sanford, and Blaine Sherwood

Irving Blending and Packaging Laboratory, Saint John

This presentation will illustrate the components in engine oil and how they work. This
presentation will also explain what type of chemistry is used in determining what
additives are necessary to use in engine oils and what the purpose of these additives
in engine oils are. Finally, the presentation will end with a discussion on Used Oil
Analysis that is used regularly in the industry to determine the life of the oil, as well as,

the life of the engine.
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ABSTRACTS: ORAL PRESENTATIONS

A Twisted Look At The Synthesis Of A Strained Isoindolinone

Jonathan Cann, and Dr. Sara Eisler*

Department of Chemistry, University of New Brunswick

The ability to precisely control the physical and electronic properties of organic
compounds is necessary for their ultimate applications in organic electronics, and
responsive materials.” Our approach to the creation of organic materials is the
design and synthesis of small monomer units for incorporation into oligomers and
polymers. One way of modifying properties is to play with the planarity, which has
been shown to have significant effects on electronic properties.” In the molecule
below, due to the positioning of the 5-membered rings, the vinyl protons are
placed in very close proximity. This feature is expected to twist the molecule,
including the central benzene, out of planarity. We will explore the effect of the
twisting on the stability, reactivity and electronic properties. The synthesis of this
compound will also be discussed.

1. M. Lawson, S. Eisler. Org & Biomol Chem. 2012, 10, 8770-8773.
2. G. Bodwell, J. Bridson, M. Cyrafiski, J. Kennedy, T. Krygowski, M. Mannion, D. Miller. J. Org.
Chem. 2003 68, 2089-2098.
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Molecular dynamics simulations of interactions between gold
nanoparticles and doxorubicin

Amanda Cameron, Rajendran Kaliaperumal, Xu Zhang and Martin Mkandawire*

Verschuren Centre for Sustainability of Energy and the Environment, Cape Breton University

Due to non-targeted nature of most cancer therapy drugs, side effects are usually
high due to collateral damage of non-cancerous cells. Consequently, targeting
drugs to only cancerous cells seems to be a potential solution that most studies in
last two decades have explored the potential of using nanoparticles for targeting.
For example, a number of studies have focused on attaching doxorubicin (DOX), a
premier anti-cancer drug, to gold nanoparticles (AuNPs) and used to target specific
tumours. This capitalizes on the ability to easily functionalize AuNPs with
antibodies or biomolecules capable of targeting cancerous cells, and considerable
advances in attaching DOX on AuNP (AuNP-DOX conjugates). To advance medical
applications, there is a need for thorough understanding of the physical and
chemical mechanisms underlying sorptive behaviour of AuNP-DOX conjugates,
especially the influence of the surrounding medium on nanoparticle sorption
stability. In absence of analytical procedures to determine these interactions,
computational approach using molecular dynamics simulation is a reliable
alternative. Consequently, we investigated and simulated the interaction of AUNP
with DOX using Spanish Initiative for Electronic Simulations with Thousands of
Atoms (SIESTA) software to understand the mode of their interactions in formation
of AuNP-DOX conjugates as well as determining their most stable binding energy.
The AuNP were developed using OpenMD Nanoparticle Builder. MD simulation
(type of run, anneal, 300K to 500K, 1000 steps) of the DOX in the vicinity of the
AuNP in the presence of water molecules was performed, and the interaction
energy (IE) between them was calculated. The AUNP-DOX system was made with
DENEB and then later input into SIESTA for structure calculations. The GGA pseudo
potentials were drawn from Abinit code and used as is. Geometry optimization
and annealing were applied to the system to view the interactions, which was used
to calculate the interaction energy of around 30 000 eV for a 0.4 nm AuNP, which
is about 13 Au atoms. This energy was evaluated with respect to electric-dipole,
van der Waals and hydrogen bond forces. The results alludes to hydrophobic
binding. Normally, AuNP recommended for drug delivery are range from 2 and 13
nm, which translates to a minimum of 1985 Au atoms. However, the computing
power limited the calculations to only 0.4nm AuNP. AuNP. Therefore, a higher
capacity of processing is required to conduct simulations to verify the stability of a
system using AuNPs of a larger radii (ie. 2nm-13nm). Nevertheless, the current
result provides a reasonable approximation of AUNP-DOX conjugation that will be
useful in advancing development of targeted cancer drug delivery systems. Our
studies are in progress with large sizes of AUNP and migration of the procedure to
ACEnet clusters.
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Forensic determination of organic substance sources in the 1B Mine
Pool of Sydney Coalfield Abandoned Mines

Ceilidh MacDonald, and Dr. Allen Britten*

Department of Chemistry, Cape Breton University

Cape Breton has a long history of coal mining. The huge network of abandoned,
flooded coal mines underground has proved to be an environmental issue for
many years due to acid mine drainage and its impact on the surrounding
environment. It has been suggested that organic materials are contaminating the
mine water, and the aim of this work is to determine the source of the organic
contaminants.

In this work, a GC-MS method was tested for the separation and detection of
relatively polar compounds on a non-polar column. These compounds were
analyzed using two non-polar columns, an NSP-PAH and an NSP-5 inert column.
The NSP-PAH being slightly more polar but the NSP-5 having better separation and
efficiency for this type of analysis. A method was also developed for UPLC-ESi-MS
using both an isocratic system and a solvent gradient. The solvent gradient method
did not produce any results and so it was not developed.

Water samples taken from seven sampling sites in the 1B mine pool area were
analyzed using GC-MS, UPLC-ESi-MS and ICP-MS. Several organic compounds were
tentatively identified through the NIST Spectral Search library with GC-MS.

No conclusive evidence was found for the contamination of the 1B mine pool by
organic compounds.
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Photochemical Evaluation of Ruthenium-Based
Photoejecting Coordination Complexes for Use as
Photosensitizers in Photodynamic Therapy

Mitch Pinto, Tarig Sainuddin, Julia McCain, Huimin Yin, and Dr. Sherri A.
McFarland*

Department of Chemistry, Acadia University

Photodynamic therapy (PDT) is a treatment that has been applied to various diseases
with success, including several forms of cancer, osteomyelitis, and age-related
macular degeneration. PDT is based on the idea that when a photosensitizer (PS)
absorbs light, electronic redistribution produces an excited state that can take part in
electron (Type 1) or energy (Type ll) transfer. However, other mechanisms for PS-
mediated phototherapy are possible. When one or more ligands of a bis-heteroleptic
Ru(ll) complex causes steric clash within the complex, excited state photoejection of a
ligand can occur. The product of this photoejection is capable of binding with DNA and
killing targeted cells. Like Type | and Type Il PDT, photoejection is spatially and
temporally selective due to localized delivery of light to the targeted cells containing
the PS. Treatment can be customized to specific cases by variation of PS, light
dose/source/wavelength, and PS-to-light intervals. This presentation will discuss three
ruthenium-based photoejectors, specifically [Ru(6,6’-dmb)2(ipt)]2+, where 6,6'-
dmb=6,6’-dimethyl-2,2’-bipyridine and ipt=2-(2-thienyl)-imidazo[4,5- f ][1,10]
phenanthroline; [Ru(6,6’-dmb)2(ipbt)]2+, where ipbt=2-(2,2’-bithiophene)-
imidazo[4,5- f ][1,10] phenanthroline; and [Ru(6,6’-dmb)2(iptt)]2+, where iptt=2-(2'
, 2" :5",2"" -terthiophene)-imidazo[4,5- f ][1,10] phenanthroline. Structure-activity
relationships will be discussed as a function of the number of thiophene units in the
functional ligand by comparing photoejection plots, half-life values, and
photobiological activities against bacteria and cancer.
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Rapid and reversible CO, addition to an indium (lll) complex

Michael A. Land,* Diane A. Dickie,” Madeline T. Barker,” Kira E. Hughes,2 Richard A.
Kemp?** and Jason A. C. Clyburne'*

IThe Atlantic Centre for Green Chemistry, Department of Chemistry, Saint Mary’s
University, “Department of Chemistry and Chemical Biology, University of New Mexico,
3Advanced Materials Laboratory, Sandia National Laboratories, Albuquerque, New Mexico

The P,P-chelated heteroleptic complex bis[bis(di-
isopropylphosphino)amido]indium chloride 1 was prepared in high yield from InCl3
and two equivalents of (i-Pr,P),NLi. A small amount of 1 was placed under an
atmosphere of CO, and it rapidly underwent insertion into two of the four M-P
bonds to give 2. A ReactIR spectrometer was used for in situ kinetic analysis and
there was a 71 % conversion to 2 after 15 seconds. Thermal gravimetric analysis of
2 showed that the CO, insertion is fully reversible as it resulted in a 12 % weight
loss, which is equivalent to two molecules of CO,.

Figure 1: Solid-state structure of 2. Thermal ellipsoids are shown at 50% probability, hydrogen
atoms are omitted for clarity.
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Synthesis of Multi-heterocyclic Systems Using the Povarov Reaction
David Hogan and Graham J. Bodwell*

Department of Chemistry, Memorial University of Newfoundland

The Diels-Alder reaction is among the most popular of [4+2] cycloadditions due to
its broad substrate scope and reliability: both Normal and Inverse Electron-
demand variations are well documented. The Povarov reaction is a type of Inverse
Electron-demand Aza-Diels-Alder reaction — a less explored but very useful
alternative to the all-carbon cycloaddition. Both all-carbon and Aza-Diels-Alder
reactions represent efficient methods to increase molecular complexity, leading to
new and interesting systems.

The multicomponent Povarov reaction offers greater synthetic efficiency over the
stepwise method. In the multicomponent variation amine, aldehyde and
dienophile are added together; a Lewis acid catalyzing both imination and
cycloaddition. 3-aminocoumarin scaffolds have been exploited in our group, but a
comprehensive array of aryl aldehydes has not been catalogued. Efforts to expand
the substrate scope with electron rich and deficient, as well as heterocyclic and
polycyclic aryl aldehydes will be discussed.

Multicomponent Povarov Reaction
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3-aminocoumarin aryl aldehyde dihydrofuran Povarov adduct
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Anti-mycobacterial Natural Products From A Coniothyrium sp., An
Endophyte Of Aralia nudicaulis

Brandon Doucet®, Haoxin Li?, John A. Johnson?, and Christopher A. Gray* *°

“Department of Biology, University of New Brunswick
bDepartment of Chemistry, University of New Brunswick

As part of our research on Canadian medicinal plants, we have isolated 88
endophytes from the rhizomes of Aralia nudicaulis. An isolate identified as
Coniothyrium sp. (HL6-097-027B), was fermented in liquid media, extracted and
fractionated to give five compounds. Two compounds mycosporulone 1 and
botrallin 4 were found to have moderate bioactivity against Mycobacterium
tuberculosis H37Ra. This is the first report of the anti-mycobacterial activity of
these compounds. Spiromassaritone 2 and massarigenin D 3 were also isolated,
but they did not show anti-mycobacterial activity. The terpenoid craterellin C 5
was also isolated and the antimycobacterial activity of 5 is currently being
evaluated. Botrallin 4 was also found to be effective at inducing apoptosis in an
aggressive breast cancer cell line (MB-231) in vitro whilst not being cytotoxic
against a noncancerous immortalized human cell line (HEK 293).

o oH g o OH
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Figure 1. Structures of compounds 1-5
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Cobalt amine-bis(phenolate) complexes for the activation of carbon
dioxide
Kenson Ambrose, and Christopher Kozak*

Department of Chemistry, Memorial University of Newfoundland.

Greenhouse gases such as N,O, CO, and CH; have generated a phenomenon
known as the man-made greenhouse effect. Carbon dioxide for instance has
increased in abundance due to the increased rate of fossil fuel combustion.' Due
to properties like its non-toxic nature, highest abundance and non-flammability;
there has been an increased interest in its chemical utilization. More specifically,
chemists have investigated reactions involving the activation of carbon dioxide for
coupling with epoxides.”® In some cases, co-polymerization reactions occur
yielding polycarbonates. This leads to the production of valuable materials in a
sense that they can be tuned to have potentially useful properties such as high
strength, good electrical insulation and heat resistance.® In other cases, coupling
reactions can lead to cyclic carbonates which are useful as polar, aprotic solvents.?
Numerous catalysts containing metal centers such as Zn, Co, Al and Cr have been
reported showing high activity.> Recent results involving the synthesis and
characterization of Co(ll)/(lll) amine-bis(phenolate) complexes as well as their
activity towards coupling reactions between CO, and various epoxides to produce
both polycarbonates and cyclic carbonates will be discussed.
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1. Buonerba, A., De Nisa, A., Grassi, A., Milione, S., Capacchione, C., Vaginc, S., Rieger, B. Catal. Sci. Technol. 2015, 5, 118-
123.

2.Jang, D.Y., Jang, H. G, Kim, G. R., Kim, G. Catal. Today. 2012, 1, 306-312.

3. Darensbourg, D. J. Chem. Rev. 2007, 107, 2388-2410.
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Can pictures avoid redundancy? The use of bioactivity profiling to
prioritise novel antibiotic discovery

Andrew J. Flewelling?, John A. Johnson®, and Christopher A. Grayl’z*

'Department of Biology and “Department of Chemistry, University of New
Brunswick

The natural products chemistry of marine endophytic fungi is an area where relatively few studies
have been undertaken despite their being a promising source of new antimicrobial natural
products. Traditionally, crude extracts that exhibit promising activity from initial screening assays
are fractionated according to their degree of activity. The use of bioactivity profiling represents a
unique approach for prioritising crude extracts for fractionation with the goal of identifying new
antimicrobial natural product drug leads with novel modes of action or targets. One hundred and
forty-two endophytic fungi were isolated from 20 species of marine macroalgae from the Bay of
Fundy, Canada. Crude extracts obtained from these endophytes were screened for their
antimicrobial activity against Staphylococcus aureus, methicillin-resistant S. aureus (MRSA),
Pseudomonas aeruginosa, and Candida albicans. Antibiotic susceptibility testing revealed 48
endophytes (34% of the library) to be bioactive (Kruskal-Wallis p < 0.01) against one or more of the
test pathogens. Fourteen endophytes were bioactive against S. aureus, while 20 endophytes
showed activity towards MRSA. Twenty-eight endophytes inhibited the growth of P. aeruginosa,
while 17 were found to be bioactive against C. albicans. Bioactivity profiles of extracts are derived
using bioassay data acquired against a suite of pathogenic microorganisms and can be compared to
profiles obtained for known antibiotics that represent a range of modes of action. Those crude
extracts exhibiting unique profiles, when compared to the known antibiotics, are then prioritised
and fractionated. Further work is required to test these crude extracts against an additional six
pathogens to develop bioactivity profiles that include a wider range of microorganisms. The use of
bioactivity profiling facilitates a more focused approach when selecting crude extracts for
fractionation. This will reduce the isolation and identification of known natural products, as well as
potentially identify antibiotic natural products with new modes of action.
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Piezoelectric properties of nanoparticle doped polymers
David Gale, and Erika F. Merschrod*

Department of Chemistry, Memorial University of Newfoundland

The ability to create a pressure sensitive material which can produce a potential or
voltage is greatly desired in the aims of energy production. Many groups are
working on harnessing other energies to produce a potential. However, harnessing
wasted mechanical motion into energy is a step in the right direction for an energy
solution. Piezoelectric polymers are a very fast growing part of materials
chemistry. Manipulation and alteration of the properties of these materials to
enable a stronger piezoresponse is of great interest. This project looks at the
doping of the beta conformer of the polymer polyvinylidene fluoride (PVDF) with
various nanoparticles (ZnO and CaO) in an attempt to alter the band gap. Doing
this we hope to improve the converse piezoelectric response as measured by
piezoelectric force microscopy (PFM). The polymers were characterized through
the use of Raman and UV visible spectroscopy, and the converse piezoelectric
response was analysed and compared using PFM. Through these experiments we
were able to successfully create the beta polymer and the doped polymer
(polymer-nanoparticle composites), and allow an alteration of the materials' band-
gap. Using PFM with Au/Cr tips we were able to detect a response showing a
successful procedure for preparing beta polyvinylidene fluoride.
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High-Resolution Laser Spectroscopy of Ruthenium Monophosphide

Ricarda M. Konder, Allan G. Adam,* Dennis Tokaryk, Colan Linton.

Department of Chemistry, University of New Brunswick

This is the first known laser-spectroscopic analysis of ruthenium monophosphide
(RuP), a linear diatom. Low-resolution analysis revealed two electronic transitions
at 17,339.3 cm™ (576.5 nm) and 16,893.23 cm™ (591.8 nm) that were later
confirmed to belong to RuP. Based on previous assignments of the ruthenium
mononitride analogue by Ram et al," it is hypothesized that RuP is associated with
a X" ground state. Dispersed fluorescence scans were performed of both bands
and revealed the first six vibrational levels in the ground state. This allowed for the
measurement of the approximate ground-state vibrational frequency of 515 + 10
cm™.

High-resolution spectra were taken for both electronic transitions; from these, an
initial estimate of the rotational constant and bond length for the main
isotopologue (**’RuP) could be computed, namely 0.35cm™ and 1.43A,
respectively.

! Ram, R.S., Bernath, P.F. Fourier Transform Emission Spectroscopy of the Fsrx’s* System of RuN.
Journal of Molecular Spectroscopy. 2002; 213:170-8.
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Use of Molecularly Imprinted Polymers for Detection of Human
Metabolites in Water

Stephanie Gallant, Amal Al Wabari, and Erika Merschrod*

Department of Chemistry, Memorial University of Newfoundland

The presence of human metabolites in water systems indicate the influence of
human activity on the environment. These metabolites can be detected using
molecularly imprinted polymers (MIPs), which are synthesized to select a specific
analyte of interest. Imprinted polymers were created with templates of caffeine
and its major metabolite, paraxanthine, which only exists in nature as a result of
human waste. The MIPs were characterized using Raman spectroscopy to ensure
the presence of the template before future removal. In future work, MIPs could be
coupled with surface-enhanced Raman spectroscopy (SERS) for increased
detection and quantification. Further research could eventually lead to a useable
material for separation or detection, particularly in sensors.
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Synthesis of a model ABC-tricyclic manzamine core using an
intramolecular Diels-Alder approach

Jordan Donahue, Dave MaGee*

Department of Chemistry, University of New Brunswick

Throughout history, secondary metabolites (natural products) have provided a
fundamental source of drugs for fighting infection, inflammation and cancer in humans. Of
particular interest among these secondary metabolites is the manzamine family. In recent
years, the manzamine alkaloids have been regarded as an interesting group of marine
alkaloids with extraordinary biological activities, and as a result these molecules have
received considerable attention for their chemistry and pharmacology. The diversity of
biological activity for this class of compounds suggests that they may act on multiple
targets, which could be controlled through synthetic modification. All of the manzamine
alkaloids, except manzamine C, possess one of two general polycyclic skeletons.
Manzamine A and its analogues possess a 6-6-5-8-13 polycyclic skeleton, whereas
manzamine B and its analogues possess a 6-6-11-13 polycyclic skeleton. Currently, the
MaGee group is working towards the synthesis of a tricyclic intermediate which will not
only form the ABC-tricyclic core required for manzamine B and its analogues but also
serve as a precursor which is adaptable for manzamine A and its analogues. The current
approach involves synthesizing the macrocyclic C ring first and subsequently forming the
AB ring system via an intramolecular Diels-Alder reaction, which has been found to
proceed with high endo selectivity (25:1). Efforts to advance this key tricyclic intermediate
towards our synthetic target will be
along with recent investigations into the
Diels-Alder/  Intramolecular  Schmidt

communicated
utility of a domino
reaction.

Manzamine B
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A Positively Charged, Diffusion-Resistant, Bispyridinylidene Anolyte
for Organic Redox Flow Batteries
Hillary Wheeler and Adam Dyker*

Department of Chemistry, University of New Brunswick

As global warming becomes more of a concern, the use of renewable energy as an
alternative to the burning of fossil fuels becomes more important, although this
introduces problems concerning energy storage. Redox flow batteries (RFB’s) represent a
leading technology for large scale energy storage. Organic RFB’s are a new class of RBF’s
that have the potential to provide higher cell voltages and improved energy densities.
Organic materials with high redox potentials are suitable for applications as cathode
materials and are readily available. Research in our group has been focusing on
developing suitable anode materials, which are much less common. Previously, the Dyker
group has evaluated a non-flowing coin-type cells with bispyridinylidene as an anolyte
material and TEMPO as a catholyte material separated by an anion exchange membrane.
Cyclic voltammetry studies showed that the battery degrades due to diffusion of the
neutral active materials across the anion exchange membrane. This presentation
describes the preparation and evaluation of a new anolyte couple (1**/1*) that should
eliminate the problem of diffusion through the anion exchange membrane owing to the
permanent positive charge in both charged and discharged states. Cells were evaluated
using a ferrocene (2/2") based catholyte.
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Development of a Bacterial Osmotolerance Complement Assay for
methylthiohydroxybutyrate S-Methyltransferase Candidate
Screening

Jessica E. Reiniger, and Jeffrey C. Waller*

Department of Chemistry & Biochemistry, Mount Allison University

Dimethylsulfoniopropionate (DMSP) is an abundant sulfur compound made by various algae,
phytoplankton, and halophilic plants. Great environmental significance is attributed to both
DMSP and its catabolite dimethylsulfide (DMS), in contributing to global sulfur cycling, cloud
condensation and cooling. Furthermore, diverse physiological functions have been suggested
for DMSP, focusing on stress adaptation, cryoprotection, hydroxyl radical scavenging, and
osmoprotection. In particular both DMSP and dimethylsulfoniohydroxybutyrate (DMSHB) are
classified as compatible osmolytes due to their zwitterionic structure and ability to equalize
cellular volume under dehydrating conditions. DMSP biosynthesis in marine algae is a 4-step
pathway with the third reaction catalyzed by an S-adenosyl-methionine-dependent S-
methyltransferase that converts methylthiohydroxybutyrate (MTHB) to DMSHB. This is the
first irreversible and therefore committing reaction in DMSP synthesis. To identify the gene
encoding this methyltransferase, DMSHB's osmoprotectant ability was exploited. Using the
Escherichia coli KEIO mutant collection and P1,; bacteriophage lysate transduction, a double
mutant was constructed deficient in trehalose and glycine betaine compatible osmolytes.
These mutations were confirmed by Sanger DNA sequencing. The osmosensitive strain was
then used to define functional complementation assay conditions using osmotic stress.
Addition of exogenous DMSP, while producing a negligible effect in unstressed conditions or
with wild type strains, produced pronounced growth rate improvement in the mutant under
salt stress.

Using the developed functional complementation assay, an existing Ulva intestinalis cDNA
library was used to transform the osmosensitive E. coli mutant and screen for clones
harbouring putative MTHB S-methyltransferase gene candidates. This system has been
successful in producing growth phenotype differences and identified clones which are
undergoing more detailed analysis.
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Synthesis of N,S-Ligands and Cu Complexation
Doug Richards, and Matthias Bierenstiel*

Department of Chemistry, Cape Breton University

The development of new antibiotic drugs remains a necessity for public health. In
our lab, we have synthesised a series of N,S-ligand systems based on the ortho-
amino-thiophenol motif that can be complexed to Cu(l) and Cu(ll). We modified
the N,S-ligands with coordinating and non-coordinating pendants by Schiff-base
reaction of the ortho (S-methyl) thioaniline with corresponding aldehydes in
moderate to high yields. The pendants include phenyl, furan, thiophene and
pyrrole groups. We obtained single X-ray crystallographic structure of the Cul
complex as a dimer with a Cu-(l),-Cu bridging motif. Some of these Cu complexes
have been proven to show antibiotic effects when tested with selected strains of
gram positive and gram negative bacteria.
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Synthesis of Asymmetric Multiple Bonds Between Heavy Main Group
Elements: Small Molecule Activation

James Gillis, Kira McLean, Jakob Nickerson, Kimberly Hyson, Emily Fraser, and
Bobby Ellis*

Department of Chemistry, Acadia University

The activation of small molecules is an integral part of chemistry. Specifically, the
activation of dihydrogen and carbon dioxide molecules represent an extensive
area of study. Catalysts that are traditionally used to activate these small
molecules include transition metals such as platinum and palladium, which are
scarce, expensive, and harmful to the environment. Alternative catalysts using
main group elements are a viable solution. Promising examples of possible main
group catalysts involve heavy multiple bonds. For example, a germyne
Ar'Ge=GeAr’ (Ar'= C6H3-2,6(C6H3-2,6-iPr2)2) has been shown to activate dihydrogen
at room temperature, even without the use of a co-catalyst.

In this project, a series of tin and silicon-containing carbenoids and diaryl and
dialkyl halophosphines were synthesised as precursor moieties for the purpose of
investigating asymmetric multiple bonding between heavy main group elements.
The series of the two components were combined, resulting in the successful
synthesis of one tin-phosphorus adduct. The 31p{'H} NMR spectra of the precursor
moieties and attempted adducts were analysed for purity and for the existence of
any P-Sn bonding interactions. Computational studies into the enthalpy of
proposed reactions using the Gaussian 03W program were used to direct the
synthesis.

1. G. H. Spikes, J. C. Fettinger and P. P. Power. J. Am. Chem. Soc. 2005, 127, 12232-3.

40™ Annual Science Atlantic / CIC Student Chemistry Conference 40



CHEM CON 2015
Catalyzing Communilty

An llluminating Investigation of Dioxetane Formation and Collapse in
Isoindolinones

David Cameron, and Sara Eisler*

Department of Chemistry, University of New Brunswick

Singlet oxygen reacts with olefins to produce dioxetanes via a [2+2] cycloaddition
reaction; dioxetane collapse then yields carbonyl bearing structures. This reaction
is often exploited for medical applications such as controlled drug release. While
aliphatic alkenes have been well explored for their reaction with singlet oxygen,
there is little data on more complex systems. A small library of isoindolinone
molecules was designed (structure 1) where R; and R, were varied using electron
withdrawing and donating substituents. The rate of oxidation was then
determined to generate structure activity relationships. The synthesis of the
library, as well as the results of dioxetane formation and collapse, will be
discussed.
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Improving Photodynamic Therapy through Enhanced Photosensitizer
Selectivity and Specialized Light Protocols

Huimin Yin, and Sherri A. McFarland*

Departments of Biology and Chemistry, Acadia University

Photodynamic therapy (PDT) has attracted increasing attention during the past
few decades. It is a promising anti-cancer strategy that involves the administration
of a photosensitizer (PS), followed by its activation (in the presence of oxygen)
with an appropriate light-delivery protocol. PDT avoids the debilitating side effects
of chemotherapy and radiation because PS toxicity is confined to regions where
the PS, light, and oxygen overlap in space and time. However, limitations with the
organic PSs that are currently employed for PDT, namely their dependence on
oxygen, have prevented PDT from reaching its full potential. Our laboratory has
demonstrated that metal-based PSs are superior to their organic counterparts,
yielding the most potent in vitro PDT agents to date with minimal dark toxicity and
the ability to maintain activity in hypoxia. In this study, we show that the
remarkable activity of metal-based PSs can be improved further by selective
targeting to cancer cells and using specialized light protocols. In order to simulate
conditions that more closely resemble in vivo tumours, we employed a
multicellular tumour spheroid model and showed that PDT with these metal-based
PSs can inhibit cancer cell migration. In this presentation, we will highlight our
work in these areas.
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Application of NMR/LC-HRMS based metabolomics in bioactive
natural product discovery

Trevor N. Clark®, John A. Johnson®, and Christopher A. Grayl'z*

1-Department of Biology, 2-Department of Chemistry, University of New Brunswick
SJ

Natural products continue to play an unparalleled role in drug discovery and development in a
world where drug resistance is a major issue. Fungal endophytes are a relatively underdeveloped
source of new bioactive natural products and are a promising avenue of exploration to this
problem. Typically we test fungal extracts against a suite of pathogenic organisms or cell lines to
direct us toward the isolation of bioactive compounds; however this often leads to the isolation of
known chemicals and unhelpful redundancy. Metabolomics has recently emerged as a way to
prioritize extracts based on their chemical composition rather than relying on bioassay data alone.
We have employed nuclear magnetic resonance (NMR)-based metabolomic screening protocols to
analyse a library of 81 fungal endophytes isolated from the leaves of traditionally used medicinal
plants. We then combined the NMR-based metabolomics with the bioassay screening data to
prioritize promising novel drug leads. These two screening methods led to the isolation of three
bioactive compounds from this library; however, because of the low sensitivity inherent to NMR
spectroscopy, all three compounds were known. Although these compounds were not novel, our
investigations did reveal previously unreported bioactivities for the three natural products and
clearly demonstrated the potential of combining metabolomics with bioassay screening for project
prioritization. After examining the results from the NMR based metabolomics we are now exploring
the use of high-resolution mass spectrometry (HRMS)-based metabolomics methods that offer
superior sensitivity and may therefore be a much more powerful metabolomics tool. The use of
HRMS metabolomics data combined with the results of our bioactivity screening should allow for
increased efficiency in our prioritization of extracts and shift the focus our research efforts towards
the discovery of novel bioactive chemistry and novel drug leads.
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Synthesis of a [2.3.2]Cyclophane

Curtis E. Colwell, and Graham J. Bodwell*

Department of Chemistry, Memorial University

A viable method for the synthesis of late stage functionalizable pyrenophane
precursors was researched. The success of this research would realize the goal of
creating diverse large curved aromatic structures as shown below. The route
attempted uses small cyclophanes as pyrene unit precursors. During this research,
three cyclophanes were synthesized and functionalization was attempted. Iridium-
catalyzed borylation did not appear to convert any of the cyclophanes into the
borylated compounds. Bromination using molecular bromine did not work on the
sulfur-containing cyclophanes, but did work on the desulfurized cyclophane
yielding the brominated small cyclophane below.
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Surface enhanced Raman spectroscopy for the detection of
paraxanthine in water

Victoria Rose, and Erika Merschrod*

Department of Chemistry, Memorial University

Access to clean water is indispensible: clean water is an essential ingredient in
good health and survival. For this reason, water security issues can be very serious.
Beneficial uses of water are impaired by numerous factors including domestic
sewage. Surface enhanced Raman spectroscopy for paraxanthine detection in
solution is a potential method to test water quality. Paraxathine does not occur in
nature. It is the main human metabolite of caffeine, a widely consumed substance
worldwide. The presence of paraxanthine in water suggests contamination by
human waste. Using the technique of surface enhanced Raman spectroscopy,
paraxanthine in aqueous solutions of various concentrations was successfully
detected.
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Synthesis of
4-(triethoxyiminophosphorano)pyridine as an Acylation Catalyst

Madison Carroll and Dr. C. Adam Dyker*

Department of Chemistry, University of New Brunswick

Awareness of the adverse environmental impacts and poor solubilities of heavy
metal catalysts has led to the recent popularity of organic catalysts. 4-
(dialkylamino)pyridines such as dimethylaminopyridine (DMAP) are widely
employed as nucleophilic organocatalysts in reactions such as acylations and
alkylations. For some pyridine based organocatalysts, it has been observed that
the m-donor strength of the exocyclic substituent is correlated to the catalytic
activity in acylation reactions. Therefore, the Dyker group is interested in
developing more active acylation catalysts by utilizing the strong m-donating
nature of iminophosphorano substitutents. As oxygen-based groups are known to
be strong m-donors, this presentation will focus on preparing 4-
(triethoxyiminophos-phorano)pyridine, which is expected to be an efficient
acylation catalyst. This synthesis was performed using two synthetic routes, both
using 4-(trichloroiminophosphorano)pyridine as a starting material. Reaction
mixtures from both synthetic routes were characterized using *'P and 'H NMR
spectroscopy which suggested that 4-(triethoxyiminophosphorano)-pyridine was
indeed synthesized.
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The Synthesis of a Macrocyclic Pyrene-Based Cyclophane
Terri Lovell, Joshua Walsh, and Graham J. Bodwell*

Department of Chemistry, Memorial University of Newfoundland

When fullerenes are synthesized by laser ablation it results in heterogeneous
mixtures of various size fullerenes. Some can separated by dissolution in
appropriate organic solvents and purified by column chromatography with
alumina columns. Therefore it is of interest to encapsulate currently insoluble
fullerenes in order to separate and purify them from heterogeneous mixtures. The
presented macrocyclic pyrene-based cyclophane may potentially encapsulate
fullerenes which were previously difficult to solubilize and allow for the separation
and purification of them.
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Applications of Machine Learning on Quantum Chemical Databases:
High Accuracy for Low Cost

Andrew R. Cameron, and Jason K. Pearson*

Department of Chemistry, University of Prince Edward Island

Machine learning algorithms are employed to discover relationships between
elements within large datasets. Progress in applying such techniques to the
solution of the non-relativistic Born-Oppenheimer Schrédinger equation has been
challenging due to a lack of sufficiently large datasets to afford an exact inductive
solution. Recent progress in our group to develop an open, online platform and
data repository for computational quantum chemistry has shown promise in
addressing this important challenge. As more quantum chemical calculations
become accessible the potential to learn from this data becomes more realistic. In
this presentation | will describe our approach to using supervised machine learning
in computational chemistry to rapidly generate, optimize, and assess the
performance of unique composite methods for determining the non-relativistic
electronic energy of a general chemical system. We make use of data from over
270 model chemistries to automatically construct and evaluate 11.9 billion
composite methods against a CCSD(T)/CBS benchmark. The performance of our
algorithms and the resultant composite methods, as well as a variety of
applications will be presented.
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Computational Prediction of Cysteine pK,’s

Ernest Awoonor-Williams, Christopher Rowley*

Department of Chemistry, Memorial University of Newfoundland

The amino acid cysteine serves several unique roles in chemistry and biochemistry
because of the chemical reactivity of the thiol group (S-H bond) in its side chain.
This reactivity has been exploited by pharmaceutical chemists and drug developers
in designing anti-cancer drugs that can bind covalently to their target by
undergoing an electrophilic addition to a cysteine thiol. Cysteine's reactivity
towards a drug molecule depends on its acidity, a property quantified by a pK,
value. A cysteine with a low pK, will be more reactive towards electrophilic
inhibitors. Experimentally identifying a targetable cysteine residue and
determining its pKj is a difficult task because of the need to express and purify the
protein and the presence of many ionizable groups in a protein. We have
evaluated the PROPKA, MCCE and H++ methods for estimating protein side chain
pKa's and found that these methods perform poorly for predicting the pK, of
cysteine residues. We are developing replica exchange free energy perturbation
methods for calculating cysteine pK,'s using all atom molecular dynamics
simulations within GROMACS. This method provides a more rigorous approach for
calculating pK,'s. We are using these methods to identify reactive cysteine in the
active sites of human protein kinases that are potential targets for covalent-
modifier drugs.
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Pushing the limits: the superior n-donating properties of
iminophosphorano substituents

Nicholas Richard, Samuel Hanson, and Dr. C. Adam Dyker*

Chemistry Department, University of New Brunswick

Historically, the dialkylamino functionality has been the functionality of choice
when strong m-donating substituents are desired; however, there is empirical
evidence that suggests that the iminophosphorano substituents (RsPN-) are
stronger nt-donors. Thus, the fact that tables of substituent constants report Me;N-
groups as stronger m-donors than PhsPN- (o," of -1.71 and -1.65 respectively)l,
contrasts with the observation that species of type R,BCl are covalent when R is
any amino substituents, but ionic for iminophosphorano groups R= tBusPN- 2.
These conflicting views inspired us to prepare a series of 4,4’-substituted
bispyridinylidenes, with the aim of determining substituent constants for the
iminophosphorano groups based on the reduction potential of the
bispyridinylidenes, as well as developing new bispyridinylidene derivatives for
application as organic reducing agents. It has been found that the
iminophosphorano substitutents outperform dialkylamino groups as n-donors, and
the iminophosphorano substituted bispyridinylidenes are the strongest family of
organic reducing agents developed to date. The realization of the superior m-donor
properties for R3PN- (R= Ph, Cy) should encourage further exploitation of these

underutilized iminophosphorano substituents in other areas.
(1) Hansch, C.; Leo, A.; Taft, R. W. Chem Rev. 1991, 91, 165-195
(2) Courtenay, S.I Mutus, J. Y.; Schurko, R. W.; Stephan, D.W. Angew. Chemie Int. Ed. 2002, 41, 498-501.
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Preparation and characterization of polypyrrole-MoS, composites
Jiabao Hong, and Dr. Rabin Bissessur*
Chemistry, University of Prince Edward Island

The synthesis and characterization of exfoliated polypyrrole-MoS, composites are
reported. A recently reported method for preparing exfoliated MoS, from
molybdic acid and thiourea was used to generate the exfoliated material. The
synthesized exfoliated MoS, was then used to prepare exfoliated polypyrrole-MoS,
composites consisting of 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% and
50% MoS,. The PPy-MoS, composites were prepared by in situ polymerization of
pyrrole with ammonium persulfate as the oxidant, and in the presence of
exfoliated MoS,. Bulk polypyrrole was also chemically synthesised. All products
including exfoliated MoS,, polypyrrole, and polypyrrole-MoS, composites were
characterized by Fourier transform infrared spectroscopy, powder X-ray
diffraction, scanning electron microscopy, as well as van der Pauw conductivity
measurements. The study of these products provides a closer look at their
structural and electronic properties. Conductivity measurements revealed
significant changes in electronic properties of these composites with respect to the
polypyrrole and exfoliated MoS, by themselves.
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Low-Energy Hydroprocessing of Athabasca Bitumen Using
Supercitical Fluids

Michael Thomas, Sandra Riley, G. Sean McGrady*

Chemistry Department, University of New Brunswick Fredericton

The aim of this project was to upgrade Athabasca bitumen to synthetic crude oil
via hydrocracking and hydrotreating using supercritical fluids as the upgrading
platform. The conditions used for the upgrading reactions are mild relative to
previously reported conditions used for similar reactions. A novel mixture of
catalysts is used involving MoOs/NiO (commercially available), as well as a
chemically altered version of this catalyst in the form of MoS,/NiS. The synthetic
crude oils produced are characterized by elemental analysis (CHNS) in order to
determine the degree of upgrading and the atomic H/C ratio. Further
characterization reports APl Gravity and viscosity of the upgraded oil samples.
Thermogravimetic analysis (TGA) is used to determine the proportions of
upgraded to non-upgraded fractions present in the oil as well as the residual mass
remaining after combustion.
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Bis-Thiourea Based lonic Organocatalysts

Andrew Watson, Trevor McGrath, and Robert Singer*

Department of Chemistry, Saint Mary’s University

lonic liquids and organocatalysts serve as greener alternatives to conventional
reaction solvents and catalysts. Recent research has found that pyrrolidinium
tagged ionic organocatalysts enhance the rate of DABCO co-catalyzed Morita-
Baylis-Hillman reactions and remain entrained in ionic liquid media. Three bis-
thiourea based ionic organocatalysts have been synthesized. 1,1-bis(4-(3-(3,5-
bis(trifluoromethyl)-phenyl)thioureido)benzyl)pyrrolidinium
hexafluorophosphate(V) was successfully employed in the DABCO co-catalyzed
rate enhancement of the reaction between benzaldehyde and cyclohex-2-en-1-
one. 95% conversion to product was attained at 5 mol % catalyst loading. This
room-temperature reaction used the ionic liguid N-butyl-N-
methylpyrrolidiniumbis(trifluoromethane)sulfonamide, [BMPyr][NTf,], as the
reaction solvent. Attempts at recycling the catalyst resulted in low conversion with
no evidence of catalyst leaching. Microwave irradiation of the MBH reactions was
attempted, with low conversion to product attributed to thermal degradation of
the catalyst.
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Green processing technologies for the valorization of waste mussel
shells.

J. N. Murphy?, K. Hawboldt® and F. M. Kerton®*

a. Department of Chemistry, b. Faculty of Engineering and Applied Science, Memorial University of
Newfoundland

Green chemistry has played a key role in the field of renewable feedstocks, an area
of research that has been increasing rapidly over the last decade.(1) Each year in
Atlantic Canada there is an estimated 418000 t per year of waste from fish plants.
Waste mussel shells are currently dumped at sea or sent to landfill, which both
add a cost to the food processor due to fees that must be paid.(2) The shells
cannot be stored because of the residual meat, which attracts vermin. With
Canada passing legislation to prohibit dumping waste shells back into our oceans
and limited space for landfills, now is the time to look at waste from fisheries and
aquaculture as a new source of valuable chemicals.

It is well-known that the shells of molluscs including mussels are primarily calcium
carbonate. Calcite and aragonite are the most common forms of calcium
carbonate and both are typically present in mollusc shells. The calcium carbonate
rich shells have the potential to become high value, low volume products such as a
component in cosmetics or low value, high volume products such as high purity
calcium carbonate.

This presentation will describe cleaning waste Newfoundland blue mussel shells
using environmentally-friendly and easily implemented technologies. The method
that has been chosen is biocatalytic, which involves using an industrial protease in
water (an abundant and ‘green’ solvent) to remove the residual protein present on
waste mussel shells. The cleaned shells have been fully characterized by a plethora
of analytical techniques.

1. Kerton, F. M., Liu, Y., Omari, K. W. and Hawboldt, K. Green Chem., 2013, 50, 860.
2. AMEC Earth & Environmental Limited, Management of Wastes from Atlantic Seafood Operations, Report for Environment
Canada Atlantic Region 2003.
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Development of Ruthenium (ll) Polypyridyl Complexes Containing -
Expansive Functional Ligands as Photosensitizers for Photodynamic
Therapy
Tarig Sainuddin, Huimin Yin and Sherri McFarland*

Department of Chemistry, Acadia University

Ruthenium-based diimine complexes have the potential to make a significant impact in cancer
treatment as metallodrug photosensitizers (PSs) for photodynamic therapy (PDT), a highly selective
method that uses light to activate an otherwise nontoxic prodrug to destroy tumours and tumour
vasculature (and invoke an immune response). Briefly, light absorption by a PS produces an excited
state of the PS that can interact with oxygen to generate cytotoxic singlet oxygen ('0,) or create
other cytotoxic reactive species. Existing PSs are mostly organic structures that work by generating
singlet oxygen when activated with red light. Consequently, they are not effective PDT agents for
some of the most aggressive cancers. By contrast, metal-based PSs possess a variety of excited-
state configurations that can participate in oxygen-independent photoprocesses (and some with
near-infrared activation). These features enable PDT to penetrate deep into tissue and destroy
hypoxic tumours, representing the most malignant and drug-resistant neoplasms. As part of our
ongoing investigation into metallodrug PSs for PDT, | will discuss the synthesis of 12 mononuclear
bis-heteroleptic [Ru(LL),LL']* complexes (Figure 1) with yields ranging from 30 to 90%. These
ruthenium complexes were characterised by H NMR, 'H-'H cosy NMR, ESI-MS (+ve) and HRMS.
Preliminary in vitro photobiological data for HL-60 cells will be included as a first step toward
establishing structural-activity relationships.
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Figure 1. Proposed synthesis cis-bis[Ru(LL),LL']** complexes.
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Synthesis of Extended n-Conjugated Isoindoles

Genesis Norbe Infante, and Sara Eisler*

Chemistry Department, Unviersity of New Brunswick - Fredericton

Extended alkenyl systems are found in numerous natural products and play
important roles in biological reactions such as electron transfer processes.! These
systems have also been identified as lead materials for organic photovoltaics.?
Extended m-conjugated isoindole oligomers are excellent candidates as
components of organic electronics as they possess conjugated alkenes as well as
numerous synthetic handles to control physical and electronic properties.

The system we are targeting consists of isoindole units connected via conjugated
alkenes as per structures 1, 2 and 3. The synthesis of these isoindole-alkenyl
oligomers will be discussed, in addition to their electronic properties.

(1)Riken Review (2002), 140-143.
(2)Energy Environ. Sci., 2014, 7, 698
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Proline Imidazolium Salt Grafted on SBA-15 for Catalysis

Ashley LeBlanc, Mason MacKinnon, Shawna Corcoran, and Stephanie MacQuarrie*

Department of Chemistry, Cape Breton University

Proline is a non-essential amino acid that has been recognized as a homogeneous
catalyst for carbon-carbon bond forming reactions such as the Aldol, Michael, and
Mannich reactions. These reactions are used in both the pharmaceutical and
industrial fields for organic synthesis. Although proline is useful in these reactions,
it has a few limitations: limited solubility, high catalyst loading (>35 mol%), and
difficult recovery. Proline as the anion of an ionic liquid has been used successfully
as a homogeneous catalyst for the aforementioned reactions, but recovery
remains an issue.” The objective of this project was to immobilize the 1-
propyl(methyl-imidazolium)trisilanol (3R, 5S)-5-(methoxycarbonyl)pyrrolidin-3-yl
sulfate, the homogeneous catalyst, onto a mesoporous silica support to create a
heterogeneous catalyst which can be removed through simple filtration methods.
A proline anion derivative was successfully incorporated into an imidazolium-
containing ionic liquid and has been confirmed by NMR Spectroscopy and FT-IR.
The heterogeneous catalyst has been tested using an aldol reaction between
cyclohexanone and p-nitrobenzaldehyde affording the aldol adduct in reasonable

yields.
1. Gauchot, V.; Schmitzer, A. R. J. Org. Chem., 2012, 77, 4917 — 4923.
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Electrochromic Properties of Macroporous Nickel Aluminum Layered

Double Hydroxide (LDH) and LDH Derived Mixed Oxides
Nadine Vaillancourt and Dr. Gilles Villemure*

Department of Chemistry, University of New Brunswick

The focus of this work is on the electrochromic properties of macroporous nickel-
aluminum layered double hydroxide (LDH) films having inverse opal structure.
Ordered arrays of polystyrene beads, to serve as colloidal crystal templates, were
first deposited on transparent electrode substrates by electrophoresis.
Precipitation of LDH was then induced by electrochemical reduction. Extraction of
polystyrene led to an ordered macroporous structure. Films were examined by a
scanning electron microscope (SEM) after every step. SEM micrographs showed
the inverse opal structure was maintained when the LDH were converted to mix
oxide films by heating at 400°C. Electrochromic measurements were done on the
films by use of in situ UV-visible spectroscopy during cyclic voltammetry. The
colour changes in Ni-Al LDH with an inverse opal structure were found to have a
better reversibility than LDH films with no macroporous structure. However,
colour contrast between colour oxidized state and bleached reduction states were
poor, with AOD of only 0.12. Conversion of the films to the mixed oxide by
calcination greatly increases both the reversibility of the colour change and the
color contrasted, AOD increases to 0.23.

SEM images of LDH coating after extraction of polystyrene bead template. (A) distorted inverse
opal, (B) capped area with some uncapped zone of well ordered structured areas.

s
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Synthesis and Characterization of Polyaniline MoS, Nanocomposites

Cody McAllister, and Dr. Rabin Bissessur*

Department of Chemistry, University of Prince Edward Island

The synthesis and characterization of the aforementioned nanocomposites are
outlined. The exfoliated dichalogenide was first synthesized and combined with
the reactants to create the polymerized form of polyaniline (PANI). The
nanocomposites were prepared in situ by using the oxidizing agent ammonium
peroxydisulfate (APS).

Three characterization techniques were used to yield some of the information
needed to fully access the properties of these nanocomposites, these techniques
were: IR spectroscopy, powder x-ray diffraction (XRD), and co-linear 4 probe
conductivity measurements at room temperature. Future characterization is
needed; due to the finite time frame of the project other techniques were not
used.
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Zinc-amine-phenolate complexes as catalysts for bond-forming
reactions

Timothy Anderson, and Christopher M. Kozak*

Department of Chemistry, Memorial University of Newfoundland

The Kozak group has been interested in the catalytic potential of iron complexes
supported by amine-phenolate ligands for a variety of reactions."™ These have
included C-C cross-coupling of Grignard reagents with alkyl halides, olefin
epoxidation using hydrogen peroxide, and atom transfer radical polymerizations.
Recently, a number of B-diketiminato zinc complexes have been shown to catalyze
intramolecular hydroamination reactions.”””! Complexes that have been previously
reported by us, as well as new zinc complexes, are now being investigated for
activity in other reactions including CO,/epoxide coupling/copolymerization and
hydroaminations. Our initial pursuits in these areas will be presented.

[1] E. F. Chard, L. N. Dawe and C. M. Kozak, J. Organomet. Chem. 2013, 737, 32-39.

[2] L. E. N. Allan, J. P. MacDonald, A. M. Reckling, C. M. Kozak and M. P. Shaver, Macromol. Rapid.
Commun. 2012, 33, 414-418.

[3] K. Hasan, N. Brown and C. M. Kozak, Green Chem. 2011. 13, 1230-1237.

[4] X. Qian, L. N. Dawe and C. M. Kozak, Dalton Trans., 2011, 40, 933-943.

[5] M. A. Chilleck, L. Hartenstein, T. Braun, P. W. Roesky and B. Braun. C. Eur. J., 2015, 21, 2594-
2602.

[6] A. Mukherjee, T. K. Sen, P. K. Ghorai, and S. K. Mandal. Organometallics, 2013, 32, 7213-7224.
[7] S. P. Sarish, D. Schaffner, Y. Sun and W. R. Thiel, ChemComm, 2013, 49, 9672-9674.

40™ Annual Science Atlantic / CIC Student Chemistry Conference 60



CHEM CON 2015
Catalyzing Communilty

Iron-amine-phenolate complexes as catalysts for bond-forming
reactions

Erika D. Butler, Christopher M. Kozak*

Department of Chemistry, Memorial University of Newfoundland

The Kozak group has been interested in the catalytic potential of iron complexes
supported by amine-phenolate ligands for a variety of reactions.™ These have
including C-C cross-coupling of Grignard reagents with alkyl halides, olefin
epoxidation using hydrogen peroxide, and atom transfer radical polymerizations.
Complexes that have been previously reported by us, as well as new iron
complexes, are now being investigated for activity in other reactions including
CO,/epoxide coupling/
co-polymerization and hydroaminations. Our initial pursuits in these areas will be
presented.

[1] E. F. Chard, L. N. Dawe and C. M. Kozak, J. Organomet. Chem. 2013, 737, 32-39.

[2] L. E. N. Allan, J. P. MacDonald, A. M. Reckling, C. M. Kozak and M. P. Shaver, Macromol. Rapid.
Commun. 2012, 33, 414-418.

[3] K. Hasan, N. Brown and C. M. Kozak, Green Chem. 2011. 13, 1230-1237.

[4] X. Qian, L. N. Dawe and C. M. Kozak, Dalton Trans., 2011, 40, 933-943.
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N,C-Bound Phosphenium Cations as Main
Group Hydrogenation Catalysts

Alex Veinot, Dr. Bobby Ellis*

Department of Chemistry, Acadia University

Hydrogenation reactions are already performed efficiently using transition metal
catalysts such as Pt or Pd. Due to the inherent toxicity and cost of such catalysts,
the primary concern with using transition metal catalysts is the quantitative
recovery of the catalyst. Catalysts comprised of the lighter main group elements
should in theory be far less expensive and toxic than the currently used transition
metal catalysts. The hydrogenation of silyl enol ethers and imines using N,C-bound
phosphenium cations as catalysts were investigated both computationally using
the Gaussian 03W suite of programs and through syntheses using both the
[Mes(NiPrz)P+][AICI4'] and [Mes(NiPrz)P+][OTf'] phosphenium salts. Based on the
results from the computational investigation, it was found that the hydrogenation
of silyl enol ethers were much more favourable than imine substrates. A
mechanism for the hydrogenation of imines and silyl enol ethers was proposed
and is consistent with what is proposed for hydrogenation reactions involving
frustrated Lewis pairs. For the synthetic investigation a mixture of the
phosphenium salt to be tested and the substrate N-benzylidene-tert-butyl imine
were combined in a solution of methylene chloride and sparged with hydrogen
gas. The hydrogenated products were characterised using boiling point, by *H NMR
spectroscopy, and by IR spectroscopy. Based on these acquired pieces of data, it
was determined that the hydrogenation reactions performed in the synthetic
investigation were for the most part unsuccessful, although a partial
hydrogenation may have occurred using [Mes(NiPrz)P+][OTF] based on a signal
appearing in the IR spectrum at 3440 cm™
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Entrapment of PAL in Mesoporous Materials

Matthew Tobin, Bruce MacDonald, Libby Morrison, Mary Tait, Godwin D’Cunha,
Stephanie MacQuarrie*

Department of Chemistry, Cape Breton University

Phenylalanine ammonia lyase (PAL), was entrapped in ultra-large-pore
mesoporous silica (ULPS) (25 nm pore diameter) generating a recyclable, separable
biocatalyst. The entrapped ULPS-PAL materials showed excellent stabilization,
even after significant exposure to prolonged heating. Additionally, the entrapped
ULPS-PAL materials showed extremely high catalytic activity in the deamination of
L-phenylalanine to trans-cinnamic acid in aqueous solution and were recovered
and recycled up to five times without any observable los- in activity. This approach
is simple and capitalizes on the facile synthesis and easy recoverability of periodic
mesoporous silicas to generate a stable, reusable PAL based biocatalyst.

OH

NH,

Australian Journal of Chemistry 68(3) 396-400 http://dx.doi.org/10.1071/CH14603
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ABSTRACTS: POSTER PRESENTATIONS

Valorization of Lignin via Oxidative Degradation in lonic Liquids
Kyle Awalt, Bitu B. Hurisso, Robert D. Singer*
Department of Chemistry, Saint Mary’s University

lonic liquids (ILs) have become popular designer green solvents for the dissolution
of biomass; for example, it has been reported that 1-ethyl-3-methylimidazolium
acetate, [EMIM][OACc], dissolves 30 wt. % of kraft lignin (Indulin AT).1 Hence, we
have undertaken the oxidation of lignin model compounds, lignin extracts and
lignin employing ionic liquid-tagged metal complexes immobilized in ionic liquids.2
The imidazolium-based ionic liquid tagged oxovanadium complex, IL-Salen-VO (1),
was found to effectively catalyze the oxidation of a lignin model compound (1,2-
diphenyl-2-methoxyethanol) in 1-butyl-3-methylimidazolium
hexafluorophosphate, [BMIM][PF6], under microwave irradiation.

The IL-tagged oxovanadium catalyst, 1, has been used for the catalytic oxidation of
lignin extracts and lignin in different ionic liquids such as [EMIM][OAc] and 1,3-
dimethylimidazolium methylsulfate, [MMIM][MeSO4]. The microwave-assisted
oxidation of lignin (Kraft lignin and Lignol lignin) using catalyst 1 in ionic liquids
resulted in cleavage of linkages in polymeric lignin and afforded mixtures of
industrially useful green chemicals such as vanillin, syringaldehyde and other

compounds.
1. Lee, S. H.; Doherty, T.V.; Linhardt, R.J.; Dordick, J.S. Biotechnol. Bioeng. 2009, 102, 1368.
2. Sonar S.; Ambrose K.; Hendsbee A.; Masuda J.; Singer R. Can. J. Chem. 2012, 90(1): 60-70.
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Figure 2. The PF6-IL-Salen-VIVO complex.
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Ruthenium Coordination Complexes with Pi-expansive Functional
Ligands as Photosensitizers for Photodynamic Therapy

Leah Bennett, Marc Hetu, Huimin Yin, Dr. Sherri McFarland*
Department of Chemistry, Acadia University

Photodynamic Therapy (PDT) is a non-invasive technique that combines a photosensitizer
(PS) and light to kill cancerous cells. PDT involves administration of the PS to the patient,
followed by a light treatment after the PS has localized in the tumour. Light activation of
the PS produces an excited triplet state that can participate in Type Il (energy transfer)
and Type | (electron transfer) photoprocesses to create cytotoxic reactive oxygen species
(ROS) only at the site of the tumour. While PDT is inherently selective, it is not effective
against hypoxic tumours. The development of metallodrug PSs may be the solution to this
issue. Metal-based PSs that can switch between oxygen-dependent and oxygen-
independent cytotoxic mechanisms depending on tumour oxygenation status are being
developed in our laboratory. One approach utilizes strained bis-heteroleptic Ru(ll)
coordination complexes that photoeject a bidendate ligand and covalently modify DNA,
which halts replication and destroys the targeted cells. This light-triggered photoejection
does not require oxygen. However, the Ru(ll) complexes also incorporate an unstrained pi-
expansive “functional” ligand that can sensitize ROS production when oxygen levels are
sufficient. The expanded pi system of this ligand also provides a lipophilic handle for
associating with biological macromolecules like DNA. My project involves combining the
strained 2,2’-biquinoline (biqg) ligand with various pi-expansive ligands in order to gain
insight into the implications of extended pi-systems on the performance of bis-
heteroleptic Ru(ll) coordination complexes as photoejectors and as PSs. | will discuss the
synthesis and characterization (*H NMR, mass spectroscopy, and HPLC) of some of these
compounds, and provide examples of their photobiological activities.
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Anticancer drug leads from traditionally used Canadian medicinal
plants

Allyson Bos?, Stéphanie Jean?3 Gilles A. Robichaud?3, John A. Johnson1, and
Christopher A. Grayl4*

IDepartment of Biology, University of New Brunswick, Saint John, NB, Canada, ZDepartment of Chemistry and
Biochemistry, Université de Moncton, Moncton, NB, Canada, 3Atlantic Cancer Research Institute, Moncton, NB,
Canada, 4Deparl“ment of Chemistry, University of New Brunswick, Saint John, NB, Canada.

The development of new cancer drugs in the treatment of mammary tumours is imperative. Despite
significant advances in screening technologies and treatments, breast cancer remains the most commonly
diagnosed and second leading cause of cancer deaths among Canadian women. Resistance to tumour cell
apoptosis and conventional cancer therapies has contributed to the complexity and aggressive nature of the
disease. Additionally, drug-drug interactions and undesirable side effects as a result of non-specific cellular
drug targets highlight the need for developing novel site-specific anticancer agents of greater efficacy and
diminished toxicity. One strategy in identifying potential anticancer drug candidates is through investigation of
the effect of plant-derived natural products on apoptotic activity in mammary tumour cells. Due to their
structural and chemical diversity, natural products have historically provided the majority of anticancer agents
thus demonstrating them to be an invaluable source of novel anticancer therapeutics. The objective of this
research was to uncover novel chemical scaffolding exhibiting desirable bioactivities with the potential for
developing new anticancer therapeutics. Methanolic extracts derived from 36 Canadian traditionally used
medicinal plants were subjected to the CellTiter-Blue® and APO-ONE® assays to assess proliferation and
apoptotic activities against an aggressive human breast carcinoma cell line (MDA-MB-231). Preliminary
screening of our library of crude extracts from 36 traditionally used Canadian medicinal plants has identified
26 extracts that exhibit potent anti-proliferative and apoptotic inducing activities against the highly malignant
breast carcinoma cell line, MDA-MB-231. Bioassay guided fractionation of four of those extracts: Nuphar lutea,
Populus tremuloides, Moneses uniflora, and Orthilia secunda has revealed numerous fractions with promising
bioactivities, prompting further phytochemical investigation. Further work is in progress to identify the
chemical constituent(s) responsible for the observed anticancer activities and assess them for cytotoxicity
against human cell lines. Building on previous work in our group, we have identified the active constituents in
extracts of Juniperus communis and Aralia nudicaulis, thus validating our experimental approach. Preliminary
results show that N. lutea, P. tremuloides, M. uniflora, and O. secunda extracts have significant potential for
the isolation of many novel anticancer natural products which could serve as templates for the development
of therapeutic agents effective against breast cancer.
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Prediction of Stable Fe(lll) Chlorine Species through an Ab Initio
Study

Zoe A. Paula, Dijana Anzelj, and Dr. Cory Pye*

Department of Chemistry, Saint Mary’s University

As part of the Generation IV International Forum, CANDU and AECL are pursuing
research into a Super Critical Water Reactor (SCWR). One of the main areas of
study in this pursuit is the balancing and control of water chemistry within the
nuclear reactor. The reactor will be run at approximately 650°C and 25 MPa,
making experimental research difficult, and therefore the preliminary work is
being done computationally. In this project complexes of iron (lll), chloride and
water where studied to find the most likely corrosion products by comparing the
energy levels of the modeled complexes. The Unrestricted Hartree-Fock (UHF),
second order Mgller-Plesset (MP2) and Density Functional (B3LYP) levels of theory
were used. Within each level of theory the basis sets 6-31G(d) and 6-31+G(d) were
used. The complexes that fit [Fe(Cl)a(H20)m]>" where m+n<6 were looked at for
this study as shown in Figure 1.

Figure 1: Model of Fe(Cl);(H,0), found to be stable at C, symmetry and have total energy of -2797
Hartrees.
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Synthesis of Ru(ll) Complexes for Applications in Photodynamic
Therapy

Julia McCain, Tarig Sainuddin, Marc Hetu, Huimin Yin and Sherri McFarland*

Department of Chemistry, Acadia University

Photodynamic therapy (PDT) is a promising cancer treatment option that has
historically been underexplored and underutilized. This type of therapy involves
activation of photosensitive compounds with therapeutic wavelengths of light to
cause cancer cell death. The traditional approach to PDT uses organic
photosensitizers (PS), which have the disadvantages of requiring oxygen to
function and being unable to be activated by near-infrared light. However, Ru(ll)
complexes have shown promise as potential PDT agents since they overcome
many of the limitations of organic PS. My work focuses on the synthesis of a series
of Ru(ll) compounds with the basic structure [Ru(6,6’-dmb),LL]**, where 6,6’-dmb
is 6,6'-dimethyl-2,2’-bipyridine and LL is a 2-substituted imidazo[4,5-
fl[1,10]phenanthroline ligand. These complexes are strained due to the methyl
groups of 6,6’-dmb, which clash in the coordination sphere and eject when
exposed to light. The photoejection of one 6,6’-dmb ligand creates an aquated
species with two open coordination sites that can covalently modify DNA (or bind
to other biomolecules), causing cell death. My poster will cover the microwave
synthesis and purification techniques used to prepare a series of nine compounds.
For representative members | will show their characterization by mass
spectrometry, 'H NMR spectroscopy and COSY NMR spectroscopy. The in-vitro
photocytotoxicity of several compounds from the series will also be highlighted.
The photobiological work is important in identifying additional compounds to
synthesize in the future.
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Top-Prescribed Pharmaceuticals in Municipal Wastewater Effluents

Ryan Greenham and Anthony Tong*

Department of Chemistry, Acadia University

A range of pharmaceuticals from a list of the top pharmaceuticals in Canada, and
some of their major metabolites, were analysed for their presence in wastewater
treatment plant effluent throughout Southwest Nova Scotia, including the South
Shore, Annapolis Valley, and Metropolitan Halifax. The highest pharmaceutical
concentrations in wastewater samples were found for acetaminophen (28.9 ug/L),
metformin (10.6 pg/L), paraxanthine (18.2 pg/L), cotinine (3.1 pg/L), naproxen
(29.1 pg/L) ibuprofen (5.2 pg/L) and caffeine (115.1 pg/L). Other analyzed
pharmaceuticals were found in wastewater effluents in various concentrations
ranging from low parts per billion to parts per trillion. Statistically significant
differences between treatment types were observed for effluents. Correlation
between pharmaceutical concentration and population served was weak, and
correlation in co-occurrence of other pharmaceuticals was generally weak.
Further research is being conducted to assess the efficiencies of current
wastewater treatment technologies for these top pharmaceuticals. The planned
research will determine the benefits and drawbacks of wastewater treatment
methods.
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Mono- and bis-phenylpropargyl imidazolidinium cations: Structure
and reduction behavior

R. Graeme Soper,’ Brian M. Barry,* William L. McLennan,Jr Katherine N. Robertson,
" Juha Hurmalainen, §’Tracey L. Roemmele,]r Heikki M. Tuononen,*§ RenéT.
Boeré,’ and Jason D. Masuda*" and Jason A.C. Clyburne*'

TThe Atlantic Centre for Green Chemistry, Department of Chemistry, Saint Mary’s University, ¥
Department of Chemistry University of Lethbridge § Department of Chemistry, University of
Jyvaskyla, Finland
Small unsaturated molecules possess both unusual reactivity and spectroscopic
features, and in this light they feature prominently in both applied and
fundamental organic chemistry. For example, the small fragment [C3Hs3]+ exists
most commonly as the reactive cyclopropyl cation, and the much more rare
species, the propargyl cation [H,C-CC-H]+.  Unsurprisingly, the extremely
unsaturated propargyl cation and corresponding propargyl radical are highly
reactive. Here we report the preparation and isolation of a series of
phenylpropargyl cations stabilized by N-heterocyclic carbenes (NHC). The
reduction chemistry of these and related molecules has been explored and we
have crystallographically characterized the first example of a NHC stabilized
cumulene. This molecule is exceedingly reactive and this chemistry will be
explored. Furthermore, the synthesis, characterization, progress, and challenges

will be discussed.
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The Synthesis of Multidentate N,S-Ligands for Hinged Binuclear Cu,
Complexes

Amy Clemens and Matthias Bierenstiel*
Department of Chemistry, Cape Breton University

Recent research has shown the effectiveness of using metal complexes in the
medical field due to their antibiotic properties and possible use as chemotherapy
agents. With a growing need for new antibiotics, this research into copper
complexes aims to discover new compounds with the required medicinal
properties. The targeted Cu complexes are an expansion of simple mono-nuclear
complexes with N,S-ligands to binuclear Cu, complexes. We expect that the
N,S,S,N-Cu, complexes have increased activities due to potential metal-metal
synergic interactions. The N,S,S,N-ligands are synthesized by reaction of ortho-
aminothiophenol with ortho-, meta- and para-o,a’-dibromoxylene. The xylylene
backbone allows the tailoring of various N,S—S,N bite angles yet allowing
sufficient flexibility with methylene groups. The N,S,S,N-ligands were further
modified at the aniline group by imine reactions with aldehydes containing
coordination and non-coordination pendants.
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Nitro-Aldol Synthesis: An Expansion of the Henry-Mukaiyama
Reaction

David C. Garrison, Frank K. MacDonald, Karina M. M. Carneiro, and Dr. lan R.
Pottie*

Department of Chemistry and Physics, Mount Saint Vincent University

The Henry reaction is a carbon-carbon bond forming reaction in chemistry that is
used to make a 1,2-nitroalcohol from aldehyde and a nitroalkane. The reaction has
two key limitations: 1) it is dependent on a basic environment. 2) Due to
thermodynamics, the reaction requires a large access of nitroalkane. In 2011,
MacDonald et al.” introduced the Mukaiyama nitro-aldol reaction to generate a
1,2-nitro alcohol functional group using an in situ generated silyl nitronate. It is
hypothesized that mechanistically, a silyl nitronate intermediate undergoes
reaction with an aldehyde in a Lewis acidic environment to produce the desired
Henry product. These reaction conditions change the thermodynamics of the
Henry reaction and the 1,2-nitroalcohol product is formed without the need for a
base and large excess of nitroalkane. With these ideas in mind, the goal of this
project is to isolate and characterize the silyl nitronate. Once completed, this
material will be used in the reaction to confirm that the silyl nitronate is playing an
active role in the mechanistic pathway. This presentation will report the initial data
for this project.

Figure 1: General reaction scheme for the Mukaiyama nitro-aldol reaction.
1MacDonaId, F. K.; Carneiro, K. M. M.; Pottie, I. R. "The first example of trimethylsilyl methylenenitronate reacting with

aldehydes under an apparent Mukaiyama nitro-aldol reaction" Tetrahedron Lett. 2011, 52, 891-893.

OH
QTIPS Lewis Acid, Aldehyde
//\//N\Oe ..................................... - R
-78°Cto R.T. NO,

R = aliphatic, aromatic

40™ Annual Science Atlantic / CIC Student Chemistry Conference 72



CHEM CON 2015
Catalyzing Communilty

Change the recipe, change the dish
Morgan Sproul, Jeffery Fournier, John A. Johnson and Christopher A. Gray*

Department of Biology, *Department of Chemistry,
University of New Brunswick SJ

Background: Fungal endophytes have numerous genes that encode for natural products but only a few
are expressed under standard laboratory growth conditions. Silent, or cryptic, biosynthetic fungal genes
are well documented and may represent lost or missing natural product production. Inducing expression
of silent genes may elicit biosynthesis of novel natural products and thus be a source for the next-
generation of antibiotics. This study explored the effects of culturing endophytes under a variety of
conditions such as media composition and fermentation vessel size and shape as well as introducing
stimuli during fermentation such as microorganisms and chemical shock.

Methods: Fungal endophytes were fermented in 10 mL of 2% malt extract broth contained within 20 mL
scintillation vials in one of the following conditions: untreated (control; room temperature and ambient
light), ethanol (6%), ethanol (10%), and in the presence of microorganisms (Candida albicans,
Pseudomonas aeruginosa, and Staphylococcus aureus). Isolates were also fermented in various vessels
(Media bottle 100 mL, Erlenmeyer flask 250 mL, scintillation vial, 20 mL) and in various media types
(Potato dextrose broth, 2% Malt extract broth, and yeast broth). Following fermentation, cultures were
sonicated and filtered to remove solid fungal material; crude extracts were obtained by extraction with
ethyl acetate. The extracts were screened in an antimicrobial susceptibility assay against three test
organisms (Candida albicans, Pseudomonas aeruginosa, and Staphylococcus aureus).

Results: Our results show that varying fermentation vessel influences biosynthesis of natural products;
greater bioactivity against test pathogens was observed in crude extracts obtained from cultures grown
in Erlenmeyer flasks compared to those in scintillation vials. Altering media composition gave crude
extracts with different degrees of bioactivity; endophytes cultured in yeast extract broth produced
extracts with lower bioactivity than those obtained from endophytes grown in potato dextrose broth.
Crude extracts obtained from endophytes grown as co-cultures and cultures that had been subjected to
chemical shock did not have greater bioactivity than cultures grown under standard fermentation
conditions.

Discussion: This study shows that manipulating culture conditions can significantly influence natural
product biosynthesis by endophytic fungi, but these effects are highly variable and difficult to quantify at
the level of crude extract bioactivity. Future work will include the use of metabolomic techniques to
analyze changes in extract composition that will allow differences in extracts to be identified at the
molecular level.
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Study of a Novel Chelating Polymer for the Treatment of Antibiotic
Resistant Pathogens

Mathew Larade, Trisha Ang, and Matthias Bierenstiel*

Department of Chemistry, Cape Breton University

Iron is an essential nutrient for microbial growth and Fe-limited growth can
provoke physiological imbalances, predisposing microbes to more effective
treatment with antibiotics. Chelation Partners Inc. has developed a new chemical
family of polymer-based metal chelators (patent pending) including one called DIBI
that is based on the motif of 3-hydroxy 4-pyridone, and thus chemically related to
deferiprone, an FDA approved drug used against thalassaemia major. The polymer
is a proprietary co-polymer that is water-soluble, has a high selectivity for Fe* ions
and a substantial Fe loading capacity. Comparison studies on metal complexation
and biological activity were conducted for Fe-deferiprone and Fe-DIBI. DIBI has
shown approximately 100-times improved activity over deferiprone as an anti-
infective agent as a result of the chelators’ abilities to deny iron to microbial
pathogens. DIBI acts as synergistic agent when combined with kanamycin against
methicillin resistant strains of staphylococcus aureus (MRSA) and also for a range
of other antibiotic classes against various Gram positive, Gram negative and fungal
pathogens.

without Fe-binding

100
polymer (control)
o

_ 80
2
E 60
o
-]
?:‘;' 40 With Fe-bInding
polymer
-
5 20
]
0 = =
0 50 100 150

Kanamycin ug/ml

40™ Annual Science Atlantic / CIC Student Chemistry Conference 74



CHEM CON 2015
Catalyzing Communilty

The Longevity of Modified Screen Printed Carbon Electrodes Using Surface-
Enhanced Raman Spectroscopy

Jacquelyn White, Lili Zhao Christa L. Brosseau*

Department of Chemistry, Saint Mary’s University

Point-of-care (POC) diagnostics based on biosensing technology is of increasing interest for
rapid disease diagnosis in limited resource settings. Such biosensors must exhibit long term
stability such that year long shelf lives are possible. In 2013, screen printed carbon electrodes
modified with layers of gold and silver showed promise as a platform in the detection of
preeclampsial. Current research aims to explore the shelf life of our SERS substrates. Screen
printed carbon electrodes were modified with multiple layers of silver and/or gold
nanoparticles. Using surface-enhanced Raman spectroscopy (SERS), multiple electrodes were
tested to determine if the signal from two different indicator molecules, 4,4-bipyrdine and 12-
mercaptododecanoic acid, decreased over time. Over the seven week period that the
electrodes were monitored, the signal increased for only those modified with layers of silver
nanoparticles and incubated in 4,4-bipyridine. The modified gold and silver electrodes
incubated in 4,4-bipyridine did not result in an increase of signal; instead the signal decreased
as expected. All those incubated in 12-mercaptododecaoic acid also had the resulting signal
decrease as expected. Due to these mixed results, a repeat of Week 7 and on-going monitoring
of the electrodes is required.
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Figure 3: A) A TEM image of the silver nanoparticles present on the modified screen printed electrode. B) SERS intensity for
the 1611cm’™ peak for 4,4-bipyridine as a function of time
[1] Zhao, L; Blackburn, J; Brosseau, C. Quantitative Detection of Uric Acid by Electrochemical-Surface Enhanced Raman
Spectroscopy Using a Multilayered Au/Ag Substrate. Anal. Chem., 2015, 87, 441-447
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A Computational Study on Phenylethynylimidazolidinium Based Main
Group Radicals

Juha Hurmalainenf§, R. Graeme Soper§, Katherine N. Robertson®, Jason D.
Masuda*®, Heikki M. Tuononen*" and Jason A.C. Clyburne*®

T Department of Chemistry, Nanoscience Center, University of Jyvdskyld, Finland. §The Atlantic
Centre for Green Chemistry, Department of Chemistry, Saint Mary’s University

One key research area in the field of main group chemistry focuses on stable and
persistent radicals of the p-block elements.! Neutral molecular radicals in particular are
considered to have plenty of potential as candidates for constituents of new kind of
magnetic and conductive materials because of their unpaired electrons that can act as
carriers of spin and charge.? Understanding the structure and the electronic configuration
of a radical is an integral part of the study of any radical species, and computational
methods have an essential role in that research. Phenylethynylimidazolidinium based
radicals, e.g. 1 and 2, are particularly electron rich compounds. DFT calculations at PBEO
level of theory were performed on these type of radicals and the results were compared
to experimental findings. The calculations demonstrate the delocalization of the SOMO
throughout the phenylethynylimidazolidinium moieties; they also illustrate the way 1
dimerizes in the solid state.

1. Philip P. Power, Persistent and Stable Radicals of the Heavier Main Group Elements and Related Species. Chem. Rev. 2003,
103, 789-809.
2. Robin G. Hicks, (Editor), Stable Radicals: Fundamentals and Applied Aspects of Odd-Electron Compounds, John Wiley &

Sons Ltd. 2010.
— N
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Toward Mononuclear and Dinuclear Indium Oxo/Aminothiolate
Lewis Acids

Matthew J. Margeson?, Timothy S. Anderson?, Glen G. Briand®* and Andreas
Decken®

“Department of Chemistry and Biochemistry, Mount Allison University,
bDepartment of Chemistry, University of New Brunswick

The ever increasing demand for biofuels, matched with the need to reduce costs
while still maintaining environmentally sustainable production methods, has led to
a search for efficient and environmentally friendly catalysts." Main group metals,
namely indium reagents, have gained interest as catalysts for a variety of organic
syntheses. Previously studied compounds have included simple trivalent salts,
such as chlorides, triflates and oxides.? This project aims at developing tunable
“organometallic” Lewis acidic indium reagents for green chemical processes, such
as the production of biofuels. Indium thiolates show great promise due to their
facile synthesis and the hydrolytic stability of the In-S bond, the latter of which
allows for reactions in aqueous media. The synthesis and design of target thiol

ligands and dinuclear indium thiolate compounds will be presented.

s, Yan, S.0. Salley, K.Y.S Ng, Appl. Catal. A, 2009, 353, 203-212.

% See for example: a) C.-J. LI, Acc. Chem. Res., 2010, 43, 581-590; b) Z. Yu, X. Liu., Z. Dong, M. Xie, and X. Feng. Angew. Chem.
Int. Ed. 2008, 47, 1308-1311.
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A New Class of Electon-Rich B-Diketiminates

Bright Huo, Peter Tak Kwong Lee, Michael Land, Dr. Katherine Robertson, Dr. Kai
Ylijoki and Dr. Jason Clyburne*

Department of Chemistry, Saint Mary's University

The B-diketiminate family of ligands is used extensively in synthetic chemistry as
both a way to stabilize reactive species and also as a framework to prepare
molecules with high catalytic activity (Qian et al.,, 1998). Here we describe the
preparation and reactivity of a new class of B-diketiminate ligand that possesses
electron-donating groups on the ligand backbone. The synthesis of the modified
B-diketiminate was performed and complexes have been prepared using the new
ligand.

A -
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Barking up the right tree: looking for antimicrobials in medicinal trees
Kathleen Complak, John A Johnson, and Christopher A Gray*

Department of Biology, University of New Brunswick SJ

The overall goal of this research is to discover new sources of natural products
with human health applications. Endophytic fungi are known to produce bioactive
natural products, indicating that they could be the underlying source of the tree
tissue’s medicinal properties. By isolating and fermenting endophytic fungi from
the bark of traditionally used medicinal trees, we hope to discover novel chemical
compounds with antibiotic activity. Based on their therapeutic use, fifteen
traditionally used medicinal trees collected in New Brunswick and investigated for
their barks’ potential to host endophytic fungi able to produce bioactive
compounds. Endophytes were isolated from outer bark of the trees before being
fermented in liquid culture. Extracts of the fermented broths were screened
against three bacterial pathogens (Staphylococcus aureus, Pseudomonas
aeruginosa, and Methicillin-resistant Staphylococcus aureus) and one fungal
pathogen (Candida albicans) to assess their antimicrobial activity. Seven fungal
extracts had significant inhibitory activity against Staphylococcus aureus, twenty-
two were significantly active against Pseudomonas aeruginosa, and three fungal
extracts were significantly active against Candida albicans. Eighteen fungal extracts
significantly inhibited Methicillin-resistant Staphylococcus aureus. Six extracts from
tree bark endophytes (from tamarack, two willow spp, eastern hemlock, and
northern white cedar) demonstrated broad spectrum activity against Gram+ and
Gram- bacteria. One crude extract from an endophyte isolated from northern
white cedar bark was significantly active against Gram- and Gram+ while a
different extract from an endophyte of the same tree species was active against
Gram+ and eukaryotic fungal cells. A single crude extract from an alder bark
endophyte exhibited significant bioactivity against all four test microorganisms.
Results thus far show antimicrobial activity from crude extracts of endophytes
from tree bark. This activity spanned Gram+, Gram-, and fungal cells. Further work
will include screening these extracts to assess their antimycobacterial
susceptibility as well as identifying the specific chemical constituents responsible
for the bioactivity.
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Investigation of BPA, Phthalates, and Alkanes in an Abandoned
Construction and Demolition Site

Evan Carr Kinnear, and Anthony Tong*

Department of Chemistry, Acadia University

The water in the area in and around an abandoned construction and demolition
site was analyzed for Bisphenol A (BPA), phthalates, and alkanes. All of these were
compounds that have been proven to have an adverse effect on human health and
the environment. Analysis was accomplished through sampling 5 wells and 3
surface water sites for leachate that may contain contaminants. Phthalates and
BPA were extracted using solid phase extractions and alkanes were extracted using
liquid-liquid  extractions. Concentrations were determined using gas
chromatography — mass spectrometry (GC/MS). BPA and phthalates were detected
up to 1,116 ng L, while alkanes were found from below detectable limits to 1,763
ng L™
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The Stabilization of Nitrogen-based Aluminum Cations and Radicals
Using the Electron Rich Imidazolin-2-iminato Ligand

Angela Todd, Billy McClennan, and Jason Masuda*

The Atlantic Centre for Green Chemistry and the Department of Chemistry, Saint
Mary’s University

The chemistry of heavy main-group radicals can offer insight to the bonding
arrangement of radical systems.! The synthesis of a novel two-coordinate
aluminum radical with a 2* oxidation state was attempted using a bulky
substituent which lowers the propensity of these compounds to undergo
dimerization and disproportionation.> The highly nucleophilic and electron rich
imidazolin-2-iminato ligand will be used to synthesize aluminum-based cations and
radical systems through methyl abstraction of 1 or anion exchange with its halogen
analog. Ongoing work involves the reduction to the two-coordinate aluminum
radical. Intermediary products were observed and characterized by a number of

methods including single crystal X-ray diffraction.

(1) Chivers, T., Eisler, D.J., Fedorchuk, C., Schatte, G., Tuononen, H.M., Boeré, R.T. Chem. Comm. 2005, 3930-3932.
(2) Wiberg, N., Amelunxen, K., Blank, T., N6th, J., Knizek, J. Organometallics 1998, 5431
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Synthesis of Annulated 1,7-diarylhepta-1,6-diene-3,5-diones as
Curcumin Analogs

Salma Alharbi, and Amitabh Jha*

Department of Chemistry, Acadia University

Curcumin is the active ingredient in turmeric, a heavily consumed spice in the
Indian subcontinent. Curcumin has significant anticancer properties. However, it
has poor bioavailability. To address this predicament, cyclic analogs of curcumin
are being synthesized while retaining the diarylheptanoid framework of curcumin.
Unlike most reports, our procedure is capable of installing the same or different
aryl rings on the molecule. The results obtained thus far will be presented.

Curcumin
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Spectroscopic Analysis of a 19'" century Tibetan Thangka — The
Buddha of Long Life

Melanie Davidson, Ann Shaftel, and Christa L. Brosseau*

Chemistry Department, Saint Mary’s University

The Tibetan painting (The Buddha of long life), which underwent analysis, was
believed to date to the mid-1800’s. In the 1960’s the painting underwent a
disastrous restoration which resulted in an overall darkening of the painting and,
in addition, a backing layer was applied. Raman spectroscopy and surface-
enhanced Raman spectroscopy (SERS) were used to characterize various pigments
and the restored backing layer. Analysis was conducted to determine the identity
of the pigments and the backing layer as well as help reveal the techniques used
during the 1960s’ restoration. One pigment was identified as orpiment (As,Ss),
whereas the other samples require further investigation to identify the
components.
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Variation of the amount of falcarindiol, an antimycobacterial natural
product, within the Canadian medicinal plant Heracleum maximum

Kathryn Melvin, Taryn E. O’Neill, Duncan Webster, Jeff E. Houlahan, John A.
Johnson* and Christopher A. Gray*

Department of Biology, University of New Brunswick SJ

The root of Heracleum maximum has been traditionally used by the First Nations of
the Maritime Provinces as a tuberculosis therapy as well as for other medicinal
purposes. Falcarindiol, a C17 diyne was determined to be the primary active
constituent of the plant. These data, in combination with falcarindiol’s reported health
benefits, stimulated our interest in this compound. To facilitate further research and
development of H. maximum extracts and falcarindiol, we required a reliable source
of the natural product. We therefore conducted an evaluation of the variability of the
antimycobacterial activity and falcarindiol content of various H. maximum organs
between seasons. Individual H. maximum plants were collected in spring, summer
and fall seasons of 2010, 2011 and 2012. Our data indicate that the antimycobacterial
activity of H. maximum is highly variable between seasons and plant organs as well as
years. Antimycobacterial activity tended to be highest in the summer and extracts
from flowers generally produced the most bioactivity. Similarly, we found that the
amount of falcarindiol is also variable between seasons, plant organs and year, but
there is a low correlation between falcarindiol content and extract antimycobacterial
activity. Our data suggests that falcarindiol is not the sole antimycobacterial
compound produced by H. maximum indicating the plant should be further
investigated as a source of antimycobacterial natural products. These results have also
provided important insights regarding where and when to harvest plant material as a
source of falcarindiol if extracts of H. maximum are to be developed as natural health
products in the future.
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A Density Functional Theory Investigation of the Rhodium-Catalysed
[5+ 1+ 2+ 1] Cycloaddition Reaction.

Ifenna I. Mbaezue, and Dr. Kai E. O. Ylijoki*

Department of Chemistry, Saint Mary’ University

A[5+ 1+ 2+ 1] cycloaddition reaction is a rhodium-catalysed four-component
reaction that leads to hydroxydihydroindenone products. This cycloaddition occurs
only under a carbon-monoxide atmosphere; in the absence of CO, a [5 + 2]
cycloaddition occurs yielding 7-membered carbocycles. We have employed density
functional theory to elucidate the mechanism of this complex reaction system.
Calculations were performed at the B3LYP/LANL2DZ level of theory. Results
suggest that the reaction proceeds first through coordination of the
vinylcyclopropane unit to the Rhodium catalyst, followed by C-C bond activation.
Subsequently, a series of coordination and insertion processes occur to
incorporate a CO molecule, an alkyne, and a second CO. Reductive elimination
leads to a Rh-coordinated 9-membered carbocyclic intermediate. Decomplexation,
67-electrocyclization, then elimination of MeOH lead to the final product.

/KOMe 5 mol% [Rh(CO)QCI]Q‘ HO
CO (1 atm), alkyne -
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An Analysis of the “N — X*£ Transition of Rhenium Monocarbide

Ryan Hall, Robbie Weale, Dennis Tokaryk, and Allan Adam*

Department of Chemistry, University of New Brunswick

The 5d transition metal carbides are well known metallic compounds that have
outstanding physical, chemical, and mechanical properties such as high melting
points, corrosion resistance, and hardness. These compounds have been
extensively studied both theoretically and experimentally but very few of the
diatomic 5d transition metal monocarbides have been made or studied
spectroscopically. In theoretical investigations of the diatomic 5d transition metal
monocarbides, a ground state of *s” is predicted for the rhenium monocarbide
(ReC) molecule with an equilibrium bond distance of 1.692 A and a vibrational
frequency of 1046 cm™. In our experiment ReC molecules were created in a
molecular jet apparatus, and studied utilizing both low and high-resolution laser
spectroscopy techniques to obtain rotational, hyperfine, and equilibrium
constants. This poster reports the first ever observation of rhenium monocarbide
and the process of unravelling its complex spectra.
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Synthesis and Characterization of Water-Tolerant Bismuth Dithiolate
Lewis Acids

Eric E. Trevors®, Whitney Shannon?®, Glen G. Briand®*, and Andreas Decken®

°Department of Chemistry and Biochemistry, Mount Allison University “Department of
Chemistry, University of New Brunswick

The synthesis and use of catalysts that exhibit low cost and low toxicity to the
environment has been an area of increasing interest over the past number of
years'. Within the last decade, bismuth(lll) reagents have been used successfully
as catalysts in a variety of organic syntheses. However, the majority of the
compounds that have been studied include simple salts, such as triflates, chlorides,
and nitrates®. The goal of this project is to develop water-tolerant and “tunable”
organometalic bismuth(lll) complexes that may be used as Lewis acid catalysts for
reactions in aqueous media. To this end, we are designing and identifying suitable
oxo/aminodithiolate ligands for the preparation of bismuth(lll) dithiolate
compounds with variable coordination environments for the metal centre. The
synthesis and characterization of target compounds and approaches to their

screening as water-stable Lewis acid catalysts will be presented.
' 0. Ollevier, Org. Biomol. Chem. 2013, 11, 2740.
% B. Rocha, M. Kuznetsov, Y. Kozlov, A. Pombeiroa, G. Shul'pin, Catal. Sci. Technol. 2015, 5, 2174.
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Computational Simulation of Complex Structures of an Antibiotic
Resistance Enzyme with both Aminoglycoside Antibiotic
Paromomycin and an Antimicrobial Peptide

Blake Power, Nathan Smith, Laleh Alisaraie*
School of Pharmacy, Memorial University of Newfoundland

Antibiotics are primarily provided to fight infectious diseases. Aminoglycoside
antibiotics have been used to treat both gram positive and negative bacteria;
however misuse of these drugs has resulted in overexpression of aminoglycoside
modifying enzymes (AMEs), which prevent antibiotics from reaching the targeted
DNA by modifications of the drugs chemical structures.

This research is focusing on the chemical alteration of aminoglycoside antibiotics
by the 3’, 5”-phosphotransferase aminoglycoside modifying enzyme, and the
effect of binding this enzyme with an antibacterial inhibitory peptide and
deoxystreptamine-containing aminoglycosides. We have utilized molecular
docking and dynamic techniques for computational simulations and analysis of the
complex structures as well as their conformational changes and physical
attributes.

This is an ongoing project that will continue to prevail new information on the
physical attributes of the AMEs, and design and development of appropriate
inhibitors against chemical modifications of antibiotic drugs to aid the prevention
of infectious diseases.
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HPLC Analysis of Various Photochemical Products Derived from Ru(ll)
Polypyridyl Complexes

Marc Hetu, Susan Monro, Leah Bennett, Julia McCain,
Huimin Yin, Mitch Pinto, and Dr. Sherri McFarland*

Departments of Chemistry and Biology, Acadia University

Photodynamic therapy (PDT) is a method for destroying unwanted cells, including
cancer and bacteria. The process utilizes a photosensitizer (PS) that creates singlet
oxygen from excited triplet states when exposed to light. While singlet oxygen is
very effective at destroying cells, many cancer cells are hypoxic which limits the
effectiveness of PDT for some of the most malignant and drug-resistant tumours.
Therefore, our research group is exploring PSs that employ oxygen-independent
mechanisms for light-triggered cell death. Generally, these PSs are strained Ru(ll)
coordination complexes that photoeject one bidentate ligand when activated with
light. The resulting solvated species can then covalently modify DNA, a process
that destroys cancer cells and tumours. High-pressure liquid chromatography
(HPLC) is a convenient way to study these light-responsive agents as the
unirradiated compounds, their photoejected bidentate ligands, and the solvated
photoproducts are readily distinguished based on their unique retention times. My
project involves characterizing these compounds and their photoproducts by HPLC
in different solvents and under a variety of irradiation conditions. My poster will
highlight some of these studies that feature strained Ru(ll) complexes of 2,2’-
biquinoline (biq) and substituted imidazo[4,5-f][1,10]1phenathrolines.
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Simple one-pot catalytic epoxidation-carboxylation reactions of
alkenes to cyclic carbonates

Coralee Ridder, and Francesca Kerton*

Department of Chemistry, Memorial University of Newfoundland

Previously in the Kerton group [1], we have looked at the use of metal-containing
ionic liquids for the catalytic synthesis of cyclic carbonates from epoxides and
carbon dioxide. Epoxides can be prepared via catalytic oxidation of alkenes. This
has led us to attempt one-pot transformations of alkenes into cyclic carbonates. As
a starting point, we considered using a known [BMIm]CI/ZnBr, catalytic system for
the second step in the process alongside manganese salts for H,0,-mediated
epoxidation of alkenes. Unfortunately, epoxidation reactions failed in the presence
of zinc bromide. However, we have had exciting preliminary results using [BMIm]CI
with manganese(ll) chloride for the conversion of styrene to styrene carbonate.
Our latest results including optimization of reaction conditions and studies using
other alkenes will be presented in this poster.

References:
[1] Q. He, J. W. O’Brien, K. A. Kitselman, L. E. Tompkins, G. C. T. Curtis and F. M. Kerton, Catal. Sci.
Technol., 2014, 4, 1513-1528
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