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Welcome from the Program Chair 

 

 It is with great pleasure that I welcome you to the 35
th

 Reaction Mechanisms Conference 

on the beautiful campus of UC Davis.  The RMC, to me, is a special conference that represents a 

steep tradition.  When we look back at the history of the RMC (see page 7), we see the litany of 

the biggest names in our fields and harkens to their contributions.  We were reminded of how 

significant the RMC has been in the press coverage of Karsten Meyer’s crystal structure of the 2-

norbornyl cation,
1
 verifying the existence of the non-classical cation.  As described in 

ChemistryWorld,
2
 George Olah first reported the formation of carbocations in superacids, work 

for which he was ultimately awarded a Nobel prize, at the 9th Reaction Mechanisms Conference 

in Brookhaven in 1962.  Ken Wiberg was the chair of that conference, and it reportedly was 

attended by Saul Winstein and Herbert Brown, who were interested in Olah’s cation work in 

light of the non-classical cation debate. 

 We are honored at this conference to celebrate the career of another of those legends, Bob 

Bergman.  His influence on the community is reflected in the number of speakers at the 

conference with ties to Bob, but also in the topics.  I have always thought that if I got a chance to 

organize a Reaction Mechanism Conference, I would want a session on the Bergman 

Cyclization.  How fortunate that I was able to do it in a conference celebrating Bob’s career!  Of 

course, Bob’s influence goes beyond the Bergman cyclization, and that is reflected in this 

conference as well. 

 Each Reaction Mechanisms Conference has its own identity, reflecting the personalities 

of the conference chairs, the location and even the times, and this conference will be no different.  

Of course, the most important mark we leave is how we share and advance the science, through 

our oral and poster presentations.  However, we are pleased this year to increase our efforts in 

terms of undergraduate support, utilizing the expertise of members of our community involved in 

the GRFP to help our students in getting these prestigious fellowships.  The RMC has also made 

its presence known in the social media with a Twitter account (@2014RMC), and the conference 

will be documented on Instagram.  We hope that these tools will continue to allow the RMC to 

grow more in popularity, reaching more audiences. 

 There are many challenges with which the conference chair must cope, but it is all easier 

when you have great help.  The choice to go to Davis was an obvious one, and Dean Tantillo 

made it easy, with his enthusiasm and “It’s done” attitude.  Thanks to Hoby Wedler for 

organizing our trip to the winery, and to Patricia Chuda at Davis for her effort.  Tingyu Li at the 

NSF was very receptive to our idea to hold the GRFP roundtable, and we appreciate his support 

as well.  Finally, I thank all the participants in this year’s conference, speakers, poster presenters 

and attendees.  It is because of your support that this conference continues.  I hope you will enjoy 

this week and have a stimulating experience. 

      

 

 

       Program Chair 
 

 (1) Scholz, F.; Himmel, D.; Heinemann, F. W.; Schleyer, P. v. R.; Meyer, K.; Krossing, I.: Crystal 

Structure Determination of the Nonclassical 2-Norbornyl Cation. Science 2013, 341, 62-64. 

 (2) Extance, A.: Crystal Structure Closes Classic Carbocation Case. In ChemistryWorld; Royal 

Society of Chemistry, 2013. 
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Program of Events 

All Talks in Social Sciences 1100 

 

Sunday, June 22 
4:00 – 8:00 pm Arrival and Check-In 

7:00 – 7:15 pm: Welcome and Announcements 

7:15 – 9:10 pm: Matrix Isolation 

 7:15 - 7:30 pm  Discussion Leader: Bob Sheridan (Nevada) 

 7:30 – 8:10 pm  Gary Douberly (Georgia) 

  “Molecular Radical Reactions and Carbene Chemistry at 0.4 Kelvin:  High- 

  Resolution Rovibrational Spectroscopy af Pre-Reactive Complexes And Transient  

  Intermediates” 

 8:10 – 8:20 pm Discussion 

 8:20 – 9:00 pm Robert McMahon (Wisconsin) 

  “Quantum Mechanical Tunneling Reactions of Organic Reactive Intermediates” 

 9:00 – 9:10 pm Discussion 

 

Monday, June 23 
9:00 am – 12:35 pm Bergman Cyclization 

 9:00 – 9:15 am Discussion Leader: Edyta Greer (Baruch) 

 9:15 – 9:55 am  Graham Jones (Northeastern) 

  “Chemical Synthesis of Designed Enediynes” 

 9:55 – 10:05 am Discussion 

 10:05 – 10:45 am Jeff Zaleski (Indiana) 

  “Bergman-Inspired Thermally and Photochemically Activated    

  Diradicals:  From Inorganic Catalysts and New Material     

  Morphologies to Dissolution of Biopolymers” 

 10:45 – 10:55 am Discussion 

 10:55 – 11:15 am  Coffee Break 

 11:15 – 11:30 am Osvaldo Gutierrez (Pennsylvania) 

  “Divergent Mode of Activation and Enantioselectivity in Palladium-Catalyzed  

  [3,3]-Sigmatropic Rearrangment of Allyloxy- and Propargyloxyindoles   

  Revealed” 

 11:30 – 11:45 am   David Powers (Harvard) 

  “Observation of Norton-Type Intermediates in Binuclear Reductive Eliminations” 

 11:45 – 12:25 pm  Carol Parish (Richmond) 

 12:25 – 12:35 pm Discussion 

 

Afternoon: 

2:30 pm: NSF Graduate Research Fellowship Program Roundtable  

Social Sciences 1100 

Panelists: Paul Wenthold, Neil Schore, Anna Gudmundsdottir, Hoby Wedler, William Dichtel 

 

3:30 – 5:30 Monday Poster Session and Reception 

Social Sciences Courtyard 

Sponsored by The Journal of Organic Chemistry and Organic Letters  
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7:30 – 9:55 pm:  Solar Materials 

 7:30 – 7:45 pm Discussion Leader: Erik Menke (UC-Merced) 

 7:45 – 8:25 pm Jillian Buriak (Alberta) 

  “Shining Light on Reaction Mechanisms on Silicon Surfaces” 

 8:25 – 8:35 pm Discussion 

 8:35 – 8:50 pm Jason Hein (UC-Merced) 

  “Deeper Insight Using Sequential Reaction Analysis in Flow” 

 8:50 – 9:05 pm Matt Cremeens (Gonzaga) 

  “Oxirane Ring-openings and Non-ergodic Reaction Dynamics?” 

 9:05 – 9:45 pm William Dichtel (Cornell) 

  “Mechanistic Insight into the Formation of Covalent Organic Frameworks” 

 9:45 – 9:55 pm Discussion 

 10:00 pm Reception (off-campus), hosted by the Organization for Cultural Diversity in  

  Chemistry 
 

Tuesday, June 24 
9:00 – 11:45 Pi Stacking 

 9:00 – 9:15 am  Discussion Leader: Ken Shimizu (South Carolina) 

 9:15 – 9:55 am Steve Wheeler (Texas A&M) 

  “Understanding Substituent Effects in π-Stacking Interactions” 

 9:55 – 10:05 am Discussion 

 10:05 – 10:20 am Arthur Winter (Iowa State) 

  “Pi-Stacked Radical Dimers for Spin-Switchable Organic Materials” 

 10:20 – 10:35 am   Steven Lopez (UCLA) 

  “(3+2) Cycloadditions of Perfluorophenyl Azide to Alkenes and Enamines and  

  the Decomposition of Triazolines: A Computational Study” 

 10:35 – 10:55 am Coffee Break   

 10:55 – 11:30 am Brent Iverson (Texas) 

  “1,4,5,8-Naphthalenetetracarboxylic Diimide (NDI): Two  

  Different Modes of Stacking Enable an Array of Complex Molecular   

  Systems with Interesting Behaviors” 

 11:35 – 11:45 am Discussion 

 

12:00 pm An Afternoon of company, food and wine at Francis Ford Coppola Winery 

  Sponsored by Hicks Veterinary Service, West Lafayette, IN 

  ***Bus leaves promptly at 12:00 from Social Sciences Center*** 

  ***Box lunches provided to those attending*** 

 

7:30 – 9:55 pm Gas-phase Ion Chemistry of Biological Molecules 

 7:30 – 7:45 pm Discussion Leader: Jianhua Ren (Pacific) 

 7:45 – 8:25 pm Rebecca Jockusch (Toronto) 

  “Properties of Gaseous Biomolecular Ions Probed using Fluorescence and  

  Fluorescence Resonance Energy Transfer (FRET)” 

 8:25 – 8:35 pm Discussion 
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 8:35 – 9:15 pm Julie Leary (UC Davis) 

  “Ion Mobility Gas and Solution Phase Studies of Chemokine- 

  Glycosaminoglycan Complexes” 

 9:15 – 9:25 pm Discussion 

Wednesday, June 25 
9:00 Bond Activation 

 9:00 – 9:15 am Discussion Leader: Mary Watson (Delaware) 

 9:15 – 9:55 am Ted Betley (Harvard) 

  ” High-spin Iron Complexes Featuring Metal-ligand Multiple Bonds   

  for Catalyzing C-H Bond Functionalization” 

 9:55 – 10:05 am Discussion 

 10:05 – 10:20 am Jennifer Schomaker (Wisconsin) 

  “Tunable, Chemoselective Silver-catalyzed Bond Formation” 

 10:20 – 10:35 am   Annaleise Franz (UC Davis) 

  “Mechanistic Insight for Lewis Acid-catalyzed Annulation Reactions with   

  Allylsilanes” 

 10:35 – 10:55 am Coffee Break   

 10:55 – 11:45  JPOC Award for Early Excellence Presentation 

    Franziska Shoenebeck (Aachen) 

  “Understanding and Design of Organometallic Reactivity with    

  Experimental and Computational Tools” 

 11:45 – 11:55 am Discussion 

 

12:00 – 1:30 pm Undergraduate Context Session 

Social Sciences 1100 

 

3:30 – 5:00 pm:  Wednesday Poster Session and Award Reception 

Social Sciences Courtyard 

Sponsored by The Journal of Physical Organic Chemistry 

 

7:00 pm  A Scientific Tribute to Prof. Robert G. Bergman 

 7:00 – 7:05 pm  Master of Ceremonies: Neil Schore (UC Davis) 

 7:05 – 7:55 pm  Karen Goldberg (Washington) 

  “Molecular Oxygen as a Reagent in Late Transition Metal     

  Organometallic Chemistry” 

 7:55 – 8:05 pm  Discussion 

 8:05 – 8:55 pm  Eric Jacobsen (Harvard) 

  “Anion-Binding Catalysis” 

 8:55 – 9:05 pm Discussion 

 9:05 – 9:55 pm Bob Grubbs (Cal Tech) 

  “Organometallic Mechanisms” 

 9:55 – 10:05 pm Discussion 

 10:05  Bergman Celebration! 
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2014 Reaction Mechanisms Conference 

Davis, CA 

 

Information 

 

Conference Organizers 
Paul G. Wenthold, Purdue University (Program Chair) 

Dean J. Tantillo, University of California, Davis (Vice-Chair, Local Organizer) 

 

RMC Governing Board 
2008-2014 

Malcolm Forbes, University of North Carolina 

Phyllis Leber, Franklin and Marshall College 

Lawrence Scott, Boston College 

Paul Wenthold, Purdue University 

 

2010-2016 

Nancy Goroff, SUNY-Stoneybrook 

Dina Merrer, Barnard 

Dean Tantillo, UC Davis 

John Toscano, Johns Hopkins 

 

2012-2018 

Rainer Glaser, University of Missouri 

Anna Gudmundsdottir, University of Cincinnati 

William Jenks, Iowa State University 

Nancy Mills, Trinity University  

 

RMC HISTORY!!!!! 

 

Brian Myers and Ed Fenlon are researching the history of the Reaction Mechanisms Conference 

(view their recent work on the NOS here: pubs.acs.org/doi/abs/10.1021/jo302475j). Currently, 

they are gathering information, photographs, and stories about past conferences from previous 

participants. In particular, they are looking for the titles for the 7th RMC in 1958 at U. of 

Chicago and the speakers and talk titles from the 17th RMC in 1978 at U. Minn Duluth. Ideally 

this would come from copies of the program books - scanned in electronic versions or hard 

copies. Please send information to Brian Myers (b-myers@onu.edu) and Ed Fenlon 

(efenlon@fandm.edu). 
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Previous Reaction Mechanism Conferences: Venues, Organizers 
 

1st University of Notre Dame 1946 

 Paul D. Bartlett, Charles C. Price 

2nd Gordon Research Conference 1948 

 William v E. Doering, Frank H. Westheimer, Frank Mayo, Saul Winstein 

3rd Northwestern University 1950 

 Stanley J. Cristol, John D. Roberts, Cheves Walling 

4th Bryn Mawr College 1952 

 Ernst Berliner, Herbert c. Brown, David Y. Curtin, C. Gardiner Swain, Wyman E. 

 Vaughn 

5th University of New Hampshire 1954 

 Donald J. Cram, Nathan Kornblum, Henry Kuivila, Richard M. Noyes 

6th Swarthmore College 1956 

 Frederick G. Bordwell, George S. Hammond, Harold Kwart, Robert w. Taft 

7th University of Chicago 1958 

 Weldon G. Brown, Elias J. Corey, Ralph G. Pearson 

8th Princeton University 1960 

 George Buchi, DeLos F. DeTar, Paul v R. Schleyer, Andrew Streitwieser, Jr. 

9th Brookhaven National Laboratory 1962 

 Frederick D. Greene, William McEwen, Kenneth B. Wiberg (Chair), Alfred P. Wolf 

10th Oregon State University 1964 

 Ronald Breslow, John L. Kice, Elliot N. Marvell, V. J. Shiner (Chair), Howard E.  

 Zimmerman 

11th McMaster University 1966 

 Jerome A. Berson, Arthur N. Bourns, Joseph g. Bunnett (Chair), Gerhard L. Closs, 

 John Warkentin 

12th Brandeis University 1968 

 Harlan L. Goering, Ernst Grunwald, Maurice M. Kreevoy, Howard E. Simmons (Chair) 

13th University of California -  Santa Cruz 1970 

 Joseph F. Bunnett, Harold Hart, Ross Robertson, William F. Saunders, Jr. (Chair) 

14th University of Vermont 1972 

 Paul G. Gassman, William M. Jones, John L. Kice, Calvin D. Ritchie (Chair) 

15th  Colorado State University 1974 

 John I. Brauman, Kenneth E. DeBruin, Anthony M. Trozzolo (Chair), Charles E. Wilcox, 

 Jr. 

16th College of William and Mary 1976 

 Robert J. Crawford, Charles H. DePuy (Chair), Eddie Hedaya, Melvyn D. Schiavelli 

17th University of Minnesota-Duluth 1978 

 Robert G. Bergman, Ronald Caple, Maurice M. Kreevoy, J. C. Martin (Chair),  

 Robert A. Moss 

18th University of Massachusetts – Amherst 1980 

 Charles P. Casey, E. Thomas Kaiser, C. Peter Lillya, J. Michael McBride (Chair),  

 Bernard Miller 

19th University of Utah 1982 

 Peter B. Dervan, Josef Michl (Chair), Ned A. Porter, Peter J. Stang 
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20th Duke University 1984 

 Edward M. Arnett (Chair), Robert D. Miller, Richard R. Schrock 

21st University of Texas – Austin 1986 

 Marye Anne Fox, Joseph J. Gajewski, John c. Gilbert, Kendall N. Houk (Chair), 

 L. M. Stephenson 

22nd University of Pittsburgh 1988 

 John I. Brauman, Paul Dowd, David McClure, Julius Rebek, Jr., Stuart W. Staley, 

 Patricia L. Watson 

23rd University of Colorado 1990 

 Cynthia J. Burrows, Gerhard L. Closs, Pal Dowd, G. Barney Ellison, Matthew S. Platz 

 (Chair), Phillip M. Warner 

24th University of Maine 1992 

 Joseph J. Dannenberg, Gideon Fraenkel, Raymond C. Fort, Jr., James E. Jackson, Philip 

 T. S. Lau, Allan R. Pinhas, Udo H. Brinker (Chair) 

25th University of Notre Dame 1994 

 Edward M. Arnett, John e. Baldwin, Joseph E. Dinnocenzo, William v E. Doering 

 (Chair), Paul Dowd, Kendall N. Houk, Frank-Gerrit Klärner, Daniel J. Pasto, Matthew S. 

 Platz, Richard L. Schowen, Robert R. Squires, Kenneth B. Wiberg 

26th State University of New York – Stony Brook 1996 

 William J. le Noble, Kenneth B. Wiberg (Chair) 

27th Asilomar Conference Center – Pacific Grove, California 1998 

 Donald H. Aue, John e. Baldwin, Cynthia J. Burrows, Miguel A. Garcia-Garibay, 

 Kendall N. Houk (Chair), Frank-Gerrit Klärner, Yves Rubin 

28th Universtiy of Wisconsin – Madison 2000 

 Barry K Carpenter (Chair), Robert J. McMahon 

29th The Ohio State University – Columbus, Ohio 2002 

 Hilkka Kenttämaa (co-Chair), Craig Wilcox (co-Chair), Christopher M. Hadad and  

 Matthew S. Platz 

30th Northweatern University – Evanston, Illinois 2004 

 Weston T. Borden (Chair), Joseph B. Lambert 

31st University of Maryland, College Park, Maryland 2006 

 Donald H. Aue (Chair), Daniel Falvey (Local Organizer) 

32nd University of North Carolina, Chapel Hill, North Carolina 2008 

 Richard Johnson (Chair), Malcolm Forbes (Local Organizer) 

33
rd

 University of Massachusetts, Amherst, Massachusetts 2010 

 Robert S. Sheridan (Chair), Paul Lahti (Local Organizer) 

34
th

 University of Missouri, Columbia, Missouri 2012 

 Christopher Hadad (Chair), Rainer Glaser (Local Organizer) 
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A Special Thank You to the Sponsors of the 2014 RMC 
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UC Davis Campus Map 
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Program at a Glance 
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Molecular radical reactions and carbene chemistry at 0.4 

Kelvin:  High-resolution rovibrational spectroscopy of pre-

reactive complexes and transient intermediates 

 
Gary E. Douberly 

 
Department of Chemistry, University of Georgia, Athens, Georgia 30602 USA 

 
Born from the marriage of cryogenic matrix isolation and molecular beam technologies, helium 

nanodroplet isolation has evolved into a versatile technique for molecular spectroscopy.  Helium 

nanodroplets provide a medium for studying at 0.4 Kelvin, the structure and dynamics of novel 

systems such as biomolecules, free-radicals, metal clusters, and molecular clusters.  In this 

lecture, a brief historical account will be presented that emphasizes several important hallmarks 

of the method, such as nanoscale superfluidity, nearly free molecular rotation of helium-solvated 

molecules, and the formation and kinetic trapping of metastable molecular assemblies.  The 

decade old technique of using superfluid He droplets for the spectroscopic study of novel 

molecular species has only just started to move out of the world of chemical physics and into the 

realm of physical chemistry.  Although the spectroscopy of molecules trapped in He droplets 

have provided fascinating insights into the physical properties of the droplets, the actual 

observation of chemistry inside a 0.4 K helium droplet is only just beginning.  Here we present 

some of the most recent advances in using helium droplets to address several important problems 

in atmospheric and combustion chemistry. For example, Hydroxymethylene (HCOH) and its d1-

isotopologue (HCOD) were isolated in low temperature He nanodroplets following pyrolysis of 

glyoxylic acid.  Transitions identified in the infrared spectrum were assigned exclusively to the 

trans-conformation based on previously reported anharmonic frequency computations (P. R. 

Schreiner, et. al. Nature 453, 906 (2008) and L. Koziol, et. al. J. Chem. Phys. 128, 204310 

(2008)).  For the OH(D) and CH stretches, a- and b-type transitions were observed, and when 

taken in conjunction with CCSD(T)/cc-pVTZ computations, lower limits to the vibrational band 

origins were determined.  The relative intensities of the a- and b-type transitions provide the 

orientation of the transition dipole moment in the inertial frame.  The He droplet data are in 

excellent agreement with anharmonic frequency computations, confirming an appreciable Ar-

matrix shift of the OH and OD stretches and strong anharmonic resonance interactions in the 

high-frequency stretch regions of the mid-infrared. 
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Quantum Mechanical Tunneling Reactions  
of Organic Reactive Intermediates  

 

Hiroshi Inui
1,2

 and Robert J. McMahon
2
 

 
1 
Department of Chemistry, School of Science, Kitasato University,  

1-15-1 Kitasato, Minami-ku, Sagamihara, Kanagawa 252-0373, Japan  
2 
Department of Chemistry, University of Wisconsin-Madison,  

1101 University Avenue, Madison, WI 53706, USA 
 

h-inui@kitasato-u.ac.jp; mcmahon@chem.wisc.edu 
 

Recent years have seen a burgeoning interest in chemical reactions that occur through reaction 

mechanisms involving quantum mechanical tunneling.  We will describe examples, from our 

own research, that involve tunneling by heavy atoms and by hydrogen.   

 

Photodecomposition of 4-methylthiophenyl azide in matrixes at cryogenic temperatures 

generates a benzazirine intermediate, which was observed and identified on the basis of its IR 

spectrum.  As expected, the benzazirine photochemically rearranges to the corresponding 

ketenimine and triplet nitrene.  Interestingly, the rearrangement of benzazirine to ketenimine 

occurs in the dark at 10 K, 

despite a computed activation 

barrier of 3.4 kcal mol
‒1

.  

Because this rate is 10
57

 times 

faster than that calculated for 

passing over the barrier, and 

because it shows no 

temperature dependence, the 

rearrangement mechanism is 

interpreted in terms of heavy-

atom tunneling. 

 

Our research group maintains a longstanding interest in 

mechanisms of intramolecular hydrogen migration 

reactions in both organic and organometallic species. 

Structure-reactivity profiles have been investigated for 

hydrogen transfer reactions of triplet carbenes in the 

phenyl, naphthyl, and thienyl series.  In an inert matrix 

at low temperature, these intramolecular hydrogen 

migration reactions may be observed spectroscopically. 

These profiles reveal some interesting and puzzling 

trends.  An unusual feature of these reactions is that they 

are spin-forbidden: the carbene is a triplet, while the 

hydrogen-migration product is a singlet.   



15 

 

 

Chemical Synthesis of Designed Enediynes 

 
Graham B. Jones 

 
Department of Chemistry & Chemical Biology 

Northeastern University 

360 Huntington Avenues 

Boston MA 02115 

 
The Bergman cyclization of 3-hex-en-1,5-diynes plays a pivotal role in the activation of the enediyne 

class of antitumor agents. Though the majority of these complex natural products have succumbed to total 

synthesis, we have focused on the synthesis and analysis of designed enediynes with unique properties. 

We firstly developed a one-pot carbenoid coupling-elimination strategy which is tolerant of a wide range 

of functionalities, and can be applied to the synthesis of a variety of linear and cyclic enediynes. Reaction 

parameters can be adjusted to control stereoselectivity of the process, in the case of cyclic enediynes 

giving exclusively Z C-9, C-10, or C-11 products. Application includes synthesis of a series of cyclic 

mono- and dichloroenediynes which allowed us to study the electronic impact of the halogen on the 

Bergman cyclization. The halogen atom has a retardative effect on Bergman cycloaromatization in every 

case examined, but atom transfer chemistry on the intermediate di-radical can be conducted resulting in 

formation of adducts. We have applied the process to the preparation of enediyne-steroid and enediyne-

peptide chimeras, allowing us to uncover the proteolytic capacity of the intermediate di-radicals in 

addition to their well studied pathways for DNA damage. Inspired by one of the naturally occurring 

enediynes, neocarzinostation, we have also synthesized molecules with defined affinity for specific DNA 

and RNA bulges, and equipped these molecules with enediyne motifs to facilitate photo-Bergman 

cyclization. We have also developed new methodologies for the preparation of mAb conjugates of these 

and related agents using flow chemistry technology.  
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Bergman-Inspired Thermally and Photochemically 

Activated Diradicals:  From Inorganic Catalysts and New 

Material Morphologies to Dissolution of Biopolymers 
 

Jeffrey M. Zaleski, Joan Walker, Meghan Porter 

Department of Chemistry, Indiana University, Bloomington, IN 47401 
 

Our research interests lie in developing thermal and photochemical-Bergman cyclization 

reactivity in inorganic small molecules, porphyrins, and nanoparticle surfaces for carbon-based 

polymerization reactions, or as nature has taught us, biologically-relevant H-atom abstraction 

reactivity.  While a considerable amount of our efforts are devoted to developing fundamental 

metal-catalyzed cyclization reactions, we have also applied these motifs to a subset of natural 

biopolymers such as -amyloid plaques and fibrin clots.   

Disease states resulting from metal-mediated biopolymer deposition can arise when the 

natural cleavage mechanisms become inoperative or function poorly, such as the formation of -

amyloid plaques which have been connected to the neurodegenerative disease Alzheimer’s, as 

well as thrombotic disease (atherosclerosis) leading to heart attack or stroke.  Current treatment 

options for -amyloid plaque buildup involve inhibition or activation of specific enzymes 

involved in the disease pathway, while acute arterial thrombosis is combated via the use of anti-

platelet agents or anti-coagulants that inhibit the thrombus.  In the latter case, side effects 

associated with such anti-coagulants involve the risk of systemic bleeding which can supersede 

the benefit of the antithrombotic therapy. 

Our approach to these problems involves developing small molecule enediyne ligands 

that extract metal directly from the plaque (Cu, Zn, of Ca), or incorporation of diradicals-

generating ligands into optically-active Au and magnetically responsive Fe3O4 nanoarchitectures.  

Small molecules with N4-coordination have been developed for disaggregation of -amyloid 

plaques by in situ activation and radical-formation upon chelation of Zn(II) and Cu(II), while 

larger-payload particles that can be activated photo-thermally or by magnetic induction 

hyperthermia are applied to dissolve fibrin clots.  This presentation will describe several 

chemical and applied aspects of this work. 

 
 

 

 

  

Figure 1.  Dissolution of biopolymers by 

metal chelation-induced radical formation 

Figure 2.  SEM images showing the fibrin clot 

surface morphology change upon photolysis.  A) 

initial, b) after irradiation at λ =514 nm, 100 mW 

for 4 h.  Scale = 2 μm. 
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MINDING THE GAP - VARIATIONS ON THE BERGMAN 

THEME:  ELECTROCYCLIZATIONS OF PENTA–, HEPTA– 

AND OCTA–DIYNES 

 

Carol A. Parish 
Department of Chemistry, Gottwald Center for the Sciences, University of 

Richmond, Richmond, VA 23173, U.S.A. 
 

  

 Inspired by the pioneering work of Professor Robert Bergman, we sought to characterize 

the electrocyclization energetics of the penta-1,4-diyne anion, the hepta-1,6-diyne cation and the 

octa-1,7-diyne dication. We anticipated that the aromaticity gained upon cyclization to an 5-, 7- 

or 8-membered aromatic diradical would result in low reaction barriers and endothermicities. 

The energetics of these cyclization reactions shed light on the structural factors underlying these 

important processes. The resultant diradicals provide information regarding through-bond and 

through-space electron coupling and the role of aromaticity in the energetics of the cyclizations. 

The cyclization barrier for the 1,6-heptadiyne cation (25 kcal mol
-1

) is energetically comparable 

to that of the Bergman cyclization of (Z)-hexa-3-ene-1, 5-diyne (28 kcal mol
-1

), while the 

cyclization barrier for the 1,7-octadiyne dication (15 kcal mol
-1

) is significantly lower. All three 

diradicals display aromatic behavior as measured by nucleus independent chemical shifts. 
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Shining Light on Reaction Mechanisms on Silicon Surfaces 

 
Jillian Buriak 

University of Alberta 

 
 Using light to drive reactions on silicon to form silicon-carbon bonds is an efficient 

approach to functionalizing the surface of this technologically important material because fewer 

reagents are required; managing unreacted 'waste' photons at the end of a reaction is 

straightfoward.  More interestingly, these reactions are very intriguing from a mechanistic 

perspective because they can proceed via pathways that are entirely distinct from those in 

molecules, and can be enabled by quantum confinement effects, for instance, as is the case with 

nanocrystalline silicon. Specifically, with regards to a reaction called hydrosilylation, a carbon-

silicon bond forming reaction based upon insertion of an unsaturated bond into a Si-H bond, the 

reaction was initially believed to proceed via a simple radical mechanism, in much the same 

manner as silicon-based molecules (silanes, R3Si-H for instance). Research over the past decade 

has shown that the mechanisms in operation are far richer and more diverse than those found in 

molecular equivalents. The underlying electronics of the silicon play an important role in 

enabling the chemistry of the surface, and under many circumstances, can dominate. In this talk, 

we will provide a brief overview of light-promoted silicon surface hydrosilylation, and will 

describe new unpublished results involving plasmonics to enable surface chemistry.  
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Mechanistic Insight into the  

Formation of Covalent Organic Frameworks 

 

 
Brian J. Smith, David N. Bunck, Anton D. Chavez,  

Gippam Huang
#
, Spencer D. Brucks

#
, and William R. Dichtel* 

 Department of Chemistry and Chemical Biology, Cornell University,  

Baker Laboratory, Ithaca, NY 14850 USA 

 
Covalent organic frameworks (COFs) are periodic 2D and 3D polymer networks with high 

surface areas, low densities, and predictable structures. Despite intense interest in framework 

materials, the nucleation and growth processes of COFs, and even of more established metal-

organic frameworks (MOFs), are poorly understood. The COF growth rate’s sensitivity to 

reaction conditions provides mechanistic insight needed to improve their crystallinity and 

rationally access new materials. Such kinetic measurements are unprecedented and are difficult 

to perform on typical heterogeneous COF reaction mixtures. The synthesis of 2D boronate ester-

linked COFs under conditions in which the monomers are fully soluble will be presented. These 

homogenous growth conditions provide equal or better material quality compared to any 

previous report and enable the first rigorous studies of the early stages of COF growth. 2D COFs 

form within minutes, and their formation rate is readily quantified from optical turbidity 

measurements. For example, COF-5 formation follows an Arrhenius temperature dependence 

between 60–90 °C with an activation energy of 22–27 kcal/mol. A rate law includes a second 

order in both boronic acid and catechol moieties, and inverse second order in MeOH 

concentration. A monofunctional catechol competitor slows COF-5 formation but does not 

redissolve already precipitated COF, indicating both dynamic covalent bond formation and an 

irreversible precipitation. Finally, stoichiometric H2O provided a four-fold increased crystallite 

domain areas, representing the first rational link between reaction conditions and material 

quality.  

 

 
Figure. Model of the formation of a hexagonal 2D layered COF. 
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Understanding Substituent Effects in π-Stacking 

Interactions 

 
Steven E. Wheeler 

Department of Chemistry, Texas A&M University, College Station, TX 77843 

 
π-stacking interactions play central roles in everything from the packing of materials in the solid 

state and the binding of ligands by proteins to the control of stereoselectivity in organocatalyzed 

reactions.  Despite their importance, our understanding of these interactions, and the means by 

which their strength and geometry can be tuned, is still incomplete.  I will describe our efforts to 

understand the origin of substituent effects in π-stacking interactions through the application of 

cutting-edge tools of computational quantum chemistry.  In particular, I will show that popular 

views of π-stacking interactions, in which substituent effects arise from the π-resonance-based 

modulation of the π-electron density of the substituted ring, are flawed. Instead, I will present a 

simpler model of substituent effects in π-stacking interactions based on the local, direct 

interactions between the substituents and the other ring.  Substituent-induced changes in the π-

electron-density are minor, and have no significant impact on the strength of π-stacking 

interactions.  Implications of our local, direct interaction model of substituent interactions in π-

stacking interactions for larger aromatic systems will be presented.  Finally, I will discuss related 

issues involving the interpretation of electrostatic potential (ESP) maps.  Although these ESP 

maps are widely used in discussions of non-covalent interactions, they are often misinterpreted.  

These misinterpretations underlie much of the confusion regarding both substituent and 

heteroatom effects on many non-covalent interactions involving aromatic rings. 
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1,4,5,8-Naphthalenetetracarboxylic Diimide (NDI): Two  

Different Modes of Stacking Enable an Array of Complex 

Molecular Systems with Interesting Behaviors 

 
Brent Iverson 

The University of Texas at Austin 

 
The 1,4,5,8-naphthalenetetracarboxylic diimide (NDI) unit has proven to be an extremely 

versatile building block in the construction of complex molecular systems.  The non-covalent 

interactions of NDI are dominated by its four highly polarized carbonyl groups that dictate a 

face-centered stacking geometry with aromatic derivatives possessing electron rich groups (i.e. 

ethers) on their periphery.  Interestingly, face-centered stacking by NDI is also highly favored 

with the DNA base-pairs.  Alternatively, NDI can self-stack in an offset fashion that maximizes 

interactions between electron deficient carbonyl carbon atoms of one NDI unit and the electron 

rich carbonyl oxygen atoms of the adjacent NDI in the stack.  Almost two decades of work in our 

laboratory has verified that in a mesophase or especially in aqueous solution in which 

desolvation provides a strong driving force, NDI prefers face-centered stacking with aromatics 

containing electron rich groups.  In the solid state, however, NDI often prefers offset self-

stacking.  A number of complex molecular systems incorporating NDI or analogous aromatic 

units will be presented including new DNA double helices containing NDI, NDI-based DNA 

polyintercalating molecules with unprecedented specificities/bound half-lives, synthetic folding 

molecules incorporating NDI that possess properties analogous to natural amyloids, NDI-based 

mesophase materials that change color in dramatic fashion upon heating/cooling and new donor-

acceptor dyad materials that also exhibit remarkable thermochromism.  These latter three 

systems are particularly interesting because their unusual behaviors derive from an ability to 

transition between the two different stacking geometries. 
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Properties of Gaseous Biomolecular Ions Probed using 

Fluorescence and Fluorescence Resonance 

Energy Transfer (FRET) 

 
Rebecca A. Jockusch, Martin F. Czar, Stephen V. Sciuto 

Department of Chemistry, University of Toronto, Toronto, Canada M5S 3H6 

 
The function of biological molecules is dependent on properties including biomolecular 

structure, stability, dynamics and interactions. While the complexity of the native environment is 

desirable for function, isolation of biological molecules from their normal environment provides 

valuable simplification, allowing study of their intrinsic properties. My research program 

combines trapping mass spectrometry with optical spectroscopic techniques in order to 

characterize properties of biomolecules and their complexes in a highly-controlled gas-phase 

environment. In particular, we are pursuing the use of fluorescence and fluorescence resonance 

energy transfer (FRET) techniques to probe ion conformation. Here, I present results from FRET 

experiments on the B1 domain of protein G (GB1) after it was transferred into the gas phase 

using electrospray ionization (ESI). FRET efficiencies for a range of charge states of the gaseous 

protein were measured. Results indicate that lower charge states of the gaseous protein are more 

compact than higher charge states. However, FRET efficiencies for even the lowest substantially 

populated charge state of the gaseous protein are considerably lower than they are for the protein 

in solution, suggesting that GB1 unfolds upon ESI. I will also briefly discuss results from a 

second project in which changes in the fluorescence of classic DNA stain ethidium upon binding 

to double-stranded (ds) DNA in the gas phase. Our results suggest that the turn-on response of 

ethidium fluorescence upon binding dsDNA in solution is due to the elimination of solvent 

interactions. These results are consistent with the suggestion that an excited-state proton transfer 

is responsible for the majority of 

quenching of ethidium 

fluorescence in solution. In the 

future, these techniques will be 

extended to study gas-phase 

clusters containing biomolecules 

and a known number of solvent 

molecules or other interaction 

partners. Thus, these results 

form a basis from which to 

better understand how individual 

non-covalent interactions, 

including those with the solvent, 

affect protein and DNA 

conformation. 

 
  



23 

 

Ion Mobility Gas and Solution Phase Studies of 

Chemokine- Glycosaminoglycan Complexes 
 
 

Julie A. Leary, Youjin Seo, Armann Andaya 
U.C. Davis, Department of Molecular and Cellular Biology 

 

 

 Chemokines, 8 kDa proteins implicated in leukocyte migration via oligomerization, bind 

to glycosamino-glycans (GAGs) during the inflammation response as a means to regulate 

chemokine migration. Serum samples from pre-and post-menopausal women with Rheumatoid 

Arthritis indicates important changes in GAG structure with onset of disease and menopause. 

Structural characterization of chemokines non-covalently bound to GAGs provides physio- 

logically meaningful data in regard to routine inmmunosurveillance and disease response. In 

order to analyze the structures resulting from the GAG:chemokine interaction, we employed ion 

mobility mass spectrometry (IMMS) to analyze monocyte chemoattractant protein-1 (MCP-1), a 

CC chemokine, and interleukin-8 (IL-8), a CXC chemokine, along with their individual 

interactions with GAG heparin octasaccharides. 

 We show that MCP-1 and IL-8 are physiologically present as a dimer, with MCP-1 

having two variants of its dimeric form and IL-8 having only one. We also show that the MCP-

1 dimer adopts two conformations, one extended and one compact, when bound to a 

dodecasulfated heparin octasaccharide. Binding of MCP-1 to heparin octasaccharide isomers of 

varying sulfation patterns results in similar arrival time distribution values, which suggests 

minimal distinguishing features among the resultant complexes. Additionally, tandem mass 

spectrometry (MS/MS) showed that the binding of MCP-1 to a heparin octasaccharide has 

different dissociation patterns when compared with the corresponding IL-8 bound dimer. 

Overall, IMMS and MS/MS were used to better define the structural tendencies and differences 

associated with CC and CXC dimers when associated with GAG octasaccharides. 
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High-spin iron complexes featuring metal-ligand multiple 

bonds for catalyzing CH bond functionalization 

 
Elisabeth Hennessy, Diana Iovan, Richard Liu

#
, Theodore Betley

*
 

 

Harvard University, 12 Oxford Street Cambridge, MA 02138 

 
In pursuit of functional analogues to the oxyferryl in cytochrome P450, we pursued coordination 

complexes of weak-field dipyrrin ligands. Oxidative group transfer to a ferrous dipyrrinato 

complex yielded a ferric iminyl radical competent for nitrene delivery to the CH bonds in 

olefinic and aliphatic substrates. The unique electronic structure of the reactive intermediate 

facilitates nitrene delivery via attenuation of the strength of the metal-ligand multiple bond, as 

well as preserve the quintet spin-manifold throughout the catalytic cycle. This strategy facilitates 

the direct amination of aliphatic CH bonds to furnish cyclic amine products under mild 

conditions. Using organic azides as the oxidizing agent, allylic, benzylic, tertiary, secondary, and 

primary CH bonds have been catalytically functionalized to furnish azetidine, pyrrolidine, and 

piperidine N-heterocyclic products. The oxidative amination of CH bonds preferentially to 

more electron-rich substrates (olefins and aromatics) is made possible by the unique electronic 

structure of the putative iron-stabilized iminyl radical intermediate. Progress towards the 

development of a stereoselective version of this cyclization reaction will be discussed.  
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Understanding and Design of Organometallic Reactivity 

with Experimental and Computational Tools 

 
Franziska Schoenebeck 

RWTH Aachen University, Institute of Organic Chemistry,  

Landoltweg 1, 52062 Aachen, Germany 

 
Detailed understanding of catalytic transformations is key to designing better catalysts. This talk 

will give insights on case studies and reactivity designs recently undertaken in our laboratory. A 

combination of experimental and computational tools were applied to study and/or predict the 

favoured reaction mechanisms, active catalytic species, ligand and additive effects of selected 

transformations mediated by palladium species of the oxidation states 0, I, II and III that are of 

relevance to C-H activation and cross-coupling processes. As a result of these investigations, 

novel reactivities have been uncovered and applications developed.
[1] 

 

[1] (a) F. Proutiere, F. Schoenebeck, Angew. Chem. Int. Ed. 2011, 50, 8192; (b) P. Anstaett, F. 

Schoenebeck, Chem. Eur. J. 2011, 17, 12340; (c) F. Proutiere, M. Aufiero, F. Schoenebeck, J. Am. Chem. 

Soc. 2012, 134, 606; (d) M. Aufiero, F. Proutiere, F. Schoenebeck, Angew. Chem. Int. Ed. 2012, 51, 7226; 

(e) M. C. Nielsen, E. Lyngvi, F. Schoenebeck, J. Am. Chem. Soc. 2013, 135, 1978.; (f) I. A. Sanhueza, A. 

M. Wagner, M. S. Sanford, F. Schoenebeck, Chem. Sci. 2013, 4, 2767; (g) K. J. Bonney, F. Proutiere, F. 

Schoenebeck, Chem. Sci. 2013, 4, 4434; (h) M. C. Nielsen, K. J. Bonney, F. Schoenebeck, Angew. Chem. 

Int. Ed. 2014, 53, 5903. 

 

 

 
  



26 

 

 

Molecular Oxygen as a Reagent in Late Transition Metal 

Organometallic Chemistry  

 
Karen I. Goldberg 

University of Washington 

 
From environmental and economic standpoints, molecular oxygen represents an ideal 

oxidant for chemical transformations. However, homogeneous catalytic systems that are able 

combine the remarkable selectivity of organometallic mediated reactions with this abundant, 

inexpensive and environmentally friendly oxidant have been somewhat slow to develop.  

Limiting our progress in this area has been an insufficient understanding of how oxygen reacts 

with transition metal complexes.   
With the goal of developing organometallic catalysts that selectively oxidize hydrocarbons 

using molecular oxygen, our laboratory has been investigating the reactions of a range of late 

transition metal compounds with molecular oxygen. The formation of superoxo and peroxo 

complexes, the insertion of oxygen into metal-hydride and metal-alkyl bonds to form metal-

hydroperoxides and metal-alkylperoxides, respectively, and oxygen-induced reductive 

elimination have all been observed. Mechanistic investigations and our nascent understanding of 

a variety of these oxygen reactions with late transition metal complexes will be presented. 
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Anion-Binding Catalysis 

 
Eric N. Jacobsen 
Harvard University 

 
Efforts spearheaded by our group and others have led to the discovery that low molecular 

weight, chiral synthetic molecules possessing distinct hydrogen-bond donor motifs catalyze an 

array of C–C and C–heteroatom bond-forming reactions with high enantioselectivity and broad 

substrate scope.  Dual hydrogen bond donors such as ureas, thioureas, squaramides, and 

guanidinium ions have been studied in detail in the context of electrophile activation.  These 

catalytic transformations operate by either of two, fundamentally different modes of electrophile 

activation: 1) direct hydrogen bonding to a neutral electrophile, and 2) a new and unanticipated 

mechanistic framework involving anion binding.  The latter manifold has enabled the discovery 

that cationic intermediates can be generated and induced to undergo highly enantioselective 

reactions by chiral hydrogen-bond donor catalysts.  We have applied this new reactivity concept 

to several classes of cationic electrophiles that have presented long-standing challenges to 

asymmetric catalysis.   

 

In this lecture, detailed kinetic and mechanistic studies will be presented of a model catalytic 

anion-abstraction process.  These investigations have revealed an unanticipated role of catalyst 

aggregation both in the ground state and in the transition state, along with effective new 

strategies for the design of more active catalysts. 
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Organometallic Mechanisms 

 
Robert H. Grubbs 

California Institute of Technology 

Pasadena, CA 91030 

 
 The organometallic chemists who started programs in the late 60’s had been trained as 

either organic or inorganic chemists.  The inorganic trained chemists were mostly focused on 

synthesis and structure while most of the organic chemists focused on reactivity and 

mechanisms.  The Bergman group provided leadership in the understanding of the detailed 

mechanisms of a wide array of reactions starting with the mechanisms of acetylene cyclization 

while at Caltech and then opening the field of C-H activation at Berkeley. After early work on 

reactive organic intermediates, his research has set the standard for mechanistic studies in 

organometallic chemistry for 47 years. 

 The olefin metathesis reaction has been the topic of most of our mechanistic work over 

the past decades with the understanding of the features that control double bond geometry being 

are most recent focus.  Through computational and tradition mechanistic studies, a consistent 

picture of how the catalysts are prepared and react has been developed.  Factors that control 

product selectivity are now being defined.  Other mechanistic questions such as the factors that 

control the selectivity of the Wacker process and a surprising C-H activation process are also 

being explored. 
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Pi-Stacked Radical Dimers as Spin-Switchable Organic 

Materials 
 

Alexander T. Buck, Margarita R. Geraskina, Arthur H. Winter  
Iowa State University, Department of Chemistry 

 
Changes in spin state are known to lead to vast changes in molecular properties in 
metals and inorganic complexes, typically including changes in color, infrared 
absorption and emission, luminescence, crystallinity, conductivity, and magnetism, 
among others.  But spin control is normally confined to transition metals and 
organometallic complexes and is not a property normally associated with stable 
organic structures.  Increasing interest in stimuli-responsive soft materials led us to 
investigate whether it would be possible to incorporate structures with controllable 
spin states into organic materials to allow changes in material properties to arise 
from changes in spin configuration.  Thus, we synthesized a covalently-linked 
viologen cation radical dyad, which is a water soluble species that forms a weak pi 
bonded dimer, leading to a spin-paired diamagnetic state that is EPR silent.  Upon 
input of a stimulus that breaks the pi bonding interaction (non-covalent interaction, 
temperature change, etc), the spin state is switched to the spin-unpaired 
paramagnetic form, leading to large changes in optical and magnetic properties.   
These structures are promising building blocks in the synthesis of bulk materials 
with switchable magnetic properties, and also may find use in biological 
applications as switch-on magnetic resonance probes.   
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Isomerization of Cycloartenol – An Indcator of Thermally-

Treated Olive Oil 
 

Henry Wedler, Ryan Pemberton, Dr. Selina Wang, and  
Prof. Dean J. Tantillo* 

University of California–Davis, Department of Chemistry 
 

Cycloartenol is a steroidal triterpenoid found naturally in olive oil. When 
cycloartenol is heated to above ~30oC, it has been shown to isomerize to a different 
product. We have investigated this isomerization process using quantum chemical 
calculations and found that the pathway features a 1,2-hydride shift proceeded by 
protonation of a carbon. Our calculations were performed at mPW1PW91/6-
31+G(d,p). Transition state structures were located by scanning C-H bond 
distances and optimizing the maximum-energy points of these scans as transition 
states. This procedure makes locating transition state structures completely 
accessible to a visually impaired person. Models of the reactants and intermediates 
constructed by a 3D printer also allow a blind chemist to examine the structures 
without sighted assistance. Our results show the energy barrier to be approximately 
3.4kcal/mol for the 1,2-hydride shift, suggesting that the process is energetically 
feasible at 35oC. Therefore, the presence of cycloartenol’s isomerized product in 
olive oil is probably due to thermal processing of that oil. Computational and any 
experimental results for cycloartanol and its isomerized product if applicable will 
be discussed. The protonation step of the isomerization is modeled by delivery of 
the proton by acetic acid adding a proton to cycloartenol which opens the 
cyclopropane ring. Proton affinities of cycloartenol protonated by acetic acid in 
several solvent media will be presented.  Physical three-dimensional models of 
intermediates complete with Braille labels for reactants, intermediates, and 
products will be presented and methodologies using 3-D printouts to make 
computational organic chemistry accessible to the blind will be addressed.  
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Gas-Phase Characterization of 
a Phenylalanine Derivative with a Remote Positive Charge 

Deon Turner# and Paul Wenthold* 
Department of chemistry, Purdue University 

This study describes a characterization of the canonical structure of the amino acid 
phenylalanine.  A charge is placed on the para-position of the amino acid and by using 
an LCQ-DECA mass spectrometer we are able to examine the decomposition pathways 
upon collision-induced dissociation (CID).  Previous experiments have examined para-
phenylalanine sulfonate, so this study allows us to compare the effect of the sign of the 
charge on the dissociation. 
 
Electrospray ionization of a solution of 4-trimethylammonium-phenylalanine, PheNMe+

3 
in DMF solvent gives the ionized phenylalanine as the main product.  Electronic 
structure calculations predict that the stable geometry has a canonical (non-zwitterionic) 
amino acid structure.  Upon CID we see that the compound dissociates by two different 
pathways, shown in scheme 1.  The first begins with a loss of NH3 group, forming 
presumably the a-lactone which dissociates by loss of CO, and then further.  This 
pathway is similar to what was observed for the sulfonated dissociation.  However with 
PheNMe+

3 we also observe loss of CO2, to form the amine.  This pathway does not 
occur with the sulfonated amino acid.  We speculate as to the source of the differences 
is caused by the different charge polarity. 

Scheme 1 
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Cationic Rearrangements in Pyrene Derivatives 

Hilary B. Thompson#, Richard P. Johnson*,  
and Sarah Skraba-Joiner !

Department of Chemistry, University of New Hampshire, Durham, NH 03824 !
Our group has been studying superacid catalyzed rearrangements in arenes (J. Org. Chem. 2012, 
77, 9487.)  These reactions have the potential to prepare isomers not easily available by direct 
synthesis.  Electrophilic substitutions on pyrene most commonly occur at the equivalent 1, 3, 6, 
and 8 positions (Chem. Rev. 2011, 111, 7260), which greatly limits the synthesis of pyrene 
derivatives. This substitution occurs because electrophilic addition at this site leads to the more 
stable pyrenium ion.  

DFT compuations on the pyrene cation surface support the likelihood of unidirectional 
rearrangement according to the mechanism below. Rearrangement begins with ipso protonation at 
C1 and is completed by hydride shift to afford the most stable cation, followed by deprotonation. 
Our experimental studies have focused on 1-phenylpyrene and 1,1’-bipyrene.  Preliminary 
results suggest rearrangement at low superacid concentration and moderate temperature. 
Increased superacid concentration unexpectedly results in fragmentation of bipyrene into pyrene.   
We are working to optimize  reaction conditions.
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Nonplanar Aromatics: Building from Dibenzochrysene 

 
Min K. Song, Caitlin L. Hoffman, and Richard P. Johnson* 

University of New Hampshire, Department of Chemistry 
 

Dibenzochrysene (DBC) is one of the simplest nonplanar aromatics. The structure has D2 
symmetry with a predicted 10.3 kcal/mol barrier for inversion that passes through an 
intermediate structure of C2h symmetry. We have developed routes to DBC based on oxidative 
cyclization of tetraphenylethylene with triflic acid/DDQ and by microwave flash pyrolytic 
(MFP) dimerization of fluorene.   
 

 
 
We are using experiment and theory to study structures in which a DBC core is symmetrically 
extended through the bay region (mode A) or along either face (modes B – D) of the aromatic 
rings. The synthesis of suitable precursors for oxidative or photochemical cyclization is in 
progress.  DFT calculations have been used to predict structures and electronic properties for 
structures of interest. One novel result is that, for longer members of the (A) series, a helical 
structure is predicted to be of lowest energy.  
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A versatile model system for studying non-covalent 
interactions of aromatic surfaces 

 
Ping Li, Jung wun Hwang, Ken D. Shimizu* 

Department of Chemistry and Biochemistry, University of South Carolina, 
Columbia, SC 29205 USA 

 
Non-covalent interactions of aromatic surfaces are important to the function of many synthetic 
and biological systems.1 Yet, the fundamental origins and stability trends of these weak 
interactions are still a subject of considerable study and debate. One reason is the lack of 
accurate and comprehensive experimental data.  To address this problem, we developed a small 
molecule model system that can form and accurately measure the strength of intramolecular 
interactions of aromatic surfaces.2 Due to a central N-arylimide single bond with restricted 
rotation, the rigid bicyclic framework is in equilibrium between folded and unfolded 
confirmations, which can and cannot form the intramolecular noncovalent interaction. Thus, 
measurement of the folded/unfolded ratio by 1H NMR integration provides a measure of the 
interaction of interest. Due to the synthetic versatility and ease of preparation, we have applied 
this model system to study a range of noncovalent interactions of aromatic services including: 
face-to-face π-stacking,2 edge-to-face π-stacking, CH-π,3 deuterium(CH)-π,4 halogen-π, 
heterocyclic π-stacking,5 cation-π5, polarizability, and substituent effects. 

 

  
 
References 
1) Meyer, E. A.; Castellano, R. K.; Diederich, F. Angew. Chem., Int. Ed. 2003, 42, 1210-1250. 
2) Carroll, W. R.; Pellechia, P.; Shimizu, K. D. Org. Lett. 2008, 10, 3547-3550. 
3) Carroll, W. R.; Zhao, C.; Smith, M. D.; Pellechia, P. J.; Shimizu, K. D. Org. Lett. 2011, 13, 
4320-4323. 
4) Zhao, C.; Parrish, R. M.; Smith, M. D.; Pellechia, P. J.; Sherrill, C. D.; Shimizu, K. D. J. Am. 
Chem. Soc. 2012, 134, 14306-14309. 
5) Li, P.; Zhao, C.; Smith, M. D.; Shimizu, K. D. J. Org. Chem. 2013, 78, 5303-5313. 
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Cu(I)-catalyzed 1,3-halogen migration reactions: synthetic 

utility and mechanistic insights 
 

R.J. Van Hoveln1, S.C. Schmid1, G. LeGros#,1, B.M. Hudson2, H.B. 
Wedler2, D.J. Tantillo2, J.M. Schomaker1    

1Department of Chemistry, University of Wisconsin, Madison WI  53706 
2Department of Chemistry, University of California, Davis CA   

 
 

We have discovered a series of unusual Cu(I)-catalyzed 1,3-halogen migration reactions of 2-
halostyrenes that yield tandem functionalization of both the alkene and the aryl halide of the 

substrates. An asymmetric version of this chemistry has recently been developed that 
accomplishes the formal hydrobromination of alkenes to yield enantioenriched benzyl bromides. 

The benzylic bromide can be displaced with a variety of heteroatom and carbon-based 
nucleophiles with good retention of stereochemical information. These new boronic esters should 

prove to be useful building blocks for the synthesis of bioactive molecules. 
 

  The Cu-catalyzed transfer of the bromine activating group from a sp2 aryl carbon to the 
benzylic carbon, with concomitant borylation of the Ar-Br bond, represents an intriguing mode 
of reactivity.  We have collaborated with the Tantillo group to uncover potential mechanistic 

pathways through computational studies; the insights from these investigations have allowed us 
to expand the synthetic utility of Cu-catalyzed 1,3-halogen migration. 
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Structural Effects on Concerted Proton-Electron Transfer 
Reactivity of Base-Appended Radical Cations 

 
Evan A. Welker,†# Daniel J. Robinson,†# Francesca Marie Claire S. 

Simpson,†# Melissa J. Vettleson,†#  Stefan Stoll,‡ Jeffrey P. Wolbach,† 
Ian J. Rhile†,* 

University of Washington,‡ Albright College† 
 

Proton-coupled electron transfer (PCET) model systems combine a one-electron oxidant and a 
base to generate net hydrogen atom acceptors. We have synthesized pyridine-appended radical 
cations: 10-(pyrid-2-yl)-10H-phenothiazinium (py-PT•+) and 3-(pyrid-2-yl)-10-methyl-10H-
phenothiazine (MePT-py•+). Generated from oxidation of the neutral precursors, the radical 
cations persist from hours to days in acetonitrile solution. The UV-vis and EPR spectra are 
characteristic of phenothiazinium radical cations. Addition of hindered phenols causes the radical 
cations to decay, and the phenoxyl radicals and py-PTH+ to form. Kinetics studies provide free-
energy barriers, and cyclic voltammetry and acid-base equilibration provide ΔG for 
intermediates for possible stepwise mechanisms. These free energy comparisons and measured 
isotope effects indicate that concerted proton-electron transfer (CPET) is the mechanism. The 
reaction of MePT-py•+ with 2,4,6-tri-tert-butylphenol is faster than that of py-PT•+ despite being 
less exoergic. Computational results indicate a significant conformational change for the latter 
reaction, and consequent steric interactions on the diabatic surface force it to be intrinsically 
slow. More recent studies have centered on tuning the driving forces by varying groups on the 
radical cation and base, and separating them with a methylene tether. 
 

  
py-PT•+ MePT-py•+ 

 
 

 
 py-PT•+ py-PTH+ 
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How alkyl halide structure affects E2 and SN2 reaction 
barriers:  E2 reactions are as sensitive as SN2 reactions 

 
Paul Rablen,* Brett McLarney,# Brandon Karlow,# and Jean Schneider# 

 
Swarthmore College, Department of Chemistry and Biochemistry, 500 College 

Ave., Swarthmore, PA 19081, USA 
 

ABSTRACT:  High-level electronic structure calculations, including a continuum treatment of 
solvent, are employed to elucidate and quantify the effects of alkyl halide structure on the 
barriers of SN2 and E2 reactions.  In cases where such comparisons are available the results of 
these calculations show close agreement with solution experimental data.  Structural factors 
investigated include !- and "-methylation, adjacency to unsaturated functionality (allyl, benzyl, 
propargyl, ! to carbonyl), ring size, and !-halogenation and cyanation.  While the influence of 
these factors on SN2 reactivity is mostly well known, the present study attempts to provide a 
broad comparison of both SN2 and E2 reactivity across many cases using a single methodology, 
so as to quantify relative reactivity trends.  Despite the fact the most organic chemistry textbooks 
say far more about how structure affects SN2 reactions than about how it affects E2 reactions, the 
latter are just as sensitive to structural variation as are the former.  This sensitivity of E2 
reactions to structure is often underappreciated. 
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Applications of Bis(trimethylsilyl)butadiyne in 1,2,3-Triazole 
Synthesis 

 
Grace Putka#,1, Ronald Brisbois*,1, Jesse Cutter#,1, Francis 

Gwandu#,1, Anna Johnson#,2 
1 Macalester College, 1600 Grand Avenue, St. Paul, MN  55105 
2 Normandale Community College, 9700 France Avenue South, 

Bloomington, MN  55431 
 

The 1,2,3-triazole scaffold is an important pharmacophore and a versatile, increasingly 
leveraged, substructure in biochemical, materials, polymer, and metal-coordinating applications. 
Continuing advances in 1,2,3-triazole construction, by either non-catalyzed or metal-catalyzed 
azide/alkyne cycloaddition, foster further creative use. We recently developed and reported a 
general protocol for the synthesis of 4,5-bis(trimethylsilyl)-1,2,3-triazoles via thermal Huisgen 
cycloaddition between azides and bis(trimethylsilyl)acetylene.  Extending that work, we have 
recently determined that the combined action of Cu(I)/Ag(I)/L-ascorbate(Na) causes bis-
desilylation of 1-benzyl-4,5-bis(trimethylsilyl)-1,2,3-triazole, producing 1-benzyl-1,2,3-triazole 
in high yield.  We have also recently demonstrated that these reaction conditions permit use of 
bis(trimethylsilyl)acetylene—directly serving as an acetylene equivalent—for the high yield, 
one-pot preparation of 1-benzyl-1,2,3-triazole via reaction with benzyl azide.  Extending this 
work, we have optimized a protocol for reacting bis(trimethylsilyl)butadiyne with azides to form 
5-trimethylsilylethynyl-4-trimethylsilyl-1,2,3-triazoles in good to excellent yield.  Preliminary 
results indicate that the combined action of Cu(I)/Ag(I)/L-ascorbate(Na) causes very efficient 
bis-desilylation on these compounds as well. 
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Observation of Norton-Type Intermediates in Binuclear 

Reductive Eliminations by Photocrystallography 
 

David C. Powers and Daniel G. Nocera* 
Harvard University, Department of Chemistry and Chemical Biology 

 
Polynuclear transition metal complexes have attracted enormous interest from the synthetic 

community based on the premise that metal–metal cooperation may provide access to unique 
chemical transformations. Binuclear elimination reactions via ligand-bridged binuclear 
intermediates, originally described by Norton for alkane elimination reactions from Os 
complexes,1 is one mechanism by which metals have been proposed to interact during catalysis.  

We are interested in developing molecular photocatalysts for splitting hydrohalic acids (HX) 
to their elemental constituents (H2 and X2). X2 elimination is the thermodynamically demanding 
step in such a reaction and is responsible for the energy storage implicit in an HX-splitting cycle. 
A family of two-electron mixed valent Rh2 HX-splitting photocatalysts (i.e. 1) has been 
developed based on the hypothesis that ground state mixed valency can engender molecular 
excited states with the proclivity to engage in two-electron redox transformations, such as X2 
elimination. Nano-second resolved transient absorption has recently led to the conclusion that 
access to a photointermediate, not ground-state mixed valency, is the driver of halogen 
elimination efficiency.2 Using steady-state single-crystal photocrystallography, the structure of 
the critical halogen-elimination photointermediate has been established to be a Cl-bridged Rh2 
complex (3), which is an intramolecular analog of the classical ligand-bridged intermediates 
invoked in binuclear elimination reactions. Inspired by the structural insight obtained by 
photocrystallography, a new family of HX-splitting photocatalysts has been prepared in which 
the ligand-bridged geometry is stabilized. These complexes have proven to be more active 
catalysts in HX-splitting photochemistry than related complexes without bridging ligands. 

 
                                                
1 Norton, J. R. Acc. Chem. Res. 1979, 12, 139-145. 
2 Powers, D. C.; Chambers, M. B.; Teets, T. S.; Elgrishi, N.; Anderson, B. L.; Nocera, D. G. Chem. Sci. 2013, 4, 2880–2885. 
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The Chemistry of Triplet Arylnitrenes – A DFT Study of 

Possible Mechanisms for Azo-dimer Formation  
 

James S. Poole* 
Department of Chemistry, Ball State University, Muncie IN 

 
Triplet arylnitrenes are known to form azo-dimers under photolysis conditions, and two possible 
mechanisms have been proffered, one of which involves the reaction of a triplet nitrene with its 
parent azide.  The assessment of this model, as well as competing mechanistic models, using the 
kinetics of formation of 4,4’-azobis(pyridine 1-oxide) (1) from laser flash photolysis of the 
corresponding azide (2), is described in an accompanying contribution.  In this contribution, we 
investigate the possible mechanistic pathways, and the structures of intermediates formed from 
the reaction of the triplet nitrene 3 with 2. 
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In this initial study, potential reactions on the triplet and closed shell singlet surfaces were 
investigated by DFT methods, at B3LYP/6-31G*; a well-established, computationally 
undemanding and reasonably robust level of theory.  The energies of the open-shell singlet 
systems were approximated from the mixed-state approach that has been successfully utilized to 
describe open-shell nitrene systems with reasonable accuracy.  A number of potential points of 
attack for the nitrene on the azide moiety were considered, and our preliminary results for this 
system are discussed. 
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The Chemistry of Triplet Arylnitrenes – An Investigation 

into the Kinetics of Azo-dimer Formation 
 

Alec Q. Ribblett# and James S. Poole* 
Department of Chemistry, Ball State University, Muncie IN 

 
Triplet arylnitrenes, formed under photolytic conditions (such as LFP experiments), are known to 
form azo-dimer compounds as the dominant triplet product.  Two mechanisms have been 
postulated – the first involving coupling of two nitrene species (2nd order), and the second 
involving the reaction of the triplet nitrene with its parent azide (potentially pseudo-1st order).  
An additional hypothesis, whereby both mechanisms occur, each becoming favored depending 
on the conditions, also exists.  Experimental support for these models is difficult since triplet 
arylnitrene chemistry competes (often unsuccessfully) with singlet arylnitrene chemistry at room 
temperature. 
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The compound 4-azidopyridine 1-oxide (1) is relatively unusual in that the observed nitrene 
chemistry is dominated by triplet nitrene (2) chemistry, even at room temperature, leading to the 
formation of dimer (3).  In principle, therefore, this species provides an opportunity to test 
kinetic models for the formation of 3, which has a distinctive absorbance, well separated from 
those of both 1 and 2.  In this contribution, the kinetics of formation of 3 are determined 
experimentally by LFP methods, and assessed in terms of three possible kinetic models: a 
pseudo-1st order, a 2nd-order, and a competing model.  The kinetic data derived from these 
models are discussed. 
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Rational Design of Molecular Baskets for 
Organophosphonate Encapsulation 

 
Paul W. Peterson, Jason D. Brown, Shane M. Polen, Katharine 

J. Cahill, Jovica D. Badjic*, and Christopher M. Hadad* 
Department of Chemistry and Biochemistry, The Ohio State University, 

100 West 18th Avenue, Columbus, OH 43210 
 

The toxicity of organophosphorus (OP) nerve agents emanate from hydrolysis of 
the organophosphate by acetylcholinesterase (AChE). The trapping of 
organophosphonates by a synthetic scavenger, instead of AChE, has potential to save 
many lives from a chemical attack. The focus of this work is the rational design of such a 
scavenger that would encapsulate organophosphonate derived nerve agents. The proposed 
scavenger is a molecular basket that has the potential to trap organophosphonates and to 
prevent the subsequent hydrolysis by AChE.   

The baskets contain three structural elements as illustrated below.  The floor is a 
benzene ring flanked by three bicyclo [2,2,1] heptanes.  The arms are derived from 
benzophthalimides. The caps are different amino acids substituted on the nitrogen of each 
phthalimide arm.  The ability of the basket to form stabilized complexes can be altered by 
altering the amino acid caps. The basket geometries were optimized, computationally, 
with a variety of OP guests.  Investigation of changes in basket geometries and the 
relative conformations of the organophosphonates provide a window into the structural 
relationships between the host and guest.  A model study was performed to assist in the 
prediction of the optimum geometric relationship between the OP and the basket. 
Investigation of the cooperative role of electronic and spatial interactions between the OP 
guest and the basket host may lead to potential therapeutic scavengers.  

!

!

Figure 1. Leucine substituted molecular basket depicting encapsulation of diisopropyl 
methylphosphonate, DIMP (left), and representation of [leucine basket!DIMP] with 
hydrogens removed for clarity (right). 
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Synthesis of 6-methylidenebicyclo[3.1.0]hex-3-en-2-one for 

the Investigation of High Energy Ring Expansions 
 

Ismael A. Rodríguez Pérez#, Kyle S. Stumetz#, Jason T. Nadeau#, 
Matthew E. Cremeens* 

Department of Chemistry & Biochemistry, 
 
 

In past studies, the reaction pathways of nine fused cyclopropane derivatives were mapped using 
density functional theory (DFT) and complete active space self-consistent field (CASSCF) 
methods. Since the ring openings involve relatively high-energy species that lead to low energy 
aromatic species, we posited, and calculations suggested, that such reaction paths might come 
close to, or cross, excited-state surfaces.  We report efforts to synthesize one of the nine cases, 6-
methylidenebicyclo[3.1.0] hex-3-en-2-one using two different methods to do so. A four-step 
synthesis outlined by Rule et al. and a five-step synthesis outlined by Rule et al. with insights 
from Banwell et al., Boatman et al., and Warner et al. Although the synthesis has been 
unsuccessful thus far, efforts are being made in the alteration of reaction procedures and 
conditions. Future work will be focused toward investigating the ring opening mechanism of 6-
methylidenebicyclo[3.1.0] hex-3-en-2-one, to aid in the characterization of a high energy ring 
expansion, using trapping studies. 
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A Tail of Many Cations from the Bisabolyl to the Zizyl: 
Formation of Epi-isozizaene via Epi-isozizaene Synthase 

Pemberton, Ryan P.#; Tantillo, Dean J.* 
University of California-Davis, Department of Chemistry 

 
Epi-isozizaene (EIZ) is a sesquiterpene isolated from a recombinant enzyme, epi-isozizaene 
synthase (EIZS).  There are many mutants of EIZS that produce a variety of sesquiterpene 
natural products.  The wild-type EISZ is extremely efficient at this chemical transformation, 
where EIZ dominates more than 93% of the natural product distribution at room temperature.  
David Cane, David Christianson, and co-workers have identified lower temperatures that raise 
abundance of EIZ in the product ratio to 99%.  Because of the number of conformational and 
mechanistic possibilities inherent to the bisabolyl cation (a well accepted intermediate in the 
proposed pathway), there is a lot to learn about how this 11 step chemical transformation occurs 
with extremely low fidelity inside the EISZ active site.  
 
Computational methods are employed to unravel the role of EIZS.  The inherent potential energy 
surface (PES) and dynamic effects associated with the transformation of the bisabolyl cation to 
the zizyl cation couple with conformational preorganization to represent many elements that 
need to be considered.  Additionally, a Big Data approach is taken to further understand the 
inherent selectivity of specific bisabolyl conformers resulting from direct dynamics simulations 
performed at the mPW1PW91/6-31+G(d,p) level.  A theozyme model has also been developed; 
consisting of four truncated residues, a truncated diphosphate, and the 1,2 hydride-shift transition 
state that connects the bisabolyl cation to the homobisabolyl cation on the PES.  Future work 
aims to identify the role of EIZS beyond conformational preorganization as it alters the inherent 
PES, and guides the bisabolyl cation towards EIZ formation via the theozyme approach. 
 

 

Figure 1. Proposed biosynthetic mechanism for epi-isozizaene. 
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Theoretical Prediction of an Enzyme-Catalyzed 
Transannular 1,3-Dipolar Cycloaddition in the Biosynthesis 

of Lycojaponicumins A and B 
 

Elizabeth H. Krenske,*,† Ashay Patel,‡ and K. N. Houk*,‡  
†School of Chemistry and Molecular Biosciences, University of Queensland, 

Brisbane, QLD 4072, Australia 
‡Department of Chemistry and Biochemistry, University of California, Los 

Angeles, CA 90095, USA. 
 

Nature is not known to perform (enzyme-catalyzed or otherwise) 1,3-dipolar cycloadditions. 
However, a 1,3-dipolar cycloaddition was recently proposed as a key step in the biosynthesis of 
two alkaloid natural products, lycojaponicumins A and B. The cycloaddends, a nitrone and 
enone, are believed to undergo a transannular 1,3-dipolar cycloaddition to form the fused 
tricyclic isoxazolidine ring system featured in these alkaloids. To demonstrate that the proposed 
nitrone cycloaddition is a viable step in lycojaponicum biosynthesis, we modeled the reaction 
using density functional theory. Our calculations demonstrate that, despite the strain associated 
with the reaction, the nonenzymatic cycloaddition is a facile process (k = 10–3 s–1, t½ = 600 s) at 
room temperature. In fact, this transannular 1,3-dipolar cycloaddition is more facile than the 
corresponding bimolecular reaction.  Thus, the favorable entropy of the transannular reaction – 
due to its unimolecular nature – more than compensates for the increased strain of this process. 
Also according to our calculations, selective hydrogen bonding of the enone carbonyl in a 
nonpolar environment accelerates the transannular cycloaddition by 2000-fold (k = 2 s–1, t½ = 0.4 
s), suggesting a mode by which an enzyme could catalyze this transformation. Both the half-life 
and rate enhancement are consistent with values expected for enzymes involved in secondary 
metabolism. Thus, theory predicts that this putative transannular nitrone cycloaddition is a 
plausible biosynthetic step and illustrates a mode by which an enzyme could catalyze 1,3-dipolar 
cycloadditions. Further details about the isolation of these lycojaponicums alkaloids1 as well as 
the computational work2 described above can be found in the reference below. 

 
(1) Wang, X.-J.; Zhang, G.-J.; Zhuang, P.-Y.; Zhang, Y.; Yu, S.-S.; Bao, X.-Q.; Zhang, D.; Yuan, Y.-H.; Chen, 

N.-H.; Ma, S.-G.; Qu, J.; Li, Y. Org. Lett. 2012, 14, 2614–2617. 
(2) Krenske, E. H.; Patel, A.; Houk, K. N. J. Am. Chem. Soc. 2013, 135, 17638–17642. 
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Thermochemistry and Thermal Decomposition of 

Glycolaldehyde, HOCH2-CH=O 
 

Kathleen M. Morgan*, Kimberly Urness, Jessie Porterfield, and G. 
Barney Ellison* 

Xavier University of Louisiana, and University of Colorado, Boulder 
 

The mechanism of the decomposition of carbohydrates in biomass is of great practical 
importance, however no bond energies in carbohydrates have been reported. This study is 
concerned with the decomposition of glycolaldehyde, the simplest example. Figure 1 shows two 
of the possible pathways that could begin the decomposition process. 
 

Figure 1. Possible initial degradation pathways of glycolaldehyde. 
 

 
 
 
Preliminary CBS-APNO calculations suggest that C-H bond cleavage is more favorable than C-
C bond cleavage. This is in contrast to acetaldehyde, where C-C bond cleavage predominates.1 
Initial photoionization mass spectrometry (PIMS) shows a species with m/z 32, which likely 
arises from dissociative ionization. Additional experimental and computational work is 
discussed, to include the determination of the heat of formation of glycolaldehyde. 
 
 
1. Vasiliou, A. K.; Piech, K. M.; Reed, B.; Zhang, X.; Nimlos, M. R.; Ahmed, M.; Golan, 
A.; Kostko, O.; Osborn, D. L.; David, D. E.; Urness, K. N.; Daily, J. W.; Stanton, J. F.; Ellison, 
G. B., Thermal Decomposition of CH3CHO studied by matrix infrared spectroscopy and 
photoioniztion mass spectroscopy. J. Chem. Phys. 2012, 137, 164308-164321. 
 
 

patriciachuda
Text Box
W-30



Radicals Gone Wild at the Pool Party:  
Triple Bond Gets Attacked. 

 
Rana K. Mohamed, Sayantan Mondal, Brian Gold, Igor V. Alabugin* 
Department of Chemistry and Biochemistry, Florida State University, Tallahassee, FL 

 
The alkyne functional group is a valuable building block for the construction of polycyclic 
aromatic scaffolds and for the design of DNA-cleaving agents with anticancer activity.1,2 In this 
work, we present a practical strategy for the construction of polycyclic targets based on the 
control of enyne reactivity via the formation of a pool of equilibrating radicals. The latter is 
kinetically self-sorted toward the formation of a single product that can be preprogramed to 
undergo an unusual radical fragmentation. Although alkyne π-bonds are stronger and less 
reactive than alkene π-bonds,3 this work shows how the less reactive functionality (alkyne) is 
activated in the presence of a more reactive functionality (alkene). This “inversion of reactivity” 
is possible due to the reversible addition of Bu3Sn radicals to the two π-targets (alkene vs alkyne) 
and the efficient depletion of the equilibrating isomeric radicals via 5-exo dig cyclization of the 
most reactive radical adduct.4 

	  
 

With appropriate substitution, this process can be extended into a radical cascade which “self-
terminates” via β-scission of an exocyclic C-C bond, ultimately affording Sn-substituted 
naphthalenes in high yields.5 We elucidate three major electronic components that facilitate the 
scission of a relatively strong σ-bond: the gain of aromaticity in the naphthalene product, the 
stabilization of the radical fragment via 2-center, 3-electron “half-bond”, and the selective 
stabilization of the fragmentation transition state via through-bond interactions (between radical 
and lone pair). 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  Bergman,	  R.	  G.	  	  Acc.	  Chem.	  Res.	  1973,	  6,	  25.	  	  
2	  Mohamed,	  R.	  K.	  Peterson,	  P.	  W.;	  Alabugin,	  I.	  V.	  	  Chem.	  Rev.,	  2013,	  7089.	  
3	  Alabugin,	  I.	  V.;	  Gold,	  B.	  	  J.	  Org.	  Chem.,	  2013,	  78,	  7777.	  
4	  Mondal,	  S.;	  Mohamed,	  R.	  K.;	  Manoharan,	  M.;	  Phan,	  H.;	  Alabugin,	  I.	  V.	  Org	  Lett.	  2013,	  15,	  5650.	  	  
5	  Mondal,	  S.;	  Gold,	  B.	  Mohamed,	  R.	  K.;	  Phan,	  H.;	  P.	  Alabugin,	  I.	  V.	  Chem.	  Eur.	  J.	  	  2014,	  in	  print.	  	  
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Self-Assembly of Substituted N-Confused 
Tetraarylporphyrins  

 

Rajendra Acharya,‡ Jojo Joseph,‡ Se Hye Kim,† Jon R. Parquette† 
and David A. Modarelli*,‡ 

‡Department of Chemistry and The Center for Laser and Optical Spectroscopy, 
Knight Chemical Laboratory, The University of Akron, Akron, OH 44325-3601 

and 
†Department of Chemistry, The Ohio State University, Columbus, OH  43210  

 

Abstract:  Four 3,4,5-trioctyloxyphenyl derivatives of 5,10,15,20-tetraphenyl N-confused free-
base porphyrin (NCP) have been prepared with different linking groups (ester, ether, hydrazide 
and ethylenediamine) between the trialkoxyaryl and NCP groups, and studied using a 
combination of steady state absorption, steady state and time-resolved fluorescence 
spectroscopies, and transmission electron microscopy (TEM).  N-Confused porphyrins (NCPs) 
are of great interest for their potential as building blocks in assemblies designed for artificial 
photosynthesis because of their low energy absorption bands.  Prompting these molecules to self-
assemble is challenging because of the equilibrium existing between the two tautomeric forms.  
The addition of the trialkoxyaryl groups to the meso phenyl groups in the NCP was thought to 
represent a logical approach toward promoting stacking in either tautomer.  The spectra in both 
CHCl3 and methylcyclohexane (MCH), where the non-planar and internally protonated tautomer 
is observed, showed pronounced evidence of H-aggregate formation for the hydrazide and 
ethylenediamine spacers, both of which are capable of stabilizing cofacially stacked H-
aggregates through H-bonding interactions.  Similar behavior was observed in the solid state, 
where transmission electron microscopy (TEM) experiments indicated self-assembly in the form 
of nano-rods from the same NCPs upon evaporation from solutions of CHCl3 and MCH.  More 
well-formed nano-rods were observed for the hydrazide in MCH, while the ethylenediamine 
formed larger and more regular rods in CHCl3.  In MCH, rods having lengths of ~2.5 microns 
were found for the hydrazide spacer and ~1.5 microns for the ethylenediamine spacer.  The TEM 
data also indicated the rods were formed from 1D NCPs, although bundles were also observed, 
particularly for the case of the hydrazide.  In DMF, where the planar and externally protonated 
tautomer is dominant, no evidence was found for aggregation in any of the NCPs by absorption 
spectroscopy.  Interestingly, when the DMF samples were aged the fluorescence signals were 
universally quenched.  The absorption spectra indicated both H-aggregate formation and the sole 
presence of the internally protonated tautomer, suggesting tautomerization had occurred either 
prior to, or as a result of, H-aggregate formation.   
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Phenylchlorocarbene Additions to Strained C-C π  Systems:  
Mechanisms and Kinetics 

 
Elizabeth Dalchand,1# Camilla Buzard,1# Sayaka Tsuno,1# Sadia 

Ahmed,1# Alison Scorese,1# Karol Francisco,1# Faizunnahar 
Dewan,1# Kelly Terlizzi,1# Marina Orman,1# Dasan M. Thamattoor,2 

and Dina C. Merrer*1 
1 Department of Chemistry, Barnard College, 3009 Broadway, New York, NY 

2 Department of Chemistry, Colby College, 5750 Mayflower Hill, Waterville, ME  
 
Our investigations of the mechanisms of carbene additions to strained C-C π systems have 
included the addition of phenylchlorocarbene (5) to each of adamantene (3) and 
adamantylcarbene (4).  Co-photolysis of noradamantyldiazirine (1a) or adamantyldiazirine (1b) 
each with phenylchlorodiazirine 2 produces noradamantylethenes 6 in 6-11% yield.  We 
attempted to measure the rate constants for the bimolecular reactions of pairs of transients 3 + 5 
(kNorAdH) and 4 + 5 (kAdH) via laser flash photolysis at 355 nm.  The reaction of 3 + 5 was 
independent of adamantene concentration; we were thus not able to quantify kNorAdH other than to 
say the reaction is an order of magnitude slower than kobs = 3-5 x 107 M-1s-1.  For 4 + 5, we 
determined kAdH to be 9.7 x 105 M-1s-1 (23 °C) by partitioning kobs according to the product 
distribution.  We are also investigating the additions of 5 to bis(aryl)cyclooctadiynes and -dienes 
7-9.  We report our ongoing syntheses of these substrates. 
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Oxidation of Plasmalogens and Lipoprotein by 
Photoactivatable Atomic Oxygen Precursors 

 
Max T. Bourdillon#, Miao Zhang, Ashley T. Knulty#, Colleen N. Gray#, 
Bradley K. Welch, Medina Hasanagic#, Adam Fritz#, Ryan D. McCulla* 

Department of Chemistry, Saint Louis University, St. Louis, MO 
 

 The oxidation of lipids by endogenous or environmental reactive oxygen species (ROS) 
generates a myriad of different lipid oxidation products that may have important roles in disease 
pathology. Determining the mechanism of these disease pathways is difficult since the lipid 
oxidation products obtained from these reactions is dependent upon the identity of the ROS.   
The photoinduced deoxygenation of various aromatic heterocyclic oxides, such as 2,8-
dihydroxymethyldibenzothiphene S-oxide (1), has been suggested to generate ground state 
atomic oxygen [O(3P)] as an oxidant; however, very little is known about reactions between 
lipids and O(3P). To identify lipid oxidation products arising from the reaction of lipids with 
O(3P), 1 was irradiated in the presence of  lysoplasmenylcholine and lipoprotein. Four different 
aldehyde products consistent with the oxidation of plasmalogens were observed as shown below. 

 
Scheme 1 
 
 The apparent selective oxidation of plasmalogens provides an opportunity to use O(3P) to 
generate specific lipid oxidation products within a biological sample. To achieve this aim, it may 
be necessary to localize the O(3P)-precursors within lipid membranes. However, the release of 
O(3P) is dependent upon the sulfoxide bond dissociation enthalpy (BDE) of the precursors. To 
understand how substitution may affect photodeoxygenation, the BDE of substituted DBTO 
molecules with various functional groups were determined using M062X/aug-cc-pV(T+d)Z and 
MP2/aug-cc-pV(T+d)Z levels of theory. The sulfoxide BDE was determined using an isodesmic 
reaction. The observed effect of substitution was that functional groups with negative σpara values 
(electron donating) strengthen the sulfoxide bond and substituents with positive σpara values 
(electron withdrawing) weaken the sulfoxide bond. The Mulliken charge on sulfur for DBTO and 
the corresponding dibenzothiophene (DBT) were identified as a suitable indicator of the 
predicted S–O BDE. 
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Various Photochemical Pathways of 3(2H)furanones 
 

Christopher B. Martin*, Prasanth Pari, Spundana Malla,  
Michael Soniat#, Chayne Bailey#, and Stephen Tanton# 

Lamar University, Department of Chemistry and Biochemistry 
Beaumont, TX 77710-0022 

 
3(2H)furanones represent an interesting class of biologically active molecules that exist 

in a wide range of compounds that are being investigated as non-steroidal anti-inflamitory drugs 
(Eremantholide, Inotilone), antibacterial agenets (Rubimycinone), anti-tumor drugs 
(Geiparvarin), and anti-cancer agents (Jatrophone).  Although the increased photosensitivity of 
patients receiving these drugs is known, the photochemistry of the 3(2H)furanone core remains 
largely unstudied.  Although the majority of the chemical literature reports [2+2] cyclization, 
several interesting photochemical rearrangement and fragmentation reactions exist for certain 
substituted 3(2H)furanones.1,2  However, these reactions remain largely unstudied. 

The Martin research group has used Density Functional Theory (DFT) calculations to 
determine the electronic and steric parameters that are required to predict whether a 
3(2H)furanone, upon irradiation with 300 nm light under anaerobic conditions, will undergo an 
alpha-cleavage reaction and subsequent rearrangement forming a 2(5H)furanone (A-Pathway), a 
beta-cleavage followed by subsequent rearrangement forming a 2(3H)furanone (B-Pathway), 
standard [2+2] cycloaddition (C-Pathway), or beta-cleavage followed by decarbonylation 
resulting in acyclic non-furanone species (D-Pathway).   

Summaries of DFT calculations on the A, B, and C-Pathways will be presented as well as 
proposed/preliminary research on the D-Pathway.  A logical flowchart is presented to predict the 
photochemical product of 3(2H)furanone photochemistry.  Not only is this flowchart consistent 
with the existing chemical literature, but has also been used to successfully predict some 
unpublished photochemical results from our laboratory and from our collaborators.  

 
 

1Padwa, A.; Ku, A.; Sato, E. Tetrahedron Lett.1976, 28, 2409-2412. 
2Wolff, S.; Agosta, W. C. J. Org. Chem. 1985, 50, 4707-4711. 
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The Synthesis of a Diverse Oxindole Library and 
Counterion Effects in the Catalytic Stereoselective Synthesis 
of 2,3’-Pyrrolidinyl Spirooxindoles 

 
Jacob P. MacDonald, Benjamin H. Shupe, Joseph J. Badillo, John 

D. Schreiber, Annaliese K. Franz* 
 Department of Chemistry, University of California, Davis 

 
Oxindoles and spirooxindoles have recently been recognized as privileged scaffolds in natural 
products and biologically-active compounds. In order to provide rapid access to diverse oxindole 
structures for biological testing, we designed a two-step, highly modular methodology for the 
synthesis of structurally diverse triazole containing oxindoles.  Using a common set of N-
propargylated isatins, a series of mechanistically distinct stereoselective reactions provides 
access to oxindole cores. These cores are further diversified using copper-catalyzed azide-alkyne 
cycloaddition (CuAAC) chemistry to afford triazole containing oxindoles. Also, a Lewis acid 
catalyzed [3+2] annulation of enantioenriched crotylsilanes with iminooxindoles is described in 
order to access 2,3’-pyrrolidinyl spirooxindoles. In addition to Lewis acid catalysis, the acidic 
clay montmorillonite has also been shown to promote the annulation reaction in the presence of a 
sodium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate (NaBArF) counterion source.  These 
reactions are of particular interest because they allow direct access to pyrrolidinyl analogs that 
demonstrate promise for anti-cancer and neuromodulatory activity. The reaction also provides 
mechanistic insight into details of the product differentiation that is observed between 
unsubstituted and substituted allylic silanes. 

 
 

patriciachuda
Text Box
W-11



 (3+2) Cycloadditions of Perfluorophenyl Azide to Alkenes 
and Enamines and the Decomposition of Triazolines: A 

Computational Study  
Steven A. Lopez, K. N. Houk* 

Department of Chemistry and Biochemistry, University of California, Los 
Angeles, CA  90095-1569, United States 

	  

1,3-Dipolar cycloadditions of enamines with perfluorophenyl azide were 
carried out by Yan et al. 1  The resulting triazolines were not isolable and 
decomposed to afford amidines. However, cycloadditions utilizing phenyl azide 
resulted in a stable and isolable triazolines. Quantum mechanical calculations 
utilizing density functional theory (DFT) were performed at the M06-2X2/6-
311+G(d,p) IEFPCMDMSO//M06-2X/6-31G(d) IEFPCMDMSO 3 level of theory to 
understand the mechanism of triazoline decomposition. Triazolines bearing 
electron-deficient aryl rings can stabilize the developing anion nitrogen adjacent to 
the ring, which significantly lowers the energies of these decomposition transition 
states. The decomposition can occur via a concerted or stepwise pathway. The 
stepwise pathway involves the formation of a zwitterion that undergoes a [1,2]-
hydride shift and N2–extrusion to form an amidine or aziridine. Our results indicate 
that a concerted pathway is more favorable for cycloadditions involving PhN3 and 
F5C6N3, while the stepwise pathway is the preferred mechanism for cycloadditions 
involving p-CO2MeC6F4N3. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Yan et al. Unpublished Results 
2 Zhao, Y.; Truhlar, D. G. Theor. Chem. Acc. 2008, 120, 215. 

3 Cances, E.; Mennucci, B.; Tomasi, J. J. Chem. Phys. 1997, 107, 3032. 

	  

R2N

(3+2)

PhN3

or
F5C6N3

R2N

N
N

N
R'

isolated
R=Ph

H-shift + N2 extrusion

N

R2N

R'
+N2

"Click cascade"

isolated
R=C6F5

patriciachuda
Text Box
M-3



The Use of a CPC Diradical Probe to Study  
Thermal Reactions of Bicyclic Vinylcyclobutanes 

 
Christopher Y. Bemis# and Phyllis A. Leber 

 
Department of Chemistry, Franklin & Marshall College, Lancaster, PA  

	  
The [1,3] sigmatropic rearrangement of vinylcyclobutane to cyclohexene has been known 
for fifty years (1,2).  Recent experimental (3) and computational (4) studies of 
vinylcyclobutane thermal chemistry support a stepwise mechanism involving an incipient 
diradical intermediate.  Although there is general agreement that this rearrangement 
traverses a diradical transition structure, an indirect probe with the potential to detect a 
diradical intermediate would provide further evidence for the stepwise mechanism. The 
purpose of this research is to incorporate a suitably-situated cyclopropyl substituent in 
bicyclo[4.2.0]oct-2-ene in order to explore the use of a cyclopropyl carbinyl (CPC)-
homoallyic radical clock rearrangement (5),  eqn 1, as a potential diradical probe.   
 

                
 
We will report the unpublished results of a thermal study of spiro[bicyclo[4.2.0]oct-2-
ene-7,1ʹ′-cyclopropane] and compare them with the corresponding results for 
spiro[bicyclo[3.2.0]hept-2-ene-6,1ʹ′-cyclopropane] (6). 
 

 
 
(1) Berson, J. A.; Patton, J. W.  J. Am. Chem. Soc.  1962, 84, 3406-3407. 
(2) Ellis, R. J.; Frey, H. M.  Trans. Faraday Soc. 1963, 59, 2076-2079. 
(3) Baldwin, J. E.; Leber, P. A.   Org. Biomol. Chem.  2008, 6, 36-47. 
(4) Northrop, B. H.; Houk. K. N.  J. Org. Chem.  2006, 71, 3-13. 
(5) Griller, D.; Ingold, K. U.  Acc. Chem. Res. 1980, 13, 317-323. 
(6) Leber, P. A.; Bell, R. M.; Christie, C. W.; Mohrbacher III, J. A.  

Org. Biomol. Chem. 2013, 11, 2080-2083. 
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The Times They are A-changin': Constructing, Vetting, and 
Preserving Chemistry Content via the Communally 

Developed ChemWiki Project 
 

Delmar Larsen 
 

Department of Chemistry, University of California, Davis, Davis, CA 95616, United States 
dlarsen@ucdavis.edu, 

 
The ChemWiki project (ChemWiki.ucdavis.edu) is a collaborative approach toward chemistry 
education where an open-access textbook environment is constantly being written and re-written 
by students and faculty members, resulting in a free Chemistry textbook to supplement, and 
potentially supplant, conventional paper-based books. The ChemWiki is organized around a 
collaborative approach to chemistry education where an Open Access textbook is constantly 
being written and re-written, partly by students and partly by faculty, resulting in a no-fee, high-
quality textbook, accessible anytime, anywhere, by anyone with internet access. The ChemWiki 
is not a textbook, it is a "textbook environment" capable of supporting multiple chemistry 
textbooks by enabling their simultaneous construction and implementation within a central 
system. A primary feature of the ChemWiki include is that collective feedback is used fix errors 
and preserve the accuracy of the content once established. This applied to all levels of chemistry, 
including the organic chemistry field. The central aim of the ChemWiki is to develop and 
disseminate free, virtual, customizable textbooks that will substitute for current, commercial 
paper texts. The content is flexible so as to address chemistry education for students in a broad 
range of post-secondary settings including community college and four year universities. The 
ChemWiki's open-access nature will reduce financial barriers and benefit financially 
disadvantaged students. Progress over the past six years of ChemWiki development concentrated 
on the construction of new, and the integrating of existing, open-access content into the 
ChemWiki (currently ∼3M visitors/month). 
 

 
 
 
 
 
 
 
 

Figure: The ChemWiki has a strong presence on the Internet with over 1.5 Million Google daily 
"impressions" (number of times pages from the ChemWiki appeared in search results). The 

project served >50 million visotors total since 2008 with an average time on page of 1:28 per 
visit, resulting in ~123 years since 2008. The ChemWiki has a peak percentage of 17.5% of all 

UCD traffic (i.e., 1:6 visitors to campus go to the ChemWiki). 
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Mechanistic Studies on Photochemical Formation of 
Indophenol from Azidophenoxide 

James Langford#, Emily Welles# and Paul Wenthold* 
Department of Chemistry, Purdue University 

The effect of substituents on the formation of aromatic nitrenes, formed from aromatic azides, 
has been extensively investigated.  We recently reported the formation of para-oxidonitrene 
(benzoquinonimide, BQI) from azidophenoxide.  While still predicted to be a ground-state triplet 
nitrene, BQI is expected to have a very stable closed-shell singlet state due to the quinoidal 
structure.  In this work, we have carried out condensed phase studies of p-azidophenoxide to 
examine its photochemistry. 

Deprotonation of p-azidophenol in aqueous solutions results in a dramatic color change, from red 
to blue.  The absorption spectra, shown in Figure 1, show that the blue color results from an 
absorption band near 630 nm.  As shown in Figure 2, the intensity of the 630 nm peak increases 
in the light, but not in the dark.  Electrospray mass 
spectrometry (ESI-MS) experiments find that the major 
product formed in the light has m/z 198, which we conclude is 
the indophenol ion, IP—.  The formation of IP— has been 
observed previously in the photolysis of p-
oxidophenylpentazole. 

This poster shows results of photochemical studies examined by using both visible spectroscopy 
and mass spectrometry, which allows for a more detailed characterization and analysis of the 
products and intermediates involved in the reactions. Our current studies are investigating the 
mechanism of the photochemical formation of IP— in water/methanol. The mechanism is being 
investigated empirically by observing the absolute ion counts in the ESI-MS at one hour time 
intervals and examining the relationships between the ions that are produced. One ion of 
particular prominence is m/z 106, which could form from the loss of N2. A full mechanism 
proposal will be outlined in the poster 
presentation.  

 

 

Figure	  1.	  UV/Vis	  spectra	  of	  p-‐azidophenol	  
(red)	  and	  phenoxide	  (blue)	  
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Figure	  2.	  	  Relative	  intensity	  of	  630	  nm	  peak	  
in	  the	  light	  (diamonds)	  and	  dark	  (squares)	  
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Reactivity of 3– and 4–Pyridinylnitrene–n–oxide Radical 
Anions 

 
Damodar Koirala^, James S. Poole # and Paul G. Wenthold^* 

^ Purdue University, # Ball State 
 

 

Nitrene radical anions are odd-electron species that are easily formed in the gas phase by 
electron ionization of corresponding azide–substituted precursors. Although nitrene radical 
anions are most useful as precursor in negative ion photoelectron spectroscopy experiments, they 
also have interesting chemical properties in their own right.  Here, we present the reactivity of 3– 
and 4–pyridinylnitrene–n–oxide radical anions (3PNO− and 4PNO−) with NO and CS2 examined 
using low pressure (400 µTorr) flowing-afterglow triple-quadrupole mass spectrometer.  

 

Fig 1: Structure of	  3PNO−, 4PNO−
  and 4PN−

                Fig 2: Resonance structure of 4PNO−
 

 

Like other nitrene radical anion, 3PNO− and 4PNO− undergo nitrogen-oxygen exchange 
with NO.  We do not find significant differences in the reactivities of the two isomers in the 
reaction with NO. However, 3PNO− and 4PNO− do display very different chemistry in reaction 
with CS2. Both isomers produce products similar to those observed with phenylnitrene radical 
anion itself (adduct, CS abstraction, SCN- formation and C abstraction). 4PNO− isomer is also 
observed to undergo sulfur-oxygen exchange to form 4-pyridinylnitrene-n-sulfide. The 
difference in reactivity between 3PNO− and 4PNO− can be attributed to enhanced nucleophilicity 
of the oxygen in 4PNO− due to the resonance interaction shown in figure 2. However, with 
4PNO− we also observed a product with m/z 92, corresponding to CS2O−

 anion and the 4-
pyridinylnitrene radical anion (4PN−). 
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A Study of hydroxyproline ligation for coupling of peptide 
fragments 

 
Ha, Khanh; Simpson, Grant#; Alan, Katritzky* 

Center for Heterocyclic Compounds, Department of Chemistry, University of 
Florida, Gainesville, Florida 32611-7200, United States 

 
The development of a method to achieve a convergent synthesis combining smaller 

polypeptide fragments is critical in terms of both minimizing the cost of production of peptide 
therapeutics and realizing chememical synthesis of large peptides that have been problematic or 
nearly impossible.  In contrast with conventional fragment coupling, chemoselective ligations-
such as native chem. ligation, sugar-assisted ligation, and advanced proline ligation-have 
provided advantageous methods to achieve an efficient convergent synthesis. In this study, a 
hydroxyproline-based chemoselective ligation method is studied, utilizing salicylaldehyde ester-
induced chemoselective peptide ligation at the hydroxyproline site.  It uses an O-salicyladehyde 
ester at the C-terminus, reacting with N-terminal hydroxyproline to promote peptide ligations.  
The utilitiy of the S-salicylaldehyde ester enables the rapid coupling reaction and the prodction 
of an N,O-benzylidene acetal intermediate, which is readily converted into native peptidic 
linkages at the ligation site. Further, the aplicability of the novel Salicylaldehyde ester-induced 
chemoselective ligation at hydroxyproline ligation site is demonstrated as a ring-
closing/contraction strategy in synthesis of cyclic tetrapeptides. 
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Mechanistic Variation in Stone–Wales Rearrangements of 

Hydrocarbons 
 

William Karney,†‡  Claire Castro,† Eva Brayfindley,†#  
and Erica Irace†#  

Departments of Chemistry(†) and Environmental Science(‡) 
University of San Francisco, San Francisco, California 94117 

 
Stone–Wales (SW) transformations are formal pairwise 1,2-shifts of carbons about a C=C bond. 
Such rearrangements are relevant to fullerene annealing and Stone–Wales defects in carbon 
nanotubes. In hydrocarbons, the process is believed to occur in some systems but not in others, 
under flash vacuum pyrolysis (FVP) conditions. Results of density functional and coupled cluster 
calculations on the model conversion of pentafulvalene (1) to naphthalene (2) suggest an array of 
possible mechanisms, including one step via a carbene-like transition state, two steps via a 
cyclobutyl intermediate, and multiple steps via benzvalene-type or dehydroannulene 
intermediates. For the C10H8 model system, ∆G‡ (1273 K, 10–4 atm) at the CCSD(T)/cc-
pVDZ//M06-2X level ranges from 70 to 85 kcal/mol for the different mechanisms, with the 
lowest barrier corresponding to a one-step mechanism. Calculations on hypothetical and known 
reactions, such as those shown below, reveal that different systems have different preferred 
mechanisms, and sometimes dramatically different barriers. The relationship between structural 
features, preferred mechanism, and feasibility under typical FVP conditions will be presented. 

 

1 2
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Singlet Oxygen Generation on Porous Superhydrophobic 
Surfaces: Mechanistic Studies of 1O2 Generation in the 

Plastron and Solid/Liquid Interface 
 

Lucy Kalinin#,‡, David Aebisher†,*, Dorota Bartusik‡, Yang Liu§, 
Yuanyuan Zhao§, Mark Barahman§, Alan M. Lyons§,*, and 

Alexander Greer‡,* 
‡Department of Chemistry, Brooklyn College, City University of New York, 

Brooklyn, New York 10314, United States 
†Department of Natural Sciences, Shorter University, Rome, Georgia 30165, 

United States 
§Department of Chemistry, College of Staten Island, City University of New York, 

Staten Island, New York 10314, United States 
 
 
We describe physical-organic studies of singlet oxygen generation and transport into an aqueous 
solution supported on superhydrophobic surfaces on which silicon-phthalocyanine (Pc) particles 
are immobilized. Control of synthetic parameters enables the mechanistic study of “borderline” 
two- and three-phase superhydrophobic sensitizer surfaces where 1O2 is generated in 
compartments that are wetted, partially wetted, or remain dry in the plastron (i.e., air layer 
beneath the water). Singlet oxygen (1O2) was trapped by a water-soluble anthracene compound 
(1). A mechanism is proposed that explains how Pc particle wetting, plastron gas composition 
and flow rate as well as gas saturation of the aqueous solution affect singlet oxygen trapping 
efficiency. These stable superhydrophobic surfaces which can physically isolate the 
photosensitizer particles from the solution may be of practical importance for delivering singlet 
oxygen for water purification and medical devices. 
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Cationic Skeletal Rearrangements in Arenes 
Richard P. Johnson* and Sarah Skraba-Joiner 

 
Department of Chemistry, University of New Hampshire, Durham, NH 03824 

 
Substituted aromatic compounds have long been known to isomerize by group migrations 
Interconversion of isomers  1 - 3 (R = alkyl or aryl) can be catalyzed by strong acids and is 
believed to occur through the intermediacy of ipso arenium ions which result from protonation at 
sites bearing substituents. Much less is known about skeletal rearrangements of polycyclic 
arenes, which might also be acid catalyzed. Balaban and co-workers have demonstrated 13C label 
interconversion in phenanthrene  (4  6) (J. Am. Chem. Soc. 1989, 11, 734).  Spirocyclic 
carbocation 5 is the most logical intermediate to explain interconversion of 4 and 6. 
 

 
 
Our group has been studying superacid catalyzed rearrangements in arenes (J. Org. Chem. 2012, 
77, 9487) using a microwave reactor to safely explore higher temperature reactions. We have 
extended our earlier work on group migrations to explore skeletal rearrangements. Anthracene 
rearranges to phenanthrene in a unidirectional process.  Among the four-ring arenes 9 - 12, 
tetracene yields primarily oligomers but the other members of this series interconvert by acid 
catalysis, with chrysene favored at equilibrium. Results of experimental and computational 
studies on these new molecular rearrangements will be described.  
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Synthesis of indoles, benzofurans, and related heterocycles 
via an acetylene-activated SNAr/intramolecular cyclization 

cascade sequence 
 

Reuben Hudson, Nicholas P. Bizier, Kristin N. Esdale# and Jeffrey 
L. Katz* 

Department of Chemistry, Colby College, 5754 Mayflower Hill Drive, Waterville, 
Maine 04901, United States 

 
Synthesis of N- and 2-substituted indoles and 2-substituted benzofurans were achieved in a 
single step by nucleophilic aromatic substitution, followed by subsequent 5-endo dig cyclization, 
between a nucleophile and a 2-fluoro-arylacetylene. The acetylene serves the dual role of the 
electron withdrawing group to activate the substrate for SNAr, and, upon cyclization, the C1-C2 
carbon scaffold for the newly formed 5-membered heteroaromatic ring. This method allows for 
the bond forming sequence of Ar-X – heteroatom – C1 to proceed in a single synthetic step, 
providing indoles, benzofurans, and related heterocycles in high yields.  
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Deeper Insight Using Sequential Reaction Analysis in Flow 
 

Diana Yu1, Sidney M. Wilkerson-Hill2, Phil Painter3, Richmond 
Sarpong2, Dean J. Tantillo3, Jason E. Hein1* 

1Chemistry and Chemical Biology, University of California, Merced 
2Department of Chemistry, University of California, Berkeley 

3Department of Chemistry, University of California, Davis 
 

Off-cycle reservoirs may be common in reactions where the catalyst may react directly 
with more than one substrate to form especially stable unproductive intermediates. Generation 
and subsequent liberation of these catalyst-containing species over the course of the reaction may 
result in unexpected behaviors, including anomalous reactivity, chemoselectivity and reaction 
rate. Regardless of the exact role these species play, their impact of the global reaction profile 
(rate vs. time or conversion vs. time) creates a distinct "fingerprint" that can be used to glean 
mechanistic details about the system under study. To rapidly identify and study these cases we 
have adopted a suite of in-situ and reaction monitoring techniques including ReactIR, reaction 
calorimetry, in situ NMR and automated sampling for HPLC/MS analysis.  

While this approach offers a powerful method to dissect a reaction mechanism, no single 
monitoring technique can provide a complete picture of the reaction under study. Usually, this 
means individual analytical methods must be applied to separate reaction vessels run in parallel. 
However, small variations in operational conditions can lead to difficulty correlating data 
acquired from parallel reactions and, in the worst cases, conflicting information about the system 
leading to questions of the validity of the measurements. 

A more robust approach involves monitoring the reaction with multiple, orthogonal 
techniques simultaneously. This method allows many different features of the reaction to be 
interrogated simultaneously and serves to cross validate the analytical methods being employed. 
We have completed the construction of a prototype plug-flow reactor that allows simultaneously 
monitoring by FT-IR and sampling for off-line HPLC-MS analysis. This approach has been 
applied to the study of a novel acid-catalyzed cycloisomerization. Current progress and future 
application of this technique will be discussed. 
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An Electrophilic Aromatic Substitution Discovery 
Experiment Including Hydride and Methyl Shifts 

 
Mallory V. Maskornick#, Ian J Rhile*, and Christian S. Hamann* 

Albright College, Reading, Pennsylvania 
 

We have developed electrophilic aromatic substitution reactions involving 
carbocation rearrangements suitable for the undergraduate teaching laboratory. We 
have already published an undergraduate discovery laboratory experiment 
involving a [1,2]-hydride shift in the Friedel-Crafts alkylation of 1,4-
dimethoxybenzene with 2-methyl-2-butanol and 3-methyl-2-butanol (J. Chem. 
Educ. 2010, 87, 969-970). Both reactant alcohols yield the same product, 1,4-
bis(1,1-dimethylpropyl)-2,5-dimethoxybenzene. Students solve the structure using 
GC/MS, 1H NMR, and 13C NMR spectroscopy. 

We have developed analogous reactions involving a [1,2]-methyl shift: the 
Friedel-Crafts alkylation of 1,4-dimethoxybenzene with 2,3-dimethyl-2-butanol 
and 3,3-dimethyl-2-butanol. Both reactions yield the same product, 1,4-
bis(1,1,2-trimethylpropyl)-2,5-dimethoxybenzene. Both products had the same 
structure as determined by GC/MS, 1H NMR, 13C NMR, and IR. The melting 
point of the product derived from the 2° alcohol (that undergoes the [1,2]-methyl 
shift) was nearly identical to the melting point of the product derived from the 3° 
alcohol.  

We have developed analogous reactions involving another carbocation 
rearrangement: the Friedel-Crafts alkylation of 1,4-dimethoxybenzene with 
1-methylcyclohexanol and 2-methylcyclohexanol (as a mixture of cis and trans 
isomers). Both reactions yield the same product, 1,4-bis(1-methyl-1-cyclohexyl)-
2,5-dimethoxybenzene. Again, physical and spectroscopic analysis indicated that 
two different alcohols afford one product, although we do not report the exact 
mechanism (hydride shift or methyl shift) of rearrangement as that analysis is 
beyond the scope of the targeted sophomore organic chemistry curriculum.  

We also report the potential for incorporation of two more alcohols into an 
experiment with broader scope: the reaction with 3-methyl-3-pentanol yields 
1,4-bis(1-ethyl-1-methylpropyl)-2,5-dimethoxybenzene and the reaction with 
3-ethyl-3-pentanol yields 1,4-bis(1,1-diethyl-1-propyl)-2,5-dimethoxybenzene. 
Importantly, identical reaction conditions were used for all alcohols such that 
students provided with 1,4-dimethoxybenzene and one of the eight alcohols can 
participate in a discovery laboratory experiment that requires careful analysis of 
instrumental data (and not reaction conditions) to determine the identity and 
structure of their products. 
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Divergent Mode of Activation and Enantioselectivity in 
Palladium-Catalyzed [3,3]-Sigmatropic Rearrangment of 
Allyloxy- and Propargyloxyindoles Revealed by Density 

Functional Theory 
 

Osvaldo Gutierrez and Marisa C. Kozlowski* 
 Department of Chemistry, Roy and Diana Vagelos Laboratories, University of 

Pennsylvania 
 

We recently reported the Palladium(II)-catalyzed [3,3]-sigmatropic rearrangement of allyloxy- 
and propargyloxyindoles that proceeded with excellent yields and enantioselectivities.1 Prompted 
by the lack of reactivity of substrates lacking the ester moiety at the C3-position, we proposed 
the rearrangement to occur via Lewis acid activation fashion in which the palladium coordinates 
to both the ester and the ethereal oxygen. Herein we present a detailed computational study, 
which reveals a divergent mode of activation (π- vs. Lewis acid- activation) for these seemingly 
similar substrates. Implications for expanding substrate scope of this reaction and preliminary 
experimental results are presented.  
 

 
 
 

                                                
1 Cao, T.; Linton, E. C.; Deitch, J.; Berritt, S.; Kozlowski, M. C. J. Org. Chem. 2013, 77, 11034-
11055. (b) Cao, T.; Deitch, J.; Linton, E. C.; Kozlowski, M. C. Angew. Chem. Int. Ed. 2012, 51, 
2448–2451. (c) Dugan, E. C.; Kozlowski, M. C. J. Am. Chem. Soc. 2008, 130, 16162–16163 
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Reactions of Quino-Ketenes with C-Nucleophiles: 
Syntheses of o-Hydroxyphenyl Carbinols and o-

Hydroxyphenyl Ketones 
 

Hande Gunduz[a,b], Volkan Kumbaraci[a] and Naciye Talinli[a]  
 [a] Istanbul Technical University, Department of Chemistry, Faculty of Science 

and Letters, Istanbul, 34469, TURKEY 
[b] Massachusetts Institute of Technology, Chemistry Department, Cambridge, 

MA, 02139, USA 
 

Recently, benzodioxinone compounds are used widely in organic synthesis. These 
structures can undergo thermal or photochemical decomposition reactions to give 
active ketene intermediate.  

 
In the present work we examined a strategy, which applies one of the aspects of 
benzodioxinone chemistry by calling upon a highly reactive feature of a ketene 
intermediate towards nucleophiles for the synthesis of o-hydroxycarbinols or/and 
ketones starting from o-hydroxyaromatic acids. We have studied reactions of 
dioxinone compounds with organometallic materials in order to form new C-C 
bond. Although dioxinone compounds are used to form C-N and C-O bonds, this 
type of coupling reaction have never been studied before. According to our 
experiments, we have found that, reactions of naphthodioxinones with n-
butyllithium and Grignard reagents afford tertiary alcohol and naphthofuran 
products mainly. This result supports the formation of alkene. On the contrary, it 
has been observed that, usage of benzodioxinones as starting material gives tertiary 
alcohol, ketone and poorly alkene structures.  
Newly proposed this synthetic C-C bond formation technique can enable more 
efficient and short route to synthesize saliclate derivatives, which possess 
biological activity. 

 

patriciachuda
Text Box
W-1



Chemical Yoga: making alkynes flexible and “clickable”  
 

Brian Gold, Paratchata Batsomboon, Nikolay Shevchenko,  
Natalie Bonus,# Gregory B. Dudley, Igor V. Alabugin* 

 Dept. of Chemistry and Biochemistry, Florida State University, Tallahassee, FL 
 

 
Hyperconjugative assistance to alkyne bending can be used for selective transition state 

(TS) stabilization in catalyst-free azide-alkyne cycloadditions.1,2 This assistance can be 
supplemented via attractive C-H…X interactions and amplification of azide/alkyne FMO 
interactions. In the absence of strain, the full utilization of these TS-stabilizing effects was 
predicted to lead to ~1 million fold acceleration of the cycloaddition with methyl azide. 
Experimental tests for these electronic interactions found simple substitution patterns allow 
acyclic alkynes to approach the reactivity of cyclic alkynes utilized in many applications.  

For further rate enhancements, TS stabilization can be combined with reactant 
destabilization.3 An important feature of our approach is stereoelectronic amplification, which is 
achieved by optimal positioning of σ-acceptors at the endocyclic bonds that are antiperiplanar to 
the breaking alkyne π-bonds. Although such hyperconjugative stabilization decreases strain and 
increases stability of cyclic alkyne starting materials, it becomes even stronger in the TS, 
providing an accelerating effect overall. The approach can be used in a modular fashion where 
the TS stabilizing effects are introduced sequentially until the desired level of reactivity is 
achieved.  

Alkynyl crown ethers contain propargylic C-O bonds within the macrocycle constrained 
for hyperconjugative assistance.4 Optimal alignment can be reinforced, and transition state 
stabilization can be further amplified, by binding positively charged ions to the crown ether core, 
highlighting the potential for applications in ion sensing. Optimizing cavities to benefit from 
strengthened binding in the TS can provide an alternative strategy for TS stabilization, affording 
alkynes that can be activated by the presence of external stimuli. 
                                                
1  Gold, B.; Shevchenko, N.; Bonus, N.; Dudley, G. B.; Alabugin, I. V. J. Org. Chem. 2012, 77, 75.  
2  For early work on strain-promoted azide-alkyne cycloadditions and applications see: (a) Sletten, E. 

M.; Bertozzi, C. R. Angew. Chem. Int. Ed. 2009, 48, 6974. (b) Borrmann, A.; van Hest, J. C. M. Chem. 
Sci., 2014, DOI: 10.1039/c3sc52768a  

3    Gold, B.; Dudley, G. B.; Alabugin, I. V. J. Am. Chem. Soc. 2013, 135, 1558. 
4    Gold, B.; Batsomboon, P.; Dudley, G. B.; Alabugin, I. V. J. Org. Chem. 2014, submitted. 
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Electrophilic α-Functionalization of β-Ketoesters Using N-
Hydroxycarbamates: Control of the Ambident Reactivity of 

Nitrosocarbonyl Compounds 
 

 Charles P. Frazier, David Sandoval, Alejandro Bugarin, Leoni I. 
Palmer, Javier Read de Alaniz* 
University of California, Santa Barbara 

 

 
 
The development of efficient methods for the formation of carbon-nitrogen bonds is of 

great interest in organic chemistry. While traditional approaches to C-N bond formation are well 
developed and have found widespread use, approaches utilizing an electrophilic source of 
nitrogen are vastly underdeveloped. Although a number of electrophilic sources of nitrogen can 
be utilized, the efforts of our research have centered on the use of nitrosocarbonyl compounds. 
Due to their high reactivity, nitrosocarbonyl intermediates can only be generated in situ and are 
classically obtained from the oxidation of hydroxamic acid derivatives using periodate salts. 
However, this in situ oxidation protocol, which is commonly used in the hetero-Diels-Alder 
(HDA) reaction, is incompatible with the other reactions because the initially formed adduct is 
highly susceptible to decomposition. While this has significantly limited the development of 
chemistry utilizing nitrosocarbonyl compounds, we postulated that if the oxidation conditions 
were mild enough to circumvent product decomposition, nitrosocarbonyls could be utilized in a 
wide variety of C-N bond-forming reactions. 

Building on our development of a Cu(I)-catalyzed aerobic oxidation for the generation of 
nitrosocarbonyl compounds, we reported the first example of an N-selective nitrosocarbonyl 
aldol reaction through the synergistic combination of our aerobic oxidation with known Lewis 
acid activation of β-ketoesters. Additionally, the reaction can be rendered O-selective and 
asymmetric simply by tuning the Lewis acid conditions. In both cases, the reactions are highly 
regioselective, utilize air as the terminal oxidant, and the only byproduct is water.  
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Mechanistic Insight for Lewis Acid-catalyzed Annulation 
Reactions with Allylsilanes 

 
Annaliese K. Franz*, Nicolas Ball-Jones, Brittany Armstrong, 

Benjamin H. Shupe, Jacob P. MacDonald 
Department of Chemistry, University of California, Davis 

 
The unique reactivity of allylsilanes provides efficient methods for the enantioselective synthesis of 
complex molecules such as spirooxindoles, as well as interesting opportunities to explore mechanistic 
features of Lewis acid-catalyzed reactions and carbocation formation.  We are using mechanistic insight 
to design new stereoselective synthetic methods and develop new modes of activation for enantioselective 
catalysis using chiral Lewis acids.  We have developed the first catalytic asymmetric [3+2] annulation of 
unsaturated carbonyl compounds with allylsilanes. The enantioselective annulation is catalyzed using a 
Sc(III)-indapybox complex with tetrakis-[3,5-bis(trifluoromethyl)phenyl]-borate (BArF) to enhance 
catalytic activity and control stereoselectivity. The reaction generates functionalized cyclopentanes 
derived from alkylidene oxindole, coumarin, and malonate substrates with up to 99% yield and high 
stereoselectivity. The enantioselective 1,4-conjugate addition of allyltrimethylsilane to alkylidene 
oxindoles and enantioselective lactone formation via trapping of the β-silyl carbocation is also described.   
We have identified a similar mechanism for the selective formation of spirocarbamates with N-Boc 
trapping of a transient β-silyl carbocation intermediate formed upon addition to an imino-oxindole 
substrate. Mechanistic studies using different metal catalysts, NMR spectroscopy, ESI-MS, computational 
studies and isotope-labeling studies will be discussed. 
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Why 1-aza dienes are less reactive than  

2-aza dienes in Diels-Alder cycloadditions 
 

Jason S. Fell, Blanton N. Martin, K. N. Houk* 
Department of Chemistry and Biochemistry, University of California, Los Angeles 

 
 

Diels-Alder reactivities of 1-aza, 2-aza, and unsubstituted dienes with ethylene have been 
studied computationally using density functional theory (DFT) and the distortion/interaction 
(D/I) model. In addition to the acyclic dienes, azacyclopentadienes and aza-furans, thiophenes, 
and pyrroles have been investigated.  Theoretical studies of Diels-Alder reactions of isoxazole 
and oxazole have been previously reported.1  The 1-aza substituted heterocyclopentadienes have 
disfavorable activation and reaction energies relative to corresponding 2-aza substituted and 
unsubstituted dienes. Using the D/I model, the increased activation energies of the 1-aza 
compounds are found to be associated with increased distortion energies (Ed) and decreased 
interaction energies (Ei).  The relative activation energies are also correlated with the reaction 
energies.  The differences are related to the fact that addition to C=N is less favorable than 
addition to C=C.  The differences in reactivities for 1-aza and 2-aza substitutions for cyclic 
dienes are larger than for acyclic dienes.  This is because the products of cyclic 1-azadienes have 
bridgehead nitrogens whose lone pairs cannot enter into enamine conjugation.  The origins of 
these differences in reactivities will be discussed. 

 
(1) Gonzalez, J.; Taylor, E. C.; Houk, K. N. J. Org. Chem. 1992, 57, 3753-3755.	  
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Challenges in Comparing SN1 vs SN2 Rates ab initio:  the 
Mechanism of Ether-Catalyzed Hydroboration of Alkenes 

 
Daniel J. S. Sandbeck,# Colin M. Kuntz,# Rachelle A. Mondor,# John 

G. Ottaviano,# Aravind V. Rayer, Kazi Z. Sumon, and Allan L. L. 
East* 

Department of Chemistry and Biochemistry, 3737 Wascana Parkway,  
University of Regina, Regina, Saskatchewan S4S0A2 Canada 

 
Brown in 1982 had concluded that ethers (particularly tetrahydrofuran, THF) catalyze 
hydroboration by converting diboranes to ether-borane adducts in an SN2 mechanism, but 
believed that the ensuing alkene addition by adducts is an SN1 mechanism in which free borane-
monomer intermediates exist.  Schleyer in 1983 instead preferred the earlier suggestion of Pasto 
that alkene addition by adducts should also be an SN2 mechanism.  Brown in 1984 then proved 
that alkene addition by adducts is SN1, but with toluene as solvent; the test in THF could not be 
done.  Here, ab initio calculations of the SN1 vs. SN2 Gibbs-energy barriers and rates of both 
these stages in THF solvent was performed, using coupled-cluster and density-functional 
computations and new entropy-of-solvation damping terms. Two diboranes were tested: B2H6, 
used by Pasto, and (9-BBN)2 (9-BBN = 9-borabicyclo[3.3.1]nonane, C8H15B), used by Brown.  
The new entropy terms resulted in 2 kcal mol-1 accuracy in free energy for these systems, which 
improves on traditional techniques, but this accuracy was not sufficient to resolve the 
mechanisms in all cases. 
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Synthesis of Pentamethine Cyanine Dyes for Use in Dye 
Sensitized Solar Cells 

 
Tyler Dost#1, Unil Perera2, Maged Henary*1 

1 Department of Chemistry, Georgia State University, Atlanta GA, 30303 
2 Department of Physics and Astronomy, Georgia State University, Atlanta 

GA, 30303 
 
The concept of dye sensitized solar cells (DSSCs) has become increasingly studied in 
recent years due to the development of novel dye structures, the increase in efficiency of 
DSSCs and the growing interest in cleaner energies. Conventional systems have the roles 
of the light absorber and the carrier transporter linked into one semiconductor. In this 
system, the light absorber serves to inject harvested solar energy as excited electrons into 
the semiconductor which then transfers that energy into the circuit in which the energy 
can be utilized. With these dye-sensitized cells, the roles are separated. These dye 
sensitized systems have less efficiency than traditional cells, but are in theory much 
cheaper to produce; to the point that it would be more effective to set up multiple dye 
sensitized systems as opposed to one traditional cell to produce the same amount of 
energy. 
 
Dyes that are being synthesized for DSSCs must meet several criteria. These dyes must 
absorb light within a wavelength range that is abundant in solar light. These dyes must 
also have good molar absorbtivity to maximize the amount of light which can be 
harvested. Additionally, if the dyes are able to form H- or J-aggregates on the 
semiconductor surface, this will cause the dyes to have a broader absorption spectrum 
which will lead to more efficient harvesting of solar energy. A fourth key aspect of these 
dyes is the necessity to bind to the semiconductor. For titanium oxide, a common 
semiconductor used in DSSCs, carboxylic acid groups as well as esters have been shown 
to bind with the COOR functionality (R = H, Alkyl) at the titanium oxide surface. In this 
project, several indolenine pentamethine dyes with carboxylic acid and ester groups have 
been synthesized for solar cell testing. In order to develop more efficient dyes for use in 
DSSCs, we have chosen polymethine cyanine family of dyes because of the amount of 
modification sites, high molar absorbtivities and their ability to be synthesized in large 
amounts.  
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Phenanthridine Synthesis via Cyclization of Oxime Ethers 
under Photoinduced Electron Transfer Conditions 

 
Julie L. Hofstra#, Brittany R. Grassbaugh#, Nicholas Armada#, and 

H. J. Peter de Lijser 
Department of Chemistry and Biochemistry, California State University, Fullerton, 

CA 92834 
 

Heterocycles are ubiquitous in natural products and pharmaceuticals, and thus providing new 
routes in organic synthesis can aid in their production and commercialization. The use of 
alternative methods that provide greener routes are of recent interest, one of which is the use of 
light to catalyze reactions. Here we present a new reaction showing that o-arylbenzaldehyde 
oxime ethers can undergo cyclization reactions to form phenanthridines through photosensitized 
reactions. Our method minimizes the formation of nitrile side products and is proposed to 
proceed through a radical cation intermediate. Results from the unsubstituted biaryl substrate 
afforded an appreciable yield of phenanthridine after 4 hours of photolysis (Figure 1). 
 

 
 
Figure 1. Phenanthridine formation in photoinduced electron transfer reactions of o-
arylbenzaldehyde oxime ethers. 
 
Further investigation of substituted aryl substitution has revealed an interesting and highly 
selective substitution pattern. Further evaluation of the substituent effect has shown a clear 
correlation with both σ and σ+ Hammett parameters. These results differ significantly from other 
photochemical methods that have been proposed to proceed through an iminyl radical.1,2  Our 
results suggest the involvement of a cationic species that is formed after nucleophilic attack by 
the aromatic ring onto the nitrogen of the oxime ether. The mechanistic aspects and the scope 
and limitations of these reactions will be discussed. 
 
[1] Rodriguez, M. A.; Alonso, R.; Campos, P. J.; Garcia, B. Org. Lett. 2006, 8, 3522. 
[2] Alonso, R.; Caballero, A.; Campos, P. J.; Rodriguez, M. A. Tetrahedron 2010, 66, 8828. 
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Photochemical Transformation of Enynes to Fulvenes via a 
Cyclization-Fragmentation Cascade 

Rana K. Mohamed, Thais De Faria,#	  Sayantan Mondal, Igor V. Alabugin* 
Department of Chemistry and Biochemistry, Florida State University, Tallahassee, FL 

 

We had reported earlier1 that radical cascades of enynes can be terminated by the aromatizing 
fragmentation of radical leaving groups, where the energy penalty for the cleavage of a strong C-
C bond is partially compensated by the aromaticity of naphthalene product and the formation of 
a 2c,3e-bond in the departing radical.  

 

In this work, we report a photochemical counterpart of the above process where irradiation 
directly converts benzannulated enynes into benzofulvenes. This transformation follows an 
analogous fragmentation of a strong C-C bond which may be driven by the aromaticity of the 
excited fulvene moiety.2 Overall, the reaction sequence obviates the need for an external oxidant 
as a strong C-C bond is broken with the help of the aromaticity gained in the excited state. This 
finding expands the utility of self-terminating aromatizing cascades to photochemical reactions.  

 

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Mondal, S.; Gold, B. Mohamed, R. K.; Phan, H.; P. Alabugin, I. V. Chem. Eur. J.  2014, in print. 
2 Rosenberg,	  M.; Ottosson, H.;  Kilså, K. Phys. Chem. Chem. Phys., 2011, 13, 12912. 
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Synthesis of Uric Acid Nucleotides 

 
Kristen Decker, Ronald Tan, Weiming Wu* 

Dept. of Chemistry, San Francisco State University, San Francisco CA 
 

Orotidine-5'-monophosphate decarboxylase 
(ODCase) catalyzes the committed step in the 
biosynthesis of pyrimidine nucleotides, and thus is 
an important enzyme.  With its high catalytic 
efficiency and an elusive mechanism, ODCase has 
been a target of extensive study. Inhibitors of 
ODCase may be of potential medicinal interest as 
leads in the development of anti-viral and anti-
cancer drugs.  
 
The focus of this project is the synthesis and 
biochemical study of nucleotides with uric acid as 
the base. Uric acid is deprotonated under 
physiological conditions and is highly polarized.  
Nucleotides with a negative charge at the 
pyrimidine moiety (such as uric acid derivatives) 
should be potent inhibitors of ODCase. The 
synthesis of 8-oxoguanosine-5’-monophosphate is 
described.  
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Oxirane ring-openings and non-ergodic reaction dynamics? 

 
Kyle S. Stumetz# and Mathew E. Cremeens 

Department of Chemistry and Biochemistry 
Gonzaga University, 502 E Boone Ave, Spokane WA 

 
Oxiranes can ring-open to a diradical or zwitterionic reactive intermediate and then close to a 
cyclopropanone.  Our investigations center on why simulations for one oxirane suggest non-
ergodic behavior but not for another oxirane.  Mode selective chemistry appears to be the culprit; 
work to validate this speculation and perhaps identify a method for predicting such reaction 
behavior is underway.   

 
 

non-ergodic (IVR 
slower than 

reaction) ergodic 
(IVR faster than 

reaction) 
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Synthesis and Properties of 
Oxacalix[2]naphthalimide[2]naphthyridines 

 
Andrew L. Clevenger#, Douglas A. Rooke#, Zhicheng Zhang#, and 

Jeffrey L. Katz* 
Department of Chemistry, Colby College, 5754 Mayflower Hill, Waterville, 

ME 04901 
 

The Katz Group has developed methods to synthesize oxacalix[4]arenes in high yield using 
nucleophilic aromatic substitution (SNAr) reactions.1  In 2007, it was shown that the use of 
naphthyridine electrophiles results in oxacalix[4]arenes with tweezer- or clip-like topologies 
capable of binding neutral aromatic guests.2  The current research involves expanding the 
cavity size of these naphthyridine-containing oxacalix[4]arenes by incorporating dihydroxy-
naphthalimides as the nucleophilic reactant in the oxacalixarene formation. Various N-
substituents on the naphthalimide are being investigated in order to increase macrocycle 
solubility. We are also attempting to modify the naphthyridine electrophile by appending 
acetylene groups at the 3- and 6-positions, with the hope of increasing electrophilicity and 
solubility.3  Once synthesized, the target oxacalix[2]naphthalimide[2]naphthyridines will be 
characterized and studied using NMR spectroscopy and single-crystal X-ray diffraction. 
 

 
 

 
1) Katz, J. L.; Feldman, M. B.; Conry, R. R. Org. Lett. 2005, 7, 91-94.  
2) Katz, J. L.; Geller, B. J.; Foster, P. D., Chem. Commun. 2007, 1026-1028. 
3) Bizier, N. P.; Wackerly, J. W.; Braunstein, E. D.; Zhang, M.; Nodder, S. T.; Carlin, S. M.; Katz, J. 
L. J. Org. Chem. 2013, 78, 5987-5998. 
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Convenient and Efficient Synthesis of N1-Substituted Orotic 
Acids 

 
Caitlin R. Clausen, Daniel J. Blackburn, Jeannette T. Bowler, Rania 

Ikhouane and Weiming Wu* 
Department of Chemistry and Biochemistry, San Francisco State University, San 

Francisco, CA 94132 USA 
 
The decarboxylation of orotic acid and its analogues has been investigated as a model for 
enzymatic decarboxylation catalyzed by orotidine-5’-monophosphate decarboxylase (ODCase), 
one of the most proficient enzymes. There has been much debate over the exact reaction 
mechanism by which it converts orotidine monophosphate (OMP) to uridine monophosphate 
(UMP). Our laboratory focuses on determining the mechanism through the mechanistic 
investigation of substrate analogs. Part of the mechanistic investigation requires the synthesis of 
N1-substituted orotic acid derivatives as substrates. The currently available synthesis of N1-
substituted orotic acid derivatives is rather complicated with ten reaction steps. Thus there is a 
need for development of a more efficient synthetic method for N1-substituted orotic acid. Our 
synthesis starts with the bromination of maleimide to form dibromosuccinimide, which reacts 
with amines to form the substituted aminomaleimide. Reaction of the aminomaleimide with 
chloroformate gives the carbamate intermediate, which is treated with alkaline base to yield the 
desired product. Therefore, the new synthetic method will be much shorter (four reactions in two 
in-situ steps) and more efficient. 

                                                
* Corresponding author. Tel.: 1-415-338-1436; fax: 1-415-338-2384; e-mail: wuw@sfsu.edu. 
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Investigation of N,N’,N’’-Trihydroxyisocyanuric Acid 
(THICA) as a Potential Photoprecursor to                

Hydroxynitrene (HON) 
Tyler A. Chavez and John P. Toscano* 

Johns Hopkins University, Department of Chemistry 

Although recent generation of alkoxy- and aryloxynitrenes from photoprecursors has 
been reported, analogous precursors to the parent hydroxynitrene (HON) have remained elusive.  
Since HON is expected to isomerize readily to nitroxyl (HNO), we have investigated N,N’,N’’-
trihydroxyisocyanuric acid (THICA) as an alternative photochemical precursor to HON.  Time-
resolved infrared (TRIR) spectroscopy has revealed evidence for the formation of an isocyanate 
at 2250 cm-1, which is formed within the time resolution of our experiment (50 ns), and is stable 
on the millisecond time scale.  Presumed decomposition of N-hydroxyisocyanate, has led to the 
detection of carbon monoxide (CO m/z 28), HNO (m/z 31), and HNO- or HON-derived N2O (m/z 
44) by membrane inlet mass spectrometry (MIMS).  On the basis of these observations we 
suggest that THICA is a precursor to HON through secondary photolysis of N-
hydroxyisocyanate, which can be considered as a CO adduct of HON.  
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Molecular docking study of Organophosphorus pesticides 

with G3C9 and its variants 
 

Katharine J. Cahill, Shameema Oottikkal, and Christopher M. 
Hadad* 

 
Department of Chemistry and Biochemistry, The Ohio State University, 

100 West 18th Avenue, Columbus, OH 43210 
 
Organophosphorus (OP) compounds are highly toxic because they are able to bind to the active 
site of acetylcholinesterase, leading to irreversible inhibition.1 Catalytic hydrolysis of OPs with 
bio-scavengers is a promising avenue of investigation. Native human protein PON1 has become 
the focus of studies to engineer a catalytic bio-scavenger for pesticides and other OP compounds 
because it is able to hydrolyze pesticide metabolites such as paraoxon as well as some G- and V-
series nerve agents.2 Several bacterially expressed recombinant PON1 enzymes have been 
developed (such as G2E6 and G3C9) that have similar activity against various OP compounds.3 
In this study, molecular docking simulations were performed on G3C9 and its variants using 
AutoDock.4 Interactions of several OP pesticides with the enzyme active site are explored to 
understand both the efficiency of binding as well as the orientation of the substrate in the active 
site.  This can be useful to further understand the mechanism of hydrolysis of the OP compounds 
as well as to analyze the effect of enzyme mutations on substrate binding. 
 
1 Taylor, P. Anticholinesterase agents. In Goodman & Gillman’s The Pharmacological Basis of 
Thearpeutics; Hardman, J.G., Limbird, L.E., Gilman, A.G., Eds.; McGraw-Hill, New York, 
2001; pp 175-192. 
2 Lenz, D.E.; Yeung, D.T.; Smith, R.J.; Sweeney, R.E.; Lumley, L.A.; Cerasoli, D.M. Toxicol 
2007, 233, 31-39. 
3 Harel, M.; Aharoni, A.; Gaidukov, L.; Brumshtein, B.; Khersonsky, O.; Meged, R.; Dvir, H.; 
Ravelli, R,B.; McCarthy, A.; Toker, L.; Silman, I.; Sussman, J.L.; Tawfik, D.S Nat. Struct Mol. 
Biol. 2004, 11, 412-419. 
4 Morris, G.M.; Goodsell, D.S.; Halliday, R.S.; Huey, R.; Hart, W.E.; Belew, R.K.; Olson, A.J. J. 
Comput. Chem. 1998, 19, 1639-1662. 
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Annulenes and Annulene-Calixarene Hybrids 
 

Andrew Blank,# Andres Gasper,# Matthew Miles,# Roman 
Oundirenko,# K.C. Russell* 

Northern Kentucky University, Highland Heights KY, 41099 
 

The development of organic materials that may be used in the development of sensors, 
semiconductors and OLEDs are often based on alkynyl-arene motifs.  One such class of 
compounds is the o-dehydrobenzoannulenes (DBAs). o-DBAs, which have been known for 
many years, are cyclic structures composed exclusively of arenes bridged at the otho-position by 
unsaturated linkers.  These compounds have become attractive targets in recent years, in large 
part due to the synthetic accessibility of such molecules via highly reliable palladium coupling 
methodologies. Although early examples were primarily hydrocarbons, an ever increasing 
number of o-DBAs possessing heterocycles is being reported.  The Russell Research Group has 
previously prepared a series of o-DBA’s (1-3) containing electron donating oxygens and 
accepting pyridyl nitrogens.1 This poster will present the current expansion of this work into 
asymmetric analogues (4-7).  This poster will also present the groups’ current efforts to 
synthesize and characterize novel o-dihydroxyannulenes (e.g. 8) that can be incorporated into 
oxa- or oxazacalixarenes as part of a collaboration with the Katz group at Colby College. 
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1) Lauer, M.G. et al. J. Org. Chem., 2008, 73 (2), pp 474–484 
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Investigation of the Reactions Involving HNO and Selenium-
Containing Compounds 

 
Christopher L. Bianco and John P. Toscano* 

Department of Chemistry 
Johns Hopkins University 

 
Nitroxyl (HNO), the one-electron reduced and protonated congener of nitric oxide (NO), has 
generated much interest for its potential as a therapeutic for heart failure.  In comparison to NO, 
HNO has a distinct array of targets, including metals and thiols.  Much of the focus in our lab has 
been placed on the study of reactions involving HNO and thiols.  Depending on the conditions, 
these reactions result in predominant formation of either the corresponding disulfide or 
sulfinamide.  HNO-induced thiol modifications resulting in disulfides are readily reversible, 
whereas reversal of the sulfinamide modification is quite slow.  Like thiols, selenols are also 
potent traps for HNO.  Selenols and selenol-containing proteins play critical roles in cellular 
defense and, in comparison to thiols, are more reducing, more nucleophilic and more acidic.  
Selenium-77 is an NMR active nucleus that has a very large chemical shift range of 3500 ppm, 
allowing for the facile determination of various redox species.  Through conventional methods 
and 77Se-NMR spectroscopy, we have found that reactions involving HNO and selenols result 
primarily in the formation of the corresponding diselenide, no matter the conditions.  As with 
thiols, this modification is readily reversible under reducing conditions.   
	  

	  
	  

	  

	  	  	  
	  

Compound 77Se Chemical Shift  
(ppm) 

Diselenide 
     PhSeSePh 
Selenol 
     PhSeH 
Selenolate 
     Sec- 
Selenenic Acid 
     PhSeOH 
Seleninic Acid 
     PhSe(O)OH 
Selenenamides 
     (o-NO2)PhSeN(Me)2 
Seleninamides 
     PhSe(O)NH2 

 
449 

 
152 

 
-240 

 
1018 

 
1171 

 
900 

 
1002 
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Exploiting Mechanistic Features of Iron-Catalyzed Ring 
Opening Polymerization Reactions for the Synthesis of 

Advanced Materials 
 

Ashley B. Biernesser, Cesar M. Manna, Kayla Delle Chaie, and 
Jeffery A. Byers* 

Boston College, Chestnut Hill, MA 02467 
 

Mechanistic features for ring opening polymerization reactions of cyclic diesters and 
epoxides catalyzed by iron bearing bis(imino)pyridine or bis(amidinato)-N-heterocyclic carbene 
ancillary ligands are presented. The sensitivity of lactide polymerization to the electron donating 
characteristics of the initiating alcohol along with electron releasing properties of the ancillary 
ligands were investigated generally showing an increase in activity for more electron rich 
complexes.  Moreover, oxidation of the ferrous catalyst resulted in a cationic ferric complex that 
was completely inactive for lactide polymerization but active for epoxide polymerization.  In 
contrast, the original ferrous complexes demonstrated no proclivity towards polymerizing 
epoxides.  Finally, the neutral tridentate ligands employed in these reactions free up two sites for 
polymerization.  Molecular weight data for lactide polymerization reactions indicate that the 
number of propagating polymer chains is dependent on the identity of the initiating alcohol: aryl 
alkoxides proceed via the propagation of one polymer chain while alkyl alkoxides proceed via 
the propagation of two polymer chains.   The mechanistic insight brought forth by these studies 
were exploited for the synthesis of high molecular weight poly(lactic acid), redox-switchable 
copolymerization reactions, and the synthesis of macrocyclic polyesters. 
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Mechanistic Insight into Catalytic Enantioselective 
Annulation reactions with Allylsilanes 

 
Nicolas R. Ball-Jones, Brittany M. Armstrong, Joseph J. Badillo, 

Annaliese Franz* 

Department of Chemistry, University of California, Davis, CA 95616 
 
 The first catalytic asymmetric [3+2] allylsilane annulation for the synthesis of 
cyclopentanes is described. The enantioselective annulation generates a quaternary spirocenter 
with up to 97% yield, and excellent diastereo- and enantioselectivity (up to 99:1 dr, 99:1 er) 
using scandium(III)-indapybox complexs as catalysts.  We have investigated counterion effects 
and determined that a tetrakis-[3,5-bis(trifluoro-methyl)phenyl]-borate (BArF) anion is essential 
for catalytic activity and high stereoselectivity. Trapping of the β-silyl carbocation intermediate 
with a tert-butyl ester substitutent affords a lactone product. Choice of Lewis acid allows control 
of selectivity and affords only lactone product.  The scandium catalyst complex is also effective 
for the diastereoselective synthesis of densely functionalized cyclopentanes derived from 
coumarin and simple alkylidene malonates. Insight into the catalyst complex is presented based 
on the results of various 1H, 19F and 45Sc NMR experiments. In particular, the role of NaBArF is 
examined and the effect of triflate anions is discussed.  
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Acid Catalyzed Rearrangements of Dimethylnaphthalenes 

 
Nikeya Ballantyne and Richard P. Johnson* 

  
Department of Chemistry, University of New Hampshire Durham, NH 03824 

 
The acid catalyzed rearrangement of substituted aromatic rings has been a topic of interest within 
our group for the past several years and we are working to develop a set of rules to predict these 
rearrangements. Our most consistent results have occurred with the use of 
trifluoromethanesulfonic acid (TfOH) in 1,2-dichloroethane using a microwave reactor to 
achieve higher temperatures.  For aryl or alkyl monosubstituted naphthalenes, cationic 
equilibration favors position 2.  DFT calculations on the isomerizations of methylnaphthalenes 
show that a 1,2-methyl shift should occur much more readily than a 2,3-shift.  
 
 

 
 
   

 
 
 
Interconversion of disubstituted naphthalenes is more complex because there are now 10 possible 
isomers and a substituent on one ring should influence the opposite side. We are studying the 
isomerization of dimethylnaphthalenes using TfOH in 1,2-dichloroethane.  Among results in 
hand, we find that rearrangement of 2,7-dimethylnaphthalene favors the 1,7-isomer.  The 2,7- 
and 2,6-isomers do not interconvert since this would be a 2,3-type shift.  Future work will 
include a study of all ten isomers and their potential for rearrangement.   
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Bifurcation Reactions and the Evans-Polanyi Principle 
 

Donald H. Aue 
Department of Chemistry and Biochemistry 

University of California, Santa Barbara 
 

Predictions of product ratios from reactions that occur on bifurcated energy surfaces (with two 
products forming via a single transition sate) or are controlled by dynamical factors is difficult, 
can be made by averaging the results of individual trajectory calculations.  For “normal” 
surfaces, transition-state theory can be used to more simply predict product ratios from 
calculated transition-state energies.  In these cases, the usual qualitative rules for prediction make 
use of a knowledge of the relative energies of reaction products (or intermediates) formed in the 
rate-determining steps as embodied in the Evans-Polanyi Principle and Marcus Theory.  In some 
cases with early transition states, Perturbational MO theory (PMO) or Frontier Orbital Theory 
are useful predictors.  What we explore here is whether a version of the Evans-Polanyi Principle 
can be useful to predict the effect of substituents on changes in product ratios for those reactions 
controlled by dynamical factors.  So the question may be posed whether skewing the energy 
surface with substituent effects might favor those products which become the lowest in energy. 
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In both of the two reaction schemes shown above, we have found with DFT-BOMD trajectory 
calculations that products are formed within a few hundred femtoseconds without any long-lived 
intermediates.  Reactions of A conform to a standard ridge-valley inflection mechanism, while 
reactions of D have a more complex energy surface that results in multiple products.1  The 
introduction of various fused rings in place of the benzo group in A can dramatically shift the 
relative energies of products B and C.  Reaction trajectories for these derivatives do indeed show 
corresponding changes to favor the most stable products.  Reactions of D with substituents at the 
2-position of the 5-oxabicyclo[2.1.0]pentane ring show a similar pattern of reactivity.  While still 
at an early stage, these observations may have broad implications for prediction of product ratios 
of reactions not governed by normal transition-state theory. 
 
1  (a) L. Ye, Y.Wang, D. H. Aue, L. Zhang, J. Am. Chem. Soc. 2012, 134, 31.  (b) Y. Wang, A. 
Yepremyan, S. Ghorai, R. Todd, D. H. Aue, L. Zhang Angew. Chem., Int. Ed. 2013, 52, 7795.  (c) M. M. 
Hansmann, M. Rudolph, F. Rominger, A. S. K. Hashmi, Angew. Chem., Int. Ed. 2013, 52, 2593. 
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Pd-Promoted deprotection-dimerization-macrocyclization 
route to C2 symmetric cyclo-tetrapeptides 

Nasajpour, Amir#; Ha, Khanh; Katritzky, Alan* 
University of Florida, Center for heterocyclic compounds 

 
Dimerization-macrocyclization has been a long-standing problem in the cyclization of peptides 
since, together with the desired cyclic product, many cyclic oligomers and linear polymers may 
also be formed during the reaction.  Therefore, the development of a process that affords the 
cyclic dimer predominantly is difficult.  A novel and versatile strategy for the synthesis of 
symmertric cyclo-tetrapeptides by palladium-promoted tandem deprotection/cyclo-dimerization 
from readily available Cbz-dipeptidoyl benzotriazolides is reported (Cbz = benzyloxycarbonyl) 
(Fig. 1) 

 

Figure 1. Synthesis of unsymmetrical cyclo-tetrapetide. 
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Alkynes: Two Functional Groups in One Package 
I. V. Alabugin,* B. Gold, K. Gilmore, P. W. Peterson, R. K. 

Mohamed 
 

 Dept. of Chemistry and Biochemistry, Florida State University, Tallahassee, FL 
 

 
We will illustrate how the key structural, energetic and stereoelectronic features of 

alkynes can be used for the discovery and control of new metal-free organic cascades. Spatial 
orthogonality of the two independently addressable π-systems in alkynes allows entry into ionic 
chemistry of neutral hydrocarbons, preparation of radicals without radical initiators, generation 
of excited states without light, “1,2-dicarbene reactivity” of alkynes, initiation of carbonyl 
chemistry from alkynes, and full disassembly of the alkyne moiety.1 
                                                
1 Alabugin, I. V.; Gold, B.  J. Org. Chem., 2013, 78, 7777-7784. 
http://pubs.acs.org/doi/abs/10.1021/jo401091w 
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 Catalytic Synthesis of α-2-Deoxyglycosides Facilitated by 
a 3,4-trans-Fused Cyclic Protecting 

Edward Balmond,a David Benito-Alifonso,a Diane Coe,b Roger W. 
Alder,a Eoghan McGarigle,a* and M. Carmen Galan.a* 

aSchool of Chemistry, University of Bristol, Bristol, BS8 1TS, U.K., 
bGlaxoSmithKline Pharmaceuticals R&D facility, Gunnels Wood Road, 

Stevenage Herts, SG1 2NY, U.K.	  	  

	  

Many biologically active natural products contain sugar moieties; often the presence of the glycan is 
critical for the pharmacology and bioactivity of the molecule.  The biggest challenge within 
oligosaccharide synthesis is the stereoselective control of glycosidic linkages.  Neighbouring group 
participation (NGP) offers the most reliable method for stereoselective glycosylations; however, the 
incorporation and the use of NGP groups can be laborious and sometimes not applicable to all types 
of monosaccharides e.g. 2-deoxyglycosides. 

Deoxysugars are an important class of carbohydrates found in many glycoconjugate type drugs e.g. 
Erythromycin, Aclarubicin.  Therefore, the development of a synthetic method to control the 
stereoselectivity of glycosylation reactions affording 2-deoxyglycosides is desired.  

Herein we report the direct, practical and stereoselective synthesis of 2-deoxy-D-glucosides and L-
rhamnosides through the acid catalysed glycosylation of glycals. High stereocontrol is achieved 
through conformational locking induced by a cyclic siloxane-protecting group between the C-3 and C-
4 hydroxyls. This methodology was applied to the synthesis of disaccharides and glycoconjugates in 
high yield with high to complete α-selectivity. 
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Direct Detection of Triplet Vinylnitrene in Solution and 
Cryogenic Matrices 

 
Sujan K. Sarkar, Asako Sawai, Kousei Kanahara, Takemi Mizuno 

Manabu Abe, Anna D. Gudmundsdottir 
University of Cincinnati and Hiroshima University 

 
 

 
Laser flash photolysis of naphthoquinone azide 1 at ambient temperature results in a broad 

transient absorption due to its triplet excited state (T1 of 1) and the corresponding triplet 

vinylnitrene 2. Irradiation of 1 in glassy MTHF matrices at 77 K results in similar absorption due 

to formation of vinylnitrene 2.  Photolysis of 1 in argon matrices at 8 K makes it possible to 

identify vinylnitrene 2 and its photoproduct azirine 3, whereas irradiation 1 in MTHF matrices at 

5 K resulted in ESR spectra of vinylnitrene 2, Density functional theory (DFT) calculations were 

performed to support the characterization of vinylnitrene 2 and the proposed mechanism for its 

formation. 
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Fragmentation Patterns and Mechanisms of Protonated 

Peptoids under CID Conditions 
 

Ekram Hossain1, Jianhua Ren*1; Yuan Tian1; Michael Connolly2; 
Ronald Zuckermann2 

1University of the Pacific, Stockton, CA; 2Lawrence Berkeley National Laboratory, 
Berkeley, CA 

 
Introduction 
Peptoids are peptide-mimicking oligomers with the sequence of poly N-substituted glycine. 
Peptoid are bio-inspired peptidomimetic polymers that offer many superior properties over 
natural peptides, such as the increased stability against protease digestion. The increasingly 
diverse peptoid libraries require an efficient analytical method to analyze the sequence and 
structure of peptoids. Mass spectrometry has shown promise for this purpose. Although the 
backbone of peptoids is similar to that of peptides, the side-chain groups in peptoids are 
appended to the nitrogen instead of the α-carbon. The structure change may alter the 
fragmentation mechanism. We have studied a series of peptoids containing aromatic, 
alkoxy, and amino side-chain groups under tandem mass spectrometry conditions. The 
singly and doubly protonated peptoids showed characteristic fragmentation patterns. 
 
Methods 
The peptoids were synthesized using solid-phase strategy on Rink amide resin at the 
Molecular Foundry (LBNL). All mass spectrometry experiemnts were performed on a Varian 
320L tandem mass spectrometer. The protonated peptoid ions were generated by 
electrospray ionization and the collision-induced dissociation experiments were carried out 
in the quadrupole collision cell. Molecular modeling was performed using the Gaussian 03 
suite of programs. 
 
Result 
The backbone structure of the peptoids included (S)-N-(1-phenylethyl)glycine (Nspe), N-(2-
methoxyethyl)glycine (Nme), and N-(2-phenylethyl)glycine (Npe). The peptoids structures 
were varied by inserting a basic residue N-(2-aminoethyl)glycine (Nae) or N-(2-
diisopropylaminoethyl)glycine (Ndipae) at different sites of the peptoid chain. The peptoids 
were readily ionized via single or double protonation under ESI condition. Upon the CID 
experiment, the primary backbone fragmentation was at the amide bonds. Fragmentation of 
the singly protonated peptoids was favored in producing low mass B-type ions and medium 
to high mass Y-type ions. The location of the side-chain amino group seemed to have 
minimal influence on the fragmentation patterns. Water loss and ammonium loss were 
observed for peptoids containing the amino group at a position other than the N-terminus. 
Fragmentation of the doubly charged peptoids required much lower collision energy than 
that for the singly charged peptoids. The doubly protonated peptoids tended to produce one 
or two predominant low mass ions, especially the B1 ion. Regardless of singly or doubly 
protonated peptoids, fragmentation at the side-chain group was common for all Nspe 
containing peptoids. Computational studies will be carried out to assist in proposing the 
mechanisms associated with the fragmentation patterns. 
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Design, Synthesis, and Study of Sila-based Ligands and 
Organocatalysts for Asymmetric Transformations 

 
Ngon T. Tran, Kayla M. Diemoz, Annaliese K. Franz* 

Department of Chemistry, University of California, Davis 
 
 The carbon-to-silicon switch strategy is applied in the development of new classes of 
ligands and organocatalysts. The greater electropositive nature, size, and bond length of silicon 
compared to carbon either significantly enhance or induce unique properties and reactivity of 
silanol ligands and silanediol organocatalysts. Spectroscopic and spectrometric studies are 
investigated to understand (1) the denticity and metal-ligand ratio of bifunctional silanol ligands 
in complexes with Lewis acids (i.e., Ag, Sc, and Ti), (2) mode of silanediol hydrogen-bonding 
activation, and (3) origins of chiral transfer. We successfully shown that novel bifunctional 
silanol ligands and silanediol organocatalysts facilitate a variety of carbon-carbon bond forming 
reactions (up to 92% yield and 79:21 er), including an intramolecular cycloaddition that produces 
four stereogenic centers. Optimization of catalyst activity and selectivity as well as comparison 
of silanols to known ligands and hydrogen-bonding organocatalysts will be presented. 
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