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 SEQ CHAPTER \h \r 1Structures and electronic ground state study on six-coordinate 

iron(III) cyano-porphyrinates 
Jianfeng Li, Charles E. Schulz, W. Robert Scheidt.

Department of Chemistry and Biochemistry, University of Notre Dame 

The synthesis and structural characterization of six-coordinate low-spin cyano- iron(III) porphyrinates: [Fe(TPP)(CN)(1-MeIm)], [Fe(TPP)(CN)(Py)], [Fe(TMP)(CN)(1-MeIm)] and [K(18-crown-6)][Fe(TMP)(CN)2] are reported. Their spectroscopic properties (IR, UV-vis, EPR and Mössbauer) have been measured and used to investigate electronic ground state of the ferriheme centers. 
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Schedule of Events

	Breakfast in WTHFR 104
	8:30 – 9:30am

	First Session of Talks
	9:30 – 10:30am

	Odd Numbered Posters
	10:30 – 11:30am

	Second Session of Talks
	11:30 – 12:30pm

	Lunch (map on page XX)
	12:30 – 2:00pm

	Even Numbered Posters  
	2:00 – 3:00pm

	Final Talks and Awards
	3:00 – 4:00pm

	
	


1

Oral Presentations
First Session

1.

Inorganic Oxo Reactions with Alkylating Agents:  

Implications for Cancer Prevention

by,

Elizabeth E. Hamilton* and Jonathan J. Wilker
Department of Chemistry, 

Purdue University

2.
Attachment and Patterning of Salmonella Phage Tailspike Protein on Chemically Modified Silicon[100]

by,

Bo Gao*, Patricia Clark, Mary C. Finn and Marya Lieberman

Department of Chemistry and Biochemistry, 

University of Norte Dame
3.

Probing the Chemical Origins of Physical Properties of Metallomesogens via Raman Spectroscopy

by,

David F. Dye* and Jeffrey M. Zaleski

Department of Chemistry, 
Indiana University

2

Structural Characterization of Heterobimetallic Group 2 Metal Amides

Lauren T. Wendell*, Bruce C. Noll and Kenneth W. Henderson
Department of Chemistry, University of Notre Dame
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Group 1 and 2 metal amides are very useful as selective strong bases in organic synthesis. Additionally, there has been significant interest in the synthesis and structural characterization of mixed-metal amide combinations for the alkali metals, and also for mixtures between the alkali and alkaline earth metals, due to their differing reactivity compared with their homometallic counterparts. In this respect, a surprising omission is the characterization of mixed group 2 metal amides. In this presentation we will outline the synthesis and characterization of the first examples of heterobimetallic group 2 metal amides. 
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Synthesis of Multidentate Diketonate Ligands and Their Interactions with Ti(IV)

Vesela Ugrinova, Tobias Schroeder, and Seth N. Brown
Department  of Chemistry and Biochemistry, University of Notre Dame
In transition metal catalysis the symmetry of the complex can have a profound effect on the selectivity of the reaction by decreasing the number of competing alternatives. Our research group works on the preparation of two-fold symmetric Ti(IV) complexes with C2- symmetrical, oxygen rich tetradentate ligands. We prepared the supporting ligand 1,3-bis(2-(3,5-di-tert-butyl-2-hydroxystyryl)phenyl)propane-1,3-dione (Fig. 1) and its equivalent with hydrogenated ethane bridge, which both fail proper coordination with Ti(IV) but form mixture of bi-, and probably three- and tetradentate complexes with Ta(V). A similar ligand with only one phenol group does form a stable chelate complex with titanium. A ligand incorporating two -diketonate moieties (Fig. 2) reacts with Ti(OiPr)4 to give -cis-octahedral complex. Other molecules with different spacing between the two -diketonate moieties were also prepared and reacted with Ti(IV). 
[image: image7.png]
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Oral Presentations
Second Session

1.

Surprising Reactivity of [N(SiMe2CH2P(tBu)2)2]RuCl with Olefins and Alkynes, and unexpected derivatives of PNPRuCl

by,

Amy N. Walstrom, Lori A. Watson, Xiaofan Yang, Maren Pink and Kenneth G. Caulton

Department of Chemistry, Indiana University

2.
Enhancing the Emission of Platinum(II) Polypyridines.
by,

Michael H. Wilson*, David R. McMillin

Department of Chemistry, 
Purdue University

3.

Heavy-Metal Aromatic and Conjugated Species of Group 14

by,
Iliya Todorov * and Slavi C. Sevov
Department of Chemistry and Biochemistry, 
University of Notre Dame

3

Oral Presentations
Final Session

1.
Synthesis and Structure of Calcium Enolates
by,

Xuyang He*, Bruce C. Noll, Alicia Beatty, and Kenneth W. Henderson
Department of Chemistry and Biochemistry, 
University of Notre Dame

2.
Copper Clusters Built On Spin-Delocalizing Bulky Amidinate Ligands

by,
Xuan Jiang, John Bollinger, Mu-Hyun Baik, and Dongwhan Lee

Department of Chemistry, 
Indiana University

3.
Chlorine Dioxide Oxidations of Tyrosine, N-acetyltyrosine, and Dopa

by,

Michael J. Napolitano*, Brandon J. Green, Jeffery S. Nicoson, and

Dale W. Margerum

Department of Chemistry, 

Purdue University
4

Synthesis of an extended structure porphyrin via Bergman cyclization

L.J.K. Boerner, Mahendra Nath, Maren Pink, and Jeffrey M. Zaleski

Department of Chemistry and Molecular Structure Center, Indiana University

Porphyrins are a class of conjugated systems that have been very well studied, and have an abundance of applications, from dye and inks to uses in optical materials. Modification of the porphyrin chromophore has many potential applications, primarily when this results in the presence of strong absorption bands in the red and near infrared regions. These extended structure porphyrins are potentially useful in biological systems because human tissue is largely transparent to both red and near infrared wavelengths. After the addition of four enediyne units at the periphery of the porphyrin, thermal Bergman cyclization can be employed to create an extended aromatic molecule. Presented will be the synthesis and thermal Bergman cyclization of the 2,3,12,13-tetraethynyl-5,10,15,20-tetraphenylporphyrin to generate the chromophoric superstructures bis-piceno[20,1,2,3,4,5,10,11,12,13,14,15-fghij]porphyrin and 2,3-diethynyl-5,20-diphenyl-piceno[10,11,12,13,14,15-fghij]porphyrin. 
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Characterization of Alkali-Metallated α-α’-Stabilized Phosphorus(V) Carbanions and Identification of an Intermediate in the Oxidation of a Horner-Wittig Reagent.

Roger Nassar,* Bruce C. Noll, and Kenneth W. Henderson

Department of Chemistry & Biochemistry, University of Notre Dame

[image: image8.emf]       

We have recently discovered that the structural patterns of the alkali-metallated derivatives unexpectedly break with those of well established mono-stabilized carbanions.  Even though complexes 1 and 2 are closely related, their structures are markedly different (Fig.1).  Complex 3 is an intermediate in the oxidation of [{{Ph2P(O)}2CHLi.(THF)}2.THF] (Fig.2). This presentation will rationalize these results and describe reactivity trends emerging in the area.
Figure 1. Molecular structures of [{(iPrO)2P(O)}2CHNa]4 1 and [{(EtO)2P(O)}2CHNa]6 2
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Figure 2. Molecular structure of [{(Ph2P(O))2CHLi}4.{Ph2P(O)2Li}2.8C6H6] 3
43

Poster Presentations
1.

Fluorotrimethylsilane Affinities of Anionic Nucleophiles:  

A Study of Fluoride-Induced Desilylation

Ian Krouse and Paul G. Wenthold, Purdue University

Department of Chemistry, Purdue University
2.

Loosely Held Polyaromatic Receptors: Tight Electronic Coupling and Synchronized Molecular Motion

Justin Riddle, Au Ji Ru Son, John Bollinger, and Dongwhan Lee

Department of Chemistry, Indiana University

3.

Reactions of nine-atom germanium clusters in solution

Angel Ugrinov* and Prof. Slavi Sevov

Department of Chemistry, University of Notre Dame

4.

Metal-linked Nucleic Acids for Antisense Therapy

Mildred Rodriguez*, Megan Lockard* and  Jonathan J. Wilker

Department of Chemistry, Purdue University

5.

HIGH-HYDRIDE CONTENT OCTAHEDRONS THAT BRIDGE THE GAP BETWEEN LATE AND EARLY-TRANSITION METAL CLUSTERS.
Michael J. Ingleson, Mary F. Mahon, and Andrew S. Weller*

Department of Chemistry, University of Bath

6.

Study of High-Spin Hindered Imidazole Iron(II) Porphyrinate Complexes

Chuanjiang Hua, Arne Rotha, Mary K. Ellisona, Jin Ana, Charles E. Schulzb,

 and W. Robert Scheidta
aDepartment of Chemistry and Biochemistry, University of Norte Dame

bDepartment of Physics, Knox College

5

Poster Presentations
7.
Carcinogen Interception:  Detoxification and Cancer Prevention from Inorganic Compounds in the Diet

Elizabeth E. Hamilton, Jessica M. Fautch* and Jonathan J. Wilker

Department of Chemistry, Purdue University

8.
Thermal and Photochemical Benzannulation of Porphyrinic Enediynes

Mahendra Nath, John C. Huffman, Maren Pink and Jeffrey M. Zaleski*

Department of Chemistry and Molecular Structure Center, Indiana University

9.
Solution Synthesis Attempts with Group 14 Heteroatomic Zintl Clusters

Ivaylo P. Petrov* and Slavi C. Sevov

Department of Chemistry & Biochemistry, University of Notre Dame

10.
Peptide Mimics of Marine Mussel Adhesive Cross-Links

Trinity Horton*, Steve Howell*, Jaime Weisser*, Mary Sever, Glenn Westwood

Department of Chemistry, Purdue University

11.
Bergman Cyclization of Enediynes Controlled by the Lewis Acidity of Metal Ions

Sibaprasad Bhattacharyya, Maren Pink and Jeffrey M. Zaleski*

Department of Chemistry and Molecular Structure Center, Indiana University

12.
 SEQ CHAPTER \h \r 1 Self-Assembly of Two and Three Dimensional Networks by Hexameric Sodium Aryloxides

J. Jacob Morris*, Dugald J. MacDougall, Bruce C. Noll and Kenneth W. Henderson
Department of Chemistry, University of Notre Dame

13.
Electrochemical Morphogenesis of Micron-Size Cu2O Crystals

Matthew J. Siegfried* and Kyoung-Shin Choi

Department of Chemistry, Purdue University

6

Characterization of Alkali-Metallated α-α’-Stabilized Phosphorus(V) Carbanions and Identification of an Intermediate in the Oxidation of a Horner-Wittig Reagent.

Roger Nassar,* Bruce C. Noll, and Kenneth W. Henderson

Department of Chemistry & Biochemistry, University of Notre Dame
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We have recently discovered that the structural patterns of the alkali-metallated derivatives unexpectedly break with those of well established mono-stabilized carbanions.  Even though complexes 1 and 2 are closely related, their structures are markedly different (Fig.1).  Complex 3 is an intermediate in the oxidation of [{{Ph2P(O)}2CHLi.(THF)}2.THF] (Fig.2). This presentation will rationalize these results and describe reactivity trends emerging in the area.
Figure 1. Molecular structures of [{(iPrO)2P(O)}2CHNa]4 1 and [{(EtO)2P(O)}2CHNa]6 2
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Figure 2. Molecular structure of [{(Ph2P(O))2CHLi}4.{Ph2P(O)2Li}2.8C6H6] 3
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Four Coordinate Titanium Alkylidene Complexes:  Synthesis, Reactivity, and Kinetic Studies Involving the Terminal Neopentylidene Functionality

Falguni Basuli, Brad C. Bailey, John C. Huffman, Daniel J. Mindiola

Department of Chemistry and Molecular Structure Center, Indiana University

A series of titanium complexes containing a terminal neopentylidene functionality have been prepared by a one electron oxidatively induced -hydrogen abstraction from the corresponding bis-neopentyl precursor (Nacnac)Ti(CH2tBu)2 (Nacnac– = [Ar]NC(CH3)CHC(CH3)N[Ar], Ar = 2,6-(CHMe2)2C6H3), among them (Nacnac)Ti=CHtBu(OTf) and (Nacnac)Ti=CHtBu(I).  It was determined that bulky alkyl groups bound to titanium as well as a bulky coordinating anion from the oxidant are needed to promote -hydrogen abstraction.  Complex (Nacnac)Ti=CHtBu(OTf) serves as a template for other four coordinate titanium neopentylidene complexes such as (Nacnac)Ti=CHtBu(X) (X– = Cl, Br, and 3-BH4).  Complexes (Nacnac)Ti=CHtBu(X) undergo cross-metathesis reactivity with the imine functionality of the Nacnac– ligand forming the imido complexes (2-HtBuC=C(Me)CHC(Me)N[Ar])Ti=NAr(X) (X– = OTf, Cl, Br, I, 3-BH4).  In addition, C-H activation of two tertiary carbons also takes place to afford the titanacycles Ti[2,6-(CMe2)(CHMe2)C6H3]NC(Me)CHC(Me)N[2,6-(CMe2)(CHMe2)C6H3](X) (X– = OTf, Cl, Br and 2-BH4).  Kinetic studies in C6D6 reveal the formation of (2-HtBuC=C(Me)CHC(Me)N[Ar])Ti=NAr(I) from (Nacnac)Ti=CHtBu(I) to be independent of solvent (C6D6, Et2O-d10, THF-d8) and the reaction to be first order in titanium (k = 8.06 x 10-4 s-1 at 57 oC, with activation parameters H‡ = 21.3(2) kcal/mol, S‡ = –8(3) cal/molK).  Compound (Nacnac)Ti=CHtBu(OTf) reacts with various substrates to afford products in which the alkylidene functionality has been significantly transformed.  When the alkylidene derivatives (NacnactBu)Ti=CHtBu(X) (X– = OTf, I; NacnactBu– = [Ar]NC(tBu)CHC(tBu)N[Ar]) were prepared, the intramolecular cross-metathesis transformation observed with (Nacnac)Ti=CHtBu(X) was inhibited completely.      
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Poster Presentations
14.
Synthesis of Diazo-Oxo Chlorins

Tillmann Köpke, Mahendra Nath, Maren Pink and Jeffrey M. Zaleski*

Department of Chemistry and Molecular Structure Center, Indiana University

15.
Solution Phase Synthesis of Semiconductor Nanowires

Katherine L. Hull1,2*, James W. Grebinski2, Jing Zhang3, Thomas H. Kosel3 

and Masaru Kuno1,2
1Department of Chemistry and Biochemistry, 2Notre Dame Radiation Laboratory, and 3Department of Electrical Engineering

University of Norte Dame

16.
CATIONIC PORPHYRINS: SYNTHESIS, STRUCTURE 

AND INTERACTION WITH DNA 

Kim Andrews*, Alexander H. Shelton and David R. McMillin

Department of Chemistry, Purdue University

17.
Ligand effect towards the reactivity for Ru-Pincer complex to CO

Xiaofan Yang*, Christine Bibal and Kenneth Caulton

Department of Chemistry, Indiana University

18.
Alkene Cleavage by Cationic Metal Carbynes

Markos M. Papadakis* and Seth N. Brown

Department of Chemistry and Biochemistry, University of Notre Dame

19.
Synthesis & Characterization of High Surface Area Fibrous Zn Films for Use in Zinc-Air Cells
Carmen M. Lopez* and Kyoung-Shin Choi

Department of Chemistry, Purdue University

7
Poster Presentations
20.

Naked Deltahedral Silicon Clusters in Solution: Synthesis and Characterization of Si52-, Si93- and Si92-
Dr. Jose M. Goicoechea* and Prof. Slavi C. Sevov

Department of Chemistry, Indiana University

21.

Nuclear Resonance Vibrational Spectroscopy: A Novel Technique to Study Heme Iron Vibrational Modes and the Effect of Binding Small Molecules

Nathan Silvernail*, and W. Robert Scheidt 

Department of Chemistry, University of Notre Dame

22.

Electrochemical reversible binding of disulfide linkages on Porous Silicon for bisosensor development
Shalini Sharma* and Jillian M. Buriak

Department of Chemistry, Purdue University

23.

Four Coordinate Titanium Alkylidene Complexes:  Synthesis, Reactivity, and Kinetic Studies Involving the Terminal Neopentylidene Functionality

Falguni Basuli, Brad C. Bailey, John C. Huffman, Daniel J. Mindiola

Department of Chemistry and Molecular Structure Center, Indiana University

24.
Characterization of Alkali-Metallated α-α’-Stabilized Phosphorus(V) Carbanions and Identification of an Intermediate in the Oxidation of a Horner-Wittig Reagent.

Roger Nassar,* Bruce C. Noll, and Kenneth W. Henderson

Department of Chemistry & Biochemistry, University of Notre Dame

25.

Synthesis of an extended structure porphyrin via Bergman cyclization

L.J.K. Boerner, Mahendra Nath, Maren Pink, and Jeffrey M. Zaleski

Department of Chemistry and Molecular Structure Center, Indiana University

8

Nuclear Resonance Vibrational Spectroscopy: A Novel Technique to Study Heme Iron Vibrational Modes and the Effect of Binding Small Molecules

Nathan Silvernail*, and W. Robert Scheidt 

Department of Chemistry, University of Notre Dame

We use the new spectroscopic technique nuclear resonance vibrational spectroscopy (NRVS) to probe the iron vibrational modes of heme protein and iron porphyrinates bound to small molecules. NRVS yields the complete set of vibrational modes involving iron motion in molecules. Measurements taken on a five- and six-coordinate ferrous nitrosyls ([Fe(TPP)(NO)] and [Fe(TPP)(NO)(1-MeIm)]) may provide some insight on the dynamics of porphyrinates with varying coordination numbers. These two derivatives model the active site of proteins such as nitrosyl myoglobin and soluble guanylate cyclase. Using the NRVS technique, we can study the low-frequency vibrational modes of hemes with various peripheral substituents and ligands to develop a better understanding of porphyrin chemistry.

40

Naked Deltahedral Silicon Clusters in Solution: Synthesis and Characterization of Si52-, Si93- and Si92-
Dr. Jose M. Goicoechea* and Prof. Slavi C. Sevov

Department of Chemistry, Indiana University

Deltahedral Si93- and Si52- clusters have recently been isolated from liquid ammonia solutions of A12Si17 (A = K, Rb; A12Si17 = 12A+ + 2Si44- + Si94-) using 2,2,2-crypt or 18-crown-6 as sequestering agents. Mild oxidation of a pyridine solution of [K(18-crown-6)]3[Si]9 with (C6H5)3GeCl, (CH3)3SnCl or (CH3)3CCl has been found to yield the more oxidized Si92- species, which has been structurally characterized in [K(18-crown-6)]2[Si9]·C5H5N (yellow, orthorhombic, Pnma, a = 14.013(1), b = 18.108(1) and c = 18.320(1) Å, Z = 4). Si92- is the first nine-atom cluster of group 14 with a 2- charge which has been unequivocally characterized by single crystal X-ray diffraction.
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Poster Presentations
26.

Synthesis of Multidentate Diketonate Ligands and Their Interactions with Ti(IV)

Vesela Ugrinova, Tobias Schroeder, and Seth N. Brown

Department  of Chemistry and Biochemistry, University of Notre Dame

27.
Structural Characterization of Heterobimetallic Group 2 Metal Amides

Lauren T. Wendell*, Bruce C. Noll and Kenneth W. Henderson
Department of Chemistry, University of Notre Dame

28.

 SEQ CHAPTER \h \r 1Structures and electronic ground state study on six-coordinate 

iron(III) cyano-porphyrinates 
Jianfeng Li, Charles E. Schulz, W. Robert Scheidt.

Department of Chemistry and Biochemistry, University of Notre Dame 

9

Oral Presentation 

Abstracts
Synthesis and Characterization of High Surface Area Fibrous Zinc Films for Use in Zinc-Air Cells
Carmen M. Lopez and Kyoung-Shin Choi

Department of Chemistry, Purdue University
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Zinc-air cells constitute an attractive energy source for portable electronic applications and electric vehicles due to their zero-emissions operation, high energy density, and usage of non-toxic and abundant materials.  A key factor that limits the maximum energy obtainable from this type of cell is the surface area of the zinc anode and its tendency to exhibit shape-change upon cell discharge.  In this presentation we will discuss the electrochemical synthesis of a high surface area fibrous zinc film and its potentially useful properties as anode for electrochemically rechargeable, high energy density zinc-air cells.

Schematic representation of a zinc-air cell.  The different components of the cell are packed within a plastic casing containing an alkaline electrolyte (not shown).  The inserted image shows a scanning electron microscope (SEM) image of our fibrous zinc electrode.
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Alkene Cleavage by Cationic Metal Carbynes

Markos M. Papadakis* and Seth N. Brown

Department of Chemistry and Biochemistry, University of Notre Dame

Cationic carbyne complexes are well known for their electrophilic nature; however no reactivity toward alkenes has ever been reported. Inspired by the recent studies of the reactions of electrophilic osmium(VI) nitrides, we are currently investigating the behavior of electrophilic carbyne complexes towards electron rich alkenes. β-methyl-para-dimethylaminostyrene reacts with a cationic rhenium carbyne to form the allyl complex below quantitatively. Efforts to find more reactive carbynes, as well as mechanistic studies of this novel transformation are currently underway.
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Inorganic Oxo Reactions with Alkylating Agents:  

Implications for Cancer Prevention

Elizabeth E. Hamilton* and Jonathan J. Wilker

Department of Chemistry, Purdue University


The cancer preventing properties of selenium and vanadium have been demonstrated in a number of studies with common environmental carcinogens such as nitrosamines and polycyclic aromatic hydrocarbons.  These carcinogens derive their toxicity from metabolism into potent alkylating agents, which can then damage DNA. Human trials involving selenium show the efficacy of this inorganic element as a chemopreventive agent.  Despite such exciting findings, the mechanism of cancer prevention remains unknown. 

Selenium and vanadium are present in the human diet.  In aqueous environments, these elements equilibrate to oxo species.  We propose these inorganic oxo species may be nucleophilic and, therefore, can react directly with the electrophilic alkylating toxins before they alkylate DNA.  Small molecule studies were used to investigate the reaction between inorganic oxo species (e.g., [(C4H9)4N]3(V3O9)) and alkylating agents.  We show that inorganic oxo compounds convert alkylating agents into alcohols.  Additionally, an enzyme assay was developed to investigate the ability of inorganic oxo compounds to protect plasmid DNA from an alkylating agent assault.  Analysis of the DNA product by the enzyme assay demonstrated that inorganic oxo compounds such as Na2SeO4 and Na3VO4 were able to prevent DNA alkylation.  Together, these results show inorganic compounds react with carcinogens, transforming them into alcohols, thereby preventing DNA damage.  This detoxification reaction may have implications for preventing cancer.

[image: image13.png]
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Attachment and Patterning of Salmonella Phage Tailspike Protein on Chemically Modified Silicon[100]

Bo Gao*, Patricia Clark, Mary C. Finn and Marya Lieberman
Department of Chemistry and Biochemistry, University of Notre Dame

The binding of Salmonella phage P22 tailspike protein to hydrophobic, cationic, and anionic surfaces was investigated by AFM, X-ray photoelectron spectroscopy, and ellipsometry. The protein adheres strongly to both hydrophobic octadecyl trichlorosiloxane and cationic aminopropyl triethoxysilane SAMs, but it does not bind well to anionic silicon oxide surfaces.  Different protein orientations on the hydrophobic and cationic surfaces were inferred from the AFM results.
[image: image14.png]
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Ligand effect towards the reactivity for Ru-Pincer complex to CO

Xiaofan Yang*, Christine Bibal and Kenneth Caulton

Department of Chemistry, Indiana University
The anionic group HC(PPh2NR)2-1 “L” is a versatile ligand which can bind to metals in η2-N,N, η2-N,C, and η3-C,N,N modes.  Investigation of its coordination chemistry on Ru(II) shows remarkable dependence on the nitrogen substituent R, and also on the π-hydrocarbon ligand on Ru, either Cymene (Cym = p-iPr-toluene) or C5Me5-1.  For example, “(Cym)Ru[HC(PPh2NPh)2]Cl” is a salt with the L ligand η3, but CymRu[HC(PPh2NSiMe3)2]Cl is molecular, with an Ru-Cl bond and L bonded to Ru(II) through C and one N.  The influence of the nitrogen substituent R is evident from rapid addition of multiple CO(1 atm, 22˚C) to CymRu[HC(PPh2NSiMe3)2]+ to give (CO)3Ru[HC(PPh2NSiMe3)2]+, via a variety of intermediates, while CymRu[HC(PPh2NPh)2]+ doesn’t react at all,  compared to Cp*Ru[η3-HC(PPh2NPh)2] which only gives mono-CO adduct Cp*Ru(CO)[η2-HC(PPh2NPh)2].

36

CATIONIC PORPHYRINS: SYNTHESIS, STRUCTURE 

AND INTERACTION WITH DNA 

Kim Andrews*, Alexander H. Shelton and David R. McMillin

Department of Chemistry, Purdue University

A series of new sterically non-demanding, porphyrins were synthesized via one flask microwave methodology and characterized by UV-visible spectroscopy, 1H NMR spectroscopy and mass spectrometry.   Theses porphyrins are being used to identify, evaluate and characterize novel DNA binding motifs that vary with the meso substituents on the porphyrins.  The binding interactions depend upon the base composition of the DNA and steric factors of the porphyrins.  Hence, the decisive roles that structural rigidity and steric factors play in shaping the adducts with DNA have become clear.  

The adducts formed by the cationic porphyrin systems were characterized by a number of physical methods including absorbance, emission, CD spectroscopies as well as viscometry.  The systems investigated in this study included 5, 15-di (N-methylpyridinium-4-yl) porphyrin (H2D4), 5,15-di (N-methylpyridinium-3-yl) porphyrin (H2D3), 5,15-di (N-methylpyridinium-2-yl) porphyrin (H2D2), 5-methyl-10,15,20-tri (N-methylpyridinium-4-yl) (MePy3) and 5,10,15-tri (N-methylpyridinium-4-yl) (HPy3).  The cationic porphyrins continue to be the focus because of the promise that they have for use in photodynamic, anti-viral and anti-cancer therapies.  

35

Probing the Chemical Origins of Physical Properties of Metallomesogens via Raman Spectroscopy
David F. Dye* and Jeffrey M. Zaleski

Department of Chemistry, Indiana University

The correlation between phase change and shifts in the energy of molecular vibrations for copper and cobalt complexes of thioalkyl porphyrazine liquid crystals has been investigated by Raman spectroscopy.  Through these studies, the origin of the marked difference in physical properties upon substitution of different metals into the macrocycle can be investigated.  Additionally, phase changes in these materials have been induced photothermally, demonstrating a potential application of these materials.

12

Surprising Reactivity of [N(SiMe2CH2P(tBu)2)2]RuCl with Olefins and Alkynes, and unexpected derivatives of PNPRuCl

Amy N. Walstrom, Lori A. Watson, Xiaofan Yang, Maren Pink and Kenneth G. Caulton

Department of Chemistry, Indiana University

The molecule [N(SiMe2CH2P(tBu)2)2]RuCl -(PNPRuCl)-, a 14 electron, square planar, ground state triplet, has proven to be highly reactive toward sterically compact, unsaturated compounds.  Reaction of PNPRuCl with ethylene gives instantly, solely the 2 bound olefin in an apical  position of a square pyramidal structure, as determined by 1H NMR, 31P{1H}NMR, 13C{1H } NMR, DFT and X-ray crystallographic studies.  Allyl halides oxidatively add to the metal, giving a six coordinate, electronically saturated,    3-allyl complex, with the allyl being non-fluctional at 23°C, as determined by 1H NMR, 31P{1H}NMR, 13C{1H } NMR. Terminal acetylenes (ex. phenylacetylene) exhibit the most unusual reactivity, giving an unprecedented azaruthenacyclopropane structure, derived from vinylidene insertion into the amide-ruthenium bond.  This result is based on spectral data ( 1H  NMR, 31P{1H} NMR, 13C{1H } NMR), and X-ray crystallographic studies, together with DFT calculations.  In an effort to obtain other 4-coordinate PNPRuX molecules (X=monoanion), the following derivatives of PNPRuCl have been produced: X=F, OTf.  The most outstanding of these derivatives comes from facile loss of N2 from a ruthenium-azide complex to obtain the resultant 4-coordinate distorted square planar terminal nitride complex, PNPRuN as characterized by 1H  NMR, 31P{1H} NMR, 13C{1H } NMR), X-ray crystallography, and DFT calculations.  
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Solution Phase Synthesis of Semiconductor Nanowires

Katherine L. Hull1,2*, James W. Grebinski2, Jing Zhang3, Thomas H. Kosel3 

and Masaru Kuno1,2
1Department of Chemistry and Biochemistry, 2Notre Dame Radiation Laboratory, and 3Department of Electrical Engineering

University of Norte Dame

Narrow diameter (< 10 nm) CdSe and PbSe crystalline NWs with lengths between 1-10 (m are obtained using a seeded solution approach, whereby NW growth is catalyzed by low melting, bimetallic Au/Bi core/shell NPs.  Both straight and branched structures can be obtained by manipulating the Cd:Se (Pb:Se) ratio.  The observed branched morphologies depend upon the wurtzite/zinc blende (rock salt) crystal phase of CdSe (PbSe). 
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Synthesis of Diazo-Oxo Chlorins

Tillmann Köpke, Mahendra Nath, Maren Pink and Jeffrey M. Zaleski*

Department of Chemistry and Molecular Structure Center, Indiana University
Porphyrin chromophores have extremely large absorptivities and possess intense absorption bands at long wavelengths. Therefore porphyrins show absorption bands between 400-500 nm with ε ~ 80000 M-1cm-1 and Q-bands in the region of 650-900nm with ε ~ 20000 M-1cm-1. Introducing a diazo unit on the periphery of such a chromophore, and thereby reducing the porphyrin system, creates a chlorin framework. This molecule can be excited with low energy light and useful as phototherapeutic agents for photodynamic therapy (PDT) since the release of nitrogen creates a diradical species that can abstract H-atoms from the DNA or protein backbones of cancer cells and causes cell death. The synthesis and characterization of these diazo-oxo-chlorins will be presented.
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Enhancing the Emission of Platinum(II) Polypyridines
Michael H. Wilson*, David R. McMillin

Department of Chemistry, Purdue University

In recent years there has been considerable interest in platinum(II) complexes of 2,2′:6,6″-terpyridine and derivatives thereof because of the emission properties and DNA bonding interactions.  However, chloro(2,2′:6,6″-terpyridine)platinum(II) is non-luminescent in fluid solution.  

Replacing the halide ligand affects on the excited state.  If the chloride is replaced with a hydroxide, the complex emits in degassed acetonitrile with a lifetime of 170 ns.   Recently we replaced the halide ligand with the (-acceptor cyanide ligand.   A (-acceptor ligand helps in driving up the energy of the deactivating d-d state and can enhance the luminescence properties of the complex.  We will discus the effects of the cyanide ligand on a series of platinum(II) terpyridine complexes.
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Heavy-Metal Aromatic and Conjugated Species of Group 14

Iliya Todorov * and Slavi C. Sevov

Department of Chemistry and Biochemistry, University of Notre Dame

We have recently discovered heavy-metal aromatic rings that are cyclopentadienyl anion analogs, Sn56- and Pb56-, in the Zintl Phases Na8BaPb6, Na8BaSn6, and Na8EuSn6.  The pentagonal rings are stacked exactly on top of each other in eclipsed fashion and form columns.  The alkaline- or rare-earth cations are found exactly halfway between the ring planes in a ferrocene-like geometry.  Furthermore, the same multi-decker formations exist in the phases Li6Eu5Sn9, Li8+xCaSn6.33, Li8+xSrSn6.33, Li8+xEuSn6.33 and Li5Ca7Sn11.  In addition, we have discovered infinite conjugated chains with different conformations that are isoelectronic with polyacetylene in the phases LiMg(Eu/Sr)2Sn3 and Li6Eu5Sn9. All compounds have been synthesized by direct fusion of the elements at 860( C and characterized by single crystal X-ray diffraction, magnetic and four-probe resistivity measurements.
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Electrochemical Morphogenesis of Micron-Size Cu2O Crystals

Matthew J. Siegfried* and Kyoung-Shin Choi

Department of Chemistry, Purdue University

Gaining the ability to finely tune inorganic particle shapes is important, as each shape allows different atomic arrangements (e.g. interatomic distances, symmetry, surface termination) on the crystal surface that may modify the reactivity and stability of the material significantly.  In this presentation, we will discuss basic growth processes that dictate crystal forms and introduce our new electrochemical strategies to methodically tune both the crystal habit and the degree of branching in growing micron-size Cu2O crystals.
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 SEQ CHAPTER \h \r 1 Self-Assembly of Two and Three Dimensional Networks by Hexameric Sodium Aryloxides

J. Jacob Morris*, Dugald J. MacDougall, Bruce C. Noll and Kenneth W. Henderson
Department of Chemistry, University of Notre Dame

We have previously reported that molecular lithium species may be used to direct the synthesis of complex network assemblies, the topologies of which can be rationalized by the fusion of known molecular species through linear Lewis base ligation. Herein we present an extension of this research to the heavier s-block metal sodium. Fusion of hexameric molecular aggregates formed by sodium aryloxides is achieved by coordination to the ditopic Lewis base 1,4-dioxane. The hexameric aggregates act as distorted octahedral nodes in which the six sodium centers are the points of extension and dictate the direction of network growth. Coordination of two terminal dioxane and four linking dioxane creates a (4,4) net, whereas coordination of six linking dioxane creates a three dimensional cubic network.
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Synthesis and Structure of Calcium Enolates
Xuyang He*, Bruce C. Noll, Alicia Beatty, and Kenneth W. Henderson
Department of Chemistry and Biochemistry, University of Notre Dame

Enolizations are key transformations in modern organic synthesis. Magnesium bisamides have previously been shown by our group to have contrasting reactivity and selectivity to their lithium analogues. We now report the extension of this work to the heavier group II metal—Calcium. Reactions of the base, calcium bishexamethyldisilazide, with a series of ketones will be discussed in detail. This will include results concerning: (i) the selectivity of the base in enolization reactions, (ii) the solution nature of the organometallics involved, and (iii) the solid-state characterization of a series of calcium enolate complexes.
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Fig.1 Molecular Structure of a charge-separated Ca enolate: 

[(PhC(O)=CHMe)3Ca2·6THF]+[{(Me3Si)2N}3Ca]¯
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Copper Clusters Built On Spin-Delocalizing Bulky Amidinate Ligands

Xuan Jiang, John Bollinger, Mu-Hyun Baik, and Dongwhan Lee

Department of Chemistry, Indiana University

Controlling electronic coupling between juxtaposed redox-active centers is a topic of fundamental and practical importance.  A synthetic strategy has been developed, in which a fine steric control of N,N’-aryl substituted amidinate ligands facilitated access to previously unknown classes of copper(I) dimers and tetramers.  One-electron electrochemical and chemical oxidation of a dicopper(I) precursor cleanly afforded a mixed-valence dicopper(I,II) complex, the valence-delocalized nature of which has been probed by various spectroscopic and computational methods.  Despite a short Cu···Cu distance, the spin delocalization within this Class III mixed-valence core is best understood by invoking ligand-mediated superexchange, rather than direct metal–metal bonding.
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Bergman Cyclization of Enediynes Controlled by the Lewis Acidity of Metal Ions

Sibaprasad Bhattacharyya, Maren Pink and Jeffrey M. Zaleski*

Department of Chemistry and Molecular Structure Center, Indiana University
In order to probe the influence of metal ion Lewis acidity to the Bergman cyclization of enediynes, a new class of thio-ether based acyclic tetradentate enediyne ligand has been synthesized.  The tetradentate N2S2 neutral donor acyclic enediyne ligands can easily bind with a series of metals of +1 and +2 oxidation states (Cu+1, Ag+1, Cu+2, Pd+2) in different geometrical fashion to form mono-ionic and bi-ionic complexes. Attachment of metal ions to close proximity of enediyne termini causes the polarization of electron density from the alkyne termini which facilitates enediyne cyclization by reduction of the in-plane repulsion alkyne termini. Changing the oxidation state of metal ion the Lewis acidity can be controlled and thereby Bergman cyclization. It has been observed that alkyne termini saparation of all the complexes are almost same but their cyclization reactivity depends on the oxidation states of the metal ions irrespective of their geometrical variations. All the ligands and complexes have been synthesized and characterized spectroscopically and X-ray diffraction techniques. Their cyclization behaviour has been determined in both solid and solution state. Cyclized product has been isolated in few cases wherever possible.  
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Peptide Mimics of Marine Mussel Adhesive Cross-Links

Trinity Horton*, Steve Howell*, Jaime Weisser*, Mary Sever, Glenn Westwood

Department of Chemistry, Purdue University


Marine organisms such as the common blue mussels (Mytilus edulis) affix themselves to surfaces by producing a protein-based glue.  The soluble precursor protein of this biomaterial contains high levels of the unusual amino acid 3,4-dihydroxyphenylalanine (DOPA) and cross-links into a hardened matrix for adhesion.  Interesting properties of this adhesive include a transition metal (e.g., iron, zinc, copper, manganese) content up to 100,000 times that of the surrounding waters.  To better understand the bonding interactions of these marine biomaterials, we are studying the roles of transition metals in adhesive synthesis.  Peptide mimics of marine mussel adhesives are prepared and reacted with various metal ions to produce soluble cross-linked model complexes suitable for spectroscopic characterization.  Ultraviolet-visible absorption spectroscopy, election paramagnetic resonance spectrometry, and mass spectrometry of these models have let to the identification of a variety of potential inorganic and oxidative cross-links. 
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Chlorine Dioxide Oxidations of Tyrosine, N-acetyltyrosine, and Dopa

Michael J. Napolitano*, Brandon J. Green, Jeffery S. Nicoson, and

Dale W. Margerum

Department of Chemistry, Purdue University
The kinetics of ClO2 reactions between tyrosine (Tyr), N-acetyltyrosine (NAT), and dopa were studied using stopped-flow methods.  The reduction products of ClO2 in these reactions are ClO2- and HOCl, where as the oxidized products are o-quinones.  Formation of the quinones occurs via decay of a phenoxy-OClO adduct.  The reaction between ClO2 and Tyr (and NAT) corresponds to a four-electron oxidation that produces ClO2- in the first step and HOCl in the second.  The reaction between ClO2 and dopa generate the same quinone products as the ClO2/Tyr reaction, but occurs by two one-electron steps generating ClO2- as the only reduction product.
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Solution Synthesis Attempts with Group 14 Heteroatomic Zintl Clusters

Ivaylo P. Petrov* and Slavi C. Sevov

Department of Chemistry & Biochemistry, University of Notre Dame

Reported are the first seven crystal structures of heteroatomic deltahedral Zintl ions composed from two tetrels. Nine-atom clusters were isolated and characterized from ethylenediamine solutions of various mixed tetrels- and alkali metal-containing solid-state precursors upon addition of 2,2,2-crypt or 18-crown-6 and subsequent layering. A monocapped square antiprism of [GeSn]93- was found in (K-18c6)2K[GeSn]9, (K-18c6)3[GeSn]9, (K-2,2,2)6[GeSn]9[GeSn]9•3en, and (Rb-2,2,2)6[GeSn]9[GeSn]9•3en•tol. The [GePb]93- cluster crystallized as a tricapped trigonal prism in the compounds (Rb-2,2,2)6[Ge]9[GePb]9•3en, (Rb-2,2,2)6[GexPb9-x][GeyPb9-y]•3en (x + y = 1), and (K-2,2,2)6[GePb]9[GePb]9•3en•tol.
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Thermal and Photochemical Benzannulation of Porphyrinic Enediynes

Mahendra Nath, John C. Huffman, Maren Pink and Jeffrey M. Zaleski*

Department of Chemistry and Molecular Structure Center, Indiana University

Porphyrins and their analogues demonstrate great applications in various scientific fields such as catalysis, supramolecular chemistry, biomimetic models for photosynthesis, and medical applications such as phototherapeutic agents for photodynamic therapy. Introduction of vicinal alkyne units at the periphery extends these properties by modulating the already unusual electronic structure. It also increases their chemical reactivity, substitution makes these porphyrins susceptible to Bergman cyclization in the presence of heat or light to generate a novel class of highly conjugated picenoporphyrins. In addition, these porphyrinic enediynes can also be activated in the presence of PtCl2 to generate unique class of phenanthroporphyrins. The preparation and characterization of these molecules will be presented.
27

Fluorotrimethylsilane Affinities of Anionic Nucleophiles:  

A Study of Fluoride-Induced Desilylation

Ian Krouse and Paul G. Wenthold, Purdue University

In this study, fluoride-induced desilylation is examined by the preparation and decomposition of five novel pentavalent fluorosiliconates, RSi(CH3)3F (R = CH3CH2O, CF3CH2O, (CH3)2CHO, (CH3)3SiO and (CH3)3SiNH).  The siliconates were characterized by collision-induced dissociation (CID) and energy-resolved threshold measurements.  Decomposition of RSi(CH3)3F leads to loss of the nucleophile R and FSi(CH3)3 except in the case of (CH3)3SiNHSi(CH3)3F, where HF loss is observed as well. FSi(CH3)3 affinities have been measured for all five nucleophiles, and compare well with computational predictions.  We show that the main criterion for fluoride-induced desilylation to occur is that the silane affinity for fluoride must exceed the FSi(CH3)3 affinity of the departing nucleophile.

F  +  RSi(CH3)3  (  [RSi(CH3)3F]  (  R  +  FSi(CH3)3
[image: image22.emf] 


Energy resolved absolute cross sections for the decomposition of (CH3)3SiOSi(CH3)3F, CF3CH2OSi(CH3)3F, (CH3)2CHOSi(CH3)3F and CH3CH2OSi(CH3)3F.  The solid lines are the fully convoluted fits for the reaction channels.
20

Loosely Held Polyaromatic Receptors: Tight Electronic Coupling and Synchronized Molecular Motion

Justin Riddle, Au Ji Ru Son, John Bollinger, and Dongwhan Lee
Department of Chemistry, Indiana University

New classes of polyaromatic porous molecules were designed as chemical sensors and transporters.  By placing modularly accessible m-terphenyl and biphenyl fragments around a tris(N-salicylidene)-derived core, a series of biconcave and monoconcave hosts have been created with an extraordinary synthetic efficiency.  Resonance-assisted hydrogen bonding reinforces the expanded C3-symmetric pseudo-triphenylene core and coordinates highly synchronized molecular motions of symmetrically positioned aromatic wings.  The m-terphenyl wingtips can readily be functionalized, the implications of which will be discussed for molecular actuation and sensing applications.
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Carcinogen Interception:  Detoxification and Cancer Prevention from Inorganic Compounds in the Diet

Elizabeth E. Hamilton, Jessica M. Fautch* and Jonathan J. Wilker

Department of Chemistry, Purdue University
Toxins found in cooked foods and tobacco smoke, such as nitrosamines and polycyclic aromatic hydrocarbons, derive toxicity from metabolism to alkylating agents and subsequent DNA damage.  Human diets also contain inorganic compounds, many of which form anionic oxo species in water.  Numerous studies report decreased incidences of cancer when diets are supplemented with inorganics such as selenium and vanadium salts.  We hypothesize that these bioavailable inorganics react with alkylating agents, thereby preventing genomic damage.  We are examining the interactions of vanadium, selenium, and other oxo anions with alkylating agents.  Here, we present results showing that simple inorganics prevent DNA damage and detoxify alkylating agents by bringing about transformation to relatively harmless alcohols.
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Study of High-Spin Hindered Imidazole Iron(II) Porphyrinate Complexes

Chuanjiang Hua, Arne Rotha, Mary K. Ellisona, Jin Ana, Charles E. Schulzb,

 and W. Robert Scheidta
aDepartment of Chemistry and Biochemistry, University of Norte Dame

bDepartment of Physics, Knox College

[image: image23.wmf] 

Several new deoxymyoglobin models are syn-thesized with three different porphyrin lig-ands and two different sterically hindered imidazole ligands. They are all characterized by x-ray  crystal-lography and Mössbauer spectra. Both reveal the high-spin state of these iron(II) complexes. The average Fe–Np bond lengths are ~2.08 Å for each compound, Fe–Nim bond distances are between 2.12 and 2.16 Å. All the iron atom displacements out of the porphyrin plane are ~ 0.4 Å which are compatible with those in deoxyhemoglobin.1 However, the observed core conformations show wide variation as shown by the Figure (right) that shows displacements of 24 atoms out of the four pyrrole nitrogen atom plane for seven known five-coordinated high-spin Fe(II) complexes. Mössbauer data are able to definitively assign the ground state electronic configuration for these high spin species.

References:

1. Fermi, G. ; Perutz, M. ; Shaanan, B. ; Fourme, R. J.Mol. Biol. 1984, 175, 159.
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Reactions of nine-atom germanium clusters in solution

Angel Ugrinov* and Prof. Slavi Sevov
Department of Chemistry, University of Notre Dame

The type of the reactions of addition of exo-bonded groups to deltahedral Zintl ions such as Ge9n- has been established as addition of anionic nucleophiles.  Various nucleophiles such as Ph2Bi-, Ph2Sb-, Ph-, Ph3Sn-, Ph3Ge-, and Me3Sn- interact with the relatively low-lying LUMO of Ge92- and/or the half filled HOMO of Ge92- and bond to the clusters. The synthesis and the structures of the new compounds are presented on the poster. The reaction mechanism is discussed in more detail.
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Metal-linked Nucleic Acids for Antisense Therapy

Mildred Rodriguez*, Megan Lockard* and  Jonathan J. Wilker

Department of Chemistry, Purdue University

The design of theraputic antisense oligonucleotides has largely focused on the replacement of internucleotide phosphate bonds with neutral or less negatively charged groups, such as methylphosphonates, phosphorothioates, phosphoramidates,  siloxane bridges, and carbamate bridges.  Such modifications have led to increased capacity to cross the cell membrane and, in some cases, an increased affinity for DNA or RNA targets.  Towards that end,  we are attempting to develop a new class of oligonucleotides in which either the phosphate bond or a complete nucleoside has been replaced by a metal-ligand complex.  Appropriately protected ligands are synthesized and incorporated in a normal oligonucleotide strand via automated synthesis.  These modified oligonucleotides are then assessed for affinity for a normal DNA strand in the presence and absence of a variety of metal salts using ultraviolet-visible spectroscopy to produce melting curves.
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HIGH-HYDRIDE CONTENT OCTAHEDRONS THAT BRIDGE THE GAP BETWEEN LATE AND EARLY-TRANSITION METAL CLUSTERS.
Michael J. Ingleson, Mary F. Mahon, and Andrew S. Weller*

Department of Chemistry, University of Bath

The late transition metal clusters [Rh6(R3P)6Hx][Y]2 (Y = CB11Me11H and {B(3,5-(CF3)2C6H3)4}, R = iPr and Cy, x =10, 12 or 14) are presented, that consist of an octahedron of rhodium atoms surrounded by hydride ligands. [Rh6(iPr3P)6H12][Y]2, Compound 1, has been shown unambiguously to have twelve edge bridging hydrogen atoms. The structure of the x = 12 cluster bears more resemblance to clusters of the early transition metals with -donor ligands than those of the late transition metals with -acceptor ligands. 1 reversibly loses H2 under a dynamic vacuum. Intermediate complexes on the route to cluster formation, namely the non-classical dihydrogen complexes [(R3P)2Rh(H)22-H2)x][B(ArF)4] (x = 1 or 2), have been observed spectroscopically. The reversible nature of dihydrogen addition and the high hydride content make these clusters a possible model for hydrogen storage devices and nanocluster colloidal Rh(0) catalysts that are used in olefin and arene hydrogenation.
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