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The design and preparation of coordination networks assembled via discrete 

inorganic and organic molecular components has undergone rapid expansion in the field 

of supramolecular chemistry over the past decade. Interest in this area is driven by 

fascinating structural diversity and potential applicability of metal-based molecular 

architectures as functional materials. Although numerous efforts have been geared 

toward controlling network formation through judicious choice of metal ions, spacer 

ligands and reaction conditions, the design of self-assembled networks based on 

multifunctional metal (3-diketonate templates remains a relatively unexplored avenue in 

coordination chemistry. This dissertation focuses on the design, syntheses and 

characterization of multifunctional P-cyanodiketones and their utility for constructing 

one- and two-dimensional inorganic-organic hybrid materials from prefabricated Cu(II) 

P-cyanodiketonate constituents.
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Chapter 1

Introduction to Self-Assembled Coordination
Networks

The design of self-assembled coordination architectures is of current and ongoing 

scientific investigation due to the potential applicability of these solid-state materials to 

many areas of science including magnetism,1 separation science2 and catalysis.3 

Research pertaining to this avenue of chemistry has primarily been invested in the 

identification of salient chemical and physical properties that underlie the predictable 

construction of self-assembled networks. Unfortunately, advancements in this area have 

been plagued as methodologies for the design and syntheses of supramolecular networks 

have often yielded unexpected complexes. Given this daunting predicament, much effort 

has been geared toward developing reliable synthetic routes to establish systematic 

structure-function relationships.

A contemporary theme often exploited for the design and syntheses of extended, 

coordination tectons centers upon the principle of “crystal engineering”. This concept
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2
was originally introduced to intellectually describe crystal packing principles 

responsible for photochemical transformations in solid-state organic molecules.4 

Although this interpretation pertained exclusively to organic chemistry, the idea was that 

both physical and chemical properties of solids were inherently dependent upon the 

arrangement of molecular entities and the properties associated with the individual 

components. Since the inception of the concept of crystal engineering, there has been a 

continuing effort to understand and properly predict patterns accountable for formation, 

orientation, and connectivity in molecular systems.5

A more broad and diverse representation of crystal engineering was elegantly 

proposed by Desiraju6 whose description of crystal engineering assisted in bridging the 

gap between organic and inorganic chemistries with a particular emphasis on interactions 

responsible for controlling multi-component self-assembly. The general theme of this 

approach was self-assembled molecular networks were held together through a series of 

intra and intermolecular interactions to form networks. With in each discrete network, 

the building block (node) and connector (spacer) play a crucial role in predicting 

topology and geometry of the resulting network through a series of strong (i.e. covalent) 

interactions and weaker or secondary (i.e. hydrogen and dative) interactions. Strong 

interactions were predominately proposed to be most influential in determining the 

overall geometric shape and topology of the resulting network by coordination preference 

at the metal center, ligand, spacer ligating capability and component stoichiometry. 

However weaker or secondary interactions such as solvent effects, dative, and hydrogen
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3
bonding, and pi-pi stacking had the potential to control and in some instances dominate 

structural connectivity, dimensionality and thermal stability.

While covalent type interactions in organic and inorganic chemistry have been 

thoroughly studied and are generally well understood,7 secondary forces responsible for 

the arrangement and stability of molecules remains nonetheless unpredictable. 

Consequently, the discipline of crystal engineering has since moved forward and 

transformed itself into a hybrid of supramolecular and materials chemistries centered on 

preparative methods for crystalline materials and supramolecules with desirable solid 

state properties.8 This has been extensively exemplified by numerous extended networks 

bearing various topologies, coordination modes, and geometries including 1-D, 2-D, and
q

3-D architectures (Figure 1.1). " These networks are commonly generated from the 

assembly of soluble metal species with multidentate spacer ligands and preferentially 

“fine tuned” to control coordination number, geometry, dimensionality and thermal 

stability by alterating the metal center and/or spacers joining the building block entities. 

Although these modifications are prominent factors to consider when construct functional 

materials, insignificant research has concentrated on alteration of the immediate metal 

periphery prior to network construction. In particular, the introduction of tunable, 

chelating ligands would be desirable to enhance thermal stability while controlling 

electronic and steric properties of the building block moiety.
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- # — • -

a

Multifunctional spacer Metal (node) component

Figure 1.1. Geometric representation of linear (a), ladder (b), brick-wall (c), 
honeycomb (d), and diamondoid (e) coordination networks.

This dissertation will discuss the rational design, syntheses and characterization of 

robust inorganic supports bearing multifunctional chelate ligand frameworks in attempts 

to enhance thermal stability and control network dimensionality and connectivity of self- 

assembled coordination networks. Although a seemingly endless number of self­

assembled networks have been successfully synthesized in the past, the coupling of 

robust (i.e. chelated), functionalized diketone and Schiff-base ligand frameworks to 

soluble metal ions followed by network assembly with bidentate spacers remains a 

relatively unexplored avenue of research. Given the low cost and tailorability of diketone

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



5
and Schiff-base frameworks, rapid and straightforward synthetic methodologies may be 

developed to functionalize these ligands and ultimately prepare novel coordination 

complexes. We believe this avenue of synthetic inorganic chemistry is inherently 

important to identify desirable interactions responsible for network connectivity, 

dimensionality, and stabilization and ultimately uncover novel functional materials for 

future scientific implications.

“One o f the continuing scandals in the physical sciences is that it remains 

in general impossible to predict the structure o f even the simplest crystalline 

solids from a knowledge o f their chemical composition”.14

-J. Maddox
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Chapter 2

Design and Synthesis of 
P-Cyano-a,y-Diketones and Their Cu(II)

Complexes

Introduction

Metal P-diketonates constitute a thoroughly studied class of inorganic compounds that 

have been synthesized with metals spanning the entire periodic table.1 Interest in the 

complexes is a result o f  the rich, diverse bonding and structural characteristics of p- 

diketonate ligands when coupled to soluble metal ions. These ligands are advantageous 

for metal ion capture due to ease of tailorability and hard metal chelation through 

bidentate oxygen atoms providing stable six membered-chelate rings. Furthermore, 

parent p-diketones can be inexpensively purchased or prepared from commercial sources

'j
and are easily ligated to metal ions from various metal salts including nitrates, 

chlorides,3 acetates,4 and sulfates.5 Although metal p-diketonates are conventionally 

synthesized and their chemistries well understood, modifications to the diketone
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8
framework such as |3-substitution would allow for the investigation of multidentate 

metal complexes as precursors for designing robust coordination networks.6

The cyanation of enolizable ketones was initially reported by Traube7 who 

demonstrated that acetylacetone reacted with cyanogen gas (i.e. C2N2) resulting in cyano- 

imido-methyl acetylacetone which was converted to 3-cyano-2,4-pentanedione by 

hydrolysis. Fackler expanded on this finding and synthesized pure 3-cyano-2,4- 

pentanedione by precipitating bis(3-cyano-2,4-pentanedionato) Cu(II) followed by a low 

pH work up in dilute H2SO4.8 Although this pathway provided the coordinated 3-cyano-

2,4-pentanedione ligand, cleaving the organic fragment from the metal center was 

impossible. Alternative synthetic routes to (3-cyanodiketones were necessary to avoid 

multistep syntheses which required precipitation of metal p-diketonates and the use of 

toxic C2N2. Although our primary interest in the organic compounds was their use as 

ligands, our curiosity in physical organic hydrogen bonding was piqued by reports of 

enolizable diketones from Perrin,9 Bertolasi,10 and Emsley.11

A relevant advancement involving the desired synthesis of cyanodiketones 

involved Rasmussen12 who reported that enolizable diketones could be converted to N- 

chlorosulfonyl-p-ketocarboxamides in the presence of an electrophilic cyanide source, 

chlorosulfonyl isocyanate (CSI) to afford P-ketonitriles upon hydrolysis (Scheme 2.1).
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O

R
R2

r 3

CSI
o  o

Rj / \  'NHS02C1 
R? Ra

DMF
R

O
CN

Ri

Compounds

R, *  R2 *  R3 = C6H5, CH3, H 
R! *  R2 *  R3 = C6H5, CH2CH3) H 
R, * R2 = R3 = C6H5, CH3, CH3 
Rj * R2 * R3 = CH2CH3, CH3j H
r , = r 2 = r 3 = c h 3, c h 3, c h 3

r , = r 2* r 3 = c h3)c h 3, h
R j * R2 *  r 3 = CH3j COCHj, H 
R , = R 2^R3 = (CH2)3, (CH2)3, h  
R != R 2^ R 3 = (012)4, (CH2)4, h

Scheme 2.1. Syntheses of P-ketonitriles utilizing chlorosulfonyl isocyanate.

Since Rassmussen’s successes ulitizing chlorosulfonyl isocyanate as an 

electrophilic cyanide source, the cyanogenation of enolizable ketones has been achieved 

using various organic reagents including cyanogen halides,13 p-toluenesulfonyl cyanide,14 

and aryl cyanates.15 However, disadvantages associated with these reagents are numerous 

and include toxic and unstable cyanide sources, lack of commercial availability, and 

multi-step syntheses to afford the target starting reagents.

This chapter focuses on the use of chlorosulfonyl isocyanate, an electrophilic 

cyanide source, for the functionalization of enolizable diketones and structural 

characteristics among various P-substituted diketones. The P-CN functionalized, 

ambidentate ligands will be further utilized in the preparation of two Cu(II) P-diketonate 

precursors and serve as supports for solid-state network assembly in the forthcoming
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10
chapter (Chapter 4). This work provides an efficient, one-pot synthesis of p- 

cyanodiketones while avoiding the disadvantages associated with traditional routes. 

Results and Discussion

The syntheses of 3-cyano-2,4-pentanedione (1), 3-cyano-7,7-dimethyl-2,4- 

Ri

o
2 eq. DMF

+ 0CNS02C1
V>ri2̂ i2

o
2 eq.

Ri — R-2 — Me, 1 
Ri ^  R2 = Me, lBu, 2 
Ri = R2 = lBu, 3

Scheme 2.2. One-pot synthesis of P-diketones (1-3) utilizing chlorosulfonyl isocyanate.

hexanedione (2) and 4-cyano-2,2,6,6-tetramethyl-3,5-heptanedione (3) was accomplished 

utilizing an electrophilic cyanide source, chlorosulfonylisocyanate (C1S02NC0), 

dimethylformamide (DMF) and the appropriate diketone in CH2Cl2 (Scheme 2.2). The

o o NaH

c h 2c h 3
Et20

Scheme 2.3. NaH-induced Classien condensation to produce starting diketone for 
the synthesis of 2 .

diketone employed for the synthesis of 2 was prepared via a NaH-induced Claisen 

condensation of ethylacetate and pinacolone in diethyl ether (Scheme 2.3) while those
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11
used to prepare 1 and 3 were commercially purchased. The reaction conditions utilized 

for 1-3 were previously established as an effective method for introducing “electrophilic”

prior to use to substantially increase product yields by presumably removing trace acid 

impurities from stock reagents. Acidic conditions were further confirmed to be 

undesirable through the observation that any diketone -CF3 substitution (i.e. decreased 

pKa) completely prohibited the formation of desired cyano diketones. Compounds 1-3 

were isolated as colorless crystalline solids (1, 3) or a colorless liquid (2) and storable 

indefinitely at temperatures < 0°C.

4-Chloro-2,2,6,6-tetramethyl-3,5-heptanedione (4) was prepared by the bromine 

catalyzed chlorination of 2,2,6,6-tetramethyl-3,5-heptanedione (dpmH) 17 and converted to

Scheme 2.4. Synthesis of 4-thiocyanato-2,2,6,6-tetramethyl-3,5-heptanedione (5) 
from 4.

cyanides to enolizable ketones and aldehydes.16 All diketones were distilled immediately

1.) (tBu)3N+Br
2.) DMSO+ ClSi(CH3)3

O o

4

o
o

Cl

o
+ KSCN

Sc
N

5
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