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Can a chiral metallo-bridged porphyrin be developed that selectively binds 

to a single chiral pharmaceutical in a heavily competitive setting?  

Ultra-violet spectroscopy titration (UV titration) operates on the principle that if a beam of light passes through a 

molecule, certain wavelengths of that light will be absorbed in varying amounts.  In UV titration, a solution (in 

this case containing the porphyrin host) will be exposed to a beam of light that has been separated into its 

individual wavelengths. The molecules in the solution will absorb light of a certain wavelength as it passes 

through the solution. The spectrometer calculates what wavelengths of light were absorbed and what percentage 

of those wavelengths was absorbed.  Lambda max is the wavelength of light that is absorbed most intensely, and 

all molecules (including the porphyrin guest complex) have their own lambda max.  

     Since there is a direct correlation at lambda max between concentration and percent absorbance (Beer’s Law), 

a linear formula can be discovered using controlled host guest interactions in which the concentrations of both 

the host and guest are already known. A binding constant is also provided by this data, and it is this constant that 

will be of use in these trials. The binding constant is outlined below. 

K=[HG]/([H]*[G]) 

     Where HG is the concentration of the host guest complex at the end of the titration, and [G] and [H] are the 

concentration of free guest and free host at the end of the titration. This formula, though simple, is the backbone 

of this project.  Since an initial control reading (in which all percent absorbance is set to zero with no host 

present) is taken in UV titration, any increase in present absorbance will be due to either the porphyrin host or the 

host guest complex, and since these two absorb light at a different wavelength, once the peak at lambda max is 

reached, the absolute concentration of the enantiomer can be determined as follows: 

1.The amount of free porphyrin is determined by using the formula a=kc, where a is the percent absorbance 

(after the non-host percent absorbance is subtracted via the control group), k is an experimentally determined 

constant calculated in the controlled setting, and c is the concentration. 

2..The prior step is repeated for the porphyrin/guest complex. 

3..The formula to calculate the binding constant (which is known) is rearranged to read as [G]=[HG]/([H*K). 

4..The result is the amount of free guest.  This value is added to [HG] (since the host and guest bind at a 1:1 

ratio.) 

5..The resulting value is the concentration of the guest prior to titration. The possibility remains that these results 

could be skewed by interaction between the porphyrin host and other guests which would be common in the 

natural setting; however, for this to occur, the new guest would have to meet 2 criteria: 

• In its free state, it would have to have the same lambda max value as either the free porphyrin or the host 

guest complex.  This is controlled for. 

• It would have to bind to the porphyrin host at an appreciable rate.   

If these two criteria are met, then the calculation of the initial free guest will be significantly larger than its true 

value. It is, therefore, important that the porphyrin host be selective. Should the presence of a non target guest 

prove problematic, however, then the binding constant of said guest with the porphyrin host can be determined 

experimentally and from this, the true concentration of the porphyrin and the intended guest can be determined. 

Synthesis 

The synthesis is tentatively predicted to follow the same process described in previous porphyrin research, 

in which a modification of the Rothemund method is used to synthesize the initial tetra-phenylporphyrin.  

Following this, the porphyrin undergoes an isocyanate reaction, illustrated below. 

 

 

 

 

 

 

 

From here, the porphyrin is fitted with a molecular side arm and undergoes mettalation. 

 

Choice of sidearm/Chiral guest 

 

1. The choice of chiral side arms will be unique to each instance of this research, as will the target guest. 

 

2. Presently, aromatic molecules are the main guests of interest due to their relatively predictable geometric 

behaviors. 

 

 

 

Controlled setting 

 

1. The porphyrin host will be exposed to increasing amounts of the guest molecule as described in the UV 

titration section. 

 

2. As the host and the guest interact and form a host guest complex, a graph representing the concentration 

of said complex will be produced (pictured below.) 

 

3. A binding constant, which is a measurement of the porphyrins ability to bind to its target guest, will be 

produced. 

 

Natural setting 

 

1. A sample of lake water will be contaminated with the chiral guest. A porphyrin solution will be prepared, 

and a titration will be run using the contaminated water as the guest. 

 

2. Using the data obtained in the second titration and the binding constant obtained in the first, the 

researcher will attempt to calculate the concentration of the chiral guest in the original lake water 

sample. 

 

3. The success of the experiment will be determined by the calculated total of chiral guest relative to its 

actual amount (<5% error). 
 

 

 

Pictured to the left-Titration graph as a host guest  

complex forms. Pictured right- 

Linear regression model 

used to calculate the binding 

constant. 
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Pictured above: Chiral pharmaceuticals molecules such as d-amphetamine, Ibuprofen, and levothyroxine can have  

unpredictable Consequences in natural settings. 

Pictured to the right: Spartan molecular mapping software image of 

a RAMP porphyrin interacting with Ibuprofen 

 

http://www.3dchem.com/molecules.asp?ID=14 

http://www.3dchem.com/moremolecules.asp?ID=401&othername=D-amphetamine 

http://www.3dchem.com/molecules.asp?ID=4 
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An initial survey of literature regarding porphyrin host interactions reveals 

that several chiral molecules have been used as potential guests. Amino 

acids are frequently, though not always, used as guests; the success of these 

projects varies but successful host porphyrins have indeed been created.1, 2  

Further scrutiny reveals that typical porphyrin research involves ultra-

violet spectroscopy1 as a means for testing the ability of these molecules to 

act as a host; it is likely that this method will continue to be used in my 

own research for reasons to be explained in the methodology section.  In 

addition to their ability to act as selective anionic receptors, chiral 

porphyrin complexes have also been investigated to see if they can assist in 

catalysis.3 While porphyrin research continues, it is only in a select few 

instances that the research in question has a practical application. In 

addition to research regarding the design and development of chiral 

porphyrin hosts, my review of literature required me to investigate other 

topics, the most pressing of which was the recognition of chiral 

pharmaceutical agents in environmental systems. The methods for 

detecting these agents are typically gas chromatography or HPLC.4 While 

these methods offer quantitative data for molecular identification, they are 

not without their limits. Gas chromatography, for example, can lead to 

racemization and degradation of the sample, and, as such, skewed results.  

HPLC is the preferred method; and while it is efficient in most cases, its 

use is often the relies on trial and error in regards to choosing the correct 

CSP. HPLC is often used in conjunction with UV titration, leaving the 

possibility of porphyrin assisted HPLC. 
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