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What is Solid-Phase Combinatorial Chemistry?
Combinatorial chemistry is the synthesis of molecules based on
logical design and involving selective combinations of building
blocks by means of simultaneous reactions. This type of
chemistry is most easily seen in protein synthesis, where the
body uses a set of 20 amino acids and can create millions of
combinations of protein structures that are necessary for life.
Solid-Phase chemistry refers to the use of polystyrene beads to
which the parent molecule can be attached in order to change the
solubility properties of the molecule. This allows the use of a
number of different reagents and solvents without the loss of the
selected molecule in the reaction vessel or solution. After the
intended reactions are completed, the molecules are cleaved
from the beads and can be obtain through filtration in solution.
This type of chemistry technique is useful, because it allows the
reactions to take place on a microscale. It also allows the use of a
wide assortment of chemicals without the risk of losing
unwanted amounts of products. This type of technique is widely
used by many pharmaceutical companies as a way to develop
multiple different molecules in small quantities.

The specific experiment that is
under modification deal with the
alkylation and acylation of a
parent molecule (labeled product 1).
The molecule will go through a
number of reactions that will take
place in the reaction vials (pictured).
There are number of different
alkylating and acylating reagents so that 6 different molecules
will be created at the end of the experiment. The solvents and
reagents are added and removed by draining the vials into the
holding chamber and draining into a beaker for disposal. A
number over rotations (usually 24 hours) are done to facilitate
the mixing of the reagents with the resin beads.
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BTPP = t-Butylimino-tri(pyrrolidino)phosphorane
NMP = N-methyl pyrrolidinone
HOBT = Hydroxybenzotriazole
DIC = Diisopropylcarbodiimide
TFA = Trifluoroacetic acid
DCM = Dichloromethane
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There are a number of Green Chemistry principles that can be
utilized in this type of project. The ones that will be dealt with in
this reaction are reducing the amount or use of solvents[2].
Solvents present a variety of problems. Once they are used in the
reaction, most get disposed of and are intended as waste. Many
solvents have significant safety and health concerns that require
considerable use of protective equipment.
In this specific project, solvent amount will be the primary focus
of this experiment. The solvents serve many purposes in this
reaction scheme. They wash the molecule of impurities,
hydrolyze, or de-protonate the molecule. By design, the reaction
uses excess solvents to ensure efficiency and completion of the
reaction. Modifying the intrinsic use of excess, or waste, will
make the reaction more cost-effective, safer, and without losing
the efficiency of the reaction.
[1] http://greenchem.uoregon.edu/Pages/WhatIsGreenChemistry.php
[2] Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice; Oxford University
Press: New York, 1998;. http://greenchem.uoregon.edu/Pages/GreenChemGlossary.php

Experiment Details
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Green Chemistry Applications
Green Chemistry is the design of chemical products and
processes that reduce or eliminate the use and generation of
hazardous substances[1]. At the core of this philosophy are 12
principles that help outline and articulate the areas in which a
certain chemical process can be modified.

Modification to Procedure
The first plan is to simply reduce the amount of solvents for each
step of the reaction. Keeping in mind the purpose and intent of
each different solvent, we will not eliminate solvents completely,
but rather just change amounts per use and the number of uses.
For example, instead of doing 3 washes of 3 mL of NMP in the
first step after transferring the resin beads into the reaction vials,
we will reduce the amount of solvent to 2 mL and only perform 1
wash step. We believe that this will still facilitate the proper
washing of the solvent from the molecule and reduce the amount
of waste generated.
The second thing we want to accomplish is to remove the use of
dichloromethane from any possible steps. Dichloromethane is a
widely used solvent, but it does have some long-term health risks
and is classified as a carcinogen. The most applicable step is the
first one that uses an isopycnic mixture to transfer the resin into
the vials. The beads are suspended in the mixture by the density
of the mixture. An alternative solvent needs to be used and that
the mixture would still properly suspend the resin. This mixture
could still be made with NMP, but a proper ratio needs to be
determined
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Total

336

SOLVENT REDUCTION OF 67.8%

LC/MS of Sample Trail 5 / A1
The liquid chromatography
graph shows that the
sample is almost completely
pure of the desired product
and has little or no trace of
any impurities in the
sample.
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Our goal was to create a modified procedure for the creation of a
combination of molecules by reducing the amount of solvents
used while maintaining efficiency of the reaction and the purity
of the product at completion.
From the “Solvent Total” table, we see that there was reduction
of solvent use by 68%. Although this might not seem like a
substantial amount of reduction in terms of volume (~200mL), if
you were to scale this up and synthesize 60 wells (10 boards) you
would save over 2 whole liters of solvents and therefore saving
hundreds of dollars in solvent purchasing and removal.
From the mass spectroscopy, we found that the sample had a
molecular weight 295.1 amu. The LC/MS system give a +1
ionization measurement. So, since the desired molecule has a
molecular weight of 294.3 amu, it falls into the mass + 1 given
deviation. The mass spectroscopy verifies that the desired
product was synthesized.
The liquid chromatography graphs gives a verification to the
purity of the sample by attributing all area (100%) under the
curve to the desired product. The slight sloping that occurs at the
7 minute interval is to do some residue in the channel from other
users.
The efficiency has acceptable effective percent yield being 74.6%
(Exp. Yield: 37.3_mol; Theor. Yield: 50 _mol)
The creation of an isopycnic mixture was found to be a 1:1 ratio
of NMP : Propylene Carbonate. This was determined by
calculation of density and a few trails.
As consequence of the above mentioned points, I affirm that we
have successfully completed our goal of using a greener
procedure for the use in solid-phase combinatorial application
while maintaining experimental efficiency and integrity.
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Molecular Weight:
294.3 amu

The mass spectroscopy graph
shows that the sample has a
molecular weight of 295.1
amu
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