CORRESPONDENCE

Comments on the Terminology for Applications of Temporarily Attached
Solubility-Modifying Moieties in Combinatorial Chemistry

Andreas Link*

In their excellent article on glycopeptide and oligosaccha-
ride libraries published recently in this journal, St. Hilaire and
Meldal carefully explain the distinction they feel is necessary
between combinatorial libraries and sets of compounds
prepared in parallel by methods not leading to exponentially
growing numbers of chemical entities in each synthetic
cycle.l'l However, their understanding of the term “combina-
torial” in this respect is much stricter than the ITUPAC
recommendations and therefore might not be generally
acceptable.

Nevertheless, the constant struggle for precision in scien-
tific terminology is highly desirable and the article by
St. Hilaire and Meldal can be regarded as an invitation to
start a discussion on terms used in the dynamic field of library
synthesis that should be reconsidered.

High-throughput chemical transformation strategies used
in combinatorial approaches require that products can be
easily isolated from reaction mixtures without needing to
resort to time-consuming work-up operations. Strategies that
make use of solid supports and other temporarily attached
solubility-modifying moieties have gained considerable im-
pact in the generation of molecular libraries.?!

The range of solid supports currently available is already
very broad and it is still growing fast. Virtually all kinds of
material originating from man-made or naturally occurring
resources, such as organic or inorganic polymers, as well as
nonpolymeric material, have been suggested as supports in
solid-phase organic synthesis (SPOS).[

The most important feature that is shared by these different
supports from a synthetic point of view is their ability to
modify the solubility of the attached growing product in order
to facilitate work-up procedures. A simple phase-separation
step, such as the collection of solid material by filtration, is
usually envisioned to separate support-bound molecules from
excess reagents or impurities in solution. During this com-
pulsory phase-separation step the temporarily attached sol-
ubility-modifying groups typically lead to the formation of the
desired solid phase. The physical state of the support during
reactions is of minor importance in SPOS and need not
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necessarily be a solid phase.’! On the contrary, much effort
has been undertaken to design supports that display func-
tional groups in a “solutionlike” environment to circumvent
the inherent difficulties that are connected with syntheses in
heterogeneous phases or on-bead screening protocols.F!

Unlike virtually nonswelling, macroporous, highly cross-
linked polystyrene (PS) or inorganic systems, for example,
controlled-pore glass supports, swelling is crucial for materials
such as cellulose derivatives and the frequently used standard
resins, such as polystyrene with 1% cross-linking, for their
utility as supports in organic synthesis. Hence, it is generally
accepted that reactions occur more or less in a gel-type phase,
and not literally on a solid phase. This is true as well for
polystyrene beads with polyethylene glycol (PEG) tentacles
or second-generation grafted PS-PEG supports with various
molecular architecture or the cross-linked PEG copolymers
introduced by Renil and Meldal as well as Rademann et al.,
respectively.[®]

For the reasons given above it is not advisable to concen-
trate on the proper physical characterization of phases during
synthesis. Clearly a focus on the ability of the supports to
“phase switch” as suggested by Curran is much more helpful,
and the “phase-switching/phase-trafficking” terminology de-
veloped by Flynn is comprehensible and practical for this
purpose, but may only be appreciated by specialists working
in the field.[

However, despite its shortcomings the term solid-phase
organic synthesis is widely accepted and generally understood
by the scientific community. This is not the case for the term
liquid-phase organic synthesis (LPOS), which is meant to
indicate that a soluble polymer is used as a support that can
aid product isolation from liquid reaction mixtures by using
membrane technologies, ultrafiltration, or, more commonly
applied, by conventional filtration following precipitation.
Thus, the name LPOS clearly suffers from a vague description
of the underlying concept. In fact, this term neither indicates
that solubility-modifying supports such as linear polystyrene,
polyethylene glycol, or block copolymers are used nor that a
phase separation by filtration is envisioned.

LPOS reactions take place, as most of the reactions in
organic synthesis do, in a liquid solution formed by dissolving
a solid, namely a polymer, in a solvent. These solutions are, of
course, “liquid phases”, but this is not a special feature that
justifies the preservation of this term.[®! For example, appro-
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priate cheap waxlike solid polyethylene glycol mono methyl
ethers can be dissolved in a broad range of solvents, for
example, toluene, and reactions on molecules attached to the
hydroxyl function can be performed and monitored in
solution. After a given synthetic operation, the polymer-
bound molecules are precipitated by the addition of diethyl
ether to the reaction mixture, and can easily be separated
from the residual solution by filtration using standard
laboratory equipment. Thus, the use of the soluble polymer
supported synthesis rediscovered and pioneered by Janda
et al. combines the advantages of synthesis in solution, such as
straightforward reaction monitoring, and operative advan-
tages brought about by the ease of phase separation of the
solid formed upon precipitation.[

Recently a technique that applies small organic molecules
as temporarily attached solubility-modifying groups was
reported and entitled “Liquid-phase synthesis with solid-
phase workup”.[’! Again, reactions take place on a tempora-
rily dissolved solid in solution; a phase switch for work-up is
achieved by precipitation upon protonation of a covalently
attached heterocycle, a small molecule instead of a soluble
polymer, called a “quinoline precipitation device”.’) Conse-
quently, the term synthesis in the “liquid phase” can no longer
be regarded as the equivalent term for the commonly
accepted and descriptive term “soluble polymer-supported
organic synthesis (in solution)”, as initially suggested and
lately used side by side with the term LPOS by Janda et al.l¥]
Thus, it seems practical to indicate the use of soluble polymer-
supports in organic synthesis as such, that is, by the abbrevia-
tion SPSOS instead of LPOS when necessary.

Given that it is not generally accepted that the terms solid-
phase synthesis or immobilization should be applied in such a
loose way to strategies using small molecule precipitation
devices (which can not be called supports), the use of soluble
organic polymers and fluorous hydrocarbons as covalently
attached solubility modifiers are covered, it might be desir-
able to establish a general term that may serve as a keyword
for the entire heterogeneous arsenal of built-in product-
separation strategies. Discussion on this topic seems highly
desirable. We propose the keywords “solubility control
auxiliary” for all kinds of solubility-modifying devices attach-
ed to products or reagents in combinatorial or general organic
chemistry as alternatives to the term “phase labeling”
suggested by Curran.[

Since it is advisable to eliminate ambiguous terms before
they lead to permanent misconceptions that are hard to
eradicate the terms liquid-phase organic synthesis or “syn-
thesis in the liquid phase” and the abbreviation LPOS should
not be selected anymore to describe synthesis using soluble
polymer supports as a solubility control auxiliary.
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