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Towards the DRED of Resin-Supported
Combinatorial Libraries: A Non-Invasive
Methodology Based on Bead Self-Encoding
and Multispectral Imaging**

Hicham Fenniri,* Hartmut G. Hedderich,
Kenneth S. Haber, Jihane Achkar, Brian Taylor, and
Dor Ben-Amotz

Combinatorial synthetic methods allow for the preparation
of large arrays of compounds as mixtures or individual
entities. In the latter case, split synthesis has proven to be ideal
in maximizing the number of compounds generated per
synthetic step.l!] While the composition of chemical libraries
produced using this method is predictable with a high level of
confidence, the structural elucidation of potent member(s)
after an activity assay remains a challenge. To unravel the
chemical nature of the active members several tactics based
on encoding methodologies?! or deconvolutive strategiesl®!
have been developed. Herein we introduce the principles
and describe preliminary studies towards the implementation
of an alternative approach, termed dual recursive deconvolu-
tion (DRED), that draws its strengths from both chemical
self-encoding techniques and deconvolution strategies.
DRED operates through the iterative identification of the
first and last randomized positions of the active members of
combinatorial libraries generated through split synthesis. The
last building block can be readily obtained from pool screen-
ing after the last coupling of the split synthesis, while the first
position can be “encoded” by the unique vibrational “finger-
print” of the resin beads used. Once the first and last positions
are identified, the second and second to last positions are
subjected to the same deconvolution process. Remarkably,
this exercise would dramatically simplify the synthetic and
screening efforts (Supporting Information). For instance, the
preparation and DRED of a 64-million hexapeptide library
would barely double the number of chemical steps required
for the split synthesis of the library (246 versus 120) and would
involve only 20 spectroscopically distinguishable beads
(DRED beads). Because the matrix is an encoding element
of the DRED strategy, libraries can be evaluated while still
attached to the bead or close to the beads from which they
were released.

The suitability of a near-infrared Raman imaging (NIRIM)
instrument!® as a tool for the simultaneous identification of
beads of various chemical composition was investigated. The
NIRIM uses fiber-bundle image compression (FIC) technol-
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ogyP! to simultaneously collect a three dimensional (3D)
Raman spectral-imaging data cube (1-x-y) containing an
optical spectrum (A) at each spatial location (x-y) of a globally
illuminated area. It should be noted that this is a real-time
imaging technique as opposed to the previously reported step-
scan methods,’® which require much longer to generate an
image of the sample.

Vital to the success of the DRED method is the ability to
identify resin beads based on their polymeric constituents and
regardless of the chemical nature of their cargo. To address
this dilemma, samples of 18 Merrifield-resin beads carrying
various protected amino acids were positioned in the field of
view of the NIRIM and single-bead Raman spectra were
recorded between 100 cm~! and 1900 cm~.I"! Visual inspec-
tion of these spectra indicated that the spectral features were
dominated by the matrix (polystyrene (PS)) and even back-
ground subtraction (unsubstituted PS beads) did not reveal
the spectral features of the loaded material. Hence, Raman
imaging of PS-supported compounds is insensitive to the
material loaded on the beads at least up to 1.0 mmol of the
amino acids studied per gram of resin.["l Interestingly, while
the spectral features of the loaded material become detect-
able at much higher loadings the resin vibrations and their
intensity remain essentially unaffected. An extreme illustra-
tion of this result is displayed by TentaGel beads, which are
30/70 (w/w) PS/polyethyleneglycol (PEG) graft copolymer.
The Raman spectrum of TentaGel shows vibrations specific to
the PEG component as well as the fingerprint transitions of
PS which have not been affected by the PEG component
(compare Figure 1 A and 1 C). In addition, the Raman spectra
of PS and TentaGel-S-OH beads displayed unique vibrations
that were used to image and identify them selectively.
Figure 1B shows a 5x5 FIC frames Raman image of a
mixture of PS- and TentaGel-resin beads (exposure time of
45 seconds per frame, total scan time 20 minutes).’l The
classified images (Figure 1D -F) were readily derived from
the Raman data using the spectral angle mapper (SAM)

c
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Figure 1. Experiments showing that the vibrations of the PS portion of
TentaGel remains essentially unaffected by the major component (PEG) of
the bead. Raman spectra of TentaGel-S-OH (A) and polystyrene (C) resin
beads. 5 x 5 FIC frames Raman image (50 x 40 FIC fibers and 15 x 12 um
per single image-pixel) of a mixture of polystyrene and TentaGel-S-OH
recorded with a 10 x objective, a global illumination laser power of
~400 mW per single frame region and a single frame detector integration
time of 45 seconds (B).I¥! Classification images!”l of TentaGel-S-OH (D),
polystyrene (F) and a mixture of both resin beads (E) produced from the
NIRIM image B.
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algorithm of the spectral-imaging software package Multi-
Spec.’l Transitions at 1277 cm~' for TentaGel-S-OH (Fig-
ure 1D) and at 1000 cm~' and 1031 cm~! for PS (Figure 1F)
were used to identify the corresponding beads. Figure 1 E is an
image where both PS and TentaGel beads were specifically
and concomitantly identified.

To further extend our ability to reliably identify resin beads
based on unique differences in their chemical nature, we have
studied the following PS- and non-PS-based resins: (a) 4-
bromo-PS, (b) 4-carboxy-PS, (c) PEG cross-linked Merrifield
(PS) resin, (d) amino-PEGA, (e) HMBA-SPAR 50 and
(f) SPAR 50. Figure 2 shows 5 x5 frames (50 x40 pixels)
and 6 x 6 frames (60 x 48 pixels) in which all the beads were
identified following the same procedure as in Figure 1.
Resins a—c were chosen to establish that at least three
additional PS-based resins can be readily distinguished (Fig-
ure 2A). Resins d—f were chosen to establish the identifica-
tion of polyamide-based supports (Figure 2F), and to dem-
onstrate that they can be readily differentiated from PS-based
beads (Figure 2C, 2D, and 2F-H). The images in Figure 2
were obtained by combining 1 mg of each of the resins in

i O

Figure 2. Series of experiments demonstrating the high reliability of
multispectral imaging in identifying beads based on their polymeric
constituents. The images were obtained from a statistical mixture of six
different beads (see text). A) Specific NIR-Raman imaging of 4-bromo-PS
(blue, 1073 cm™'), 4-carboxy-PS (green, 637 cm™!), and PEG cross-linked
PS (red, 703 cm™!). B) White-light image of the beads in A. C) Specific
NIR-Raman imaging of 4-bromo-PS (blue), 4-carboxy-PS (green), and
HMBA-SPAR 50 (red, 854 cm™'). D) Same image as in C, but only the
beads with a PS backbone are visualized. In addition, the two PS-based
resins were color coded using vibrations specific to each of them (4-bromo-
PS, blue, 4-carboxy-PS, green). E) White-light image of the beads in C and
D. F) Specific near IR-Raman imaging of PS based resins (red, 4-bromo-
PS, 4-carboxy-PS, PEG cross-linked-PS). G) Specific NIR-Raman imaging
of polyamide based resins (green, amino-PEGA, HMBA-SPAR 50,
SPAR 50). H) NIR-Raman image where PS- and polyamide-based resins
were selectively and concomitantly identified. I) White-light image of the
beads in F—H. All the beads were identified by multispectral imaging as
well as by single-bead microspectroscopy (4-bromo-PS: beads No. 1 and 15;
4-carboxy-PS: beads No. 9, 10, 13, 19; PEG cross-linked-PS: beads No. 2,
17,20; amino-PEGA : beads No. 3, 5,12, 16; HMBA-SPAR 50: beads No. 4,
11, 14, 18; SPAR 50: beads No. 6, 7, 8).
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methanol, a drop of this suspension was then deposited on a
sapphire. After evaporation of the solvent the sapphire was
placed in the field of view of the NIRIM. A library of single-
bead NIR-Raman spectra of each of the resins was first
recorded (Supporting Information), then several regions were
arbitrarily selected for multispectral imaging. Since each bead
appears as a collection of pixels and each pixel is a NIR -
Raman spectrum of that area of the bead, comparison of these
pixel spectra with the library of single-bead spectra recorded
on the authentic samples confirmed the automated assign-
ments. These results were reproducible regardless of the size
and shape of the beads (Supporting Information).

The principles of dual recursive deconvolution of resin-
supported combinatorial libraries have been proposed and the
feasibility of the key feature of this method, the identification
of the first randomized position, has been demonstrated using
NIR-Raman imaging of self-encoded resin beads. The reli-
ability of this method is very high, it has been consistently
accurate over the two and a half years that we have been
practicing multispectral imaging. Furthermore, any imaging
technique could be applicable to the DRED method as long
as the beads used display unique spectral features, and
provided the loaded material does not significantly alter their
spectral signature. For instance, secondary-ion mass spec-
trometry (SIMS)!'Y and FT-IRI'J imaging are alternative
approaches that we are investigating. Although, several
commercially available and chemically distinct solid supports
are eligible to explore the scope of DRED in combinatorial
chemistry, inhomogeneities in their physical and chemical
properties (e.g. swelling, porosity, size, reactivity) prompted
the design of the DRED beads, a new class of resins for solid-
phase synthesis.'”l The added value of the DRED method is
that it is a non-invasive screening technique, it does not
necessarily require sophisticated equipment, it is inexpensive,
and it does not involve the development of any encoding
chemistry since the DRED beads will soon become commer-
cially available.
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The phenomenon of polymorphism['-3 is of considerable
contemporary interest in the field of organic solid-state
chemistry, in part because comparisons between the proper-
ties of polymorphs provide an ideal basis on which to
understand relationships between solid-state properties and
crystal structure. Furthermore, in the quest to develop reliable
computational techniques to predict the crystal structure(s)
formed by a given type of organic molecule,**! studies of
polymorphic systems provide stringent challenges for assess-
ing the success of these methods. In general, the fact that the
structures of organic molecular crystals usually arise from the
interplay of several factors of comparable importance leads to
intrinsic difficulties in attempting to predict and/or rationalize
such structures. However, when one type of intermolecular
interaction (or a small number of interactions) is dominant, a
reliable rationalization of the observed molecular packing
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