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Deconvolution strategies can be grouped into five families,
dual-defined scanningpositional scanning,indexed libraries,
recursive deconvolutions’ and deletion synthesis deconvolution
methods. Encoded strategies evolved from D\A-chemically®
and radio frequency-encodecombinatorial libraries. Recently,
dual recursive deconvolution (DRED) was introduced as a hybrid
strateg)? as it adds a new (encoding) dimension to the classical
deconvolution strategies. DRED operates through the iterative
identification of the first and last randomized positions of active
members of combinatorial libraries generated through split
synthesis. The last position can be readily obtained from pool
screening after the last step of the split synthe3ishile the
first position can be “encoded” by the unique vibrational
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flngel’pl’lnt Of the I‘ESIn beadS Used Once the fII‘St and |aSt posltlonSF|gure 1. Suspension polymerization Components for the preparation

are identified, the second and second-to-last positions areof the barcoded resins (top) and styrene derivatives investigated as
subjected to the same deconvolution process. Remarkably, theencoding elements (bottom).

synthesiand DRED of a 64 million hexapetide library from the
20 natural amino acids would barely double the number of steps
required for the split synthesis (246 versus 120) and would require
only 20 spectroscopically distinguishable beads.

While this method has much merit, it is limited by the chemical

processing progran8.This approach introduces a new paradigm
in combinatorial chemistry, as the beads are no longer just carriers
for solid-phase synthesis, but are rather the repository of the
synthetic steps to which they were subjected.

and physical heterogeneity of commercial resins used as encoding Since the vast majority of solid-phase reactions are performed
elements. Furthermore, the requirement for a hyperspectralon standard Merrifield resins {42% divinylbenzene/poly-

imaging system limits its accessibility to the vast majority of

styrene)t! the first generation of barcoded resins was based on

academic and industrial laboratories. To address these issues, herdie same chemistry with the fundamental difference, however,

we introduce a novel and simple concept whereby new resins
are synthesized with built-in infrared (IR) and Ranmspectro-
scopic barcodegeadily identifiable visually or with standard data

(1) Pinilla, C.; Appel, J. R.; Blondelle, S. E.; Dooley, C. T.; Eichler, J.;
Nefzi, A.; Ostresh, J. M.; Martin, R.; Wilson, D. B.; Houghten, R. A. In
Combinatorial Chemistry: A Practical Approackenniri, H., Ed.; Oxford
University Press: Oxford, 2000; pp 5%4.

(2) Smith, P. W.; Lai, J. Y. Q.; Whittington, A. R.; Cox, B.; Houston, J.
G.; Stylli, C. H.; Banks, M. N.; Tiller, P. RBioorg. Med. Chem. Letl994
4, 2821-2824. (b) Pirrung, M. C.; Chen, J. Am. Chem. Sod.995 117,
1240-1245. (c) Derez, B.; Williard, X.; Burel, L.; Coste, H.; Hyarfil, F.;
Tartar, A.J. Am. Chem. S0d.995 117, 5405-5406.

(3) Erb, E.; Janda, K. D.; Brenner, Broc. Natl. Acad. Sci. U.S.A994
91, 11422-11426.

(4) Boger, D. L.; Goldberg, J. I€ombinatorial Chemistry: A Practical
Approach Fenniri, H., Ed.; Oxford University Press: Oxford, 2000; pp 303
326.

(5) Brenner, S.; Lerner, R. A&roc. Natl. Acad. Sci. U.S.A992 89, 5381~
5383. (b) Needels, M. C.; Jones, D. G.; Tate, E. H.; Heinkel, G. L.;
Kochersperger, L. M.; Dower, W. J.; Barrett, R. W.; Gallop, M. Proc.
Natl. Acad. Sci. U.S.AL993 90, 10700-10704.

(6) Still, C. W. Acc. Chem. Re<1996 29, 155-163. (b) Hochlowski, J.
E.; Whittern, D. N.; Sowin, T. 0. Comb. Chenil999 1, 291-293. (c) Fitch,

W. L.; Baer, T. A.; Chen, W.; Holden, F.; Holmes, C. P.; Maclean, D.; Shah,
N.; Sullivan, E.; Tang, M.; Waybourn, P.; Fisher, S. M.; Miller, C. A.; Snyder,
L. R.J. Comb. Chem1999 1, 188-194.

(7) Xiao, X.-Y.; Nicolaou, K. C. inCombinatorial Chemistry: A Practical
Approach Fenniri, H., Ed.; Oxford University Press: Oxford, 2000; pp-75
94. (b) Moran, E. J.; Sarshar, S.; Cargill, J. F.; Shahbaz, M. M.; Lio, A;;
Mjalli, A. M. M.; Armstrong, R. W.J. Am. Chem. S0d.995 117, 10787
10788.

(8) Fenniri, H.; Hedderich, H. G.; Haber, K. S.; Achkar, J.; Taylor, B.;
Ben-Amotz, D.Angew. Chem., Int. ER00Q 39, 4483-4485.

(9) Furka, A Hamaker, L. K.; Peterson, M. L. i@ombinatorial Chemis-
try: A Practical ApproachFenniri, H., Ed.; Oxford University Press: Oxford,
2000; pp +32.

10.1021/ja016375h CCC: $20.00

that each of the beads generated displayed unique IR and Raman
spectral features.

A selection of 25 comonomers investigated is shown in Figure
1. These compounds were selected on the basis of their com-
mercial availability, uniqgue IR and Raman spectral features,
relative chemical inertness, and amenability to polymerization in
a standard suspension polymerization reacttdR and Raman
spectroscopic studies of the corresponding homo- and copolymers
led to the following two conclusions: (a) A comonomer added
to the suspension polymerizatiémmixture below~10% (w/w)
threshold does not display strong and unique vibrations; the
vibrational spectrum is dominated by the main comonomer(s).
(b) Copolymers composed of two or more comonomers exhibit
IR and Raman spectral features that are the sum of the spectral
features of the corresponding homopolymers. For instance, the
Raman (or IR) spectrum of poly(styrewse-4-methylstyrene) is
the sum of the Raman (or IR) spectrum of poly(styrene) and poly-
(4-methylstyrene). This additivity was instrumental in streamlining
comonomer selection and, ultimately, the resulting DRED beads'
composition and properties.

To maintain the same chemical inertness and physical properties
of a Merrifield resin, yet incorporate subtle changes that signifi-
cantly alter their spectroscopic properties we selected alkyl-
substituted styrenes -AF (Figure 1). Table 1 summarizes the
formulations used for the preparation of 24 Merrifield-like

(10) The barcodes can be decoded using standard laser barcode readers or
with commercial data analysis and pattern recognition software packages.
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Table 1. Composition, Overall Yield and, Raman and IR Barcodes of the 24 New Resins Synthesized

Ref No. Monomers (g)* Yield/%*" Raman Barcode® IR Barcode®
10262 A, 4.50 — — 98 [ I A [ | Pl e iorn [T
10312 A, 1.50 B, 1.50 F, 1.50 94 [ T [ I (I [ Ll 1
11012 A, 150 E, 1.50 F, 1.50 9 [N IR ] O | N
11031 B, 1.50 E, 1.50 F, 1.50 94 POETEAe et vmdr e Mt rHume et
11032 A, 1.50 B, 1.50 E, 1.50 95 S T T I W aume
11022 B, 1.50 C, 1.50 F, 1.50 96 R A 1 THEL T
10311 B,2.25 F,225 — 95 eIl FEee e 1 111 |
11214 A, 225 E, 2.25 — 96 Frrm et | W n knmr e
11011 A, 1.50 C,1.50 F, 1.50 95 [ I | I O | I N R T N T
10241 C,4.50 — — 90 [ I 1 A T W v bem T
10191 C,2.25 F,2.25 — 92 FET LN B bl I BN
10242 C,2.25 E, 2.25 — 93 [ O N T O I e b P et
10131 A, 225 C, 225 — 92 I | I I (A A B0 apee T min
10142 B,2.25 C, 225 95 P e e Wi R
10232 B, 1.50 C,1.50 E, 1.50 93 FAE e i ey e e
10181 A, 225 F, 225 — 93 111 et W e e 1k
11021 C, 1.50 E, 1.50 F, 1.50 94 R . e b CrEe
10132 A, 225 D,225 — 92 LI L 1 A A 1 W e wuwrr e nue
10172 B,2.25 E, 225 — 92 NP 1 Wi Tumy e
10202 A, 1.50 C, 1.50 E, 1.50 9 [ I | 1T ([ Y[R AR
10192 E, 2.25 F, 225 — 94 FEmer W R eyl
10122 B, 4.50 — 93 Pt Bt M ey rman it
10212 A, 1.50 B, 1.50 C, 1.50 93 FIE e e vl (I I A BTN
10141 A, 225 B,2.25 — 94 [ N T | T I i RTRR N
0 300 20 1600 3000 2 500 100 500
Wavelength/cm™ Wavelength/cm™

a A = styrene, B= 2,5-dimethylstyrene, G= 4-methylstyrene, B= 2,4-dimethylstyrene, E= 4-tert-butylstyrene, = 3-methylstyrene® The
high overall chemical yields obtained for all of the barcoded beads before sieving indicates that the bulk composition of the produced beads is
consistent with that of the corresponding comonomer mixture. Furthermore, scanning electron microscopy and atomic force microscopy studies of
the beads’ shape and morphology established their homogeneous téxtheeaverage yield of beaded material after sieving-&%.° The
thicker bars denote the best-resolved vibrations. Single-bead Raman and FTIR spectra were recorded according to reportedfprocedures.

barcoded beads derived from this family using standard suspensiorderived from methoxy-containing monomers displayed the widest
polymerization techniqué';literally, hundreds of other composi-  solvent compatibility (data not shown).
tions are accessible. Detailed analysis of the vibrational spectra In conclusion, 24 barcoded resins with chemical and physical
of each bead in the range 260800 cnt?! for Raman and 400 properties similar to those of Merrifield resins were prepared and
3200 cmt for IR resulted in a set of unique peaks that were characterized. On the basis of the spectroscopic and chemical
converted into absolute spectroscopic barcodes (Table 1). Thesébehavior of these resins many more can be specifically tailored
barcodes could be readily modulated by modifying the styrene to the libraries to be deconvoluted. The series described here was
comonomer ratio and composition in the suspension polymeri- designed to address a limitation associated with using multiple
zation reaction. Chloromethylstyrene was incorporated into the resins with different physical and chemical properties in the dual
beads at a level proportional to its molar ratio in the polymeri- recursive deconvolution of resin-supported libraries and to
zation mixture to serve as a handle for subsequent reactions onstreamline resin bead identification. A standard FTIR or Raman
the beads. In this study, the level of incorporation was readily spectrometer equipped with microspectroscopic capabilities (for
modulated between a final loading of 0 to 1.5 mmol/g of resin single-bead analysi®) is sufficient to implement the DRED
without affecting the barcodes. Chloromethyl group incorporation methodology. The barcoded resins are also amenable to a directed
was titrated using a selective chloride ion electfédnd was sorting strategy wherein each barcode encodes a unique library
subsequently confirmed using the fulven@peridine adduct member@ The added value of this method is that it is a
method!? noninvasive screening technique, it is inexpensive, and it does
Vital to the success of this approach in library deconvolution not involve the development of any encoding chemistry since the
is the conservation of the resins’ key spectral features (barcodes)barcoded beads are prepared in a one-step-large-scale suspension
regardless of the beads’ cargo. Three experiments were performegolymerization reaction from commercial starting materials.
to address this question: The barcodes were checked before and
after (a) attachment of the Wang linker, (b) attachment of the
Wang linker and Fmoc-Gly, and (c) attachment of the Wang linker
and Fmoc-Phe. In all three cases not a single significant variation
in all 24 spectroscopic barcodes was noted. Finally, key to a  Supporting Information Available: Procedures for the preparation
successful solid-phase organic synthetic scheme, are the swellingf the barcoded resins and for the coupling with the Wang linker, Fmoc-
properties which were found to mirror those of Merrifield resins Gly, and Fmoc-Phe; bead size distribution; representative Raman and
in a variety of solvent&? In contrast with this, resins derived FTIR spec_tra; chlondel and h_ydroxyl titrations; and s_welllng properties
from chlorinated and brominated resins swelled mostly in gPDS/). I)hls material is available free of charge via the Internet at
chlorinated solvents. Fluorinated resins exhibited the poorest ttp://pubs.acs.org.
swelling properties in common organic solvents, while resins JA016375H

Acknowledgment. We acknowledge the support of the Trask
Foundation and Purdue University. H.F. is a Cottrell Scholar of Research
Corporation.



