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The direct analysis of selected components from combinatorial libraries by sensitive methods
such as mass spectrometry is potentially more efficient than deconvolution and tagging
strategies since additional steps of resynthesis or introduction of molecular tags are avoided.
A substituent selection procedure is described that eliminates the mass degeneracy commonly
observed in libraries prepared by “split-and-mix” methods, without recourse to high-resolution
mass measurements. A set of simple rules guides the choice of substituents such that all
components of the library have unique nominal masses. Additional rules extend the scope by
ensuring that characteristic isotopic mass patterns distinguish isobaric components. The
method is applicable to libraries having from two to four varying substituent groups and can
encode from a few hundred to several thousand components. No restrictions are imposed on
the manner in which the “self-coded” library is synthesized or screened.

Introduction

In recent years, the combinatorial synthesis of chemi-
cal libraries by the split-and-mix strategy® has been
adopted as an efficient means of generating, in relatively
few synthetic steps, large numbers of compounds
(ligands) for biological evaluation.? Several techniques
have been developed to identify active members of such
combinatorial libraries. Positional scanning libraries®
and iterative deconvolution strategies* require multiple
syntheses of the same components in subsets of the final
library and hence detract in some ways from the
efficiency of the combinatorial synthesis. Other meth-
ods rely on the selection of active components from
mixtures of compounds, either free in solution or
tethered to synthesis beads, and their subsequent
identification by various means.

Extraction and identification of active components
from soluble libraries has been achieved by a number
of affinity selection techniques® followed by mass spec-
troscopic analysis. If a library is prepared on solid
phase, with a single component on each bead, spatial
separation of the beads prior to screening in effect allows
screening of the individual components, whether at-
tached to or subsequently released from the beads.? To
facilitate product identification, elegant encoding meth-
ods have been developed which introduce readable tags
onto either the synthesis beads® or the released ligands
themselves.” The use of dyes to color-code beads has
also been described.® These methods have the potential
to code very large numbers of components, but inevita-
bly require extra steps to introduce tags, and also limit
to varying degrees the scope of the chemistry available
for ligand synthesis due to the required orthogonality
with tagging chemistry, protection, and cleavage strate-
gies. Recently, the use of radio frequency tags as a
nonchemical coding strategy has been reported.®

Provided that sufficient material is available, direct
analysis of selected ligands obviates the need for tag-
ging, and in the case of peptides and oligonucleotides

this can be achieved by sensitive sequencing techniques.
For smaller, nonoligomeric compounds, mass spectrom-
etry (MS) provides the most generally applicable tech-
nique for analysis of the small quantities (typically in
the picomole range) of material available and has been
applied to affinity selection methods®®¢ as well as to the
identification of material released from single beads.?

While methods such as high-resolution mass mea-
surement, or MS-MS techniques have been used for
library analysis!! and are potentially very powerful for
the detailed analysis of modest number of compounds,
the need for calibration and interpretation render them
less appropriate when large numbers of structurally
diverse compounds are involved. The ability to distin-
guish library components by their nominal (integer)
masses would allow the use of simpler instrumentation
more suited to running in a high-throughput mode.
However, if the masses of the ligands are to be main-
tained within the range 200—600 Da most likely to give
acceptable pharmacokinetics,?2 the library size is re-
stricted to a few hundred components if nominal masses
are used. A more significant limitation arises from the
nature of the split-and-mix method which rarely results
in combinatorial libraries with an even mass distribu-
tion throughout the range. Libraries as small as 100
components will typically contain many sets of isobaric
components which complicate analysis at the nominal
mass level.13 A genetic algorithm approach has recently
been applied to address this issue.14

This paper presents a flexible stategy to overcome
both limitations.’> A rule-based procedure for substitu-
ent selection allows the design of libraries in which all
components have unique nominal molecular weights.
Further rules allow the use of isotope patterns to extend
the final library size beyond the limits imposed by the
desired molecular weight range. Since each component
can be uniquely identified by its molecular weight and
isotope pattern, such self-coded combinatorial libraries
can, in principle, be applied to any screening approach
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Table 1. Chart of Consecutive Integers Arranged in
Periodicity 10 with Two Sets Highlighted in Italic and Bold
(See Text)

1 2 3 4 5 6 7 8 9 10

Table 2. Addition Matrix for Set 1 (Italic) and Set 2 (Bold)
Chosen from Table 1

set 2
setl 31 32 23 64 95 86 17 28 9 90

3 34 35 26 67 98 89 20 31 12 93
13 44 45 36 77 108 99 30 41 22 103
23 54 55 46 87 118 109 40 51 32 113
33 64 65 56 97 128 119 50 61 42 123
43 74 75 66 107 138 129 60 71 52 133
53 84 85 76 117 148 139 70 81 62 143
63 94 95 86 127 158 149 80 91 72 153
73 104 105 96 137 168 159 90 101 82 163
83 114 115 106 147 178 169 100 111 92 173
93 124 125 116 157 188 179 110 121 102 183

where sufficient material is available for MS analysis.
This strategy imposes no restriction on the synthetic
methods used to prepare the library, which is synthe-
sized once only, requires no additional steps for intro-
duction of tags, and therefore offers an attractive
alternative approach to combinatorial library design.

Methods

In general terms, a combinatorial library can be
defined as two or more sets of substituents (represented
as R-groups) attached to a common core, or template,
1. Since the template contributes a constant mass to

Fl*z

R—  TEMPLATE LR

each library member, only variations in the substituent
masses need to be considered further.

It can be demonstrated (see below) that pairwise
addition of two sets of integers will always give unique
sums if all members of the first set have the same
remainder when divided by an arbitrary constant
(herein referred to as the periodicity) and members of
the second set each have different remainders when
divided by the same periodicity constant. This can be
represented graphically by means of a chart having a
number of columns equal to the periodicity (see Table
1, periodicity = 10). Integers with the same remainder
on division by the periodicity appear in the same column
of the chart, and hence integers in different columns
must have different remainders. Two sets of integers
having either the same or different remainders on
division by 10 are highlighted, in italic and bold,
respectively, and the uniqueness of their sums may be
seen by inspection of Table 2.
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If these sets of integers were to correspond to the
molecular weights of two sets of substituents defining
a combinatorial library, then all members of the library
would have unique nominal masses.

The above can be applied to the design of self-coded
combinatorial libraries as follows. The nominal mass
of each available substituent is calculated, using only
the lower mass for elements having two major natural
isotopes (e.g., Cl = 35, Br = 79). The substituents are
arranged in chart format such that those having masses
that give the same remainder after division by the
chosen periodicity appear in the same column. The
process is exemplified in Table 3 in which a selection of
commonly encountered substituent groups have been
arranged, under their molecular weights, into a chart
of periodicity 10. For brevity, where multiple isomeric
forms of a substituent are possible (e.g., propyl or
isopropyl; imidazolyl or pyrazolyl; 2-, 3-, or 4-chloro-
phenyl, etc.) only a single form is indicated. An alterna-
tive approach would be to limit the substituent set to
those available (commercially or otherwise) for a par-
ticular reagent class (e.g., amines, carboxylic acids, etc.)
and to create separate charts for each reagent class to
be used in a library synthesis.

Application of the following rules ensures the selection
of two sets of substituents that will combine to give a
library with no isobaric components.

Rule 1: Set 1 and set 2 should be chosen from charts
of the same periodicity.

Rule 2: Members of set 1 should all be chosen from
the same column and be of different masses.

Rule 3: Members of set 2 should all be chosen from
different columns.

For example, consider the design of a library of
N-acylated dipeptoids 2 where R; and R, are derived
from primary amines'® and Rz from carboxylic acids or

o R,
HO N._R
\n/\“.‘k/ T
0 R, 0
2

acid chlorides. The simplest self-coding strategy for this
library would be to ensure that all combinations of R;
and R, give unique masses and to retain as separate
sublibraries the final pools each containing different,
defined members of Rs. Using this approach, a library
with n variable groups requires only the first (n — 1)
R-groups to be coded. Applying rules 2 and 3 to Table
3 reveals numerous possible combinations of groups that
might be selected for R; and R»; indeed this is one of
the attractions of this coding method. Two possible sets
of substituents are indicated in Table 4. This selection
is for illustration only and does not necessarily reflect
the ready availability and suitable reactivity of all of
the reagents. On the basis of this selection each
sublibrary would have 150 components (15 x 10) with
unique nominal masses. Assuming 20 acylating agents
were chosen for Rs, a total library size of 3000 readily
distinguishable components could be prepared.

Use of Isotopes To Extend the Scope. Isobaric
compounds containing different numbers and combina-
tions of Br and CI atoms can be distinguished by the
pattern of isotope masses above the nominal mass peak.
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Table 4. Substituent Sets Selected from Table 3 According to
Rules 2 and 3
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Table 7. Substituent Set 3 Having Different Isotope Patterns
Selected by Rule 7

set 1 (rule 2) set 2 (rule 3)

MwW substituent MW substituent
1 hydrogen 71 pentyl
31 hydroxymethyl 82 methyloxazolyl
41 cyclopropyl 93 hydroxyphenyl
71 pentyl 44 aminoethyl
81 methylimidazolyl 15 methyl
91 benzyl 116 indolyl
101 carboxybutyl 77 phenyl
111 cyclooctyl 78 pyridyl
121 ethoxyphenyl 109 fluorobenzyl
131 trifluorophenyl 120 dimethylaminophenyl
141 decyl

151 dimethoxybenzyl

161 hexylphenyl

171 trifluoromethylstyryl
191 heptyloxyphenyl

Table 5. Additional Substituents for Set 1 Selected from
Table 3 by Rule 5

MW substituent
101 chlorofuryl

111 chlorophenyl

151 chlorobenzofuranyl
161 bromothienyl

161 chloronaphthyl

Table 6. Additional Substituents for Set 2 Selected from
Table 3 by Rule 6

MW substituent MW substituent
111 chlorophenyl 156 bromopyridyl

161 bromothienyl 117 trichloromethyl
152 chlorobenzoxazolyl 137 chlorostyryl

162 bromothiazolyl 157 bromopyrimidinyl
144 bromopyrrolyl 139 chlorophenethyl
125 chlorobenzyl 159 dichlorobenzyl
145 dichlorophenyl 179 trichlorophenyl

146 dichloropyridyl

On the basis of this observation, further selection rules
can be stated which allow the design of expanded self-
coded libraries in which each component is uniquely
identified by a combination of its nominal mass and
isotope pattern.

Rule 4: Either, but not both, of rules 2 and 3 may be
replaced by rules 5 and 6, respectively.

Rule 5: Members of set 1 should be chosen from the
same column and may have the same mass provided
that the isotope pattern (e.g., Br, Cl count) is different.

Rule 6: Members of set 2 can be chosen from any
column provided that all members chosen from an
individual column have different isotope patterns (e.g.,
different Br, Cl counts).

For example, the library defined in Table 4 could be
extended by applying rule 5 to include five more
substituents (Table 5), giving sublibraries of 200 com-
ponents (20 x 10), or by applying rule 6 to introduce 15
additional substituents to set 2 (Table 6), giving subli-
braries of 375 distinguishable components (15 x 25).
Assuming once again 20 values for Rs, total self-coded
library sizes of 4000 and 7500, respectively, could be
achieved.

The foregoing discussion has assumed coding of two
sets of substituents and that the identity of a third
substituent would be derived from knowledge of its
sublibrary. However, if coding is required for three

MW substituent
71 pentyl

137 chlorostyryl

159 dichlorobenzyl

117 trichloromethyl

156 bromopyridyl

substituent sets (as would be necessary for a library
with four R-groups), this can be accommodated by using
rule 7, which reserves isotope patterns exclusively to
code the third R-group.

Rule 7: Exclude groups containing Br and CI from
sets 1 and 2. Members of set 3 can be selected freely,
provided that each member has a different, distinguish-
able isotope pattern (e.g., different Br, Cl count).

Applying rule 7 to the dipeptoid example would
require using the original selections defined in Table 4
for R; and Ry, which gave unique combinations without
recourse to isotope codes, and then selecting isotopically
distinguishable substituents for Rs, for example, the five
groups shown in Table 7. This would give a dipeptoid
library having 750 easily distinguishable components
(15 x 10 x 5). If there were a fourth R-group (Rj)
having 20 values, self-coded libraries of 15 000 compo-
nents could be generated in this manner.

The use of isotopes to augment the substituent sets
need not be restricted to bromine and chlorine. Useful
additional reagent sets may be created by artificially
enriching reagents with other isotopic elements. For
example, combining benzoic acid and pentadeuterioben-
zoic acid in equimolar proportions gives a reagent with
a characteristic M+5 ion.

Since addition is a commutative property, there is no
requirement to equate R; with set 1 and R, with set 2;
the reverse assignment is equally valid. Likewise when
three sets of substituents are coded, rule 7 may be
applied to either R3, Rz, or R3—whichever best suits the
library design.

Discussion

In the following discussion, several important features
of the method will be illustrated by reference to libraries
of dipeptides derived from the 20 natural amino acids.
Although the method is not particularly suited to
peptide libraries, the use of a very restricted set of
building blocks will simplify the analysis of the scope
and flexibility of the approach.

First, the method is not restricted to simple “mono-
valent” substituent groups of the type discussed so far.
For example, while nineteen of the natural amino acids
can be defined as substituted glycine molecules, 3, the
cyclic amino acid proline cannot, so alternative repre-
sentations of an amino acid 4 and dipeptide 5 must be

R
Ho
\(H\NHZ HO-R-H HO-R-RzH
o
3 4 5

used. This is not a problem provided that all substit-
uents in a reagent set are treated similarly. Table 8
shows the 20 natural amino acids arranged in a chart
of periodicity 10. Note that, despite the different
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Table 8. Chart of Amino Acids (Periodicity 10)

Hughes

Table 11. Chart of Amino Acids (Periodicity 16)

71 103 114 115 156 57 128 99
Ala Cys Asn Asp Arg Gly GIn Val

101 113 186 87 Lys 129
Thr Leu Trp Ser Glu
131 lle 97
Met 163 Pro
Tyr 137
His
147
Phe

97 114 99 101 71 57 186 156 128
Pro Asn Val Thr Ala Gly Trp Arg GIn

113 115 87 137 Lys
Leu Asp Ser His
lle 131 103
129 Met Cys
Glu 147
Phe
163
Tyr

Table 9. Chart of Amino Acids (Periodicity 11)

57 113 103 71 128 129 97 87 99
Gly Leu Cys Ala GIn Glu Pro Ser  Val

101 lle 114 115 Lys 163 131
Thr Asn  Asp Tyr  Met
156 147 137 186
Arg Phe His Trp

Table 10. Chart of Amino Acids (Periodicity 14)

57 114 87 186 103 147 163 137 97
Gly Asn Ser Trp Cys Phe Tyr His Pro
71 128 101 131

Ala  GIn  Thr Met

99 Lys 115

Val 156  Asp

113 Arg 129

Leu Glu

lle

definition of what comprises a substituent, the same
groups fall into alignment within a column as would be
expected from Table 3 (i.e., Gly, Ser, His, and Phe; cf.
hydrogen, hydroxymethyl, imidazolylmethyl, benzyl),
albeit not necessarily the exactly corresponding col-
umns.

Effect of Periodicity. The choice of periodicity is
entirely arbitrary provided that rule 1 is followed.
Tables 8—11 show the amino acids arranged in charts
of periodicities 10, 11, 14, and 16, respectively, with
empty columns omitted. The most obvious and impor-
tant effect of altering chart periodicity is that different
substituents are brought into alignment within columns.
For example, periodicity 10 (Table 8) aligns Gly with
Ser, Pro, His, and Phe, while periodicity 11 (Table 9)
aligns Gly with Thr and Arg. Since entries within
columns of a periodicity 14 chart differ by 14 mass units,
corresponding to a methylene group, homologous series
are brought into alignment as in Table 10 where Gly,
Ala, Val, and Leu are in the same column, as are Ser
and Thr, Asn, and GIn, etc. Hence judicious variation
of periodicity allows considerable flexibility in the
diversity of substituent sets that can be selected.

Flexibility. Although the method imposes no re-
strictions on synthesis or screening strategies, it must,
by virtue of being a selection method, restrict to some
extent the choice of substituents available. The limita-
tions are most noticeable for the set chosen from the
same column by rule 2. This is particularly so when
the number of substituents from which to select is low,
such as the charts in Tables 8—11. While in such cases
the structural diversity within a column can be adjusted
by changing the chart periodicity, the actual number of
choices available will inevitably remain small. How-
ever, even for limited substituent availabilities, the
number of options for selecting a set by rule 3 (different
columns) is always considerable.

Consider using the periodicity 10 chart of Table 8 to
select substituents sets for a dipeptide library. Using
rule 2 (same column) for set 1 allows a maximum set
size of five (Gly, Ser, Pro, His, Phe). If only three amino
acids were required in this set, a total of 13 possible
combinations would be possible (e.g., Gly, Pro, Phe; or
Cys, Leu, Tyr). Applying rule 3 gives 480 (3 x 4 x 1 x
1 x 2 x 5 x 2 x 2) potential choices of eight amino acids
for set 2.

As the number of substituents available increases
(e.g., reagent sets such as carboxylic acids, amines, and
alcohols), each column becomes increasingly populated,
more masses are represented, and each will include
many isobaric alternatives, including, of course, isomeric
forms (e.g., Table 3), greatly reducing the limitations
described above.

If selecting substituents from two different reagent
sets, it is therefore apparent that the optimum applica-
tion of the rules is generally achieved by using rule 2
(same column) to select from the most populated reagent
set and reserving rule 3 (different columns) for the
smaller, more restrictive set. For example, a simple
acylated amino acid library, 6, would best be designed

R, O

|-|o\"/'\,\lJLH2
H

(e}
6

by applying rule 2 (same column) to the acylating agent
(e.g., the 15 substituents in Table 4, set 1, selected from
Table 3) while reserving rule 3 (different columns) to
select 8 amino acids from Table 8 giving a 120 compo-
nent library.

Scope. Consider a theoretical set of substituents
fully populating a mass range m and arranged in a chart
of periodicity p. The maximum number of nonisobaric
product masses is m/p (from rule 2) x p (from rule 3) =
m. So for a typical reagent mass range of 200, a
maximum of 200 distinguishable products would be
possible, spread over a total mass range of 400 mass
units. Indeed, the library of 150 components generated
from the substituent sets defined in Table 4 is fairly
typical of the situation for well-populated reagent sets.

When the number of substituents available becomes
more restricted, as in the dipeptide example described
above, there is a corresponding decrease in the number
of components that can be uniquely encoded. By ar-
ranging the amino acid side chains in charts of period-
icities from 2 to 20, it can be shown that periodicity 16
(Table 11) maximizes the number of nonisobaric dipep-
tides available by this method at 45 (five from rule 2,
nine from rule 3). To put this into perspective, however,
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it should be noted that only 108 different nominal
masses are represented among the 400 dipeptides
theoretically available from the 20 amino acid building
blocks. Of these, only eight are represented once only.
It is in fact impossible to generate a dipeptide library
in a split-and-mix fashion that accesses each of the 108
masses once only.

As has been demonstrated, the appropriate use of
isotopes increases the number of readily distinguishable
components severalfold. The simple device of maintain-
ing separate sublibrary pools after introduction of the
final R-group substituent set increases the scope by an
order of magnitude, and self-coded libraries of several
thousand components are not unreasonable.

Mathematical Description of the Method

To demonstrate that pairwise addition of sets chosen
according to rules 1—3 generates unique sums, consider
the general case of Table 1, periodicity p. The value in
row i, column j is given by V(i,j) = (i — 1)p +j. The gth
element of set 1 chosen from column y by rule 2 (same
column) is S1(g) = (g — Lp +vy. If x(1), x(2), x(3), ...,
x(p) are the row numbers of elements of set 2 chosen
from columns 1, 2, 3, ..., p by rule 3 (different columns),
then the rth element of set 2 is S2(r) = (x(r) — 1)p +r.
Hence the sum of any element g from set 1 and any
element r from set 2 is given by eq 1

S@nN=@+x(r)=2p+(y+r (1)

In order for the sums of two pairs of elements, m and a
from set 1 and n and b from set 2, to be equal requires
that S(m,n) = S(a,b). Substituting eq 1 gives (m + x(n)
—2)p + (y +n)=(a+ x(b) —2)p + (y + b), hence

(m—a+x(n)—x(b))p=b—n (2)

Since both b and n are integers, then b — n is either 0
or an integer. If b — n =0, then b = n. Substituting
into eq 2 gives (m — a) = 0, hence m = a, which implies
addition of the same pair of elements twice. Ifb —nis
an integer, then the left-hand side of eq 2 is a multiple
of p, but the right-hand side of eq 2 cannot be a multiple
of p,sincel <b=<pandl=<n=p,andhencel—p =<
(b — n) < p — 1, that is, the absolute value of b — n is
less than p. Hence S(m,n) cannot be the same as S(a,b),
proving that all pairwise additions of numbers from set
1 and set 2 give unigue sums.

Synthesis of 50-Component Self-Coded Library

The practical application of the methodology is il-
lustrated by the synthesis of a self-coded bead library
of bisamides, according to Scheme 1, using a split-and-
mix strategy to generate a single compound on each
bead. The N-protected benzyl bromide 7 was attached
to polystyrene resin via a traceless phosphonium salt
linker group.” Following deprotection of the product,
8, the amino group was acylated with five N—Fmoc
amino acids (Ria to Rye, Table 12), and the Fmoc group
was removed with piperidine. The free amino group
was then acylated with 10 acid chlorides (Rza t0 Ry;,
Table 12) to give the bead-bound library 10.

The selection of R-groups was made according to rules
1-3 using a periodicity of 12. The masses of groups for
R; were selected so as to have different remainders
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Scheme 1
POL
Br PPh,Br
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Table 12. Reagents Used in Synthesis of Self-Coded Library
10

R-group
R-group reagent mass mass/12
Ria N-Fmoc-glycine 14 lrem2
Rip N-Fmoc-$-alanine 28 2rem4
Ric N-Fmoc-6-aminohexanoic acid 70 5rem 10
Rid N-Fmoc-4-aminomethyl- 20 7rem6
benzoic acid
Rie N-Fmoc-4-aminomethylcyclo- 96 8remO0
hexanecarboxylic acid
R2a butyryl chloride 43 3rem?7
R2p 2-furoyl chloride 67 5rem?7
Rac phenylacetyl chloride 91 7rem7
Raqg cinnamoyl chloride 103 8rem?7
Roe methyl adipyl chloride 115 9rem?7
Rof 1-naphthoyl chloride 127 10rem 7
Raog 10-undecenoyl chloride 139 1lrem?7
Ran 2,5-dimethoxyphenylacetyl 151 12rem?7
chloride
Roi 4-fluoro-3-(trifluoromethyl)- 163 13rem7
benzoyl chloride
Ra;j 4-n-heptylbenzoyl chloride 175 l4rem?7

when divided by the periodicity, 12 (i.e., they would
belong to different columns if arranged in a chart
format—rule 3), and groups R, were chosen to have
masses giving the same remainder on division by 12
(and hence would appear in the same column in a
periodicity 12 chart—rule 2).

Fifteen randomly selected beads from 10 were indi-
vidually cleaved by hydrolysis of the phosphonium
linker to give the toluene derivatives 11. Analysis of
the cleavage products by APCI-MS gave very clear M+H
signals (Figure 1 shows a typical result) that could be
unambiguously assigned to components of the library
(Table 13, beads 1—15). In one case (bead 14) a very
weak response was obtained, suggesting a poorly func-
tionalized bead or inefficient cleavage.
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Figure 1. Mass spectrum for bead 2.

Table 13. Assignment of Cleavage Products 11 from Library
10

bead no. M+H (found) assignment mass (calc)

1 365 Ric—R2d 364
2 329 Ric—R2p 328
3 379 R1e—R2c 378
4 439 Rie—R2n 438
5 391 Rie—Ra2qg 390
6 379 R1e—R2c 378
7 409 R1g—Ro2t 408
8 329 Ric—R2b 328
9 457 R1d—R2;j 456

10 325 R1d—R2a 324

11 357 Ria—Ron 356

12 403 Rie—Ra2e 402

13 397 R1d—R2e 396

14 not found

15 433 Ria—Ra2n 432

Conclusion

Using a combination of nominal mass and isotope
pattern to distinguish between members of a self-coded
library provides an additional, powerful means of en-
coding combinatorial libraries that is very simple to
implement. The method relies critically on the ability
to measure the molecular ion of a ligand selected from
the library, a process which is rarely problematic with
modern mass spectrometric techniques. While the
method has great flexibility, there will be certain
situations, such as peptide libraries, where restrictions
on the available reagent pools limit its usefulness. In
such circumstances or where very large combinatorial
libraries are required, a tagging strategy would be more
appropriate. However, for libraries within the scope
described above, the method offers a number of signifi-
cant advantages over existing encoding and deconvolu-
tion protocols: no additional steps of resynthesis or
introduction of tags are required; no limitations are
imposed by the need for orthogonal synthetic and
release chemistries as is the case for tagging methods;
the method is equally applicable to solution and solid-
phase synthesis methods, since all the information to
decode the structures is stored in the ligands themselves
and can thus be applied to screening strategies, such
as affinity selection, where association of ligands and
beads is not possible.

Experimental Section

Mass spectra were recorded with a Micromass Platform 1
spectrometer. 4-Bromopolystyrene was a copolymer of 4-bro-
mostyrene and divinylbenzene purchased from Polymer Labo-
ratories with a loading of 2 mmol g™

Hughes

Polymer-Bound 3-[N,N-Di(tert-butyloxycarbonyl)ami-
nomethyl]benzyl Triphenylphosphonium Bromide (8).
A suspension of polymer-bound triphenylphosphine (2.96 g)
prepared from 150—300 xm 4-bromopolystyrene!® in DMF (25
mL) was treated with 3-bromomethyl-N,N-di(tert-butyloxy-
carbonyl)benzylamine (4 g, 10 mmol). The mixture was heated
at 70 °C for 48 h and cooled, and the polymer was filtered and
washed alternately with toluene (50 mL) and CHCl, (50 mL)
(3 times), then with CH,CI, (50 mL) and Et,O (50 mL) (3
times), and finally with 1:1 CH,CI,/Et,O (50 mL) and Et,0 (2
x 50 mL) and dried to give 8 (4.21 g). Anal. Br (ionic): found,
7.3. Loading = 0.91 mmol g%

Mixture of Polymer-Bound 3-[N-(Aminoacyl)amino-
methyl]benzyl Triphenylphosphonium Salts (9). In five
separate experiments, 8 (385 mg, 0.35 meq) was washed with
CHClI; (2 x 25 mL) and then treated with 30% CF;CO,H and
2% anisole in CH,Cl; (2 x 25 mL) for 1 and 30 min. The resin
was washed with CHCl, (3 x 25 mL), 10% Et3;N in CHCl, (2
x 25 mL), and CH,CI; (2 x 25 mL). The resin was suspended
overnight in a solution of 1-hydroxy-7-azabenzotriazole (109
mg, 0.8 mmol), 1,3-diisopropylcarbodiimide (0.13 mL, 0.8
mmol), and one of the carboxylic acids (Ria to R, Table 12)
(0.75 mmol) in DMF (10 mL) and CH.Cl, (3 mL). After the
resin was washed with DMF (2 x 25 mL) and CH,Cl, (3 x 25
mL), the five products were combined as a slurry in CHCl,,
filtered, and treated with 20% piperidine in DMF (2 x 30 mL)
for 1 and 30 min. The resin was washed with DMF (2 x 30
mL) and CHCI; (3 x 30 mL) and then dried to give 9 (1.83 g,
approximately 1.75 mmol) as a mixture of five polymer-bound
components.

Mixture of Polymer-Bound 3-[N-(Acylaminoacyl)ami-
nomethyl]benzyl Triphenylphosphonium Salts (10). In
10 separate experiments, 9 (180 mg, approximately 0.17 mmol)
was suspended in CHCI, (10 mL) and treated with EtzN (0.1
mL, 0.7 mmol) and one of the acid chlorides (R2a to Ryj, Table
12) (0.35 mmol). After 90 min the resin was filtered and
washed with CH,CIl; (2 x 20 mL). The 10 products were
combined as a slurry in CH,Cl, and washed with DMF (3 x
30 mL) and CH.Cl; (2 x 30 mL). The resin was finally washed
successively with 3:1, 1:1, and 1:3 mixtures of CH.CIl, and
Et,O, then washed with Et,O, and dried to give 10 as a
mixture of 50 polymer-bound components.

Analysis of Library 10 by Mass Spectrometry. Indi-
vidual beads from 10 were treated in glass inserts with a 10
mM solution of sodium hydroxide in 10% aqueous dioxane (50
uL) overnight to effect cleavage to individual members of
library 11. Representative results of APCI-MS analysis along
with the assignment of the molecular ions detected are given
in Table 13.
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