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Rapidly Measuring Reactivities of Carboxylic Acids to Generate
Equireactive Building Block Mixtures: A Spectrometric Assay

Kendra L. Dombi, Ulrich E. Steiner, and Clemens Richert*

Department of Chemistry, University of Constance, 78457 Konstanz, Germany

The relative reactivity of building blocks is critical for a successful preparation of combinatorial libraries.
Here, we present a method for measuring the reactivity of carboxylic acid building blocks in amide-forming
reactions. The method involves competitive reactions between a reference and test acid and a tetraphe-
nylporphyrin reaction partner with four reactive sites. Relative reactivities are calculated on the basis of the
distribution of substituted porphyrins found in MALDI-TOF mass spectra. Reactivities thus determined
were used to prepare reactivity-adjusted building block mixtures. These were reacted with amino-terminal
oligonucleotide and peptide scaffolds on solid support, generating small libraries suitable for spectrometrically
monitored selection experiments (SMOSE). The rate of building block “drop outs” that fail to couple as
expected was not substantially lowered by acquiring spectra from two reactions, performed with different
ratios of building blocks, where the effect of a given substituent on the desorption/ionization yield of the
porphyrin can be eliminated. Instead, coupling building blocks of similar size together or employing
N-hydroxysuccinimide esters rather than activating with a “uronium salt” were found to improve the quality
of libraries generated via competitive reactions.

Introduction based assays, this approach can be problematic, since usually
not all compounds made are being characterized. If individual

cal reactions. This information is particularly important for €OmMpounds are being synthesized and characterized, yield

combinatorial syntheses. Where more than one product is@"d purity obtained do not suffice for calculating a rate
to be generated in one experiment, relative rate constantsconstant required to plan future syntheses. If one wishes to

should ideally be known to adjust reactions conditions such Synthesize libraries via reactions with mixtures of building
that all desired products are formed efficiently. Until now, PIOCks, the lack of reactivity data can lead to particularly
it has been difficult to predict chemical reactivities accurately. diSappointing results, with libraries very far from equimolar
Linear free enthalpy relationships have improved our un- "€Presentation of the desired products being formed.
derstanding of the factors governing reactivistill, steric, Several approaches have been reported to overcome this
electronic, and stereoelectronic factors, not to mention Problem. Houghten and collaborators have determined the
solvation, are difficult to parametrize with the degree of relative reactivities of amino acid building blockbyilding
accuracy required to predict rate constants reliably for all on earlier work from the 1970sBy performing mixed
members of a diverse set of building blocks. Databases of couplings and determining the amino acid composition of
failed reactions are beginning to emefgenriching the the resulting libraries and repeating the procedure through
prediction approaches, but being costly, these are notseveral “cycles”, they obtained reactivity scores the transla-
available to most research laboratories. Therefore, thetion of which into equireactive building block mixtures gave
reactivity of new building blocks often has to be determined roughly equal incorporation of all amino acid residues
experimentally prior to employing them in reactions with €mployed. Gerritz and collaborators employed competitive
precious scaffolds or intermediates. reactions to obtain Hammett relationships for reactions on
In a recent review on analytical techniques for reaction different solid supports, thus allowing them to predict the
optimization? the authors lamented the fact that despite the relative rates of reactions with substrate®thers have
widespread use of combinatorial chemistry for the synthesis developed spectroscopitand spectrometrid¢echniques for
of new compounds, the optimization of reactions is still monitoring reactions or analyzing the results of combinatorial
largely performed using traditional methods. In fact, for new Syntheses efficiently.
building blocks, the most common way of gauging their  If competitive reactions are performed under pseudo-first-
reactivity is iterative via determining whether the desired order conditions, product distribution can yield relative
products are formed in sufficient yield. Particularly in bead- reactivities. The analytical technique for measuring product
composition in such reactivity tests should ideally use little
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the popularity of mass spectrometry for characterizing and
screening combinatorial librari@sMALDI-TOF mass spec-
trometry is particularly well-suited, since spectra can often
be acquired without any time-consuming and potentially
biasing workup. There are, however, several problems with
MALDI as the read-out technique for reactions involving
small molecules. Usually, the signals of small molecules are
in a region where matrix ions dominate the specttdiine
desorption/ionization varies greatly with the structure of the
analytes, and the vapor pressure of small molecules may be
so high that they evaporate prior to laser-induced desorption/
ionization. Even if these drawbacks were not critical, it is
important to remember that signal intensity in MALDI-TOF
mass spectra does not necessarily correlate with concentration
unless conditions for quantitative detection have been
established?~1°

In a recent preliminary research note published electroni-
cally,*® we presented a method for measuring the relative
reactivity of pairs of activated carboxylic acids used to
synthesize tetraphenylporphyrin libraries. The method em-
ploys a tetrakis(aminoacylanilino)porphyrin as reaction part-
ner and MALDI-TOF mass spectrometry as the analysis
method for product analysis of competitive reactions. The
method takes advantage of several features of the tetraphe-
nylporphyrin scaffold: (i) that it shifts them/z of the
pseudomolecular peaks into a mass range free of interference
from matrix ions; (i) its desorption properties dominate those
of the products prepared, making the desorption/ionization
properties less dependent on the structure of the substrate to
be reacted; (iii) it produces strong signals in MALDI-TOF
mass spectra; (iv) it is chemically very stable and resists
fragmentation; (v) it offers four essentially independent
reaction sites, improving the dynamic range of the mass
spectrometrical reactivity determination; and (vi) it makes
products visible with the naked eye, making them easy to
trace and quantify.

However, the method presentédlso had a number of
drawbacks, such as being limited to adjusting the reactivity
of pairs of building blocks, without yielding rate constants
that could be employed for planning the syntheses of larger
libraries. Further, the method had been tested on no more
than seven building blocks and only porphyrins as the targets
for library generation. Here, we report on a reactivity test
system that allows one to derive rate constants for building
blocks. The reactivities thus determined were employed
successfully for generating small libraries of modified
oligonucleotides and peptides using mixtures of structurally
diverse building blocks.

Results

As discussed above, a porphyrin was to act as the reaction
partner for the building blocks to be tested for their reactivity.
To obtain a set of products whose relative concentration
allows direct calculation of relative reactivities, the porphyrin
had to have several reaction sites. This led tgtsabstituted
tetraphenylporphyrin as scaffold. Scheme 1 shows the
synthesis of the tetraphenylporphyrins that were employed qg)
in the reactivity tests. Starting frormeso-tetrakis(p-ami- &
nophenyl)porphyrin), available fromp-nitrobenzaldehyde ®
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chemset 3
and pyrrole in two steps, Na-Boc-aspartic acig-benzyl coupling reaction with a reference acid that is twice as

ester ofNo-Boc-alanine were coupled to produce protected reactive as the test acid is drawn. Here, peak intensity ratios
acylamidoporphyrins, whose Boc-deprotection with TFA of 16:32:24:8:1 result. The relative reactivity ratio of 2 is
yielded 2a'® and 2b, respectively. Exploratory coupling reflected in every ratio between neighboring peaks, i.e., 16:
reactions with2a and activated carboxylic acids of low 32 is twice as large as 1:4, 32:24 is twice as large as 4:6,
reactivity showed side products presumably resulting from etc. Measuring the intensity of any pair of neighboring peaks
aspartimide formation. Therefor@p, whose side chain is in a mass spectrum should, therefore, in principle allow
unreactive, was used in all subsequent work. determination of the relative reactivity of a test acid compared
Reactions of tetraamin2b with activated acids led to  to a reference acid.
productchemsets JScheme 1), the composition of which To validate our method for quantitative detectfoior the
was measured via MALDI-TOF mass spectrometry under present type of tetraphenylporphyrins, calibration experiments
conditions previously shown to allow quantitative detection were performed witiN-acetylalanine-substitutetl(Scheme
of tetraphenylporphyrin® To ensure pseudo-first-order 1) as internal standard aridas analyte. With a matrix of
conditions, 84 equiv of acids was used. Scheme 2 shows2,4,6-trihydroxyacetophenone monohydrate (THAP) and
the reaction pathways thatb can follow to produce the  diammonium citraté? together with high laser power and
components ofhemset 3. In this scheme, a square with its at least 100 laser shots/spectrtiiflinearity with anr? value
four boxes represents one porphyrin molecule, whose of 0.991 was observed in the concentration range of interest
terminal amino groups are either unreacted (open box) or(Figure 2a). At concentrations above @M of 5, the
have been acylated with the residue of the reference acidexpectedf saturation effect was observed (Figure 2b). This
(box with an R) or with the residue of the test acid (box calibration experiment established the linearity of the cor-
with a T). Whether a reaction occurs with the reference acid relation between relative peak intensity and concentration,
or the test acid is indicated Iif or k™ on the reaction arrows,  but not an absolute calibration for any tetrakis(acylamidoa-
respectively. nilino)porphyrin, unless the change in desorption and ioniza-
All but 5 of the 16 end products formed in the reactions tion properties between individual porphyrin species were
shown in Scheme 2 are isobaric, i.e., have the same massnegligible. Depending on the substituents, the slopes of the
The left-hand side of Figure 1 shows a cartoon of the MALDI calibration functions may differ from porphyrin to porphyrin,
spectrum othemset 3expected for a reaction in which two  but earlier experience shows that linearity can be expected
acids are equireactive. On the basis of binominal statistics, over the concentration range of inter&st.
relative peak heights of 1:4:6:4:1 should be found. On the The assay shown schematically in Figure 3 (assay 1) was
right-hand side of Figure 1, the spectrum expected for a performed with a number of structurally diverse carboxylic
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Figure 1. Graphs of mass spectra expected for porphyrin libraries of general strabemeset 3generated in reactions with reference and
a test acid of identical reactivity (left-hand side) or with test acid one-half as reactive as the reference acid (right-hand side).
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Figure 2. Calibration plots for the quantitative detection of porphygivia MALDI-TOF mass spectrometry with tetrakis(acetylalanylaniline)-

porphyrin4 as internal standard (a) for the concentration range of interest and (b) up to a concentration range where saturation is observed.
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Figure 3. Schematic drawing of reactivity test termed “assay 1".

acid building blocks (T-C@H) and Na-acetylt-leucine as in part, the activation reaction was allowed to proceed for
reference acid (R-C). For this, an equimolar mixture of 10 min prior to addition of the solution t@b. In addition,

the two acids was generated from stock solutions in DMF, 0.9 equiv of HBTU was used, since an excess of this
to which a solution of 2-(#H-benzotriazole-1-yl)-1,1,3,3-  “uronium salt” was found to react with the amines, producing
tetramethyluronium hexaflourophosphate (HBTU) and hy- side products with a mass 98 Da higher than that of the
droxybenzotriazole monohydrate (HOBT) in DMF was respective amines.

added, followed by addition of Hiinig’'s base (DIEA). This In the simplest form of the assay, a single spectrum of
form of activation was chosen because it ensures rapidthe product mixture was acquired. A typical spectrum yielded
reactions, even when the amine is immobilized on non- more than one pair of neighboring peaks in the MALDI
swellable supports, such as controlled-pore glass (CPG). spectrum, over which one could average. To put assay 1 to
It has the disadvantage, however, of activating carboxylic the test, a first series of experiments was performed with
acids in a multistep process in which each step may be acids of increasing steric bulk. A typical spectrum of the
proceeding with different rates for the competing acids, such products from an assay with isobutyric acid as R,B@s
that the conversion to HOBT esters could be completed for shown in Figure 4. The results from all four acids tested are
the most reactive acid at a time when the least reactive acidcompiled in Table 1. While pivalic acid coupled to a very
is still partially unactivated. To alleviate this problem at least small extent in the competitive reaction, indicating that it
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Figure 4. Representative MALDI-TOF mass spectrum of a
porphyrin library of general structurehemset 3generated in a
reactivity assay of format assay 1 with isobutyric acid as TA€O -1 . : . . :
and Ac-Leu-OH as R-C@. The labels on the peaks indicate what 05 -0,25 0 025 05 075 1
number of each of the two acid residues are present in the porphyrin sigma

causing the peak.

log (r test acid / r benzoic acid)

Figure 5. Hammet plot of the results from reactivity assays of the

Table 1. Relative Reactivity (r) of Carboxylic Acids in format assay 1 with different benzoic acids and Ac-Leu-OH as
Competitive Coupling Assays with Ac-Leu-OH as Reference reference acid (R-Cf). The para substituents of the carboxylic
Acid, According to Format of Assay 1 (Figure 3) acids coupled areNO,, —CN, —Br, —Cl, —H, —CHj, and—OMe.
statistically corrected
relative peak intensities  relative typical spectra for reactions in which the test acid was less
T-CoA of neighboring peaks _reactivity (r reactive (a), of similar reactivity (b), and more reactive than
g:?’gaz("': oH 8-8?;8-3‘5‘;8-3‘7‘;8'33 8-35 acetyl leucine (c). The relative reactivities measured against
(Cljg)ZCZHCOzH 0.51/0.63/0.62/0.61 0.59 acetyl leucine via assay 1 are compiled in the second column
(CH3)sCCOH —/—/—10.03 0.03 of Table 2. The relative reactivities of the building blocks

aBased on the relative peak intensity distribution 1:4:6:4:1 (see ange from 0.11 (adamantane carboxylic acid) to 3.43
Figure 1) P Average of the values determined from the relative (naphthoxyacetic acid).

peak intensities. Acids of similar reactivity were grouped together without
was less reactive than Ac-Leu-OH by a factor of at least 30, regard to their structure, but avoiding similar molecular
the remaining three acids did compete successfully enoughweights and thus peak overlap in mass spectra. This grouping
to detect a set of products containing their residues. by similar reactivity prevented the amount of the most
Unexpectedly, sterically unhindered acetic and propionic acid reactive building blocks from having to be adjusted to
showed reactivity similar to the Ac-Leu-OH (the carboxylic understoichiometric values over the amines of the scaffold.
acid group of which is electronically activated through the Each group was then tested for its ability to generate a library
acetamido substituent). When the assay was repeated foin mixed coupling reactions with oligonucleotide scafféld
isobutyric acid, the same relative reactivity was obtained (Scheme 3). Oligonucleotidé had been generated from
within 10%, indicating reasonable reproducibility. nucleoside-bearing controlled-pore gldssa standard solid-

To place the relative reactivities (r) in a quantitative phase synthesis using the phosphoramidite protocol. The last
context, Ac-Leu-OH was reacted alone wih at sufficient  gytension cycle of the DNA synthesis employed the protected
dilution to measure the conversion of the first 10%2bfto phosphoramidite of 5'-amino-5'-deoxythymidine (8), the
the singly acylated porphyrin (initial rate approach) without o5 ction of which withd yielded 6 under conditions previ-
noticeable formation _of hlgher coupling pr_oducts. The rate ously reported? The competitive couplings produced pro-
cqniant for the coupling reaction thus obtained was 213 M tectedchemsets 4 whose deprotection with concentrated
min~1. The absolute rate constants for the test acids may be ; .

agueous ammonia at room temperature liberatezinsets

:)eb;i;?veit(:/ I:Srr:bg:ls value by multiplying by the relative 5. Figure 8a shows a representative MALDI spectrum (library
Next, a series of reactivity assays was performed with _7)' Th_e : fourth c_olumn of Taple 2_g|ves the relative peak
benzoic acid and para-substituted benzoic acid derivativesntensities obtained for the libraries of general structure
chemset 51t should be noted that peak height measurements

for which Hammetto values were knowdt The series - -
included benzoic acid itself and its derivatives wiitro, gave slightly better results for products such as library 7 than

p-cyano,p-bromo,p-chloro, p-methyl, andp-methoxy sub- Fhe pee}k intensities relported,.which are based or.1 peak
stituents. Plotting the logarithm of the relative reactivities integration. However, integration has proven easier to
against thes values yielded the expected linear free enthalpy automate and generally gives similar results in quantitative
relationship (Figure 5). Only the value for the methoxy MALDI-TOFMS.** Though the results fochemset 5show
derivative deviated significantly from this correlation. that all but two acids did couple detectably, a number of
Assay 1 was then performed with a set of structurally acids gave peaks considerably more or less intense than the
diverse carboxylic acids. All compounds tested in this phase rest of the products, indicating that they were more or less
of the project are shown in Figure 6. Figure 7 shows three reactive than expected on the basis of the results from assay



50

‘uonelauab Areliqi pue sisa1 Alanoeal ul pakojdwa sx20|q Buipjing proe d1jAxogued Jo aejnwoy [einjonas "9 ainbi4

INO H/ 3
@( e H NO HN =
oo e LI I
T NI pz<o OH >—NH [
J0g (0]

s

IO oo } o
C —
O‘oH d 5OH

d d N
I ,O0OH  ®
o Z\/QNOI 1} d O]
H 4 4

Q

r

N M—ploH 2z

O

]
iﬁ
Q,
Q
=)

J‘OH

ZT
<
@]
=
>
5}
=
o
o QO i
SR Q
o = 3l
]
= an)
o el
< 2
@] o
ant T
o =

JOH ANSO0H

O,
\f
Z
<
o
]
<
O/\o
Z
=Z
>
Z
@)
o
-

D

0

OOH o /joNo: )

4 4 u
ON O%OH \rumo: p

.

e otoH [>—oton 2

<

Q
o) b HN-—20g 8/0\/ O‘OH

SR

OOH | ~~don 4

ﬂomo: N HO
_ O._N y HN_~
g OH AR } . OO
IA' \ A N HN N _UNOI
0 O A~o

- n 4 .
HN-208 “OH ©|u oH SOOH e



51

@ 8k @ i
8000 o w
116 g
=N
o
6000 g =
2000 o
4000 ot I >
O f— -~
= > 8
2000 1000 N 2 ISy
(o}
0
1600 2000 2400  m/z 0
® ai 1
RT 1900 2000 2100 2200 mw/z
900 1603 ®)
=
R,T, [RT; a.i.] ~ o
1592|1614 - =
600 {1 \\|/ G T S
2000 1 oS = *
R,Tofl R, T, PO N
o0
300 158\1 /1625 d )
0 ' ' ' ' — 1000 1 o
© i, 1600 2000 2400  m/z 5
2000 R, T, RT, 0 L
1845 1977 1 Mt
800 900 1000 m/z
Figure 8. Representative MALDI-TOF mass spectra of (a)
1000 oligonucleotide libraries chemset § and (b) peptide libraries
RT (chemset § generated in couplings with reactivity-adjusted building
1388 block mixtures. The chemsets are library 7 for (a) and library 6 for
WA (b).
0
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Figure 7. MALDI-TOF mass spectra of products formed in Of reactivity-adjusted coupling mixtures followed by depro-
experiments following the format of assay 1. Porphyrin libraries tection with TFA and TIPS scavenger produced libraries of
of %e?sfgl Szggzae?snliﬁ igcgg}f?gv)mg,ffﬁﬁfﬁgg (?est ifcegizn(c? general structurehemset 6 A MALDI-TOF mass spectrum
aci - K ; ; ; T
and (¢) iodohippuric acids) as test cids (%/_Cﬂ)_ ' ofsucha Ilprary (Ilprary 6) is shoyvn in Figure 8b, and res_ults
from peak integrations from all libraries prepared are given

1. Alternatively, they may more substantially influence the in the penultimate column of Table 2. Interestingly, there
desorption/ionization properties of the respective oligonucle- were not only more failures, where the desired product did
otides. not form detectably, but some compounds that were over-

A second test was performed with reactivity adjusted represented in the spectra of the oligonucleotides were
mixtures and a protected and solid-phase-bound couplingunderrepresented in the peptide libraries and vice versa.
partner. This was peptide0 (Scheme 4), consisting of an This led us to scrutinize the effect of the carboxylic acid
SPKK motif?3 with a C-terminal glycine residue. The peptide residues on the desorption/ionization yield for different
had been assembled on glycine-bearing Wang rekirsing analytes in the MALDI-TOF mass spectrometer. An assay
the Fmoc protocol. Mixed coupling reactions with a number was developed that can produce relative reactivity values

Scheme 3
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Table 2. Relative Reactivity (r) of Carboxylic Acids Determined in Competitive Coupling Assays with Ac-Leu-OH as
Reference Acid, and Incorporation Results from Multicomponent Mixed Coupling Reactions Producing DNA Libizeieset
5 and Peptide Librarie€hemset 6

library incorporatiofi
T-COH relative reactivity (r} wmol in mix? in chemset 5 in chemset 6 rel. reactivity Il (r')d
library 1
e 0.27 12.4 0.92 0.97
k 0.28 12.0 0.87 0.84
S 0.13 25.8 141 1.30
h 0.11 30.5 1.25 0.65
t 0.21 16.0 0.55 1.23
library 2
c 0.29 21.3 1.68 1.71 0.22
| 0.23 26.8 0.54 0.85 0.22
r 0.36 17.1 0.93 1 32 0.16
0 0.43 (1.02j 14.3 0.16 1.74
p 0.43 14.3 1.68 0 12 0.77
library 3
0 0.43 19.3 1.16 2.19
X 0.43 19.3 1.64 2.03
o 0.43 (1.07§ 19.3 0.38 0.16
w 0.54 15.4 0.27 0.63
& 0.45 18.4 1.54 0.00
library 4
d 0.59 16.5 121 2.57
g 0.64 (0.55) 15.2 0.85 1.30
q 0.5 19.5 1.65 1.20
z 0.55 17.7 0.00 0.00
o 0.46 21.2 1.29 0.00
library 5
% 0.83 15.2 0.22 0.00
u 0.82 15.3 0.58 0.37
m 0.69 18.2 1.63 1.02
j 0.66 19.1 2.31 2.57
x (0.64y 19.7 0.26 1.04
library 6
b 0.95 15.9 2.24 0.84
f 0.84 18.0 1.47 0.99 0.34
p 0.96 15.8 0.18 0.19 0.88'
K 1.18 (0.87Y 17.4 0.37 0.96 1.57
v 0.85 17.8 0.74 2.02
library 7
¢ 1.13 17.5 1.12
y 13 15.2 1.04 _
€ (1.34) 14.7 1.82 (3.50)
0 1.31 15.1 0.34 1.49
Y 111 17.8 0.68 0.45
library 8
n 1.42 16.1 0.02
v 1.45 15.8 1.20 1.18
i 1.42 16.1 0.75 1.74
n 1.51 15.1 2.03 1.84
library 9
7} 1.82 15.4 1.46 0.71
[0} 1.64 17.1 2.13 0.98
o 2.61 10.7 0.26 2.26
y 1.79 15.6 0.97 211
T 212 13.2 0.18 1.68
library 10
a 0.92 6.4 0.90
A 3.43 15.9 0.00 2.73
b 4 2.35 23.2 1.23 2.56
library 11
[0} 1.64 13.8 1.60 0.98
€ (1.34) 16.9 1.03 (3.50)
v 1.45 15.6 1.03 1.18
i 1.42 16.0 0.23 1.74
n 151 15.0 111 1.84

aDetermined from statistically corrected relative peak intensities of neighboring peaks on the basis of results fromPasbayixied
couplings were performed with 1Q0nol acids total; balance is Ac-Leu-OFRelative peak integrals of expected products in the MALDI-
TOF mass spectrum of the crude prodddetermined from results obtained with assay Rlean value, obtained after averaging with a
later redetermination, using assay' Compound not included in mixed coupling reaction with peptide scaffoRtrong side reactions
observed (pattern of peaks withl6 mass units)! Result from assay 2 in which the concentration ratio in the second experiment was 9:1,
rather than 4:1! Substantial side reaction observedl39 mass units, loss of chlorobenzoyl grodplher value obtained from a reactivity
test without HOBT was used to calculate the amount to be used in this library.
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that are unbiased by the desorption/ionization differences orproven unreactive in the assays whose results are presented
“flyability factor” of the individual porphyrins inchemset in Table 2 were omitted. The results of the mixed couplings
3. The assay (assay 2) is schematically shown in Figure 9.with these size-adjusted mixtures (libraries—2®) are
The mathematical considerations that led to the developmentcompiled in Table 3. There was only a single acid among
of this assay are given in the Supporting Information. Briefly, the 31 compounds tested that did not give a detectable
two reactions are performed at different ratios of test acid product signal in the libraries generated. Furthermore, there
(T-CO.H) and reference acid (R-GB). Peak intensities of ~ were only three acids whose products gave MALDI signal
products are measured in the MALDI spectra of the two intensities not within a factor of 3 from the average peak
product mixtures with the aid of an internal standard. This height in the library. This factor-of-3 threshold was set as a
allows one to eliminate the desorption/ionization factor that criterion for usefulness in spectrometrically monitored selec-
biases the reactivity values obtained from single spectra, sincetion assays (SMOSEY.Accordingly, >90% of all modified

two equations (for the reaction at rati@and the reaction at  oligonucleotides generated with the size-adjusted mixtures
ratio x') make it possible to determine both unknowns could have been monitored well in SMOSE assays.
(relative reactivity and “flyability factor”). To carry this approach one step further, coupling reactions

Representative spectra from an experiment performedproducing chemsets 5were performed with reactivity-
according to the format of assay 2 with iodohippuric acid as adjusted mixtures containing acids from the same class of
test acid are shown in Figure 10. For every experiment, a compounds only. The classes tested ranged from aliphatic
1-uL aliquot of the reaction solution was mixed withuL acids to amino acids and included bile acids and structurally
of a solution containing 42 nmol of tetrakié@cetylalanine)-  diverse acetic acid derivatives (Table 4). The differences in
tetraphenylporphyrird (Scheme 1) as internal standard, reactivity between the individual components in each mixture
diluted with acetonitrile, and spotted with the 2,4,6-triny- varied quite substantially, as reflected by differences in
droxyacetophenone/diammonium citrate matrix mixture. concentration in the reactivity-adjusted mixtures of up to
Further, 3 spectra per reaction were acquired. The relative8-fold. Still, the results from the mixed couplings with
reactivities obtained from a few exploratory asgayare immobilized amino-terminal oligonucleotides (last column
given in the rightmost column of Table 2. It can be discerned in Table 4) were encouraging. No complete drop-out was
that there is no clear correlation between discrepancy in assayfound, and all peak intensities were within a factor of 3 from
1/assay 2 results and poor performance in mixed couplingthe average peak intensity, making all chemsets (libraries
reactions with either DNA or peptide. 21-26) fully usable in SMOSE assays.

It was suspected that factors other than the accuracy of Two more factors that might affect the results of mixed
the relative reactivities determined in the porphyrin-based coupling reactions were evaluated. One was the size of the
assays was responsible for the drop-outs in the mixed mixtures, and the other was the activation method for the
coupling reactions. Specificially, in the solid support-based acids. A large reactivity-adjusted mixture, containing 21 acids
assays, the molecular weight or size of molecules was(a, b, c,f, 9,0, k, u,4,v,€,¢,a, w7, 6,0, 1, % & and
suspected to be a more predominant factor in determiningAc-Leu-OH), was prepared, activated in situ as before, and
the rate at which activated acids and amines encounteredcoupled with6 to generate a larger library of general structure
each other than in solution, since the pores of a support suchchemset 5. The MALDI spectrum of this library is shown
as controlled-pore glass can be expected to have a sizein Figure S1 (Supporting Information). Though all products
selecting effect. Accordingly, reactivity-adjusted mixtures could be detected, five of the products gave MALDI peaks
were now prepared with more regard to grouping acids of too small to be within the SMOSE cutoff of a factor 3 of
similar molecular weight together. Still, the molecular weight the average peak height.
of any member of a mixture was to be no closer than 10 Da Last, a small collection of building blocks that did not
to any of the other members to avoid peak overlap in the require activation through the potentially biasing multistep
MALDI spectra. In addition, some compounds that had process induced by HBTU/HOBT were tested. These are
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(& ai 1 Table 3. Incorporation Results from Multicomponent Mixed
I8 Coupling Reactions Producing Libraries of General Structure
30004 1129 Chemset 5with Acids of Similar Molecular Weight Being
Coupled Together
2000 library umol incorporation
] T-COH MW in mixa in chemset 8
R,T, R T, library 12
1000 1845 1977 s 136 43.6 1.49
] R,T, R,T, d 88 9.6 0.79
] R,T, 1713 2109 e 102 22.0 0.69
0 J 1581 k 122 20.2 1.03
library 13
1200 1600 2000 m/z c 86 36.9 1.30
g 128 16.7 0.62
f 102 12.7 0.84
(b)  ai. 4 b 74 11.3 1.06
1 IS a 60 11.6 1.19
1129 _
1600 ] library 14
] h 194 37.4 1.87
1200 R,T, | 136 17.9 0.64
3 1581
t 212 19.6 0.99
3 r 152 11.4 1.32
8004 X 231 9.6 0.17
3 library 15
4003 o 242 24.5 1.17
3 q 152 21.0 2.85
0 m 201 15.2 0.44
T T T T T " T u 192 12.8 0.00
1200 1600 2000 m/z K 184 15.9 0.54
Figure 10. Representative MALDI-TOF mass spectra of porphyrin library 16
products of general structuchemset 3generated in reactivity tests ¢ 179 224 1.05
following the format of assay 2 with Ac-Leu-OH as reference acid v 189 195 1.20
(R-CO:H) and iodohippuric acidz) as test acid (T-C@H). (a) v 215 17.4 0.45
Coupling at a_molar ratio of 1:1 of the two acids and (b) coupling 0 229 15.4 1.30
at a molar ratio of R-CeH to T-CO,H, 9:1. library 17
- . . 408 49.3 1.19
shown in Figure 11. Some structural diversity among these f 277 10.4 0.45
N-hydroxysuccinimide derivatives was ensured by including u 189 11.7 1.48
sterically demanding compounds, such as valine derivative A 202 6.5 0.88
Q; non-amino acids, such &4 andX, and electronically library 18
activated carbonat®. All building blocks are commercially B 322 i;% i-?g
available. Reactivity tests following format assay 1 were ;{ 316 182 0.24
performed in THF at 50C for 16 h using the NHS ester of o 402 25.4 0.90
Ac-Leu-OH as reference compound. Two reactivity-adjusted library 19
mixtures were prepared on the basis of thvalues obtained v 415 17.5 0.94
and employed in mixed couplings to generate oligonucleotide Y 392 16.3 0.63
libraries 27 and 28 (Table 5). With the exception of building 0 gg? ié-é 2'38
block M, the residue mass of which was too close to that of ; 262 101 0.64
reference compound Ac-Leu-NHS to allow unambiguous .
. - . library 20
analysis of assay 1, all building blocks coupled well, with 7 305 22.9 257
peak intensities within a factor of 2 in the MALDI spectra T 265 14.8 0.60
of the libraries. Particularly for library 27, this was encourag- [ 256 14.5 1.16
ing, since the reactivity differences made concentration o 337 10.9 0.66
differences of up to 35-fold necessary in the reactivity-  2All mixed couplings were performed with 1¢@nol acids total;
adjusted mixture. balance is Ac-Leu-OH? Relative peak integrals of expected
products in the MALDI-TOF mass spectrum of the crude product.
Discussion

building blocks apparently performing better than building
From these results, three factors emerge that improve theblock mixtures activated with a (slightly substoichiometric)
performance of reactivity-adjusted building block mixtures amount of HBTU/HOBT. Perhaps not surprisingly, the more
in couplings generating libraries of modified oligonucle- diverse the set of building blocks (in terms of the first two
otides. These are (i) the molecular weight difference betweenfactors), the more challenging the generation of equireactive
the building blocks employed in one mixture; (i) the mixture. However, our results do suggest that even mixtures
structural similarity of the core structure of the building of completely unrelated compounds grouped only by relative
blocks; and (iii) the activation chemistry, with preactivated reactivity, such as those employed for the libraries presented
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Table 4. Incorporation Results from Multicomponent Mixed o © o)
Coupling Reactions Producing Libraries of General Structure HQK T\;} "I}
Chemset 5with Acids of Similar Chemical Structure Being AT Y o7 X cl ol O
Coupled Together : :( OKO
library incorporation \( A 9
T-COH umol in mixa in chemset 8
library 21
(aliphatic acids) o ©
a 18.0 1.19 o © j,:}
b 17.5 1.16 H o
d 28.1 0.92 Boc/N\.)J\O/@ ©
f 19.8 0.72 /\ 0 M
library 22 Q HO
(cyclic aliphatic acids)
c 22.8 1.43 o
g 10.4 0.45 o © b0 ?
. . H
n 60.2 1.12 R j\;} BOC/N\Z)J\O/N
library 23 Boc 7 (] X : o}
(benzoic acids) 3 N
I 30.1 0.80 W A
p 7.2 1.11 S
n 49 035 ™~ O
m 10.0 1.04 )
0 16.1 0.80 o T
k 24.7 1.89 e 0
library 24 Boc/N\.)J\O/ N 0 oj\l:}
(bile acids) : o S NH 0
£ 35.3 0.85 - HN H /_/_<o
Y 14.3 0.45 = aol e " z
o 34.5 1.69 g
Iibrar_y 25_ o Figure 11. Structural formulae of preactivated building blocks
(acetic acid derivatives) employed for reactivity assays and library generation (compare to
a 39.7 0.80 Table 5).
K 19.6 0.46
a 18.6 2.19 Table 5. Incorporation Results from Multicomponent Mixed
A 5.0 0.55 Coupling Reactions Producing Libraries of General Structure
library 26 Chemset 5with N-Hydroxysuccinimide Esters/Carbonate as
(amino acids) Activated Building Blocks
z 1%% (1)3:1)) library relative u“mo incorporation
N 125 1.00 T-CO-OSu reactivity (rp in mix in chemset 5
u 11.1 1.95 library 27
P 6.9 0.43 Q 0.05 89.8 1.08
T 8.6 0.52 A 1.44 31 0.92
4 7.7 0.95 = 1.73 2.6 1.00
a All mixed couplings were performed with 10@nol acids total; library 28
balance is Ac-Leu-OH? Relative peak integrals of expected 0 3.78 37.7 0.95
products in the MALDI-TOF mass spectrum of the crude product. M (0.21y 30.5 1.69
N 0.39 16.4 0.49
pX 0.17 37.7 0.86
in Table 2, can give over 85% successful incorporation When a petermined from statistically corrected relative peak intensities
reactivity-tested first. of neighboring peaks obtained from assay 1 with Ac-Leu-NHS as

If less complex activation chemistries were used, the reference compound.All mixed couplings were performed with
number of drop outs in the libraries formed may be reduced. 100u«mol building blocks total; balance is Ac-Leu-OStRelative

: ; .. peak integrals of expected products in the MALDI-TOF mass
Currently, compounds may be losing out in the competition spectrum of the crude produétResult of reactivity assay question-

for the activation agent or may be converted to mixed apje due to too close a mass to Ac-Leu, causing peak overlap.
anhydrides when the most reactive (and thus, readily

activated) compound reacts with leftover carboxylate of the individual testing is considerably more laborious than mixed
least reactive building block. However, the activation with couplings followed by SMOSE assays with the crutfes.
uronium salts is convenient and ensures high reactivity and Reactivity-adjusted mixtures, such as those presented in
was therefore not abandoned, despite the additional variablesTables 3-5 are now routinely used in these laboratories and
introduced. have produced SMOSE-compatible libraries for other core
The methodology involving reactivity tests prior to molecules® On the basis of the available data, it appears
employing building blocks in mixed couplings, in itself, that the relative rates of coupling different building blocks
proved beneficial in our case, as preparation of individual are roughly independent of the solid support-bound amine,
modified oligonucleotide derivatives, their purification, and in agreement with the results of others for amino acids and
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swellable supports.The number of reliable equireactive hydroxide) and diisopropylethylamine (DIEA) (both Fluka);
mixtures could be increased rapidly if the reactivity tests were propionic acid, acetic acid, and ige-propylsilane (Acros,
to be automated. The current protocol starts with the Geel, Belgium); Fmoc-Gly-Wang resin (NovaBiochem,
generation of a building block stock solution in DMF, which  Laufelfingen, Switzerland); 2-(1#denzotriazole-1-yl)-1,1,3,3-
is used in the reactivity test and all subsequent couplings, tetramethyluronium hexafluorophosphate (HBTU), and hy-
and thus employs almost exclusively liquids. Liquid handling, droxybenzotriazole monohydrate (HOBT) (Advanced Chem-
including MALDI sample preparation, can be readily auto- Tech, Louisville, KY). Carboxylic acids tested were used
mated. The same is true for the acquisition of MALDI spectra as received from Fluka/Sigma/Aldrich (Taufenkirchen, Ger-
and data analysis. Maybe reactivity tests of building blocks many), Acros, Merck (Darmstadt, Germany), Bachem (Heidel-
with different forms of activatioff can also be accelerated berg, Germany), NovaBiochem, and Advanced ChemTech.
by such automated tests. Expanding the set of equireactiveThe phosphoramidite building blocks for BAdCE?, and T
mixtures beyond amino acid building bloksay revive were from Proligo (Hamburg, Germany) and from Glen
the interest in mixed couplings as the simplest approach for Research (Sterling, VA) for d@®. MALDI-TOF mass
generating diversity in untagged librari€$8including those ~ spectra were acquired on a Bruker BIFLEX Ill mass
that are so large as to require recursive deconvoldfion. spectrometer in linear mode at 19 kV total acceleration
Some reactivities determined were quite unexpected andvoltage (IS 1), the “short” setting of the instrument for
may, therefore, be of interest to the chemical community delayed extractiofl and a repetition rate for the laser shots
beyond the practical application of generating combinatorial of 2 Hz. For porphyrin samples, delayed extraction voltage
libraries more efficiently. Why, for example, is naphthoxy- was 17.3 kV (IS 2). Spectra of DNA and peptide samples
acetic acid (4) more reactive (by a factor of 7) than were acquired in negative mode with a delayed extraction
pentafluorophenoxyacetic acid), when the latter is elec-  voltage of 17.15 kV (IS 2). A mixture of 2,4,6-trihydroxy
tronically more activated and sterically no more demanding? acetophenone (0.3 M in EtOH) and diammonium citrate (0.1
Rapid reactivity tests may allow the generation of reactivity M in water) was used as the matrix and comatrix at a ratio
databases with predictive power that may eventually ap- of 2:1 (v/v) in all cases. It is important to emphasize that
proach that of the available linear free enthalpy relationships. the attenuation of the laser should be well below the
Further, the approach to obtaining reactivity data corrected desorption/ionization threshold, if reproducible, meaningful
for the desorption/ionization factor that underlies assay 2 mayrelative peak intensities are to be obtained. For the current
be useful in other contexts than the present one. Using rapidinstrument, the desorption/ionization threshold for porphyrins
assays of the general format assay 2, one may determings at an attenuation setting 640, and spectra were acquired
the effect of structural modifications on the yield of MALDI  at attenuation settings of 3D 3 (~60—70uJ/shot). Spectra
signals (“flyability factors”,F,, Supporting Information) from  were acquired at pressured x 10-6 mbar in the drift tube.
relative peak intensities, without having to invoke more Calculated masses are average masaé&sfound are those
laborious calibration experiments. Even for repetitive poly- for the pseudomolecular ions (M- H]~ or [M + H]Y)
anions, such as DNA, the effect of structure (i.e., base detected as the maximum of the unresolved isotope pattern.
composition) on the MALDI signal can be substantfal. The accuracy of mass determination with the external
Rapid assays that determine flyability of analytes may calibration used was approximately0.1%, that is#2 Da
advance our understanding of desorption and ionization at m/z2000.
processe$t! 5,10,15,20-Tetrakisp-aminophenyl)porphyrin (1).1725, -
Finally, some of the compounds prepared could be 10,15,20-Tetrakis(p-nitrophenyl)porphyrin was prepared as
interesting in themselves. Terminally capped oligonucleotides described by Bettelheim et &f2 except that glacial acetic
can have increased affinity for target strad@i®orphyrins acid instead of propionic acid was used, in an average yield
are known to be well-suited for photosensitization of of 14%. MALDI-TOFMS m/zfor CaH26NgOg [M + H]*:
tumors?® and tetraphenylporphyrins and their chlorin deriva- calcd, 793.2: found, 792.7. The tetranitroporphyrin was
tives are particularly promising candidates, the chemistry and reduced to 5,10,15,20-tetrakiséminophenyl)porphyrinij72
photophysics of which continue to be exploRd®ne such  with SnCh and HCI using the conditions of Bookser and
tetraphenylchlorin (FOSCAN, temporfin) was recently ap- Bruice for the meta isoméf® leading tol in an average
proved for the treatment of head and neck cancer in theyield of 59% after chromatography and crystallization.
European Unioi® The combinatorial synthesis of porphyrin - MALDI-TOFMS nmvzfor CasH34Ns [M + H]*: calcd, 674.3;
libraries is still challenging® and reactivity-adjusted building  found, 673.7.
block mixtures may he_lp Fo generate porp_h_yrin libraries to 5,10,15,20-Tetrakis[p-No-(tert-butyloxycarbonyl)-L-
be t_ested as nuglelc acid ligandghotosensitizers, sensors, alanylamino)phenyl]porphyrin (2). A mixture of Boc-Ala-
designed materials, or cataly3ts. OH (226.4 mg, 1.20 mmol), HBTU (410.2 mg, 1.08 mmol,
0.9 equiv), and HOBT (183.8 mg, 1.20 mmol, 1 equiv) were
dried at 0.1 Torr and dissolved in DMF (8 mL). After
General. The following solvents were of the best com- vortexing, DIEA (446uL, 2.64 mmol, 2.2 equiv) was added,
mercial quality and used without further purification: DMF, followed by vortexing. Tetraanilinoporphyrih (102.7 mg,
TFA (Fluka, Taufenkirchen, Germany), acetonitrile, and 0.152 mmol) was added to the solution under stirring. After
MeOH (Acros, Geel, Belgium). The following chemicals 1 h, water (30 mL) was added, followed by the addition of
were also used as received: agueous ammonia (ammoniunCH,Cl, (60 mL). The organic phase was separated and

Experimental Section
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washed with water (2% 60 mL), brine (3x 70 mL), and solution in EtOH) and diammonium citrate (Qu& of a 0.3
saturated NaHCEX3 x 70 mL). The organic phase was dried M solution in water) was spotted on top of the residue from
over NaSQ and evaporated to dryness, and the residue wasthe analyte deposition, followed by mixing via aspiration and
chromatographed twice on silica, first with @El,/THF (4: extrusion of the matrix solution with a semiautomatic pipet
1, v/v) and then with CHGIMeOH/H,O (900:100:1, v/v). and drying at ambient pressure. One MALDI-TOF mass
Product fractions were combined and evaporated to drynessspectrum was acquired under the standard conditions given
and the residue was recrystallized thermally from CHCI in the General Section.

MeOH (98:2, v/v, 50°C to room temperature) (10 mL). Analogous coupling of Ac-Leu-OH alone producéd
Yield: 140.5 mg (103.4cmol, 68%)."H NMR (250 MHz, Analytical data for5: 'H NMR (250 MHz, DMSO-@): ¢
DMSO-&t): 6 —2.15 (br s, 2H), 1.39 (dJ = 7.3 Hz,  —3.10 (br s, 2H), 0.91 (m, 24H), 1-11.6 ppm (M, 24H),
overlapping), 1.44 (s, 48H with overlapping signal at 1.39 1.92 (d,J = 6.0 Hz, 12H), 4.39 (m, 4H), 4.55 (, = 6.8
ppm), 4.25 (quind = 7.3 Hz, 4H), 7.22 (dJ = 7.3 Hz,  Hgz, 4H), 8.08-8.22 (m, 16H), 8.35 (dJ = 6.9 Hz, 4H),
4H), 8.10 (AABB' system, 16H), 8.87 (br s, 8H), 10.4 (br 8.64 (d,J = 7.5 Hz, 4H), 8.87 (br s, 8H), 10.21 (br s, 4H).
S, 4H). UVIvis (MeOH)lmax (€ in M~t cm?) 417 (235 000),  MALDI-TOFMS for m/z CggH10N160:2 [M + H]*: caled,
514 (21 000), 551 (18 000), 592 (14 000). MALDI-TOFMS  1579.9: found, 1581.1.

for m/z CreHgeN12012 [M + H]*: caled, 1358.7; found, Assay 2, Generating Chemset 3A mixture of two
1359.4. activated carboxylic acids (R-GB and T-CQH) was
Analogous coupling of Ac-Ala-OH tol produced4. generated as described for assay 1. For the first of the two

Analytical data for4: *H NMR (250 MHz, DMSO-@): 0 couplings, the concentration of the two acids was identical
—2.93 (brs, 2H), 1.42 (d) = 7.0 Hz, 12H), 1.93 (s, 12H), to that given for assay 1.
4.57 (tr,J = 7.1 Hz, 4H), 8.10 (AA'BB'system, 16H), 8.35 For the second of the two coupling reactions, the concen-
(d, J = 7.2 Hz, 4H), 8.86 (br s, 8H), 10.49 (br s, 4H). tration of the acids was adjusted such thatriiol of the
MALDI-TOFMS for m/z CesHe2N120s [M + H]*: calcd, less reactive acid (as determined in the first of the two
1127.3; found, 1128.1. reactions) and 28mol of the more reactive acid were present
5,10,15,20-Tetrakisp-(Na-L-alanylamino)phenyl]por- in the coupling mixture (4:1 regimen). Alternatively, the ratio
phyrin (2b). Boc-protected precursa? (32.1 mg, 23.64 in this second coupling was chosen to be @rbol of the
umol) was dissolved in CkCl, (2 mL) and was treated with  less reactive acid and 31/no0l of the more reactive acid
TFA (1.95 mL), followed by addition of water (5QL) and (9:1 regimen). After 60-min reaction time, an aliquoll)
vortexing. After 20 min, the solution was dripped into diethyl was drawn from the reaction mixture, mixed withll of a
ether ¢~20 mL) followed by centrifugation. The supernatant solution of internal standari(containing 0.04 mg, 42 nmol),
was removed, and the precipitate was treated with freshand diluted with 25u«L of acetonitrile, and 0.5L of the
diethyl ether (20 mL), followed by centrifugation and resulting solution was subjected to MALDI-TOFMS analysis,
removal of the supernatant. The remaining precipitate wasas described above for assay 1, except that three MALDI
dried at 0.1 Torr. Yield: 18.56 mg (19.3mol, 82%).'H spectra were acquired, and relative peak intensities (analyte/
NMR (250 MHz, DMSO-@): ¢ —2.18 (s, 2H), 1.61 (d) = internal standard) were averaged over the three spectra.
6.9 Hz, 12H), 4.20 (br t, 4H), 7.22 (d, 1H), 8.14 (A28’ Relative reactivities (r') were calculated as described in the
system, 16H), 8.34 (br s, 8H), 8.86 (br s, 4H). UV/vis Supporting Information.
(MeOH) Amax (€ in M~ cm™) 417 (524 000), 515 (20 000), Data Analysis.MALDI-TOF mass spectra were analyzed
552 (18000), 591 (16 000). MALDI-TOFMS fom/z using the XMASS software, version 5.0.2, provided with the
CseHsaN1204 [M + H]*: caled, 958.4; found, 959.3. mass spectrometer. Spectra with less than 1000 ions counts
Assay 1,Generating Chemset 3Stock solutions of the  for the most prominent peak were discarded. Peaks with an
carboxylic acids in DMF (0.13 M for each acid) were intensity below 1/25 of the most intense peak of the members
prepared after drying each acid at 0.1 Torr. Aliquots of the of chemset 3were excluded from the analysis. For assay 1,
stock solutions of Ac-Leu-OH (R-C#l, 17.5umol) and the peaks were integrated using the macro BARat is available
test acid (T-CGH, 17.5umol) in DMF (270uL total volume) free of charge from the authors’ web page. DAS selects a
were combined and treated with a freshly made solution of mass region, expands thiexis, performs two-point smooth-
HBTU (12.6 mg, 33.3umol, 0.95 equiv) and HOBT (5.4  ing and five-point filtering, labels peaks of interest, integrates
mg, 35umol, 1 equiv) in DMF (125L), and the resulting  the spectrum using predetermined mass regions, and gener-
mixture was vortexed. The activating reagents had also beenates a report file. Integral values were then imported into a
dried at 0.1 Torr prior to being dissolved in DMF. Next, Microsoft Excel spreadsheet calculating the reactivity score
DIEA (13 uL, 2.2 equiv) was added, followed by vortexing. as the average of the peak ratios corrected for the statistical
After 10 min, 1 uL of a stock solution of tetrakis- factor. For assay 2, peak heights were measured either on-
(alanylanilino)porphyrin2b in DMF (containing 0.04 mg,  screen or on printouts of the spectra, and the values thus
0.042 umol, 0.012 equiv of the porphyrin) was added, obtained were expressed as relative peak intensities (analyte
followed by vortexing'® After 60 min, a sample of LL divided by internal standard). The relative peak heights were
was treated with CECN (30uL) in a separate polypropylene  entered into an Excel spreadsheet containing the appropriate
vessel. An aliquot of the resulting mixturel) was spotted  functions, yielding the desired reactivity ratios as the average
on a MALDI target plate, followed by drying at 0.1 Torr  of r values obtained for all peaks that met intensity criterion
for 10 min. A matrix mixture of THAP (1.2L of a saturated (1/25 of the most prominent peak in the patterndbemset



59

3) in the spectra from both experiments (equal and nonequalanalogously, except that Fmoc-Pro-OH (34.2 mg, A01bl)
concentration of acids). or Fmoc-Lys(TFA)-OH (47.8 mg, 108mol) was used. Prior
Chemset 5. Partially protected, controlled pore glass- to removal of the Fmoc group of the second Lys residue,
bound oligonucleotide T*GCGCA-cp@), where T* denotes  the resin was rinsed with DMF (15 mL), MeOH (15 mL),
a 5-amino-5'-deoxythymidine residue, was synthesized on and CHCI, (20 mL) and was dried at 0.1 Torr. An analytical
an ABI 380B DNA synthesizer on a 3-umol scale as sample (1 mg) deprotected with a mixture of TFA (45),
described previouslB2 The monomethoxytrityl group on the  tri-iso-propylsilane (TIPS, 2.&xL), and water (2.5:L) for
5'-terminus of the DNA was removed under standard 11 h gave MALDI-TOFMSm/zfor C4iHioN7O1:Fs (M +
deblocking conditions on the DNA synthesizer, followed by H]*): calcd, 929.3; found, 929.8. The Fmoc-group on the
rinsing the controlled-pore glass with @EN (10 mL) and N-terminal Lys residue was then removed with piperdine/
drying at 0.1 Torr for 30 min. The mixture of activated acids DMF as described above to produid followed by washing
was prepared by mixing stock solutions (0.13 M) of the acids with DMF (3 x 1.5 mL) and drying at 0.1 Torr. A mixture
at a ratio calculated from the relative reactivities determined of activated carboxylic acids (1Q@mol total) was prepared
in assay 1 or assay 2. Each mixture contained five test acidsfrom stock solutions treated with a solution of HBTU,
(T-COH) and Ac-Leu-OH (R-C@H). The reciprocal value  HOBT, and DIEA as described above for the generation of
of the relative reactivity value for all acids in one coupling DNA libraries chemset 3. The resulting solution was added
mixture were added, and the sum was divided by 100 (for to peptide resiiOin a polypropylene reaction vial, and the
reactions with 100umol acids total). The number thus coupling was allowed to proceed for 60 min, with vortexing
obtained was multiplied by the reciprocal value of the relative every 5 min. The resin was rinsed with DMF £21.5 mL),
reactivity of each acid to obtain the number of micromoles CH,Cl, (2 x 1 mL), and MeOH (2x 1.5 mL) and dried at
of this acid to be employed in the mixture. The required 0.1 Torr. A mixture of TFA (9QuL), (TIPS, 5uL), and water
aliquot of the stock solution for each carboxylic acid was (5 uL) was added to the resin, followed by vortexing and
added to a polypropylene reaction vessel to give a mixture centrifugation. After 11 h, the supernatant was dripped into
with 100 umol of acids total in 769uL of DMF total. cold diethyl ether, followed by centrifugation. The precipitate
Separately, HBTU (37.9 mg, 108mol, 0.9 equiv) and  was treated with fresh diethyl ether, again followed by
HOBT (15.3 mg, 10«mol, 1 equiv) were dried at 0.1 Torr  centrifugation. The supernatant was aspirated, and the residue
for 1 h, followed by dissolving them in DMF (204L) and was dissolved in water, followed by lyophilization to dryness.
addition to the mixture of carboxylic acids. The resulting The residue was taken up in water (80), and an aliquot

mixture was treated with DIEA (40L, 220umol, 2.2 equiv) (1 uL) was analyzed via MALDI-TOFMS using the same
and vortexed. After 10 min, the'&leprotected DNA  matrix conditions as for the porphyrin libraries.

T*GCGCA-cpg (6, 3 mg~0.1umol loading) was added to
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