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A statistical sampling protocol is described to assess the fidelity of libraries encoded with molecular tags.
The methodology, termed library QA, is based on the combined application of tag decode analysis and
single bead LC/MS. The physical existence of library compounds eluted from beads is established by
comparing the molecular weight predicted by tag decode with empirical measurement. The goal of sampling
is to provide information on overall library fidelity and an indication of the performance of individual library
synthons. The minimal sampling sinefor library QA is 10x the largest synthon set. Data are reported as
proportion @) + lower and upper boundarybfub) computed at the 95% confidence level € 0.05). As

a practical demonstration, library QA was performed on a 25 200-member library of statine amides (size
40 x 63 x 10). Sampling was conducted three timesxat 630 beads per run for a total of 1902 beads.
The overall proportions found for the three runs were consistent with one anqiher84.4%,lb-ub =
81.5-87.2%;p = 83.1%,lb-ub = 80.2-85.95; andp = 84.5%,lb-ub = 81.8-87.3%, suggesting the true
value ofp is close to 84% compound confirmation. The performapcef individual synthons was also
computed. Corroboration of QA data with biological screening results obtained from assaying the library
against cathepsin D and plasmepsin Il is discussed.

Encoded combinatorial libraries of small molecules are a development phase, the gravimetric yield and purity (HPLC)
valuable resource for the discovery of biologically active of many putative library members are determined, and several
agents. Originally conceived to simplify the process of de- library quality control (QC) compounds are prepared. Library
convolution and compound identification in split-pool librar- QC compounds are rigorously analyzed and used to estimate
ies? a variety of strategies have now been described to en-the bead yield and purity of the completed library. Extensive
code libraries.One strategy, successfully pioneered at Phar- synthon profiling, careful reaction optimization, and rigorous
macopeia, is a binary encoding protocol employing electro- analysis of library QC compounds are necessary to complete
phoric molecular tags (ECLIPS technolodg§)$* In this a successful library synthesis. However, it is highly desirable
protocol, sets of synthons are serially combined through split- to have a much broader knowledge of the chemistry that
pool or direct dividé synthesis in tandem with the incorpora- occurs during actual library construction and assurance that
tion of binary sets of electrophoric tags on solid support. the compounds eluted from the beads are physically present
Each bead in an encoded library contains a compound, whosen the wells of assay platésWith this goal of assessing the
synthesis history is recorded by a unique set of attached tagsoverall quality of an encoded combinatorial library, a sta-
Because orthogonal reactive linkers are used in the construc+istical sampling procedure was devised which combines the
tion of the library, compound and associated tags can beapplication of single bead LC/MS analysis with tag decode
independently released allowing off-bead assays. The identityanalysis to confirm the existence of putative library com-
of any given library member is readily inferred through the pounds: The statistical-based, tag decode-assisted single bead
process of decoding, i.e., electron capture detection/gasLC/MS analysis is conveniently termed “library quality
chromatography (GC/ECD) analysis of detached tags. assurance” (library QA). The development and validation

The construction of molecularly encoded combinatorial of library QA as a useful qualitative measure of library
libraries demands that many runs through the complete fidelity is demonstrated here in the evaluation of a 25 200-
reaction sequence be performed to optimize reaction condi-member library of statine amides.

tions and to ensure synthon compatibifittburing this
y P puring Tag Decode-Assisted Single Bead LC/MS Analysis
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Figure 1. Tag decode-assisted single bead LC/MS.

and yield for all members (or a statistically relevant number)
to be determine@This may be accomplished by employing
routine HPLC analysis coupled singularly or in combination
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the uncertainty in the estimate) using only the portion of the
population analyze& For either an entire library or an
individual synthon, the numerical result of the tag decode-
assisted LC/MS analysis is given as the proporfipwhere

p is the number of compounds positively identified by LC/
MS (x) divided by the sample siza. Lower and upper
confidence intervals fqo are also calculated. The confidence
level indicates the probability of finding the true valuepf

in a given interval, e.g.o. = 0.05 represents the 95%
confidence level and indicates that the true valugpa$é
inside the specified interval with 95% probability. A narrower
confidence interval therefore means that the estimapei®f
more precise.

The calculation of confidence intervals for a proportion

with UV,*19ELSD" CLND,*? and MS? detection, and more  is an interesting task. In library QA analysis, each bead is
recently, high-throughput NMR analystsAutomated HPLC ~ analyzed only once (sampling without replacement) and the
may also be used to optionally purify every compound in a proportionp is calculated, which means that the sampling
library prior to biological testing> These approaches to distribution follows a hypergeometric distributiéhl’ The
library characterization and compound purification are gener- hypergeometric distribution may be well approximated with
ally not viable with encoded combinatorial libraries. Specif- the more tractable binomial distribution, providing the
ically, the sheer magnitude of the electrophorically encoded population sizeN (library size) is much larger tham The
libraries, where 206300 copies of a library are routinely  difference between the variance of the hypergeometric
prepared (e.g., 1015 million beads per 50 000-member distribution and the binomial distribution is simply a
library), makes it impossible to classically characterize every multiplicative factor: N — n)/((N — 1), called the finite
library member. The average amount of compound presentpopulation correction factor. A review of Pharmacopeia
on the bead is approximately 200 pm/bead; hence, high-libraries found that for both overall library analysis and
throughput compound analysis is in essence restricted to theindividual synthon profilingN was suffciently larger than
more sensitive analytical technique of LC/MS. n to make the finite population correction facte0.989 on
One approach to characterizing the large encoded librariesaverage; therefore, the approximation is considered valid for
is through library QA analysis. By combining LC/MS this problem.
analysis with tag decode analysis, the physical existence of Both the hypergeometric and binary distributions are
the structure of any given library compound can be con- giscrete, i.e., if the sample sireis 20,x may only have the
firmed. Figure 1 illustrates the library QA process. The integer values 0, 1, 2, ..., 20. For a moderately largeith
compound from a single bead is eluted under conditions p near %/, the sampling distribution “smears” and is ef-
optimized for its particular library. The tags from the same fectively no longer discrete, is symmetric, and thus can be
bead are oxidatively removed and analyzed by ECD/GC, andye|| approximated by the normal distributiéhHowever,
a predicted molecular weight for the decoded compound fo¢ moderately largen with p near 0 or 1, the binomial
generated. The compound (bead eluent) is then analyzed byyjstribution is not symmetric and the Poisson distribution is
LC/MS, applying a mass filter, to determine its molecular 3 more accurate approximation, instead of the normal
weight. Comparing the molecular weight predicted by the gistribution” Furthermore, confidence intervals for a propor-
tag decode with the empirical value yields a “yes/no” answer tion are the widest whepis neart/, and the narrowest when
establishing the presence or absence of the inferred comy, js near 0 or 1. Because the sampling of a combinatorial
pound. Statistical sampling of several hundred randomly |iprary for library QA analysis involves both large (the
selected beads from a library provides information on library entire sample of compounds) and small (individual
fidelity and an indication of the performance of individual  synthons), and because modern computational resources are
library synthons. sufficient, the binomial distribution was chosen to avoid
further approximations.
To compute confidence intervals for the proportmrihe
The goal of sampling an encoded combinatorial library is classical method of Clopper and PeafSonas modified.
both to determine the overall success of the solid-phasewnhile this method does produce slightly conservative
synthesis and to assess the performance of each synthorgonfidence intervals, i.e., slightly wider than they should be,
Tag decodes reveal which compounds (synthons) are supit was believed that a conservative approach was most
posed to be on each bead, and LC/MS analysis revealsappropriate for this problem. The modifications were as
whether they are physically present. It is impractical to follows: (1) for smalln (<50), the binomial distribution was
analyze all the compounds in a encoded library where the interpolated using a cubic-spline to determine the confidence
total bead count is in excess of one million; therefore, interval endpoints and (2) for large the binomial distribu-
statistical sampling techniques are required. tion was used without interpolation to determine confidence
Statistical sampling involves taking some portion of a interval endpoints. The binomial distribution is not symmetric
population and estimating a property of that population (and (like the normal distribution), and the confidence intervals

Statistical Considerations



718 Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 6 Dolle et al.

are reported as a lowelb] and upper b) bounds on the  Table 1. Computed Proportionpj and Boundary Limits
proportionp. Because the binomial distribution is discrete, (Ib-ub) for Representative Sample Sizes with High Positive
some form of interpolation is necessary when computing the !dentification

exact confidence intervals for a proportion derived from a  sample positive

small sample size. This is due to the fact that the distribution __Size €) ID p (%) Ib (%) ub (%)
is not defined except at the discrete fractions of the sample 2 1 50.0 0.0 84.7
size, while the confidence interval exists in a continuous 4 3 75.0 24.8 100
sense because it is describing the population parameter (the g ? gg'g gg'g 188
proportion). For example, ifi = 10 andp = 0.5, and a 95% 10 9 90.0 67.8 100
confidence interval is desired,= 0.05, and one would want 15 14 93.3 78.3 100
the Ib associated with a cumulative probability (from the 25 24 96.0 86.8 100
bino_mial cdf) o_f_0.025 and thaub associated with a cum- 188 gg gg:g g:;'.‘; igg
ulative probability of 0.975. However, far =10, only the 250 245 98.0 95.9 99.7

discrete values 0, 1, 2, ..., 10 exist, with corresponding cum-
ulative probabilities: 0.0010, 0.0107, 0.0547,0.1719, 0.3770, Table 2. Computed Boundary Limitsif-ub) for
0.6230, 0.8281, 0.9453, 0.9893, 0.9990, 1.0000. No definedRepresentative Sample Sizes When Proportmro{
point on the distribution has cumulative probabilities of 0.025 Positive Identification= 50.0%

or 0.975. Therefore, an exact 95% confidence interval cannot sample positive

be computed, unless some form of interpolation is used. For  size ) ID p (%) b (%) ub (%)
a large sample size, there are enough discrete values defined 4 2 50.0 0.0 77.1
that the 1— « criterion for the width of the confidence g Z 28-8 13-3 23-2
interval |§ _usually easily met wnhqut interpolation. - 10 5 500 148 85 2
The minimum sample size required to assess the fidelity 20 10 50.0 25.9 74.2
of a combinatorial library depends more on the precision 50 25 50.0 35.2 64.8
required to estimatg when assessing an individual synthon’s 100 50 50.0 39.7 60.3
. . . 300 150 50.0 44.2 55.8

performance than on the precision required for assessing  gqg 300 50.0 46.0 54.0
overall library fidelity. For example, ifi = 300 for an entire 500 250 50.0 45.6 54.4

library, then the 95% confidence interval for= 0.5 is 0.442

to 0.863 to 0.934. the proper balance betweerandn;; is to set the minimum
However, the sample size for the entire librany is not averagen;; to 10x the number of synthons in the largest
the sample size for an individual set of synthons. Consider synthon set® Thus, in the case of library, the largest
library 1, discussed in more detail below: there are three synthon set has 63 synthons amgiz &~ 10, so the overall
synthetic steps, and each step has a different sized synthosample size of beads must equal 630. The other two synthon
set (40x 63 x 10). The notatiom;; to is used to identify ~ sets will then have larger sample sizesjs ~ 16 (an
the synthetic stepi) and the size of the synthon sg} for average, because this set was pooled for further reactions)
the sample size of an individual set of synthons. For the final andn; 10 = 63 (exact, because no pooling was performed).
sublibrary of 1, which contains 10 synthons, those 10 The imprecision of the estimate pfobtained in the worst
synthons will each be sampled10 times exactly. This  case scenarion( ~ 10), determined by the width of the
occurs because the sample is drawn only from the final confidence intervals, is acceptable to yield a useful assess-
sublibrary; sampling is not performed at each step of the ment of an individual synthon’s performancepifis near 0
library synthesis, only at the end. Sonif= 300, thens ;0= or 1 (see Table 1).
30 for the 10 synthons in step 3. But for the second synthetic Table 1 gives the computed values for representative
step, there are 63 synthons, and they are each sampled aproportions, confidence intervals, and the corresponding
average of only 4.76 times 63 ~ 4.76). This “average  observed confidence levels for variongcalculated at. =
effect” occurs because beads are pooled at the end of the).05). At large values af,, e.g., 500 (the typical composite
first two synthetic steps, meaning that any random sample QA sampling size), the confidence intervals are narrow. For
will not contain an exact and unchanging number of each of example, if 500 decoded beads yielded 450 molecular weight
the 63 synthons used in the second synthetic step, but thatonfirmations, therp = 0.900 and the confidence interval
the average sample size for those 63 synthons will be 4.76.is 0.872 to 0.926 with observed confidence of 95.6%. From
This problem does not exist for the final 10 sublibraries this hypothetical QA result, it would be concluded, with a
because they are not pooled. Thus, the synthons in the largeshigh degree of certainty, that trpds near 90% (in the range
sized synthon set will have the smallestand the number  of 87.2-92.6%), and that the library fidelity is quite good.
sampled of each of those synthons may be less than that When considering the smallarvalues of sublibraries and
required for a desired precision. Clearly, a minimum sample individual synthons, the confidence boundaries are the
size must take into account how smal| can be and still  widest, and thus the answers most uncertain, whisrsmall
provide a useful answer, while dealing with the fact that the andpis near 0.5. For example,iif = 10, andp = 0.5 (50%),
overalln must be limited; otherwise the throughput of tag then the confidence interval is 0.148.852 at the 95%
decode and LC/MS analysis will be overwhelmed. confidence level. In such a case, statistical analysis suggests
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that it is difficult to reach any meaningful conclusion about Scheme 1.Synthesis of the Statine LibrafylL4442

the fidelity of a sublibrary or the performance of a synthon. o

As p approaches 0 or 1, the confidence interval narrows, HN—Q) 24 Owu e
and thus, the actual proportion of compounds in a sublibrary Br

or performance of individual synthons may be estimated 2 3

more precisely. Again referring to sample size= 10, if p o
= 0.90, then the confidence interval is 0.67B00 at the RN Q - FrocNp oy o
95% confidence level. Although still somewhat uncertain, Ra

the estimate that the true value pfin this instance lies 4 s

. . . L R H © Rea (H) o
approximately in the interval 70100% and indicates that c1 . L v
the fidelity of this particular synthon (or sublibrary) was RHN)Y\W Ry N RHNJ\E):\Q)/ NG
reasonably good. Considering the extensive solid-phase OH' O_ Ra cbi R "
optimization that proceeds library constructipnwill often [ G
be near 0.9 and so the confidence intervals will be at their m| {8a:R=CORp, n| [8f:R=CORp

8b: R =CORp; 8g: R=CORpy
narrowest extreme. 8c: R = CORpg 8h: R = CORpg
Library QA provides a very good estimate of the quality by o R - CoR,
of a combinatorial library on two levels. First, a highly
precise measure of the proportion of compounds successfully e (E) )OL
synthesized in a library is calculated. The precision in the —— Ro™ N | Ra EH
estimate of library fidelity is high because the sample size . PLaad A
is on the order of several hundred. Library QA permits the (10 sublibraries of
chemist to identify and readily distinguish between poor, 2520 members each,

. . . . . . defined by synthons R¢/Rp)
mediocre, and good quality combinatorial libraries. Second, B _ _ _
a2 Reagents and conditions: (a) TentaGel resin, 3 equiv each Bis-Fmoc-

;tatlstlcal gnaly&s of the sampllng d{:\tg can assist the' chemls[yS’ HOBT, 6 equiv DIC, CHCly: (b) apportion into 40 reaction vessels
in ascertaining the performance ioflividual synthons in a and encode using six molecular tags; (c) 20% piperiedB®F, 1 h; (d) 3
library, with the proviso that the synthon sample siag, equiv each 4-bromomethyl-3-nitrobenzoic acid, HOBT, 6 equiv DIC,
. . . . ’ CH_Cly; (e) one of 40 R amines (Figure 2): 10 equiv amine, THF, 12 h;
must be_ sufﬂmently Iarge>(10)_. L'brfiry QA pl’(_)VIdeS no (f) combine and split into 63 reaction vessels; (g) one of 8¥Roc amino
information regarding theombinatorial synthesis success acids (Figure 2): 3 equiv each Fmoc amino acid and HATU, 6 equiv
of synthons or intermediates, as the requinedbuld exceed in(ZjE”\‘I:tP'\t/'Ft‘WG h; (hz_ encode lIJSi/K‘g Sg‘ée”(j)mzfggcu'?f t%gmi& Cfrsnbine
. P . . . . and split Into two reaction vessels A an ) 0 piperi , 1.
a practlcal limit. R?‘ther' the anaIyS|s prowdes information h; (k)% equiv Fmoc-statineQl/reaction vessel ACZ/rze?ction vessel B),
on average proportions of observed compounds and synthons equiviPREIN, DMF, 6 h; (I) split into five reaction vessels, then 20%
in a library. piperidine-DMF, 1.5 h; (m) one of five B carboxylic acids P1—D5;
Figure 2), 3 equiv each RCOOH and HATU, 6 equRr,EtN, DMF, 6 h;
. . . . n) one of five B, carboxylic acids P6—D10; Figure 2), 3 equiv each
Synthesis of the Encoded Statine Amide Library (1) (R%OOH and HATU, 6 e()q/ui\iPrgEtNE,) DMF, 6 h? (©) 3235 nn?, EtOH

. . . ., water, 50°C, 30 min.
The encoded solid-phase synthesis of the statine amide

library 1, is depicted in Scheme 1. Commercially available from 7a were acylated with one of the carboxylic acid
TentaGel S-NH resin (Rapp Polymere) was derivatized  subunitsRp;—s, while resins7b were acylated with one of
with bis-Fmoc lysine and distributed into 40 reaction vessels. the carboxylic acid subuniBps—10. Finally, the resins were
The resin batches were encoded using a set of six electro-exposed to a cocktail of TFA-phenol-EDT-water (1:1:1) to
phoric tags’? The Fmoc protecting group was removed, and remove the acid-labile protecting groups in the amino acid
the resin batches were acylated with the photolabile linker, subunitsRg, generating sublibrari€ga—j. Irradiation of the
4-bromomethyl-3-nitro-benzoic acid (Aldrich) to give the fully encoded library at 365 nm furnished libraty Library
corresponding encoded resiisThe resins were then reacted 1, prepared in 200-fold redundancy, was thus comprised of
with one of 40R, amines (10 equiv o0R, amine as a 0.5 10 sublibraries defined BRc/Rp, for a total of 25 200 unique

M solution in THF; Figure 2) to furnish the amino resihs compounds.

Resin batched were combined, mixed, and distributed into .

63 reaction vessels. Each resin batch was acylated with one Library QA Protocol

of 63 Rg Fmoc-protected amino acids (3 equivRd amino Statine libraryl, synthesized via two combinatorial steps
acid, Figure 2) and subjected to binary encoding with a and a two-step N-derivatization sequence, is composed of
second set of six electrophoric tags. Encoded reSisg 10 sublibraries: 4®,) x 63(Rs) x 10(Rc/Rp) = 2520
obtained were combined, mixed, and divided into two unique compounds per sublibrary. The target samplersize
portions. Each portion of resin was first treated with 20% for the QA analysis is thus 630 beads, corresponding to 10
piperidine in DMF to remove the Fmoc-protecting group and the largest synthon seRg. In practice, 66-65 beads per

then acylated with either Fmoc-stati@é (5 to 6a) or Fmoc- sublibrary were arrayed as single beads in 96-well filter
phenylalanine statin€2 (5 to 6b). Fmoc deprotection in  bottom plates. The beads were suspended in a solution of
6a,b furnished the corresponding amino statine re3ab. aqueous ethanol and irradiated at 365 nm for 30 min

Amine resins7a,b were not combined, but rather each resin according to a previously determined elution protdddead
batch was apportioned into five separate reaction vesselsgeluents, containing the detached compounds, were filtered
ultimately creating 10 sublibraries. Resin batches derived into derivative plates and dried in vacuo. The beads were
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Figure 2. Basis set for libraryl. (SynthondB38, B39, B48—53, B55—57, andB63 are racemic. All other synthons possessing one or more

chiral centers are optically active with stereochemistry as shown.)
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decoded, generating a structure and a predicted molecular A,
weight for each compound. The dried compounds in the 4,
derivative plates were redissolved in a small volume o§CH
CN—water (4:1) and analyzed by LC/MS. 600
Mass spectral analysis was carried out in the positive ion
mode only!® The total ion current (TIC) chromatogram for 500
each sample was first obtained. A selected ion chromatogram
was then extracted for the expected mass (predicted by the
. . . =
tag decode), yielding an extracted ion current (XIC) chro-  3g
matogrant? If the XIC chromatogram revealed the expected
mass (MrH)", then a “found (F)” answer for that library 200
bead was secured. If the expected mass ion was not detectec
then a “not found (NF)” was recorded.A custom data
analysis program automatically performed the molecular
weight comparisons.

400

100 1

Biological Screening

Statines are a well-known class of transition-state isosteres
displaying inhibitory activity against aspartic acid prote&3es.
Library 1 was screened against two aspartic acids proteases
human cathepsin D (cat B)and malarial plasmepsin Il (pIm
I).2426 Solution-based assays for each enzyme were carried
out using fluorescent energy transfer substrates. Screening
was conducted via a two-part protocol. First, a survey screen
was conducted in which 1 library equivalent (ca. 25000 =
beads) were screened at ca. 30 beads per well to identify
the most active sublibrary. This was followed by screening
2 library equivalents of the most active sublibrary at the
single bead level (ca. 5000 beads).

Results and Discussion

Library QA Results. Three QA analyses were performed
on library 1.2 Statistical data is presented for all three
composite analyses (Figure 3A), one representative subli-
brary, A, and B synthon analysis (QA run-3; Figures 3B, 4,
and 5). Comparative answers are color coded: found (F
green) and not found (NF; red). The proportign of
confirmed compounds was computed by dividing the number
of compounds found by the total number of beads analyzed
(FIn; o = 0.05). Values forp and their lower-upper
boundaries|b-ub) are listed in Tables-35.

The sample siza for the first run (QA run-1) was 610
beads (Figure 3A, Table 3). The total number of found
answers F ((M-H)") was 515;p = 84.4%. The lower
boundary Ib) for p was 81.5%, and the upper boundaump)(
was 87.2%. The large value nfand narrow boundary fqu U o )
suggests the true value pfies between ca. 8187%. Thus, Examination of the statistical results obtained for each
one would expect values farto be found in this range 95  Sublibrary reveals that the F and NF answers are fairly evenly
out of 100 times the QA analysis was performed (95% distributed (Table 3). The data from QA run-3 is representa-
confidence interval). In support of this assumption, two five of the sublibrary analyses and is graphically depicted
additional QA analyses were conducted. The sample sizes in Figure 3B. The proportion of positively identified com-
for each run were as follows: QA run-2= 645 beads and  pounds in QA run-3 ranged from 76.6% (sublibrary 3) up
QA run-3,n = 647 beads. The found rates for these two t0 91.2% (sublibraries 2 and 9). The sample sifer each
runs were 536 beads and 547 beads, respectively, from whichsublibrary is 64-65 beads, and the typicd-ub associated
the computed proportions ae= 80.2%, |b-ub = 80.2— with pis ca.+12%, compared with-5% for the composite
85.9% andp = 84.5%,lb-ub = 81.8-87.3%. The overlap-  p values wheren = ca. 650. The overlapping ranges for
ping boundaries fop obtained for the three QA analyses across all sublibraries are again in excellent internal agree-
are in excellent agreement with one another, consistent withment for the three QA analyses. The data implies that there
statistical expectations. were no gross synthetic failures in the two-step derivatization

A total of 1902 beads were decoded and analyzed by singlesequence in which th€/D synthons were coupled to resin
bead LC/MS, representing a library sampling of 7.6%. Given intermediate5 (Scheme 1).

1 2 3 4 5 6 7 8 9 10

Figure 3. Composite libraryl QA analysis (A) and sublibrary
(C/D synthon) analysis for QA run-3 (B) (E green, NF= red).

 that the library was prepared in 200-fold redundancy, a small
number of replicate structures is expected during decoding.
Experimentally, 65 replicate structures (64 duplicates and 1
triplicate) were found. The F versus NF assignments matched
for 61 of the replicates or 94% (data not shown). The high
reproducibility of the comparative assignments observed for
the replicate structures, together with the consistent composite
p values of the three QA analyses, provide a satisfactory
level of validation for this statistical-based approach to library
guality assessme#t.
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Table 3. Composite and Sublibrary QA Analysis for Libraty

run 1 run 2 run 3
QA n F p (%) Ib-ub (%) n F p (%) Ib-ub (%) n F p (%) Ib-ub (%)
composite 610 515 84.4 81.587.2 645 536 83.1 80-285.9 647 547 84.5 81-837.3
sublibrary
8a 61 53 86.9 77.1£95.5 65 54 83.1 72:892.4 65 55 84.6 74:693.6
8b 63 56 88.9 79.896.8 63 53 84.1 73:993.3 65 53 91.2 81:595.0
8c 61 52 85.2 75.194.3 65 53 81.5 70:991.2 64 49 76.6 65:1487.3
8d 62 49 79.0 67.789.5 65 51 78.5 67:388.7 64 56 87.5 78:195.7
8e 62 56 90.3 81.697.8 65 52 80.0 69:190.0 65 57 87.7 78:595.8
8f 62 47 75.8 64.886.8 64 50 78.1 66:980.5 64 55 85.9 76:294.6
89 63 48 76.2 64.587.0 65 53 81.5 70:991.2 65 54 83.1 72:892.4
8h 57 50 87.7 77.896.4 65 55 84.6 74:693.6 65 59 90.8 82:597.9
8i 60 51 85.0 74.794.2 64 56 87.5 78:195.7 65 53 91.2 81:595.0
8j 59 53 89.8 80.797.6 64 59 92.2 84:398.8 65 56 86.2 76:594.7
30

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

A synthon
Figure 4. Synthon sef analysis (QA run-3) (= green; NF= red).
Table 4. Proportion p) and Boundariesli§-ub) for SelectedA Synthons

run 1 run 2 run 3
A n F p (%) Ib-ub (%) n F p (%) Ib-ub (%) n F p (%) Ib-ub (%)
1 16 14 87.5 69.8100 13 9 69.2 39495.9 14 12 85.7 65:7100
3 17 16 94.1 80.8100 13 10 76.9 53:0100 16 16 100 892100
4 15 15 100 81.9100 10 9 90.0 678100 18 16 88.9 73:0100
5 18 17 94.4 81.8100 6 6 100 60.7100 21 20 95.2 84:3100
6 9 5 55.6 17.991.6 12 5 41.7 10.973.8 10 5 50.0 14:885.2
8 15 13 86.7 67.9100 22 20 90.9 77100 17 17 100 83:8100
9 17 16 94.1 80.8100 6 4 66.7 25.9100 12 10 83.3 60:3100
11 22 17 77.3 55.695.5 8 3 375 6.677.7 14 8 57.1 27685.7
12 16 12 75.0 49697.1 16 8 50.0 22777.3 11 9 81.8 569100
13 11 11 100 76.2100 17 14 82.4 634100 16 13 81.3 612100
15 11 11 100 76.2100 15 12 80.8 585100 16 15 93.8 796100
17 12 9 75.0 494100 16 15 93.8 79:6100 11 10 90.9 706100
18 16 12 75.0 49697.1 13 9 69.2 39495.9 18 12 66.7 41490.0
19 17 11 64.7 38.689.1 13 6 46.2 16.676.9 9 5 55.6 17.991.9
22 11 11 100 76.2100 15 14 93.3 783100 10 7 70.0 404100
23 10 9 90.0 67.8100 7 7 100 65.2100 16 16 100 829100
29 18 18 100 847100 9 7 77.8 48.2100 18 15 83.3 65:3100
30 10 8 80.0 53.6100 6 5 83.3 479100 19 16 84.2 67:0100
32 11 5 45,5 12.679.2 15 8 53.3 24981.3 9 3 33.3 0.654.3
33 15 13 86.7 679100 13 13 100 794100 18 16 88.9 73:6100

Statistical information regarding the performance of the (645 beads/4® synthons). Recordepl values range from
A synthons may also be obtained from the library QA a low of 33.3% A32, QA run-3) to 100% (e.g.A3; QA
analysis (Figure 4 and Table 4). The sample siz®r the run-3) with the majority (ca. 35 out of 40) of thesynthons
A synthons varies from 10 to 24 with an average= 16 havingp’'s >75%. The computed confidence boundaries are
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B synthon
Figure 5. Synthon seB analysis (QA run-3) (= green; NF= red).

much wider with the smaller sample sizes, particularlpas  synthons, is a result of chemical failure, the poor diffusion
approaches 50%. The confidence limits for any given propor- of these compounds out of the bead matrix, photochemical
tion overlaps in each QA run. As a group, the hydrophobic sensitivity, or a combination of these or other factér®.
synthons, including the aliphatic amines (eAf, A3, A7), Figure 5 displays the histogram for the F and NF answers
arylalkylamines (e.gA10, A15, A20), and the amino ethers  for a set ofB synthons (QA run-3), and Table 5 provides
(e.g.,A4, A5, A8, A9), were strong performers, suggesting computedy’s for selected synthons. Sample sizeg range
that they were successfully incorporated into the library. from 3 to up to 16 with the averag® = 10 beads (647
Noteworthy are the relatively high average proportiops ( beads/638 synthons). The experimentally determined pro-
>80%) found for the hindered amines, neopentylmethyl- portions will invariably have the largest boundary versus the
amine @A33) and cyclooctylamineA35). other synthon sets at= 10, which is regarded as a minimal
One exception to this trend is the neutral, hydrophobic sampling size for meaningful interpretation. TResynthons
synthon, methylthioethylamineAg).?° The proportionpas have their widest boundary gs approaches 50%, e.g.,
= 50%, Ib-ub= 14.8-85.2% in QA run-3, and comparable synthonB29: pgs, = 53.3%,Ib-ub= 24.9-81.3% (QA run-
pas values were found in the other two QA runpas = 3). A sufficient level of confidence ips may be realized at
55.6%,Ib-ub=17.9-91.6% (QA run-1), anghs = 41.7%, the high and low positive identifications, and there are a
Ib-ub = 10.9-73.8% (QA run-2). The true value qias number of synthons that meet this criteria. GlycirBl),
cannot be estimated with any certainty, although implicit in sarcosine B6), the acyclics- and y-amino acids B2, B3,
the data is that the synthon’s performance is mediocre atB38, B39), the hydrophobi@-amino acids including- and
best. The poor showing fok6 is likely a reflection of its p-prolines B4, B5) andL- andp-phenylglycines 87, B8),
propensity to undergo photooxidation upon its release from tetrahydroisoquinoline carboxylic acid8%8—B61), and
the bead. It is reasonable to assume that the addition of aminenany of the unnatural, peptidomimetic-type amino acids
A6 to resin (chemical ste to 4, Scheme 1) occurred in  (B45, B47—B57, B62, B63) may all be regarded as well
high yield, analogous to other structurally related, success-performing synthons. The proportions observed for the
fully incorporated amines, e.g., synthda (pas 88.9%)3° asparginesg19, B20), glutamines B28, B29), L-citrulline
It can be argued too, that the poor performance of furfuryl- (B23), and the methioninesB@2, B33) are neaimp = 50%;
amine A11; pa1; = 57.1%,lb-ub= 27.6-85.7%) may also  hence, the trug for these synthons cannot be accurately
be due to the known photooxidation of this heterocycle.  estimated. Other amino acids with hydrophilic side chains
In contrast to the performance of the neutral, hydrophobic (aspartic acids §21, B22), glutamic acids 826, B27),
synthons, the hydrophilic synthons possessing positive orhistamine B30, B31), arginines B17, B18), and the lysines
negative charged atoms or functional groups are more (B11, B12) faired reasonably well, withp values close to
variable. For example, the proportions determined for the 70%, although boundaries are on the ordee:30%. One
pyridinylalkylamines A17, A18, A19, A36, andA37) arep synthon B46, was clearly a problem in the library. Proportion
~ 50%. The 3-aminopropylimidazoleéA82) synthon is an  Pgas iN QA run-3= 27%, Ib-ub = 0.0-45.6%, and for QA
especially poor performerpas; = 33.3%, lb-ub = 0.0— run-2,peas = 30.8%,Ib-ub = 4.1-60.6%. This synthon was
54.3%. On the basis of the QA results, it is likely that many not found at all in QA run-1:pgss = 0%, lb-ub = 0.0—
of the putative compounds in the library possessing these34.8%. The poor performance synthBA6 is believed to
synthons are absent. Library QA is performed on cleaved be due to a chemical failure in the libranyida infra).3:34
compounds, and it is unclear whether the divergence between Enzyme Assay Resultslnitially, 1 equiv of library1 was
the performance of hydrophobic versus hydrophifc screened against cat D and plm Il at ca. 30 compounds
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Table 5. Proportion p) and Boundariesli§-ub) for SelectedB Synthons

run 1 run 2 run 3

B n F p (%) Ib-ub (%) n F p (%) Ib-ub (%) n F p (%) Ib-ub (%)

3 6 5 83.3 47.9-100 10 8 80.0 53.6100 12 10 83.3 60:3100

7 7 7 100 65.2-100 6 5 83.3 475100 10 10 100 742100

9 10 10 100 744100 10 9 50.0 678100 11 10 90.9 70:6100
13 11 11 100 76.2100 11 11 100 762100 11 11 100 762100
15 8 7 87.5 60.2100 10 6 60.0 24493.4 11 10 90.9 70:6100
16 15 13 86.7 679100 13 12 92.3 75:0100 6 3 50.0 4.495.6
18 9 8 88.9 64.4100 7 5 71.4 35.4100 10 9 90.0 678100
19 15 11 73.3 46:696.8 10 3 30.0 0.649.6 6 4 66.7 259100
20 10 7 70.0 404100 9 3 33.3 0.654.3 8 4 50.0 10.289.8
23 10 8 80.0 53.6100 11 5 455 12.679.2 16 10 62.5 35:388.2
26 12 10 83.3 603100 9 4 44 .4 1.682.1 4 4 100 473100
28 11 8 72.7 453100 9 8 88.9 64.4100 16 6 37.5 11.864.7
29 12 8 66.7 35.495.3 14 10 71.4 43:296.4 15 8 53.3 24981.3
30 10 7 70.0 404100 7 2 28.6 0.650.6 4 3 75.0 24.8100
32 3 3 100 36.8100 7 4 57.1 13.697.9 10 7 70.0 404100
46 7 0 0.0 0.6-34.8 13 4 30.8 4.160.6 11 3 27.3 0.645.6
58 4 4 100 47.3100 8 7 87.5 60.2100 7 6 85.7 54.9100
59 9 9 100 71.7100 14 13 92.9 768100 15 14 93.3 78:3100
60 8 8 100 68.8-100 11 11 100 762100 4 4 100 473100
61 9 8 88.9 64.4100 9 8 88.9 64.4100 3 3 100 36.8100

per well. The estimated screening concentration was1 noalanine synthonsAR9—30), and imidazolylethylamine

based on the bead yields of a set of QC compounds (data(A32) were not observed in the decoded structures, suggest-

not shown). The highest activity was observed in sublibrary ing inhibitors with such substituents have estima&fedalues

8j, defined by the synthon pai€2/D10, followed by of >50 nM.

sublibrary 8a, defined by the synthon pa{t1/D1. Subse-

quently, two additional follow-up copies of sublibraBy

were screened at a single compound per well (5040 beads

87% library coverage). Because of the exceptionally high

potency observed in this sublibrary during the survey screen,

the estimated screening concentration was reduced to ca. 0.0 . . .

uM. Overall, sublibrangj appeared more active and selective or pim I, anng with L-tyrosine B13), L-phenylalanine

against cat D than pim II. (B34), andL-\./aIme'(B42)'. Although cat D sh.ared many of
Only those wells (single beads) that showed activity equal 1€ Same amino acids with pim II, includinghienylalanine,

to or less than 30% control activity remaining were decoded. --Yrosine.L-phenylalanine, and-valine,L-cyclohexylalanine

This follow-up evaluation resulted in a total of 55 decoded B24 was the most frequently observed. In addition, there

structures for plm 11, including 13 replicate structures (three Were severaB synthons that were unique to cat D, which

compounds seenxd two compounds seenx3 and nine  appeared to impart a high degree of selectivitytetrahy-

compounds seenx? and 19 unique structures. For cat D, droisoquinoline-1-carboxylic acidoTig; B58), 3-amino-

the follow-up evaluation resulted in 76 decoded structures, propionic acid B3), 3-amino-cyclohexane carboxylic acid

including 21 replicate structures (two compounds seen 4 (B53), and the aminocaprolactanB45).

six compounds seen@ and 14 compounds seerxPand Five replicate structures were chosen for resynthesis. These

22 unique structures. The primary screening activity (% included the two most potent plm Il inhibitors: (A14-B24-

control remaining) obtained for the decoded, replicate piIm c2-p10 and 10: A8-B24-C2-D10, Table 6), and three of

I structures indicated marginal selectivity {0-fold versus  the most potent and selective cat D inhibitat4: (A21-B45-

cat D). In contrast, the decoded replicate cat D StI’UCtUTESCz_Dlo; 12: A23-B53-C2-D10; and13; A11-B24-C2-D10)

showed a range of selectivities from 1:14@0:1. as identified from the primary screening data. Inhibiters

Figure 6 provides a graphic representation offiaeand and 10 posses«; values of 29 nM and 16 nM against pim
Rg synthon frequencies for the decoded structures of Il and show modestly selective (£82x) versus cat D:9:

sublibrary 8] against the two enzymes. Both enzymes K = 44 nM, 10. K, = 32 nM. The selected resynthesized
preferred a rather broad rangeRy{ amines, providing these : o ' ) L
. compounds for cat D also confirmed the activity and
were neutral and hydrophobic. PIm 1l showed the largest - . . .
selectivity as observed in the primary screen. Inhibitr

range for its 32 decoded structures: 21 out oA58ynthons - . . - .
were observed, including alkyl, cycloalkyl, and arylalkyl- containing the-Tiq residue, poss,ses_se:(:h; 2;‘dM’1;VZ':\j

amines. For cat D, which was somewhat more selective, 15C0mMPoundsl2 and 13 possess;’ _
out of 40 A synthons were observed for the 76 decoded respectively. Statine$1—13 are ca. 5 to 70-fold selec_t|ve
structures; phenethylamina23; observed 12 times) had the ~ VE'Sus plm Il, and are structurally unique among previously
highest frequency. Interestingly, the amines containing fe€Ported cathepsin D inhibito?s.

positive or negative charge groups, e.g., the pyridinylmethyl- ~ Corroborating Screening SAR Data with Library QA
amines A17—19, A36, and A37), glycine and thegs-ami- Analysis. When an encoded library is screened and found

In contrast to the broad structural variation at posifiyn
the enzymes were more stringent in their preferences for the
Rg amino acids. Hydrophobic residues were again preferred
over hydrophilic residuesa.-Cyclohexylalanine B24) and
-thienylalanine B9) were found in 23 out of 32 decodes
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Figure 6. A andB synthon frequencies for decoded structures from subliBapIm II: pink, cat D: blue).
biologically active, a large number of beads are decoded hydrophobic®® it might be expected to be among the decoded
revealing the structures of potentially active compounds. structures; however, this was not the case. The QA data for
Confirmation of biological activity comes from compound A6 showed a rather dubious performance (avepaaeeraged
resynthesis and evaluation, and typically, onty1® com- for the three QA runs= 48.4%,|b-ub = 29.4-67.5%). This
pounds are resynthesized for this purpose. Compoundsuncertainty suggests, at the very least, that compounds
selected for resynthesis are those found multiple times containing this synthon are likely to be underrepresented in
(replicate structures) and are the most potent as per thethe follow-up single bead screen. In light of the QA data,
primary screen. (It is this strategy that was followed in the statine14 was synthesized. Statirk4, a putative library
screening of libraryl described above.) Upon confirmation member, is an analogue 8f in which theo-methoxyben-
of biological activity, a decision may be made to resynthesize zylamine A14) is replaced with methylthioethylamin&g).
additional compounds from the library, synthesize individual Statine14 possesses K; = 12 nM against plasmepsin Il
analogues, or prepare a follow-up optimization library. In and aK; = 44 nM against cathepsin D, and is thus similar
any event, the decision regarding the design and synthesisn potency and selectivity to inhibitd® (Table 6).
of new compounds, will, in part, rely on the nascent SAR  Similarly, furfurylamineA11 was not found in decoded
obtained from the original screen. It is therefore important structure$? although the structurally analogou®- and
that such SAR information be reliable and of superior quality. StetrahydrofuranylmethylaminesA8 and A9) were both
This is the benefit of library QA analysis. By rendering present. Library QA analysis clearly shows uncertainty
information on the overall success of library synthesis and regarding the presence of this synthon in cleaved library
the performance of individual synthons, library QA can be compounds. As was the case for the syntlddh putative
utilized to corroborate and elevate the level of confidence library members containind11 in combination with pre-
in the screening SAR data. ferredRg amino acids, would be expected to be highly active.

For example, SAR information obtained from decoded To test this hypothesis, statings was prepared. This
structures indicates that plm Il and cat D have strong analogue 08 (A14in 9 exchanged foAllin 15) was indeed
preferences for hydrophob# synthons. Comparison of the  found to be a potent aspartyl protease inhibitaés K; =
preferredA synthons against the performance of the same 26 nM, pIm Il; 46 nM, cat D. In the absence of QA data, it
synthons in library QA (Figures 4 and 6) reveals that all may have been erroneously concluded that syntiA@éand
were strong performers. However, one synthon conspicuouslyAll were “inferior” A synthons.
absent from the screening data is the methylthioethylamine As a final comparative example for th& synthons,
synthonA6. Given the fact that this synthon is neutral and positive charged, hydrophilic amines such as the pyridinyl-
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Table 6. Inhibition Constantsk;) for Resynthesized

Compounds
Ki (nM)®
No. Structure pimil  catD
9° ZHN\)L MNJ /\© 29 44
o Ph "
10° ZHN\:)LN - N\:)kN/\Eo) 16 32
A" no W :”
Ph
112 ZHN\)L L/}(CQ 210 3
H
/\ OH O O N/\ﬁ
H
o Ph
1gc N A A ~n 44,000 280
H H z
A OH O o N/w<
H
Ph
19° ZHN\)L 5 18,000 290
H H
PN OH o] %\N/*
o Ph
20° ZHN\_)‘\N 28,000 2,900
~ OH O o N/\K Cl
Ph
Q N
122 ZHN\)L /\'r 29 4
P
1334 ZHNJL O)L «/© 72 18
14° ZHN\:)'LN N\)L /\/S\ 12 44
A" o \O
H
15° ZHNJL \)L /\Q 26 46
Ph
16° ZHN\)L N\)L /\O 15 140
AN H OH (¢} \O
17° ZHN\)L \:)LN/\/\NL/N 7.0 530
A ‘\C =
21° ZHN\)’\ \CHL 62 56

Cl

aDuplicate decode? Triplicate decodeS Not a screening decode.

d Mixture of diastereomers, see Figure*Average of>2 determina-

tions,

std error,<15%.

Dolle et al.

methylaminesA17—19, A36, andA37) and imidazolylpro-
pylamine A32 were not found in any of the decodes from
the screeri® This suggests that compounds containing these
synthons would be much weaker inhibitors30% control
remaining) relative to those inhibitors containing the neutral,
hydrophobicA amines. Inspection of the QA data for these
synthons reveals uncertainty in their performance. In par-
ticular, A19 (p = 55.6%,lb-ub = 17.9-91.9%; QA run 3)
andA32 (p = 33.3%,lb-ub = 0.0—54.3%, QA run 3) may

be considered poor to mediocre synthons. Although the
screening SAR strongly argues that compounds containing
these synthons are unlikely to be as potent as their hydro-
phobic congeners, this information cannot be reliably estab-
lished based on library screening. To obtain a more accurate
portrait of the SAR, putative library members, statiri€s
and 17 containing the 4-pyridinylmethylA19) and imida-
zoylylpropylamine A32) synthons, were synthesized. Re-
markably, compound&6 (Ki = 15 nM, plm II; K; = 140

nM, cat D) andl7 (K; = 7 nM, plm II; Ki = 530 nM, cat D)
were found to be the most potent and selective inhibitors of
plm Il identified in the library (Table 6). The ability of plm

I to tolerate protonated synthons versus cat D, leading to
enhanced selectivity, is a salient SAR feature that would have
been completely lost relying solely on screening decode data.

One novel and unexpected discovery observed in screen-
ing, and verified by resynthesis, was the identification of
D-Tig (B58) as a B amino acid residue selective for
cathepsin D. This is exemplified by inhibitdrl: K; = 3
nM, cat D;K; = 210 nM, pIim II. Although all four isomeric
tetrahydroquinoline carboxylic aci@®58—61 were included
in the library, onlyB58 appeared in the decodes. Because it
is uncommon to fincb-amino acid residues located at the
P> position in protease substrates and inhibiférshe
reliability of the screening SAR may be suspect. Examination
of the library QA data for synthonB58—61 reveals that
they were a successful group of synthops-(85%). In this
instance, the QA data reinforces the confidence in the SAR
screening data in thatTiq is in fact the preferred synthon.
This was substantiated with the synthesis and evaluation of
inhibitors 18—20 (Table 6), the diastereomers bt where
the B58 p-Tiq residue was replaced with-Tig (B59), b-
andL-Tic (B50 andB61). Inhibitor 18 containingL-Tig has
a K; = 280 nM against cat D, the- andL-Tic containing
inhibitors 19 and20 possess inhibition constants of 290 nM
and 2900 nM, respectively, against cat D. These data are
clearly consistent with the activity observed in primary
screening and corroborated by library QA.

Last, library QA indicates a virtual failure of synth&46.

In the absence of these data, it would have been concluded
from screening that inhibitors containirg@6 would have
potencies estimated to be50 nM. In reality, library
members containing this synthon were probably never present
in the screen. Hence, no conclusion may be drawn regarding
the activity of library compounds containing tBd6 residue.
Individual compounds containing this synthon must be
synthesized separately in order to determine their biological
profile. One compound2() of this class was prepared, an
analogue of inhibitor12, substituting synthornB46 for
synthonB45 (Table 6). Statind 2, identified as a duplicate
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from the screen, is a potent, selective inhibitor of cat D (4 overnight, drained, and washed with DMF {310 mL),
nM, 7-fold selective); compoun@l containingB46 was methanol (3x 10 mL), and DCM (3x 10 mL), and then
found 10-fold less active and nonselectiv€; for 21 = 56 dried in vacuo to give resins.
nM, cat D; K; = 62 nM, plm Il. Several other synthons  Addition of the Amine (A) Synthons. Encoded resin8
including L- and p-asparagine §19 and B20), .- and  (0.35 g, 0.6 mmol/g, 0.21 mmol) were treated with one of
D-glutamine B28 andB29), andL- andp-methionine B32 40 aminesA (ca. 10 equiv of amine as a 0.5 M solution in
andB33) would likewise have to be synthesized as discrete THF) and shaken overnight. The resins were drained and
compounds to more accurately establish the enzymes’ affinity washed with DMF (2x 10 mL), MeOH (2 x 10 mL),
toward these amino acids. MeOH—TFA (10:1; 2x 10 mL), MeOH (2x 10 mL), DMF
(2 x 10 mL), and DCM (2x 10 mL) and dried in vacuo.
The amine resind were combined, mixed, and distributed
Library QA is a powerful analytical protocol to assess the into 63 reaction vessels.
quality of large, encoded combinatorial libraries. Based on  Addition of the Fmoc-Amino Acid (B) Synthons. Resins
the combined application of tag decoding and single bead 4 (0.22 g, 0.6 mmol/g, 0.13 mmol) were treated with a 0.2
LC/MS, QA analysis would be virtually impossible to carry M solution of one of 63 amino acid® (3 equiv) in DMF
out without an encoding strategy due to redundant massedollowed by the addition of HATU (0.40 mmol, 152 mg).
produced during split synthesis. The statistical theory and Diisopropylethylamine (DIEA; 0.8 mmol, 0.15 mL). The
its application to library assessment are analogous to thereaction suspensions were shaken for 6 h, drained, washed
accepted statistical sampling practices used in industry towith DMF (2 x 10 mL), MeOH (2x 10 mL), DMF (2 x
ascertain the quality of mass-produced material, e.g., tablet10 mL), and DCM (2x 10 mL) and then dried. The Fmoc-
quality control in the pharmaceutical industry. The simplicity resins5 were encoded with one or more of theQls-, Cs-
of tag reading and rapid acquisition of SAR information is Cls-, C,Cls-, CsCls-, CsCls-, and GClz-diazoketone tags to
arguably the most significant advantage of encoding technol- produce the appropriate binary cddélhe encoded resins

Summary

ogy versus other deconvolution technigédsbrary QA were combined, mixed, and distributed into two reaction
serves to substantiate and enhance the value of nascent SARessels.
obtainment from library screening. Addition of the Fmoc-Statine (C) Synthons.Resins5

The statistical sampling protocol may be coupled with UV (7.2 g, 0.6 mmol/g, 4.32 mmol) were suspended in piperi-
analysis, evaporative light scattering detection (ELSD), or dine~DMF (1:4; 50 mL) and shaken for 1.5 h. The resins
chemiluminescent nitrogen detection (CLND), providing an were drained and washed with DMF (350 mL), MeOH
avenue to assess not only identity, but the purity and (3 x 50 mL), and DCM (3x 50 mL). The corresponding
semiquantitation of library members. This is especially true amine resins were treated with a 0.2 M solution of one of
for libraries with bead yields in excess of 1 nM/bead. The two statine<C (3 equiv) in DMF to which was added HATU
use of on-line hyphenated LC/UV/ELSD(CLND)/MS in- (13.1 mmol, 5 g) and DIEA (26.5 mmol, 4.8 mL). The
strumentation in library QA analysis will be the subject of reaction mixtures were shakerr®h and then drained. The

future reports from our laboratories. resins were washed with DMF (8 50 mL), MeOH (3 x
) ) 50 mL), and DCM (3x 50 mL) and dried in vacuo to give
Experimental Section resin6a (A(1—40)-B(1—63)-C1-Fmoc) and resirbb (A(1—

Library Synthesis. Preparation of Encoded Resin 2.  40)-B(1-63)-C2-Fmoc).
Bis-Fmoc lysine (11.2 mmol, 6.8 g) and HOBt (11.2 mmol,  Addition of Carboxylic Acid (D) Synthons. Resins6a
1.5 g) were added to a suspension of Rapp TentaGel resinand 6b (ca. 7.2 g, 0.6 mmol/g, 4.3 mmol each) were
(S-NH,, 12 g, 0.32 mmol/g, 3.84 mmol, 18220 um) in suspended in piperidireDMF (1:4; 50 mL) and shaken for
DMF (60 mL). The reaction mixture was shaken for 30 min 1.5 h, then drained, and washed with DMF X350 mL),
to dissolve the reagents, and then DIC (22.4 mmol, 3.6 mL) MeOH (3 x 50 mL), and DCM (3x 50 mL). Deprotected
was added in one portion. The reaction mixture was shakenamine resin7a was distributed equally into five reaction
overnight (Burrell wrist-action shaker), drained, and washed vessels (1.40 g, 0.6 mmol/g, 0.84 mmol). Each reaction vessel
with DMF (3 x 50 mL), MeOH (3x 50 mL), and DCM (3 was charged with a 0.2 M solution of one of five acids
x 50 mL). Resin loading was determined from Fmoc titration (D1-5; 2.5 mmol; 3 equiv) in DMF followed by the addition
to be 0.6 mmol/g. The bis-Fmoc coupled resin was ap- of HATU (2.5 mmol, 950 mg) and DIEA (5.1 mmol, 0.95
portioned into 40 reaction vessels (0.35 g resin per vessel)mL). The reaction mixtures were shakem éoh and washed
and encoded with one or more of the,Cls-, C1;Cls-, Cyo- with DMF (3 x 20 mL), MeOH (3x 20 mL), and DCM (3
Cls-, CoCls-, CgCls-, and GCls-diazoketone tags to produce x 20 mL). The acid-labile protecting groups in the amino
the appropriate binary cod@.The encoded resins were acid B synthons were removed upon exposure of the resins
treated with a solution of piperidireDMF (1:4; 10 mL), to a solution of TFA-phenot-EDT—water (80:5:5:3.5; 15
shaken for 1.5 h, drained, and washed with DMF{3.0 mL) for 1.5 h. In the case of suburiit5, the resin was first
mL), MeOH (3 x 10 mL), and DCM (3x 10 mL). The treated with a 20% solution of hydrazine in DMRF 8 h to
resins were then treated with a preincubated (30 min) solutionremove the phenolic-acetyl protecting group. Following the
of 4-bromomethyl-3-nitrobenzoic acid (0.63 mmol, 163 mg), deprotection protocol, the resins were washed with FHF
HOBt (0.63 mmol, 85 mg), and DIC (1.26 mmol, 0.2 mL) water (1:1; 3x 20 mL), DMF (3 x 20 mL), MeOH (3 x
in DMF (5 mL). The resulting suspensions were shaken 20 mL), and DCM (3x 20 mL) and dried in vacuo to give



728 Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 6

sublibrarieBa—e. In analogous fashion, amine resin batches
7b were derivatized with acid96—10 affording sublibraries
8f—j.

Photolytic Cleavage.Sublibraries8a—j were arrayed in
to 96-well filter-bottom plates (30 beads per well for initial
survey screening, or single beads per well for follow up plates
of sublibrary8j and library QA analysis) using a custom

Dolle et al.

HRMS (FAB+) [M+H]" calcd for GgH4sCINsO7: 734.3345,
found 734.3340.

A23-B53-C2-D10 (13).Rr = 0.15 (EtOAc).'H NMR
(CDsOD): 6 7.40-7.20 (m, 15H). 5.20 and 5.17 (doublets,
1H each,d = 7.2 Hz), 4.11 (m, 3H), 3.84 (d, 1H,= 7.0
Hz), 3.60 (m, 1H), 3.39 (1H, m), 3.25 (bs, 3H), 2:92.80
(m, 4H), 2.21 (m, 3H), 2.061.80 (m, 6H), 7.39-1.18 (m,

bead arraying apparatus. The dried beads in each well werébH), 0.87 and 0.85 (doublets, 3H eadh 6.6 Hz). LRMS

suspended in 150L of EtOH—water (80:20) and irradiated

at 365 nm for 30 min at 50C employing a custom UV
light chamber. The 30 min UV exposure was followed by a
2 h post soak in the dark at 5. The bead eluent was
collected into a 96-well assay plate, and the elution solvent
was removed in a Genevac (0.1 Torr) toh at 40°C. Assay

m'z 671 (M+H)*. HRMS (FAB+) [M+H]" calcd for
CsgHsoN4Os: 671.3806, found 671.3810.
A6-B24-C2-D10 (14).R: = 0.22 (EtOAc).'H NMR
(CDCly): d 7.58 (d, 1HJ = 7.8 Hz), 7.46-710 (m, 10H),
6.98 (bs, 1H), 5.45 (d, 1H] = 6.9 Hz), 5.12 (s, 2H), 4.35
and 4.32 (doublets, 1H each,= 7.5 Hz), 4.07 (bs, 1H),

plates containing the dried compounds were used for the3.78 (m, 2H), 3.40 (m, 2H), 3.00 (d, 2H,= 6.6 Hz), 2.50

enzyme assays and library QA analysis.
Compound ResynthesisPure compounds were resyn-

thesized using the solid-phase methodology outlined above
or analogous solution-phase synthesis. After cleavage 1‘rom(':A

the resin, the compounds were purified by preparative HPLC
(Gilson 215).*H NMR were obtained on a Varian 300 MHz
spectrophotometer, and chemical shif®§ are relative to
TMS. Low-resolution mass spectra (LRMS) were obtained
in-house on a Finnegan LCQ, while high-resolution mass
spectra (HRMS: FAB-) were obtained courtesy of Dr.
George Dubay: Paul M. Gross Chemical Laboratories, Duke
University, Durham, NC 27708.

A14-B24-C2-D10 (9)R = 0.19 (EtOAc).*H NMR (CDs-
OD): 6 7.72 (d, 1HJ= 7.8 Hz), 7.46-7.10 (m, 14H), 6.90
(m, 2H), 6.60 (bs, 1H), 5.25 (d, 1H,= 7.8 Hz), 5.11 (s,
3H), 4.40 (m, 4H), 4.05 (bs, 1H), 3.82 (s, 3H), 3.70 (m, 2H),
3.00 (m, 5H), 2.55 (m, 1H), 2.10 (m, 1H), 1.95 (m, 1H),
1.60 (m, 6H), 1.10 (m, 2H), 0.88 and 0.83 (doublets, 3H
eachJ= 6.6 Hz). LRMSm/z 715 (M+H)*". HRMS (FAB+)
[M~+H]" calcd for GiHssN4O7: 715.8438, found 715.8441.

A8-B24-C2-D10 (10).R: = 0.35 (5% MeOH-EtOAc).

IH NMR (CDCly): 6 7.64 (d, 1H,J = 7.8 Hz). 7.46-7.10
(m, 10H), 6.58 (bs, 1H), 5.28 (d, 1H,= 7.0 Hz), 5.17 and
5.15 (doublets, 1H eacld,= 12.0 Hz), 4.38 (dd, 1HJ =
7.0 and 12.0 Hz), 3.72 (m, 4H), 3.38 (m, 1H), 3.17 (m, 3H),
2.60 (m, 6H), 2.10 (m, 1H), 2:61.8 (m, 5H), 1.751.50
(m, 8H), 1.20 (m, 4H), 0.88 and 0.85 (doublets, 3H edkch,
= 6.6 Hz). LRMS m/z 679 (M+H)". HRMS (FAB+)
[M+H]* calcd for GgHssN4O7: 679.3679, found 679.3680.

A33-B58-C2-D10 (11).Rr = 0.24 (EtOAc).'H NMR
(CDCly): 6 7.40-7.10 (m, 14H), 6.60 (bt, 1H), 6.25 (bs,
1H), 5.20-4.90 (m, 5H), 4.56-4.40 (m, 2H), 4.26-3.95 (m,
3H), 3.35 (m, 1H) 3.062.40 (m, 5H), 2.2%2.10 (m, 3H),
0.96 and 0.81 (d, 3H each= 6.6 Hz), 0.63 (s, 9H). LRMS
m'z 671 (M+H)". HRMS (FAB+) [M+H]" calcd for
C3oH50N4O6: 671.3806, found 671.3804.

A21-B45-C2-D10 (12).Rs = 0.18 (EtOAc).'H NMR
(CDCly): 6 7.45 (d, 1H,J = 6.3 Hz), 7.46-7.10 (m, 14H),
6.85 (bs, 1H), 5.30 (d, 1Hl = 7.0 Hz), 5.10 (bs, 2H), 4.65
(t, 1H),J = 7.5 Hz), 4.38 (d, 2H,) = 7.5 Hz), 4.26-3.60
(m, 4H), 3.40 (d, 1H,) = 14.7 Hz), 3.00 (bs, 2H), 2.60 (s.
7H), 2.43 and 2.19 (m, 1H each), 2:00.55 (m, 4H), 0.86
and 0.83 (d, 3H eacld,= 6.3 Hz). LRMSm/z 734 (M+H)*.

(m, 4H), 2.15 (m, 1H), 2.10 (s, 3H), 1.90 (m, 1H), 1.60 (m,
8H), 1.40 (bs, 1H), 1.15 (m, 4H), 0.88 and 0.82 (doublets,
3H each,J = 6.9 Hz). LRMSm/z 669 (M+H)". HRMS
B-+) [M+H]" calcd for GeHsaN4OsS: 669.3693, found
669.3694.

A11-B24-C2-D10 (15)R = 0.35 (5% MeOH-EtOAc).

H NMR (CDCl) 6 7.49 (m, 1H), 7.46-7.00 (m, 12H), 6.71
(bs, 1H), 6.28 and 6.20 (singlets, 1H each), 5.21 (d, 1H,
= 3.7 Hz), 5.05 (s, 2H), 4.38 (m, 3H), 4.05 (bs, 1H), 3.76
(m, 2H), 3.01 (m, 3H), 2.50 (m, 1H), 2.64.95 (m, 2H),
1.63 (m, 6H), 1.46-0.95 (m, 5H), 0.90 and 0.86 (doublets,
3H each,J = 6.7 Hz). LRMSmz 675(M+H)*; (FAB+)
[M+H] " calcd for GgHsoN4O7: 675.3781, found 675.3801.

A19-B24-C2-D10 (16)R = 0.11(5% MeOH-EtOAc)H
NMR (CDCl): 6 8.60 (d, 1H,J = 5.7 Hz), 8.18 (m, 1H),
7.68 (d,1H,J = 5.7 Hz), 7.35 and 7.18 (singlets, 10H total)
7.02 and 6.87 (m, 2H each), 5.15 and 5.11 (d, 1H eaeh,
12.3 Hz), 4.61 (m, 2H), 4.27 (m, 1H), 4.11 (m, H), 3.85 (m,
1H), 3.65 (m, 1H), 3.262.80 (m, 7H), 2.34 (m, 1H), 2.01-
(m, 1H), 1.71 (m, 6H), 1.23 (m, 4H), 0.95 (m, 3H), 0.89
and 0.81 (doublets, 3H each~= 6.9 Hz). LRMSnVz 686
(M+H)*. HRMS (FAB+) [M+H]* calcd for GgHs1NsO:
686.3918, found 686.3912.

A32-B24-C2-D10 (17)R: 0.10 (15% MeOH-EtOAC).*H
NMR (CDCls): 6 8.78 (s, 1H), 7.89 (s, 1H), 7.71 (d, 1H,
= 9.3 Hz), 7.46-7.00 (m, 13H), 5.94 (d, 1H] = 6.9 Hz),
5.10 and 5.07 (doublets, 1H each= 11.7 Hz), 4.11 (m,
4H), 3.78 (t, 1HJ = 7.5 Hz), 3.39 and 3.18 (m, 1H each),
3.00-2.75 (m, 3H), 2.40 and 2.20 (m, 1H each), 2.00 (m,
4H), 1.60 (m, 6H), 1.260.95 (m, 6H), 0.90 and 0.80
(doublets, 3H each] = 6.9 Hz). LRMSm/z 703 (M+H)™*.
HRMS (FAB+) [M+H]* calcd for GgHs4NgOe,; 703.4046,
found 703.4039.

A33-B59-C2-D10 (18).R; = 0.24 (EtOAc).'H NMR
(CDClg): 6 7.40-7.05 (m, 14H), 6.45 (bs, 2H), 5.20 (m,
3H), 4.55 (bs, 2H), 4.30 and 4.20 (m, 1H each), 3.95 (t, 1H,
J=6.6 Hz), 3.60 (bm, 2H), 3.40 (dd, 1d,= 4.2 and 15.4
Hz), 3.05-2.40 (m, 7H), 2.05 (m, 1H), 0.87 and 0.75 (d,
3H eachJ=6.6 Hz, 0.63 (s, 9H). LRM®Vz 671 (M+H)™.
HRMS (FAB+) [M+H]* calcd for GgHsoN4Og: 671.3806,
found 671.3826.

A33-B60-C2-D10 (19).Rs = 0.21 (EtOAc).'H NMR
(CDClg): 6 7.40-7.05 (m, 14H), 6.55 (d, 1H] = 7.8 Hz),
6.18 (bs, 1H), 5.85 (s, 1H), 5.10 (m, 1H), 5.05 (s, 2H), 5.00
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4.70 (m, 2H), 4.26-4.00 (m, 3H), 3.95 (m, 1H), 3.75 (m,
1H), 3.61 (m, 1H), 3.062.80 (m, 4H), 2.60 (m, 1H), 2.40
(d, 1H,J = 15.0 Hz), 2.05 (m, 1H), 0.93 and 0.84 (doublets,
3H eachJ=6.6 Hz) 0.75 (s, 9H). LRM®vVz 671 (M+H)*.
HRMS (FAB+) [M +H]+ calcd for GoHs50N4O6: 671.3806,
found: 671.3801.

A33-B61-C2-D10 (20).Rs = 0.21 (EtOAc).'H NMR
(CDCl): ¢ 7.20-7.05 (m, 14H), 6.45 (d, 1H] = 7.8 Hz),
6.38 (bs, 1H), 5.85 (s, 1H), 5.%%.05 (m, 3H), 4.08 (m,
2H), 3.95 (dt, 1H,J = 4.8 and 7.5 Hz), 3.65 and 3.58 (m,
1H each), 3.25 (m, 1H), 2.90 (m, 5H), 2.45 (m, 2H), 2.05
(m, 1H), 0.89 and 0.78 (doublets, 3H eadhs= 6.6 Hz),
0.78 (s, 9H). LRMSmz 671 (M+H)*. HRMS (FAB+)
[M~+H] " calcd for GeHsoN4Os: 671.3806, found 671.3825.

A21-B46-C2-D10 (21)R = 0.15 (2% MeOH-EtOAcC).

IH NMR (CDCl): 6 7.20-7.05 (m, 13H), 6.85 (bs, 1H),
5.07 (bs, 2H), 44.76 (m 1H), 4.46 (m 1H), 4.37 (m 2H),
4.34 (m, 1H), 4.16-3.79 (m, 4H), 3.57 (m, 1H), 3.11 (m,
2H), 3.07 (m, 2H), 2.6%2.40 (m, 4H), 2.3%2.205 (m, 3H),
0.89 and 0.81 (doublets, 3H eadhs= 6.5 Hz). LRMSm/z
775 (M+H)*. HRMS (FAB+) [M+H]* calcd for GoHar
CINgOg: 775.3102, found 775.3109.

Library QA Analysis. Decoding. Beads (66-63 per
sublibrary) were arrayed into 96-well filter-bottom plates as

single-bead/well, and the compounds were photoeluted as
described above. Tag cleavage was accomplished by treating

the beads directly with 16L of an aqueous ceric ammonium
nitrate solution (freshly prepared 0.3 M solution) and.&0

of octane to cleave the tags. Afté h at 25°C, the octane
extracts of tag alcohols (36L) were transferred into GC
vials, andN,O-bis(trimethylsilyl)-acetamide (MSTFA; bL)
was added. The electron capture detection GC/ECD analysi
of the tag trimethylsilyl ethers (&L injection) was carried
out on a HP 6890 plus gas chromatograph (DB-1 column
(J&W Scientific) 5 m x 0.1 mm i.d., 0.1um film). A
temperature ramp of 12525 °C was performed in 3 min,
then held at 325°C for 0.5 min. The EC detector was
maintained at 350C, and the auxiliary gas was set at 60

psi. Automatic data processing of the GC/ECD trace against
the registered encoded synthons generated the predicted
structures, and molecular weights of each compound for the

individual decoded beads. A total 1902 decodes were
generated for the QA analysis.

LC/MS Analysis. The corresponding compounds in the
dried assay plates were redissolved ind0f acetonitrile-
water (80:20) in preparation for LC/MS analysis. Mass
spectrometry was performed using a PE SCIEX AP| 150EX

single stage quadrupole mass spectrometer equipped with a

turbo ESI source. Liquid chromatography was performed
using a Hewlett-Packard model 1100 pump. A sample loop
of 25uL was injected via a PE 200 auto sampler. Separation
was carried out on a Phenomenex Luna C18 columnx30

3 mm i.d., 3um). The mobile phase consisted of water
acetonitrile (containing 0.02% trifluoroacetic acid) and was
programmed as follows: 88% water to 10% water in 2.5
min, hold for 0.5 min, then 88% water for 2.0 min
(reequilibration). The HPLC eluent (1 mL/min) was split 1:4
at the outlet of the column by means of a zero-dead-volume
tee splitter resulting in the introduction of 20% of the HPLC

Journal of Combinatorial Chemistry, 2000, Vol. 2, No. 829

eluent in the ESl interface. The electrospray voltage was set
to 4.5 kV, and the capillary temperature was 380 The
sheath gas (nitrogen) pressure was adjusted to 40 psi and an
auxiliary (turbo) gas (nitrogen, 6 L/min) was added in order
to achieve nebulization. Custom software permitted rapid data
processing and generation of found (F) and not found (NF)
assignments.

Enzyme Assays. Plasmepsin Il Assay/2 An assay mix
was prepared containing 50 mM sodium acetate (pH 5.0), 1
mg/mL BSA, 0.01% Tween 20, 12.5% glycerol, 18%
DMSO, and 12¢M plam Il substraté’® Twenty-five uL of
the assay mix was added to each well of the 96-well
microtiter plate containing dried down bead eluate or empty
control wells. The plates were then sonicated to solublize
the compounds. The reaction was initiated with the addition
of 25uL of 8 nM pIm Il which was in 50 mM sodium acetate
(pH 5.0), 1 mg/mL BSA, 0.01% Tween 20, and 12.5%
glycerol. The final concentrations were 4 nM plm 11,6/
plm Il substrate, 9% DMSO, 50 mM sodium acetate (pH
5.0), 1 mg/mL BSA, 0.01% Tween 20, and 12.5% glycerol.
The reaction was incubated for 10 min at Z5 and then
guenched by the addition of 28 of 1 M Tris (pH 8.5) and
50% DMSO. The EDANS fluorescence was measured using
the Tecan, SLT FluoStar fluorescence plate reader with an
excitation filter of 350 nm and an emission filter of 510 nm.
To determine kinetic parameters, identical assays were used
except the substrate and inhibitor concentrations were varied
and the reactions were monitored over time. Valueskfor
were determined from slope replots of the Lineweaver
Burke analysis.

Cathepsin D Assay?’ The assay for cat D was performed

Sin a manner similar to the plm Il assay except that the final

concentrations were 0.8 nM cat D,y cat D substrate,
6% DMSO, 25 mM sodium formate (pH 3.5), and 1 mg/mL
BSA.
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pounds and a found (F) designation in the QA analysis adding
an additional level of validation for the library QA analysis
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Calculated logP (clogP) for selected synthons: A61,—0.1,
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—0.5,A32; 1.2, A33.

In support of the successful attachmen#é6fto resin, in all
cases where thA6-containing compounds were NF in the
QA analysis, the corresponding sulfoxide (MH)™ was
found as a major product in the respective XIC chromato-
grams.

D. E. Mol. Biochem. Parasitol1996 79, 71-78. PIm Il was

a gift from Dr. Daniel E. Goldberg, Howard Hughes Medical
Institute, Washington University School of Medicine, St.
Louis, MO, 63110. (b) The plasmepsin Il substrate is
DABCYL- y-aminobutyric acid-Glu-Arg-Met-Phe-Leu-Ser-
Phe-Pro-EDANS, a custom synthesis from AnaSpec, Inc.,
2149 O'Toole Avenue, Suite F, San Jose, CA 95131. (c)
Cat D from human liver was purchased from ART Bio-
chemicals, Athens Research Technology, P.O. Box 5494,
Athens, GA30604. The cat D substrate, Ac-Glu-Glu(EDANS)-
Lys-Pro-lle-Met-Phe-Phe-Arg-Leu-Gly-Lys(DABCYL)-Glu-
NH,, was purchased from AnaSpec, Inc.
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