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The use of chlorotrityl resins for the immobilization of amines is sometimes deterred by the lengthy process
of loading the reactants on the resins and product decomposition caused by the reactive chlorotrityl group
in the presence of 1% TFA as a cleavage agent. Here, we report improved methods developed for selective
and efficient loading of aminobenzoic acid derivatives on chlorotrityl resins and for cleavage of aniline-
containing products from the resins without decomposition. These methods led to the synthesis of a library
of 144 discrete chemicals as potential farnesyltransferase inhibitors (FTIs) using IRORI’s radio-frequency-
encoded sorting technique and to the study of the applicability of the bivalence approach to the development
of FTls.

Introduction building block ({1—10}) used in the solid-phase synthesis

Farnesyltransferase (FT) is a promising anticancer drug©' the library must contain two functional groups. One is
target! FT inhibitors (FTIs) inhibit tumor cell proliferation used for attachment to resins asa SOI',d, su.pport, while the
without substantially interfering with normal cell growth, ~ Other is for subsequent chemical modifications. However,
A library of dimeric chemicals [RCONH(CH,),NHOCR] both carquyl and amino groups of t_he stgrtlng materlal_s for
as potential FTIs was designed according to the bivalenceR'CO2X (Figure 1) compete for reaction with the chlorotrityl
approach that dimerizes a drug lead with a chemical chain 9roup®** The initial solution to this problem was to protect
such as an alkylene chain to multiply the affinity and the carboxyl group, reserving it for a subsequent modifica-
selectivity of the lead? The library was constructed by tion, before loading the amino group onto the resins and then
attaching RCO,X (1{1—10}, Figure 1) to a stationary phase, ~deprotect the carboxyl group after the loading. Later, it was
followed by two amidations that tethef®0,X and RCOH found that hydroxysuccinimide esters react with neither the
(2{1-8}, Figure 2) with an alkylenediamine linkeB{(1— chlorotrityl group nor aromatic amines, although the esters
6}, Figure 3) using IRORI's radio-frequency-encoded split- react readily with aliphatic amines. Accordingly, the lengthy
and-pool solid-phase synthegisThis article reports the  protection-and-deprotection loading procedure was avoided
problems encountered in the library synthesis, the methodsby converting aminobenzoic acids to aminobenzoic succin-
developed to solve these problems, and the testing resultdmide esters that were then loaded onto the resins without
of the entire library. deprotection. These esters serve as dual-purpose reagents:
they protect the acid from reacting with the trityl group, thus
allowing selective attachment of the amino group to chlo-

Building blocks1{1—10} and 2{1—8} of the designed rotrityl resins, and they activate the acid, thus facilitating
library were identified as potential weak FTIs by a docking amidation in a subsequent modification.

study of commercially available chemicals into the active  Amines are reportedly able to react with chlorotrityl resins
site of FT according to a published proto€@ 9} was used  without the use of a base to scavenge the acid generated
for model reactions only. Chlorotrityl resié® were used  during the loading.However, in this study, aromatic amines

in the library synthesis. The advantages of this type of resins (Figure 1) could not be loaded onto chlorotrityl resins in the
over other resins are that they can be regenerated by treatingipsence of a base (Table 1). Pyridine facilitated the loading
hydroxytrityl resins with thionyl chloride or acetyl chlo-  f aromatic amines onto the resins, but the loading yield was
ridet*-?and that they are acid-labile, thus allowing cleavage |o, \when the reaction was carried out at room temperature,
of reaction products under mild acidic conditions. The first 5.4 the yield worsened at 6C. These results indicate that
*To whom correspondence should be addressed. E-mail: pang@mayo.edu pyridinegv?z itself reaCted significan_tly W.ith the chlorotrity|
t Mayo Clinic College of Medicine. ' ' ~group. Triethylamin& gave low loading yields as well. After
*Duke University Medical Center. experimentation with a number of bases, the more sterically
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Figure 1. Chemical structures of building block§1—10}. Note that the benzoic amide form was used in the docking study.
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Figure 2. Chemical structures of bquing bloci§ 1—9}.
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Figure 3. Chemical structures of building blocld§ 1—6} .
hindered base diisopropylethylamifevas found to give the

Table 1. Yields for Loading of1{1} onto Trityl Chloride
Resins under Different Conditions

conditions yield (%)

THF, RT?17h 0

THF, 10 equiv NE§, RT, 17h 0

pyridine, RT, 17h 45
pyridine, 60°C, 17 h 20
CH.Cl,, RT, 17 h 0
CH,Cl,, 10 equiv of CaH, RT, 17 h 0
CH_Cl,, 10 equiv of KCOs, RT, 17 h 0
CH,ClI,, 10 equiv of DIEA, RT, 17 h 96

aYields obtained without purification of reaction products after
cleavage with 1% TFA CH,Cl,. ® Room temperature.

Table 2. Yields for Cleaving 71,3,9} from Trityl Chloride
Resins at Different Conditions

conditions yield (%)
TFA/CH,Cl, = 0.1:99.9, RT% 10 min 0
TFA/TIPS/CHCI, = 0.1:5:94.9, RT, 10 min 0
TFAITFE: CHCIl, = 1:2:7, RT, 30 min 0
ACOH/TFE/CHCI, = 1:2:7, RT, 2 h >70
AcOH/TIPS/CHCI,= 1:0.5:8.5, RT, 2 h 3

aYields obtained without purification of reaction products.
b Room temperature.

acid, 2,2,2-trifluoroethanol, and methylene chloride (1:£:8)

highest loading yield in the loading of aromatic amines onto was used to cleave the final products in the hope that 2,2,2-
chlorotrityl resins (Table 1). trifluoroethanol could scavenge the reactive chlorotrityl group
The reaction of the activated esters with alkylenediamines generated during the cleavajeAlthough these cleavage
(3{1-6}, Figure 3) gave the desired intermediates (Scheme conditions were reportedly effective in cleaving carboxylates

1), which, in turn, reacted with various amidating agents from chlorotrityl resins;® the decomposition problem per-
(2{1—-8}, Figure 2) to yield the desired products. Using a sisted until the ratio of 2,2,2-trifluoroethanol was increased
solution of 1% TFA in CHCI,, a common cleavage reagent to 1:2:7 (Table 2). Other attempted modifications, such as
for amines and alcohofsthe desired products were decom- replacing 2,2,2-trifluoroethanol with triisopropylsilane, an-
posed after the cleavage. Presumably, the decomposition wasther common trityl scavengéf,failed to improve the
caused by the co-presence of the final products, the reactivecleavage yields (Table 2).

trityl group, and 1% TFA. This was because no decomposi- In a pilot study of the library synthesis, building blocks
tion was observed when the intermediates were cleaved from1{8—10} were converted t@{8—10,1,9} with reasonable
the chlorotrityl resins using 1% TFA in GEl,, nor was yields and purities (Table 3). However, the yields and/or
decomposition observed when a final product was treated purities of 7{1—7,1,9} were unacceptably low (Table 3),
with 1% TFA. Following this reasoning, a solution of acetic presumably because of the steric hindrancd{df—7} or
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Table 3. Yields and Purity of Making {1-101,9} Using This problem can be avoided by using scavenger 2,2,2-
Scheme 1 trifluoroethanol, but not triisopropylsilane, although the latter
product yield (%) (purity, %) is also a common trityl scanvenger. A solution of acetic acid,
71,19 unidentifiable mixture 2,2,2-trifluoroethanol, and methylene chloride (1:2:7) is most
7%2,1,.9 222 (<20) effective in cleaving aniline-containing compounds from
73,19 68" (30) chlorotrityl resins. These methods led to the efficient
;Egig 3'5 (=50) synthesis of a library of 144 discrete compounds and to the
7{6’1’9 0 study of the applicability of the bivalence approach to the
77,19 33 (50) development of FTIs.
7{8,1,9 40 (70)
9,19 17 (>90) Experimental Section
7{10,1,9 407 (>90)
aYield obtained without purification of the reaction product. MR spectra were obtained on Bruker Avance 500 or 600
instrument. Chemical shifts are reportedinnits using TMS
substitution of an electron-withdrawing group 1§1—7}. (0 = 0 ppm) as an internal standard f&i4 NMR spectra.
Therefore, a library of 144 discrete chemicals was con- “*C NMR spectra are referenced to the solvent peak when
structed with building block4{8—10}, 2{1—8}, and3{1— dissolved in DMSQd; or CDCk (60 = 77.0 ppm) as an

6} according to Scheme 1. Among 24 (17%) randomly external standard when dissolved ig@® Coupling constants
selected members of chemsgt83% have purities higher ~ are reported in hertz. Mass spectra were obtained on an HP
than 80% according to purity analysis using NMR spectra, 5973 mass-selective detector with an SIS DIP-MS.
and 96% have molecular ion peaks of greater than 5% (a) Synthesis of {1-10}. 2-(2-Aminobenzoyl)benzoic
intensity in mass spectra. This library well satisfies the purity Acid 2,5-Dioxopyrrolidin-1-yl Ester, 1{1}. To an ice-cold
criterion (80/80) required for combinatorial library synthesis. and stirred solution of 5.00 g (20.7 mmol) of 2-(2-
In addition, all of the randomly sampled compounds have aminobenzoyl)benzoic acid in 120 mL of THF was added
yields ranging from 19 to 78% with an average of 39%.  2.39 g (20.7 mmol) ofN-hydroxysuccinimide, followed by
The in vitro FT inhibitory assdyof the entire library  4.28 g (20.7 mmol) of DCC. The resulting mixture was
identified 7{10,4,7} as demonstrating 14% inhibition of FT  stirred for 30 min at C and for 2 h aroom temperature.
at a drug concentration of 5Q@M, whereas other dimers  The white precipitate was filtered, and the filter cake was
showed no inhibition of FT at the same drug concentration. washed with EtOAc. The washings and the filtrate were
However,1{10} and2{7} showed 49 and 23% inhibitions combined and concentrated in vacuo. The residue was further
of FT, respectively, at the same drug concentration. Thesepurified by flash chromatography on silica gel to give 6.64
results confirm the prediction df{ 10} and2{7} as weak g (94.9%) of a yellow solid:!H NMR (500 MHz, DMSO-
FTlIs by the docking study and suggest that blindly tethering ds) 6 8.21 (d,J = 7.8 Hz, 1H), 7.89 (tJ = 7.2 Hz, 1H),
two members of a group of drug leads might not be effective 7.74 (t,J = 8.0 Hz, 1H), 7.50 (dJ = 7.5 Hz, 1H), 7.35
in lead optimization. (brs, 2H), 7.24 (tJ = 7.4 Hz, 1H), 6.88 (dJ = 7.6 Hz,
In conclusion, effective loading of aromatic amines onto 1H), 6.80 (d,J = 8.4 Hz, 1H), 6.38 (tJ = 7.6 Hz, 1H),
chlorotrityl resins requires diisopropylethylamine to neutral- 2.79 (s, 4H)*C NMR (125 MHz, DMSOek) 6 197.9, 135.6,
ize HCI generated during the loading. Succinimidyl ester is 135.5,134.2, 131.9, 131.2, 130.4, 129.9, 128.9, 122.8, 117.5,
a dual-purpose reagent that protects an acid from reactingl17.4, 116.75, 116.72, 114.9, 25.6.
with the trityl group, thus allowing selective attachment of  2-(3-Amino-4-chlorobenzoyl)benzoic Acid 2,5-Dioxopy-
the aromatic amino group of benzoic derivatives to chlorot- rrolidin-1-yl Ester, 1{2}. The title compound was prepared
rityl resins, and activates the acid, thus promoting amidation from 2-(3-amino-4-chlorobenzoyl)benzoic acid following the
in a subsequent modification. TFA (1%) can decompose same procedure as used fdr}. Pale yellow solid, 88.3%
reaction products in the presence of the reactive trityl group. yield: *H NMR (500 MHz, CDC}) ¢ 8.24 (d,J = 7.8 Hz,
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1H), 7.76 (m, 1H), 7.65 (m, 1H), 7.46 (d,= 7.4 Hz, 1H),
7.29 (d,J = 8.4 Hz, 1H), 7.21 (dJ) = 1.9 Hz, 1H), 7.02
(dd,J = 8.4, 1.9 Hz, 1H), 4.19 (brs, 2H), 2.79 (s, 4H5C
NMR (125 MHz, DMSO#és) 6 195.9, 170.9, 161.9, 145.9,

Park et al.

3.83 (s, 3H), 2.84 (s, 4HJ3C NMR (125 MHz, DMSO¢)
6171.9, 162.6, 146.4, 146.1, 126.5, 112.8, 111.5, 110.0, 55.8,
25.7.

4-Amino-5-chloro-2-methoxybenzoic Acid 2,5-Dioxopy-

143.6,136.1, 135.7,131.2,131.1, 130.1, 128.9, 123.4, 123.1rolidin-1-yl Ester, 1{9}. To a stirred solution of 5.00 g

118.2, 116.2, 25.6.
5-Acetylamino-2-aminobenzoic Acid 2,5-Dioxopyrro-
lidin-1-yl Ester, 1{3}. The title compound was prepared
from 5-acetylamino-2-aminobenzoic acid following the same
procedure as used fdf 1}. Red-brown solid;>80% vyield:
IH NMR (500 MHz, DMSO#ds) 6 9.76 (s, 1H), 8.17 (d) =
2.4 Hz, 1H), 7.49 (ddJ = 9.1, 2.4 Hz, 1H), 6.83 (d) =
9.1 Hz, 1H), 6.61 (s, 2H), 2.86 (s, 4H), 1.97 (s, 3¢
NMR (125 MHz, DMSOsdg) ¢ 171.7, 168.9, 163.1, 150.3,
130.2, 128.6, 120.2, 118.0, 102.6, 25.6, 23.8.
2-Amino-6-methylbenzoic Acid 2,5-Dioxopyrrolidin-1-
yl Ester, 1{4}. The title compound was prepared from
2-amino-6-methylbenzoic acid following the same procedure
as used fod{1}. Yellow solid, 84.5% yield:*H NMR (500
MHz, DMSO-dg) 6 7.15 (t,J = 7.2 Hz, 1H), 6.56 (dJ =
7.6 Hz, 1H), 6.54 (dJ = 8.4 Hz, 1H), 2.80 (m, 4H), 2.51
(s, 3H); 3C NMR (125 MHz, DMSO¢s) 6 170.4, 165.0,
150.5, 141.6, 134.4, 120.8, 114.9, 109.6, 25.8, 22.4.
2-Amino-3,4,5-trimethoxybenzoic Acid 2,5-Dioxopyr-
rolidin-1-yl Ester, 1{5}. The title compound was prepared
from 2-amino-3,4,5-trimethoxybenzoic acid following the
same procedure as used g1} . White solid,>98% yield:
IH NMR (500 MHz, CDC}) 6 7.20 (s, 1H), 5.72 (brs, 2H),
3.98 (s, 3H), 3.86 (s, 3H), 3.82 (s, 3H), 2.89 (s, 4H¢
NMR (125 MHz, CDC}) 6 169.7, 162.1, 149.1, 143.8, 143.2,
139.9, 107.0, 98.5, 60.9, 60.4, 56.3, 25.6.
4-Amino-3,5-dichlorobenzoic Acid 2,5-Dioxopyrrolidin-
1-yl Ester, i{6}. The title compound was prepared from
4-amino-3,5-dichlorobenzoic acid following the same pro-
cedure as used fdf 1}. Pale yellow solid, 76% yield*H
NMR (500 MHz, DMSO#s) 6 7.86 (s, 2H), 6.85 (brs, 2H),
2.86 (s, 4H)*C NMR (125 MHz, DMSO€) 6 170.3, 159.9,
147.4, 129.8, 117.5, 110.9, 25.4.
3-Amino-4-methoxybenzoic Acid 2,5-Dioxopyrrolidin-
1-yl Ester, i{7}. The title compound was prepared from
3-amino-4-methoxybenzoic acid following the same proce-
dure as used fot{ 1}. White solid, 88.5% yield:'"H NMR
(500 MHz, DMSO#ég) 6 7.33 (m, 2H), 6.99 (dJ = 8.9 Hz,
1H), 5.19 (brs, 2H), 3.87 (s, 3H), 2.85 (s, 4HJC NMR
(125 MHz, DMSO¢g) 6 171.6, 162.8, 152.6, 139.2, 120.2,
117.1, 114.2, 110.9, 56.0, 25.6.
4-Amino-3-methoxybenzoic Acid 2,5-Dioxopyrrolidin-
1-yl Ester, 1{8}. To a stirred solution of 5.41 g (32.4 mmol)
of 4-amino-3-methoxybenzoic acid in 150 mL of dry THF
was added 3.72 g (32.4 mmol) dfhydroxysuccinimide,
followed by 6.68 g (32.36 mmol) of DCC at room temper-
ature. The resulting mixture was stirred fd h at thesame
temperature. The white precipitate was filtered and then
washed with EtOAc. The filtrate was concentrated in vacuo.
The residue was triturated with GEl, to give a pale brown
powder. The filter cake was washed thoroughly with acetone.
Combined yield= 7.08 g (82.8%) of a pale brown powder:
H NMR (500 MHz, DMSO¢g) 6 7.52 (d,J = 1.5, 8.4 Hz,
1H), 7.30 (s, 1H), 6.72 (d] = 8.4 Hz, 1H), 6.15 (brs, 2H),

(24.8 mmol) of 4-amino-3-methoxybenzoic acid in 150 mL
of dry THF was added 3.14 g (27.3 mmol) Nfhydrox-
ysuccinimide, followed by 6.14 g (29.8 mmol) of DCC at
room temperature. The resulting mixture was stirred for 13
h at the same temperature. The reaction solution containing
the final product was collected by filtration. The final product
contained in the white precipitate of DCU was extracted by
repeated washing with acetone. TLC was used to determine
whether the final product contained in the precipitate had
been completely extracted. The combined solutions gave 6.10
g (82.8%) of a pale brown powdetd NMR (600 MHz,
DMSO-ds) 0 7.72 (s, 1H), 6.66 (brs, 2H), 6.49 (s, 1H), 3.77
(s, 3H), 2.82 (s, 4H)C NMR (150 MHz, DMSOds) o
171.8, 162.1, 159.6, 153.0, 133.5, 109.1, 100.6, 97.8, 56.1,
25.6.

4-Amino-3-iodobenzoic Acid 2,5-Dioxopyrrolidin-1-yl
Ester, 1{ 10}. To a stirred solution of 2.31 g (36.1 mmol) of
KOH in 240 mL of a 1:1 mixture of MeOH/kD was added
10.00 g (36.1 mmol) of methyl 4-amino-3-iodobenzoate at
room temperature. The resulting mixture was heated at 75
°C for 20 h. The reaction mixture was concentrated in vacuo
to one-half of its original volume. The residue was acidified
to pH 4 with 1 N HCI. The white precipitate was collected
by filtration and then dried under vacuum to give 9.49 g
(100%) of an off-white powder. This product was essentially
pure according to the NMR spectrum and was subjected to
esterification without further purification’H NMR (500
MHz, DMSO-dg) 6 12.32 (brs, 1H), 8.08 (dJ = 1.9 Hz,
1H), 7.62 (dd,J = 1.9, 8.5 Hz, 1H), 6.72 (d) = 8.5 Hz,
1H), 4.58 (brs, 2H). The resulting acid, 9.49 g (36.1 mmol),
was dissolved in 150 mL of dry THF. To this solution was
added 4.57 g (39.7 mmol) dfi-hydroxysuccinimide, fol-
lowed by 8.93 g (43.3 mmol) of DCC. The mixture was
stirred at room temperature for 6 h. The white precipitate
was filtered and washed with EtOAc. The filtrate was
concentrated in vacuo. The residue was purified by flash
chromatography on silica gel eluted initially with EtOAc/
hexanes (1:1), then with EtOAc, and last with acetone to
give 12.27 g (94.5%) of a white powdetH NMR (600
MHz, DMSO-d) 6 8.19 (s, 1H), 7.76 (d) = 8.5 Hz, 1H),
6.81 (d,J = 8.5 Hz, 1H), 6.53 (brs, 2H), 2.85 (s, 4HyC
NMR (150 MHz, DMSOsés) 6 171.6, 161.2, 155.8, 153.0,
142.1, 132.3, 113.8, 112.5, 81.5, 25.6.

(b) Synthesis of 48—10}. Each porous polypropylene
container, MicroKan (IRORI, San Diego, CA), was packed
with 20 mg of chlorotrityl resins and a unique radio-
frequency tag (IRORI, San Diego, CA). One hundred forty-
four MicroKans were evenly distributed to three 100-mL
bottles and then soaked with 2 mL of @&, per MicroKan
for 10 min. Diisopropylethylamine (20 equiv) and one of
the building blocks1{8—10} (3 equiv) were then added
separately to the three MicroKan-containing bottles. These
bottles were then shaken at room temperature for 17 h on
an orbital shaker at 100 rpm. After the solvent and the excess
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reagents had been removed by suction, all MicroKans were2.31 (d,J = 1.8 Hz, 3H); LREIMS G/H17FIN3O, requires
pooled and washed by being shaken for 10 min with 2 mL 441.03, found 441 ([M], 11%), 246 ([EGZ1], 100%), 137

of MeOH per MicroKan and then for 10 min with 2 mL of
CH,CI; per MicroKan. This two-step washing process was

([EG2"], 26%); purity 92%, 3.0 mg (33% yield).
7{8,6,4}, 3-Methyl-4-oxo-2-phenyl-4H-chromene-8-car-

repeated three times. The resulting resins in the MicroKans boxylic Acid [11-(4-Amino-3-methoxybenzoylamino)un-

were dried in vacuo.

(c) Synthesis of $8—10,1—6}. The pooled MicroKans
containing4{8—10} were split into six 100-mL bottles by
using a radio-frequency reader (IRORI, San Diego, CA).
Each 100-mL bottle contained eight MicroKans 4{f8},
eight MicroKans of4{9}, and eight MicroKans ofi{ 10}.

decyllamide: *H NMR (500 MHz, CDC}) 6 8.49 (dd,J =
1.8, 7.5 Hz, 1H), 8.39 (dd] = 1.8, 7.9 Hz, 1H), 7.66 (m,
2H), 7.57 (m, 3H), 7.49 (&) = 7.7 Hz, 1H), 7.36 (dJ =

1.7 Hz, 1H), 7.10 (ddJ = 1.9, 8.1 Hz, 1H), 6.65 (d) =
8.1 Hz, 1H), 6.10 (brs, 2H), 3.89 (s, 3H), 3.43 (m, 4H), 2.19
(s, 3H), 1.60-1.19 (m, 18H); LREIMS GeH4sN3O0s requires

After the resins had been soaked with 2 mL of anhydrous 597.32, found 263 ([EGY, 26%), 150 ([EGZ1], 100%);

THF per MicroKan in the 100-mL bottle for 10 min, the
building blocks3{1—6} (10 equiv) were added separately

purity 56%, 5.7 mg (29% vyield).
7{8,1,4}, 3-Methyl-4-oxo-2-phenyl-4H-chromene-8-car-

to the six MicroKan-containing bottles. The six 100-mL boxylic Acid [2-(4-Amino-3-methoxybenzoylamino)ethyl]-
bottles were then shaken at room temperature for 17 h onamide: 'H NMR (500 MHz, CDC}) 6 8.38 (dd,J = 1.8,
an orbital shaker at 100 rpm. Afterward, all MicroKans were 8.6 Hz, 1H), 8.36 (ddJ = 1.8, 8.3 Hz, 1H), 7.71 (m, 1H),
pooled and were washed and dried in the same manner a§.67 (m, 2H), 7.54 (m, 3H), 7.46 (§,= 7.7 Hz, 1H), 7.33

used for4{8—10}.
(d) Synthesis of §8—10,1-6,1—8}. The pooled Micro-
Kans containingy{8—10,1—6} were split into eight groups

(d, J = 1.8 Hz, 1H), 7.16 (ddJ = 1.8, 8.0 Hz, 1H), 7.06
(m, 1H), 6.63 (d,J = 8.0 Hz, 1H), 3.87 (s, 3H), 3.69 (m,
2H), 3.63 (m, 2H), 2.19 (s, 3H); LREIMS £HsNsOs

by using the radio-frequency reader. Each group had 18requires 471.18, found 471 ([Nl 49%), 150 ([EG1],

MicroKans, each of which carried one member 58—
10,1—6}, and was added to a 100-mL bottle filled with a

100%); purity 80%, 3.3 mg (30% vyield).
7{9,6,1}, 4-Acetyl-3,5-dimethyl-1H-pyrrole-2-carboxylic

mixture of DCC (5 equiv), HOBT (5 equiv), and one member Acid [11-(4-Amino-5-chloro-2-methoxybenzoylamino)un-

of 2{1-8} (5 equiv) in 36 mL of dry THF. All bottles were

decyllamide: *"H NMR (500 MHz, C;OD) 6 7.79 (s, 1H),

shaken at room temperature for 17 h on an orbital shaker at6.49 (s, 1H), 3.90 (s, 3H), 3.34 (m, 4H), 2.49 (s, 3H), 2.48

100 rpm. Afterward, all MicroKans were pooled and were
washed and dried in the same manner as used{#®r 10} .

(e) Synthesis of {8—10,1-6,1—-8}. The pooled Micro-

(s, 3H), 2.48 (s, 3H), 1.58 (m, 4H), 1.33 (m, 14H); LREIMS
C2sH41CIN4O4 requires 532.28, found 532 ([N 29%), 184
([EG1'], 100%), 164 ([EG2], 24%); purity 94%, 2.5 mg

Kans containing{8—10,1—6,1—8} were splitinto 144 vials ~ (24% yield).

(each 20 mL in size) labeled accordingly by the radio-  7{9,1,3}, 3-Benzoylbenzoic Acid [2-(4-Amino-5-chloro-
frequency reader. A cleavage solution (2 mL) of ACOH/TFE/ 2-methoxybenzoylamino)ethyllamide!H NMR (500 MHz,
CH.ClI, (1:2:7) at room temperature was then added to eachCD3;OD) ¢ 8.23 (t,J = 1.7 Hz, 1H), 8.09 (m, 1H), 7.93 (m,
vial, and the vials were capped. After the samples in the 1H), 7.79 (s, 1H), 7.78 (dd] = 1.0, 8.3 Hz, 2H), 7.65 (m,
capped vials had been soaked and shaken overnight, th&H), 7.53 (m, 2H), 6.46 (s, 1H), 3.84 (s, 3H), 3.61 (s, 4H);
cleavage solution in each labeled vial was transferred to aLREIMS C,4H2,CIN3O,4 requires 451.13, found 451 ([N
well of a 96-well plate, and then the structure and the position 51%), 184 ([EG1], 100%); purity 90%, 2.1 mg (23% yield).
of the receiving well were recorded on a datasheet. Each 7{9,2,4}, 3-Methyl-4-oxo-2-phenyl-41-chromene-8-car-
MicroKan was then shaken with 2 mL of G&l, at room boxylic Acid [4-(4-Amino-5-chloro-2-methoxybenzoylami-
temperature for 1 h. The combined solutions stored in the no)butyl]Jamide: *H NMR (500 MHz, CQ;OD) ¢ 8.29 (dd,
96-well plate were concentrated using a Genevac DD4 J = 1.7, 8.0 Hz, 1H), 7.98 (dd] = 1.7, 7.4 Hz, 1H), 7.74
evaporation system to yield the desired discrete products.(s, 1H), 7.72 (m, 2H), 7.51 (m, 4H), 6.48 (s, 1H), 3.85 (s,

(c) Characterization of 24 Randomly Selected Members
of 7{8—10,1—6,1—8}. Twenty-four (17%) members Gf 8—
10,1-6,1—8} were randomly selected by taking the first

3H), 3.43 (t,J = 6.7 Hz, 2H), 3.30 (overlap with CiI®D
peak, 2H), 2.15 (s, 3H), 1.65L.54 (m, 4H); LREIMS GoHyg
CIN3Os requires 533.17, found 533 ([NI 6%), 184 ([EG1],

three compounds in each row of the 96-well plate. This 100%), 263 ([EGZ2], 65%); purity 85%, 2.2 mg (19% yield).
selection was random because the products were not sorted 7{9,2,2}, N-[4-(4-Amino-5-chloro-2-methoxybenzoy-
according to the building blocks labeled with unique radio- lamino)butyl]-2,6-dimethoxynicotinamide: *H NMR (500
frequency tags when the cleavage solutions were transferredMHz, CD;0OD) ¢ 8.19 (d,J = 8.3 Hz, 1H), 7.79 (s, 1H),
to the 96-well plates. The chemical structures of all selected 6.47 (s, 1H), 6.43 (dJ = 8.3 Hz, 1H), 4.08 (s, 3H), 3.97 (s,
members were confirmed by the spectroscopic data reported3H), 3.89 (s, 3H), 3.43 (m, 4H), 1.68 (m, 4H); LREIMS
herein. EG1 and EG2 stand for building blocks3—10} Ca0H2:CIN4Os requires 436.15, found 436 ([NL 80%), 184
and2{1-8}, respectively. ([EG1], 100%), 166 ([EG2], 96%); purity 90%, 1.8 mg
7{101,5}, 4-Fluoro-3-methylbenzoic Acid [2-(4-Amino- (20% vyield).

3-iodobenzoylamino)ethyllamide: 'H NMR (500 MHz, 7{8,2,5}, 4-Fluoro-3-methylbenzoic Acid [4-(4-Amino-
CDs0OD) 6 8.12 (d,J = 2.1 Hz, 1H), 7.72 (dd) = 1.9, 7.4 3-methoxybenzoylamino)butyllamide:*H NMR (500 MHz,
Hz, 1H), 7.67 (m, 1H), 7.59 (ddl = 2.1, 8.5 Hz, 1H), 7.10  CDsOD) 6 7.72 (dd,J = 1.9, 7.3 Hz, 1H), 7.66 (ddd] =
(t, J=9.0 Hz, 1H), 6.75 (dJ = 8.5 Hz, 1H), 3.55 (s, 4H), 2.4, 4.9, 7.8 Hz, 1H), 7.33 (d,= 1.7 Hz, 1H), 7.29 (ddJ
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= 1.7, 8.2 Hz, 1H), 7.09 (tJ = 8.9 Hz, 1H), 6.69 (dJ =
8.2 Hz, 1H), 3.88 (s, 3H), 3.39 (m, 4H), 2.30 (s, 3H), 1.68
(m, 4H); LREIMS GgH24FN3O;3 requires 373.18, found 373
(IM*], 100%), 150 ([EG1], 77%), 137 ([EG2], 43%);
purity >95%, 4.8 mg (66% yield).

7{10,3,3}, 3-Benzoylbenzoic Acid [5-(4-Amino-3-iodo-
benzoylamino)pentyl]lamide:*H NMR (500 MHz, CQ;OD)
0 8.21 (t,J = 1.6 Hz, 1H), 8.09 (dJ = 2.1 Hz, 1H), 8.05
(dt,J = 1.6, 7.7 Hz, 1H), 7.91 (dtJ = 1.6, 7.7 Hz, 1H),
7.79 (dd,J = 1.1, 8.3 Hz, 1H), 7.66 (m, 1H), 7.61 @,=
7.8 Hz, 1H), 7.56 (m, 2H), 6.73 (d,= 8.3 Hz, 1H), 3.4%
3.32 (m, 4H), 1.65 (m, 4H), 1.44 (m, 2H); LREIMS:¢E ¢
IN3O3 requires 555.10, found 555 ([N 87%), 246 ([EG1],
34%), 209 ([EG2], 34%); purity 70%, 4.1 mg (28% yield).

7{8,5,5}, 4-Fluoro-3-methylbenzoic Acid [9-(4-Amino-
3-methoxybenzoylamino)nonyljamideH NMR (500 MHz,
CDs;0OD) 6 7.71 (dd,J = 1.9, 7.5 Hz, 1H), 7.65 (ddd] =
2.4,4.9,7.9Hz, 1H), 7.32 (d,= 1.8, Hz, 1H), 7.28 (ddJ
= 1.8, 8.2 Hz, 1H), 7.09 (t) = 9.0 Hz, 1H), 6.69 (dJ =
8.2 Hz, 1H), 3.88 (s, 3H), 3.34 (m, 4H), 2.30 @= 1.6
Hz, 3H), 1.59 (brs, 4H), 1.36 (brs, 10H); LREIMS4E34-
FN3;O; requires 443.26, found 443 ([N 100%), 150
([EG1], 35%), 137 ([EG2], 42%); purity >95%, 4.5 mg
(51% vyield).

7{8,2,2}, N-[4-(4-Amino-3-methoxybenzoylamino)bu-
tyl]-2,6-dimethoxynicotinamide: *H NMR (500 MHz, C»»-
OD) 6 8.20 (d,J = 8.4 Hz, 1H), 7.33 (dJ = 1.8 Hz, 1H),
7.29 (dd,J = 1.8, 8.2 Hz, 1H), 6.69 (dJ = 8.2 Hz, 1H),
6.43 (d,J = 8.4 Hz, 1H), 4.07 (s, 3H), 3.96 (s, 3H), 3.88 (s,
3H), 3.42 (m, 4H), 1.68 (m, 4H); LREIMS fH26N4Os
requires 402.19, found 402 ([N} 87%), 150 ([EG1], 85%),
166 ([EG27, 100%); purity >95%, 5.4 mg (68% yield).

7{10,2,1}, 4-Acetyl-3,5-dimethyl-1H-pyrrole-2-carboxy-
lic Acid [4-(4-Amino-3-iodobenzoylamino)butyljamide: *H
NMR (500 MHz, CQOD) ¢ 8.11 (d,J = 2.0 Hz, 1H), 7.59
(dd,J = 2.0, 8.5 Hz, 1H), 6.75 (d) = 8.5 Hz, 1H), 3.37
(m, 4H), 2.49 (s, 3H), 2.48 (s, 3H), 2.43 (s, 3H), 1.66 (m,
4H); LREIMS GyH2sIN4Os requires 496.10, found 496
(IMT], 31%), 246 ([EG1], 100%), 164 ([EG2], 29%);
purity >95%, 5.1 mg (52% yield).

7{9,6,3}, 3-Benzoylbenzoic Acid [11-(4-Amino-5-chloro-
2-methoxybenzoylamino)undecyllamide:'H NMR (500
MHz, CDsOD) ¢ 8.22 (t,J= 1.6 Hz, 1H), 8.07 (dt) = 1.2,
7.7 Hz, 1H), 7.91 (dt) = 1.6, 7.7 Hz, 1H), 7.79 (dd] =
1.4,7.8 Hz, 2H), 7.79 (s, 1H), 7.65 (m, 2H), 7.54Xt 7.7
Hz, 2H), 6.49 (s, 1H), 3.89 (s, 3H), 3.35 (m, 4H), 1.59 (m,
4H), 1.34 (m, 14H); LREIMS gH4oCIN3O4 requires 577.27,
found 577 ([Mf], 19%), 184 ([EG1], 100%), 209 ([EG2],
30%); purity >95%, 2.6 mg (23% yield).

7{8,1,2}, N-[2-(4-Amino-3-methoxybenzoylamino)ethyl]-
2,6-dimethoxynicotinamide:*H NMR (500 MHz, CB;OD)
0 8.23 (d,J = 8.4 Hz, 1H), 7.32 (m, 2H), 6.71 (d,= 8.1
Hz, 1H), 6.43 (d,J = 8.4 Hz, 1H), 4.03 (s, 3H), 3.96 (s,
3H), 3.88 (s, 3H), 3.59 (m, 4H); LREIMS 1H2:N4Os
requires 374.16, found 374 ([N 100%), 150 ([EG1],
92%), 166 ([EG2], 100%); purity 60%, 4.9 mg (42% yield).

7{10,1,2}, N-[2-(4-Amino-3-iodobenzoylamino)ethyl]-
2,6-dimethoxynicotinamide:*H NMR (500 MHz, CB;OD)
0 8.24 (d,J = 8.4 Hz, 1H), 8.13 (dJ = 2.0 Hz, 1H), 7.61
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(dd,J= 2.0, 8.5 Hz, 1H), 6.76 (d] = 8.5 Hz, 1H), 6.43 (d,
J = 8.4 Hz, 1H), 4.04 (s, 3H), 3.96 (s, 3H), 3.57 (m, 4H);
LREIMS C;7H19IN4O4 requires 470.05, found 470 ([N,
10%), 246 ([EG1], 100%), 166 ([EG2], 60%); purity 80%,
4.3 mg (39% vyield).

7{9,2,1}, 4-Acetyl-3,5-dimethyl-1H-pyrrole-2-carboxylic
Acid [4-(4-Amino-5-chloro-2-methoxybenzoyl-amino)bu-
tyllamide: *H NMR (500 MHz, CB;OD) ¢ 7.79 (s, 1H),
6.49 (s, 1H), 3.89 (s, 3H), 3.39 (m, 4H), 2.48 (s, 6H), 2.43
(s, 3H), 1.67 (brs, 4H); LREIMS &H,/CIN4O, requires
434.17, found 434 ([M], 31%), 184 ([EG1], 100%), 164
([EG21], 16%); purity 90%, 2.0 mg (23% yield).

7{8,6,2}, N-[11-(4-Amino-3-methoxybenzoylamino)un-
decyl]-2,6-dimethoxynicotinamide: *H NMR (500 MHz,
CDs0OD) ¢ 8.21 (d,J = 8.4 Hz, 1H), 7.32 (dJ = 1.8 Hz,
1H), 7.28 (dd,J = 1.8, 8.1 Hz, 1H), 6.69 (dJ = 8.1 Hz,
1H), 6.44 (d,J = 8.4 Hz, 1H), 4.09 (s, 3H), 3.97 (s, 3H),
3.88 (s, 3H), 3.36 (m, 4H), 1.59 (m, 4H), 1.33 (m, 14H);
LREIMS C,7H40N4Os requires 500.30, found 500 ([}
100%), 166 ([EG2], 23%); purity >95%, 5.0 mg (51%
yield).

7{10,3,2}, N-[5-(4-Amino-3-iodobenzoylamino)pentyl]-
2,6-dimethoxynicotinamide:*H NMR (500 MHz, CQ;OD)

0 8.19 (d,J = 8.4 Hz, 1H), 8.09 (dJ = 2.3 Hz, 1H), 7.57
(dd,J = 2.3, 8.4 Hz, 1H), 6.73 (d] = 8.4 Hz, 1H), 6.43 (d,
J= 8.4 Hz, 1H), 4.04 (s, 3H), 3.96 (s, 3H), 3.40Jt= 6.9
Hz, 2H), 3.34 (tJ = 6.9 Hz, 2H), 1.64 (m, 4H), 1.44 (m,
2H); LREIMS GyH2sIN4O4 requires 512.09, found 512
(IM*], 33%), 246 ([EG1], 100%), 166 ([EG2], 88%);
purity 78%, 5.1 mg (42% yield).

7{8,2,1}, 4-Acetyl-3,5-dimethyl-1H-pyrrole-2-carboxylic
Acid [4-(4-Amino-3-methoxybenzoylamino)butyllamide:
H NMR (500 MHz, CBOD) ¢ 7.33 (d,J = 1.7 Hz, 1H),
7.29 (dd,J = 1.7, 8.1 Hz, 1H), 6.69 (d) = 8.1 Hz, 1H),
3.88 (s, 3H), 3.39 (m, 4H), 2.49 (s, 3H), 2.48 (s, 3H), 2.42
(s, 3H), 1.67 (m, 4H); LREIMS &H2gN4O,4 requires 400.21,
found 400 ([M"], 100%), 150 ([EG1], 37%), 166 ([EG2],
28%); purity >95%, 6.1 mg (78% vyield).

7{10,1,3}, 3-Benzoylbenzoic Acid [2-(4-Amino-3-iodo-
benzoylamino)ethyllamide:'H NMR (500 MHz, CxOD)

0 8.22 (s, 1H), 8.09 (dJ = 2.0 Hz, 1H), 8.08 (dJ = 7.9

Hz, 1H), 7.92 (d,J = 7.7 Hz, 1H), 7.78 (dJ = 7.2 Hz,
2H), 7.64 (m, 2H), 7.57 (dd] = 2.0, 8.5 Hz), 7.53 () =

7.8 Hz, 2H), 6.74 (dJ = 8.5 Hz, 1H), 3.57 (m, 4H);
LREIMS CyH20IN3O3 requires 513.05, found 513 ([N

35%), 246 ([EG1], 87%), 209 ([EG2], 38%); purity 80%,
6.2 mg (52% yield).

7{106,5}, 4-Fluoro-3-methylbenzoic Acid [11-(4-Amino-
3-iodobenzoylamino)undecyllamide!H NMR (500 MHz,
CD;0OD) ¢ 8.11 (d,J = 2.0 Hz, 1H), 7.71 (ddJ = 1.6, 7.3
Hz, 1H), 7.65 (dddJ = 2.4, 4.9, 7.9 Hz, 1H), 7.59 (dd,=
2.0, 8.5 Hz, 1H), 7.09 (1) = 9.0 Hz, 1H), 6.76 (dJ = 8.5
Hz), 3.32 (m, 4H), 2.30 (dJ = 1.6 Hz, 3H), 1.58 (m, 4H),
1.31 (m, 14H); LREIMS GeH3sFIN3O, requires 567.18,
found 567 ([M'], 25%), 246 ([EG1], 97%), 137 ([EG2],
70%); purity >95%, 5.0 mg (45% vyield).

7{10,6,2}, N-[11-(4-Amino-3-iodobenzoylamino)unde-
cyl]-2,6-dimethoxynicotinamide: 'H NMR (500 MHz,
CDs;0OD) ¢ 8.21 (d,J = 8.4 Hz, 1H), 8.11 (dJ = 2.0 Hz,
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1H), 7.59 (dd,J = 2.0, 8.5 Hz, 1H), 6.75 (dJ = 8.5 Hz,
1H), 6.44 (d,J = 8.4 Hz, 1H), 4.09 (s, 3H), 3.97 (s, 3H),
3.37 (t,J = 7.1 Hz, 2H), 3.30 (t) = 7.1 Hz), 1.58 (m, 4H),
1.33 (m, 14H); LREIMS GgH37IN 4O, requires 596.19, found
596 ([M*], 10%), 246 ([EG1], 100%), 166 ([EG2], 93%);
purity >95%, 5.5 mg (48% yield).

7{9,1,2}, N-[2-(4-Amino-5-chloro-2-methoxybenzoy-
lamino)ethyl]-2,6-dimethoxynicotinamide: *H NMR (500
MHz, CD;OD) 6 8.24 (d,J = 8.4 Hz, 1H), 7.82 (s, 1H),
6.48 (s, 1H), 6.44 (d) = 8.4 Hz, 1H), 4.05 (s, 3H), 3.97 (s,
3H), 3.87 (s, 3H), 3.61 (s, 4H); LREIMS 1@1,:CIN4Os
requires 408.12, found 408 ([Nl 8%), 184 ([EG1], 100%),
166 ([EG27], 74%); purity >95%, 2.0 mg (25% vyield).

7{9,2,5}, 4-Fluoro-3-methylbenzoic Acid [4-(4-Amino-
5-chloro-2-methoxybenzoylamino)butyl]amide:!H NMR
(500 MHz, CQXOD) 6 7.79 (s, 1H), 7.71 (dd) = 1.6, 7.3
Hz, 1H), 7.66 (dddJ = 2.4, 4.9, 7.9 1H), 7.09 (§ = 9.0
Hz, 1H), 6.49 (s, 1H), 3.89 (s, 3H), 3.41 (m, 4H), 2.30 (d,
J = 1.6 Hz, 3H), 1.67 (m, 4H); LREIMS £H,3CIFN30;
requires 407.14, found 407 ([N, 32%), 184 ([EG1],
100%), 137 ([EG2], 91%); purity >95%, 1.8 mg (23%
yield).

(d) In Vitro Inhibition Assay. The in vitro inhibition of
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MRAA (W81XWH-04-2-0001); NIH/NIAID (1R01AI054574-
01); NIH/NCI (CA15083); Attenuon, L.P.; and the University
of Minnesota Supercomputing Institute. We thank F. G.
Prendergast for his vision and support for the combinatorial
chemistry program and T. M. Kollmeyer for introducing the
IRORI technology and discussion.
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