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Solution Phase
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Institute of Materia Medica, Chinese Academy of Medical Sciences & Peking Union Medical College,

1 Xian Nong Tan Street, Beijing 100050, P. R. China, and School of Chemical Engineering,
Beijing Technology and Business Weisity, Beijing 100037, P. R. China

Receied March 27, 2004

An efficient solution-phase parallel synthesis of multisubstituted 5-aminobenzimidazoles is described. The
two fluorine atoms of 1,5-difluoro-2,4-dinitrobenzene (DFDNB) are sequentially and quantitatively replaced
by nucleophiles. Simultaneous reduction of aromatidinitro groups by P& C/HCOONH, results in 2,4,5-
benzenetriamines, which are continuously condensed with aldehydes to successfully construct the
benzimidazole ring without additional oxidants. The free aromatic amino group is further modified by
anhydrides, isocyanates, isothiocyanates, and sulfonyl chlorides. All the reactions involved here are highly
effective in giving the desired products at room temperature. Four diversity points are introduced in the
final products.

Introduction Scheme 1. Synthetic Route to 5-Aminobenzimidazole

. . . . Derivatives
In recent years, combinatorial chemistry has been widely

used by medicinal chemists in both drug lead discovery and Foorw,  F Ry,  Bomwona RZI:[
optimization! Although it derived from peptide synthesis ONﬁ WZN]C[ orRRNH.DPEA

on solid support, small molecular heterocycles have attracted 4 ' 2 3
more attention because they can offer a high degree of struc- oo
tural diversity and are more druglikeSolid-phase synthesis 3o RETRRN

has proved to be an effective way of synthesizing new com- .
At ; ; H H /
pounds because of the easy purification by a simple filtra- re Negy pocrcoons, R2 Negs prooscon 2 N>_R3
ii) scavenged by N/
NI H,N
4

H
AN
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NO,

tion—washing step. However, several disadvantages restrict o n
its wide applicatior?. Solution-phase synthesis combined with ™ ,_,,
scavenging techniques has become an effective approach for zre=r

library construction because of its irreplaceable character- *™F>Ff"

— . R
istics. These advantages include the facts that (1) many classs rcoo. orrnco, or rrcs, R2 N
5

6

2N H2 PS-NH, resin

5

R4

ical reactions and analytical techniques can be directly used, ===~ N
N

(2) the reaction scale is unlimited, and (3) an additional link- PS-NH resin
and-cleavage operation required for the resin is not netded. Re-RCORSOy
Benzimidazole has long been recognized as a “privileged '

substructure” for drug design. It is an important moiety 1,5-Difluoro-2,4-dinitrobenzene (DFDNB) is a protein
incorporated into many drugs with various biological activi- ¢rss-finker and also a versatile reagent for the efficient
ties and therapeutic applications including antiviralnti- introduction of diverse library scaffolddWe have launched
fungal? antitumor? antihistaminic$,etc. Among them, some 5 project to construct scaffold-directed heterocyclic libraries
5-aminobenzimidazole derivatives were proved to be throm- using DFDNB as the starting materfalHerein, we report
bin inhibitors or 5-HT antagonist$. Efficient preparation oy recent efforts on multistep parallel solution-phase

of a benzimidazole library is, therefore, of considerable gynthesis of 5-aminobenzimidazole derivatives with four
synthetic interest for both medicinal chemists and organic diversity points.

chemists. Many papers reported solid- or solution-phase

synthetic methods for benzimidazoles, but few of them are Results and Discussion

related to the solution-phase parallel synthesis of a 5-ami-  The synthetic route to the substituted 5-aminobenzimida-

nobenzimidazole library? zoles is depicted in Scheme 1. Previously, we used primary

amines and amino acids as nucleophiles to quantitatively

*To whom correspondence should be addressed. Pherg8-010- replace two fluorine atoms of DFDNB.Herein, we further
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College. amines in order to increase the diversity,(Rf 3. It was

* Beijing Technology and Business University. found that nucleophilic substitution with alcohols and phenols
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Table 1. MW and HPLC Purity for the Representative Substituted 5-Aminobenzimidazole Derivétiaed 6

R1

R N,
N
H
Entry RI R2 R3 R4 HPLC | MS MW
purity’ [ (found) | (caled.)
(%)
5a * " * SN H 1000 | 4822 | 481
i o
*
5h o U\ H 984 | 500.0 499
) S
|
/O
5 * £ * SN H 1000 | 4222 | 421
O/
/O
5d W* ? @[* H 100.0 | 466.2 465
F
(0] * 66
Se o~ [] \©\ H 1000 | 367.3 3
N o
* |
sf /ﬁ/* o ©/\/* H 98.0 | 428.1 427
* O\
sg * 0—+ H 986 | 490.2 489
/L/\/\ ©/ o~
/O
5h /[/\/\ ©/o— . } H 93.9 | 3942 393
*
5 >7 o : \C[F H 954 | 3642 363
o F
\_\_ F
*
(@] -
5 o A\ H 983 | 4832 482
\_\_ N\ / *
. p o
6a * o * O~ 0 1000 | 5242 523
F /U\ ’ .
o] o~ H
|
0 _0
6b * o * SN Q 97.1 631.2 630
? o | A
0 0
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Table 1 (Continued)

Entry RI R2 R3 R4 HPLC | Ms MW
purity® | (found) | (calcd.)
(%)
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Table 1 (Continued)

Entry R1 R2 R3 R4 HPLC MS MW

purity’ | (found) | (calcd.)
6n ~ O P *

(%)

98.3 584.2 583

60 \O NN o~ 99.6 604.2 603

100.0 406.2 405

6q o
bo |
\_\_*

o}
o) 100.0 558.3 557

6r F/t
Vo
\_\_*

100.0 619.2 618

“CC
F
6p o TN o—" ©/\/ * oS . 989 | 5703 | 569
RN C :F )cj)\
F
* 0\
O/
/O
/\
ozN’[ol‘*

>*O\_\i* o ©

a Purity based on the integration area of the HPLC peaks (the detection wavelength was 254 nm).

in the presence of inorganic bases@O; or KOH) led to boxylic acids (or equivalents) through dehydrogenation
3 in both high yield and purity at room temperature. catalyzed by a strong actd.The second one involves
Simultaneous reduction of the aromatmedinitro groups to forming Schiff's base intermediates of 1,2-phenylenedi-
generated was still achieved by utilization of HCOONH amines and aldehydes, then oxidative cyclization using
and Pd-C 22 Thus, some building blocks containing hydrogen- various oxidants such as DDQ and oxdfdlthough we
sensitive or potential catalyst poisoning groups had to be followed the conditions using carboxylic acids or aldehydes
excluded from the library synthesi& and DDQ to construct the benzimidazole ring, the anticipated
Although we had tried to isolate pure 2,4,5-benzenetri- productss were not obtained. It was reasoned that the harsh
amines4, it was found to be a very easily oxidizable conditions including heat and oxidation for cyclization might
substance, and the reaction solution generally turned quicklylead to the decomposition dfvery quickly. Therefore, much
from colorless to red and then to deep purple in air. HPLC  milder reaction conditions were tested for the efficient
MS analysis indicated that the reduction product eventually preparation ob. Fortunately5 could be gained in high yield
degraded to a complex mixture during isolation in all our when 4 reacted continuously with excess aldehyde in a
attempts. We, therefore, decided to adopt a continuousweakly acidic solution (6% HOACc) at room temperature
strategy without purifyingt, in which the reaction solution  without additional oxidants. Reaction of the equivalent
was directly filtered into another reaction vessel containing aldehyde with4 mostly gave a purity o6 of less than 80%
the aldehyde (FECHO) to yield5. by HPLC analysis. Therefore, the excess aldehyde might
Construction of the benzimidazole rirgis the key step  account for the prevention of the oxidation df The
of the route. Most popular synthetic methods can be divided remaining aldehyde was removed using an aminomethyl
into two groups according to the pathway. The first one polystyrene scavenger resin. We performed the experiments
involves the coupling of 1,2-phenylenediamines with car- on scales ranging from 0.62.0 mmol and successfully
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Table 2. MW and HPLC Purity for a Small Size (24 Members) Library
R1

R2 N,
Ré< D: .
N N

H
Entry |RI R2 R3 R4 HPLC purity®| MS MW
(%) (found) | (calcd.)
i (o]
1 PN * ~ 1| 812 6322 | 631
* S~
o
* o~ \0/©/
_0
i (0]
2 O, * ~ fsf 922 6582 | 657
©/\)\,, o~ p%\
_0O
(o) (o]
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* .
* O/ (o]
_0O
o
4 PN | 1 | 886 6162 | 6ls
| ey ot
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/\O
5 O, | 2 | 934 6422 | 641
©/\/]\ OD/ # i\
* o]
/\O
o
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* isgpet
/\O
(o] o]
7 O * 1| 849 5122 |57
* S~
(o]
* \O \OQ/
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- B
* (0]
[¢]
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* S~
* \O (o}
0 o]
10 PN + 1| 749 600.1 | 599
* ™.
* -0 \O/©/O
(0]
1 O, * | s 6262 | 625
"
©/\)\* _0 \p/\é*
(0]
0 o]
12 PN * I 89.0 6122 | 611
* ?\\,
" _0 o)
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Table 2 (Continued)

Entry | Rl R2 R3 R4 HPLC purity’| MS MW
(%) (found) | (caled.)
- 0O o
¢ ~ * ~N Il
13 A~ 'S 98.6 6102 | 609
* ]
o~ \O/©/
_0O
14¢ x| * SN 2 | 996 6362 | 635
o0 il . .
0 o]
/O
- o) 0
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™.
* 7
o o)
_0
. 9
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* *| o
SRS
/\O
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(0] R~
* *| )\
/\O
. o)
18 o7t | d 100.0 606.2 | 605
. (0] N
o .
o AL
/\O
C 0
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0 3.
* : o
(0] ~o
20° Aot * 990 5762 | 575
* ~ 6\'
0]
. o
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. (6} %\'
~ (o]
(0]
22¢ P A 1 |84 5781 | 577
o .
* o oL
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0O
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"
* _0 \’pjc‘:
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0]

aThe HPLC and MS data of these compounds are available in the Supporting Informidiamity based on the integration area of the
HPLC peaks (the detection wavelength was 254 rii¥)ixture of cis and trans isomers.
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obtained5 each time in approximately 80% vyield. Typical Generally, at the optimization stage of the reaction
compounds were characterized by HPtKS and NMR conditions, four kinds of side products were found in the
after purification by silica gel chromatography (Table 1). This final products according to the HPLEMS analysis. These
method can employ aromatic aldehydes with both electron- impurities include condensation products dfvith acetic
donating (entrie$a, 5¢, 56 and5g) and electron-withdraw-  acid, reductive alkylation or dialkylation products4fvith

ing groups (entriesd and5i). In addition, aliphatic (entries  aldehydes, and acetylated and formylated products ©he

5f, 5h, and5j) and heterocyclic (entrpb) aldehydes can  amounts of the first two side products could be minimized
also be used to construct the benzimidazole ring. as low as possible by controlling the amount of acetic acid

The reason for the spontaneous oxidation is still not clear. @hd selecting suitable mixed solvents as mentioned above.

It was previously reported that the initially formed imines The last two side products appeared only after the addition
Cou|d act as both reducing and Oxidizing agents and produce(pf basic resin. Therefore, it was essential that the reaction
benzimidazoles along with reductive alkylation side prod- reagents/solvents were completely removed and3iveas
ucts!® We did detect the reductive alkylation products by thoroughly washed with saturated sodium dicarbonate solu-
HPLC—MS analysis when using only ethanol as the solvent. tion prior to the next reaction. A small size (24 members)
But this could be avoided by selecting an appropriate library was prepared in a parallel manner, produdnim
combination of solvents, such as DMF/EtOH, THF/EtOH, 59% to~90% overall yield for three continuous reaction
or dioxane/EtOH. Another obstacle, however, appeared whensteps. Each crude product was analyzed by HPMS and
DMF/EtOH was employed as a combined solvent. The 9ave 75% to~100% purity at 254 nm (Table 2). Among
Schiff's base betwee and the remaining DMF was often  them, the purity of two compounds was lower than 80% with
found when performing acylation by sulfonyl chloride in the major impurities being unreacted intermediates or undesired
presence of an organic base, such as morpholine resin. Thi@cylation products as characterized by HPIMS analysis.
usually gave a major peak in t_he HPl:ClY/IS analysis Conclusion

corresponding to the [M+ 56]" ion in the ESI mass
spectrum. Thus, THF/EtOH or dioxane/EtOH was finally

selegted. Because. of the ngerved |qstab|llty4ofthe from DFDNB. This procedure includes primary (the first
continuous synthesis & was initially carried out under an . . . : . ;
diversity point) and secondary (the second diversity point)

argon atmosphere, but later this was found to be unnecessary, . - . .
This also implies that aldehyde might protedt from nucleophilic substitution of DFDNB, reduction of aromatic

oxidation or oxygen might not participate directly in the m-dinitro groups, condensation with aldehydes (the third

process of dehydrogenation. We suspect that the HCO groupdlverS|ty point) to construct the benzimidazole ring, and

of DMF or a trace amount of superoxide in the THF and acylation by_anhydrldes, Isocyanates, |soth|ocyanatgs, or
. . . N sulfonyl chlorides (the forth diversity point). All the reactions
1,4-dioxane might play a role in the oxidation process.

) ) o involved here are highly effective at room temperature in
_The free aromatic amino group 6fmay be modified in - iying the desired product. The procedure can be operated
different ways. Acylation is an easy, effective one and can i, 5 continuous approach, and four diversity points have been
produce many biologically active compounids’Here, we  iniroduced in the final produg It s likely that this approach
selected anhydride, sulfonyl chloride, isocyanate, and isothio- .50 pe used to generate a high-quality larger library for
cyanate to introduce the forth diversity point,fRt should biological evaluation.

be emphasized that it was necessary to thoroughly wash the

intermediate5 with saturated sodium dicarbonate solution Experimental Section

before acylation. Otherwise, remaining acetic acid or formic  All chemical reagents were purchased from Acros Organ-
acid could also acylate the amino group to decrease the purityics (Geel, Belgium) and used without further purification.
of 6. Acylation by the anhydride could be quickly completed Dry DCM was redistilled from phosphorus pentoxide.
in 30 min as monitored by HPLEMS analysis. Acylation ~ Aminomethyl polystyrene resin (loading 1.3 mmol/g, 1%
by isocyanate was also completed at room temperature overDVB cross-linked, 108200 mesh) and Merrifield resin
night. Acylation by isothiocyanate often needed heating to (loading 4.19 mmol/g, 1% DVB cross-linked, 1:6Q00
40°C or prolonging the reaction time to drive the reactionto mesh) were purchased from Tianjin Hecheng Corporation
completion. Acylation by sulfonyl chloride encountered many (Tianjin, China). Morpholine polystyrene resin (loading 4.04
difficulties. Although pyridine was a good solvent for sulfon- mmol/g, 1% DVB cross-linked, 166200 mesh) was pre-
ylation and the reaction could finish in 30 min, it was not pared from Merrifield resin according to the literature
suitable for library synthesis because of its unpleasant odormethod® HPLC analysis was performed on a Shimadzu
and difficulty of removal. Finally, we found that the reaction HPLC system equipped with an SPD-10A VP detector, an
could take place smoothly in dry dichloromethane (DCM) LC-10AT VP pump, and a DGU-12A degasser. The column
with morpholine polystyrene resin as the organic base. After employed was a Kromasil C18 column (46, 4.6 mmx

the acylation, all excess acylating reagents were scavenged b0 mm) from DIKMA. The eluent was a mixture of
commercially available aminomethyl polystyrene resin to give acetonitrile and water containing 0.05% TFA, with a linear
the desired product; which were further purified by silica  gradient from 5:95 v/v acetonitriteH,O to 95:5 v/v aceto-
gel column chromatography and characterized by HPLC nitrile—H,O over 5 min at a 1 mL/min flow rate. The UV
MS and NMR. The representatively synthesized 5-ami- detection was done at 254 nm. Auto HPERIS analysis
nobenzimidazole derivativesare also listed in Table 1. was performed on a ThermoFinnigan LCQ-Advantage mass

We have developed an efficient method for the parallel
solution-phase synthesis of 5-aminobenzimidazole derivatives
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spectrometer equipped with a Gilson 322 pump, Gilsor-UV

Li et al.

to give3c as a yellow precipitate. The3t was collected by

vis-152 detector, Gilson 215 liquid handler, and a fluent filtration and washed thoroughly with water. For a typical

splitter. The elution gradient, flow rate, and detection

compound, [2-(3,4-dimethoxy-phenyl)-ethyl]-(5-morpholin-

wavelength were the same as above. Five percent of the4-yl-2 4-dinitro-phenyl)-amine, 1.499 g of yellow powder

eluent was split into the MS system. Mass spectra were was obtained in 87% yield, with an HPLC purity99%.
recorded in either positive or negative ion mode using ES|-MS: m/z 431.0 (M— H)".

electrospray ionization. All NMR experiments were carried
out on a Varian Mercury 300 or 500 MHz NMR spectrometer
equipped with an autosampler using Ch@s the solvent.
Parallel synthesis was carried out on ar-HP Labortechnik

GmbH parallel synthesizer. Parallel evaporation of the
solvents was carried out on an HT-4 series Genevac
evaporator. Parallel filtration was performed on a parallel-

filtering apparatus designed by ourselv&BPhase separators
were purchased from Argonaut Inc. (Mid Glamorgan, U.K.).
General Procedure for the Synthesis of Intermediate
212 To a magnetically stirred solution of 1.0 equiv (typically
5.0 mmol) of 1,5-difluoro-2,4-dinitrobenzene and 1.1 equiv
of diisopropylethylamine (DIPEA) in 50 mL of THF was
added dropwise a solution of 1.0 equiv of primary amine in
50 mL of THF. The reaction mixture was continuously stirred
for an additionh1 h atroom temperature. The solvent was
evaporated, and water was added to precipRaide desired
intermediate2 was then collected by filtration and washed
thoroughly with water. For a typical compound, [2-(3,4-di-
methoxy-phenyl)-ethyl]-(5-fluoro-2,4-dinitro-phenyl)-amine,
1.808 g of yellow powder was obtained in 99% yield, with
an HPLC purity>99%. ESI-MS: m/z 364.0 (M — H)".
General Procedure for the Synthesis of Intermediate
3. 1. Method 1. To a magnetically stirred solution of
intermediate? (typically 4.0 mmol) in 20 mL of THF and
30 mL of alcohols (EtOH or MeOH)1 M KOH aqueous
solution was added dropwise until a yellow precipitate

General Procedure for the Synthesis of Intermediate
5. To a solution of 1.0 mmol of substituted dinitro compound
2or3in 15 mL of 1,4-dioxane and 15 mL of ethanol under
stirring was added 1.5 g of HCOONnNnd 200 mg of 10%
Pd—C. The reaction mixture turned from yellow to red and
then to colorless in 30 min at room temperature. The catalyst
and undissolved excess HCOOMNMere filtered, and the
filtrate was added directly into a solution of 1.2 mmol of al-
dehydes and 3 mL of glacial acetic acid in 15 mL of 1,4-
dioxane. After stirring at room temperature overnight, excess
aldehyde was scavenged by 600 mg (3.9 equiv to excess al-
dehyde) of aminomethyl polystyrene resin as monitored by
HPLC analysis. After the aldehyde was completely removed,
the resin was filtered and washed with EtOH. The combined
filtrate was evaporated in vacuo to dryness. The residue was
dissolved in a mixture of saturated sodium bicarbonate
solution and DCM. The organic layer was separated by a
phase separator and then evaporated in vacuo tdbgiviee
representative compounds—5j were further purified by
silica gel column chromatography eluting with EtOAc/
petroleum ether (1:1). For a typical compousal 1-[2-(3,4-
dimethoxy-phenyl)-ethyl]-6-fluoro-2-(3,4,5-trimethoxy-phenyl)-
1H-benzoimidazol-5-ylamine, 405 mg of light brown solid
was obtained in 84.1% yield, and it was fully characterized.
H NMR (300 MHz): 6 2.94 (t, 2H,J = 6.6 Hz), 3.61 (s,
3H), 3.79 (s, 3H), 3.83 (s, 6H), 3.87 (s, 3H), 4.41 (t, 2H,

appeared. The reaction mixture was shaken manually for 2= 6.6 Hz), 6.03 (d, 1HJ = 1.8 Hz), 6.30 (dd, 1HJ = 8.1

min, and enough water (100 mL) was added. TBarwas
collected by filtration and washed thoroughly with water.
For a typical compound, [2-(3,4-dimethoxy-phenyl)-ethyl]-
(5-ethoxy-2,4-dinitro-phenyl)-amine, 1.461 g of yellow
powder was obtained in 93% vyield, with an HPLC purity
>99%. ESI-MS: m/z390.0 (M— H)~.

2. Method 2. To a magnetically stirred solution of 1.0
equiv of intermediate (typically 4.0 mmol) in 20 mL of

Hz, J = 1.8 Hz), 6.51 (s, 2H), 6.58 (d, 1H, = 8.1 Hz),
7.09 (d, 1H,J = 10.2 Hz), 7.19 (d, 1HJ = 8.1 Hz).1C
NMR (125 MHz): 6 34.7, 46.4, 55.6, 55.7, 56.2, 60.9, 97.0,
97.2,105.9, 106.5, 111.1, 111.5, 120.5, 125.3, 127.7, 129.4,
131.3, 139.1, 147.8, 148.8, 149.3, 151.2, 153.1, 154.0.

The others §b—5j) were characterized bi{H NMR as
described below:

1-[2-(3,4-Dimethoxy-phenyl)-ethyl]-6-(4-ethyl-phenoxy)-

acetone, 1.2 equiv of phenols and 2.0 equiv of anhydrous 2-thiophen-2-yl-1H-benzoimidazol-5-ylamine (5b)*H NMR
K,CO; were added. The reaction mixture was shaken (300 MHz): & 1.23 (t, 3H,d = 7.8 Hz), 2.63 (m, 2HJ =

mechanically at room temperature for at ke until the
total disappearance @fas detected by HPLC analysis was
confirmed. Enough water (100 mL) was added to gde
as a yellow precipitate. TheBb was collected by filtration

and washed thoroughly with water. For a typical compound,

[2-(3,4-dimethoxy-phenyl)-ethyl]-[5-(4-ethyl-phenoxy)-2,4-
dinitro-phenyl]-amine, 1.465 g of yellow powder was
obtained in 78% vyield, with an HPLC purity 99%. ESI-
MS: m/z466.0 (M— H)~.

3. Method 3. To a magnetically stirred solution of 1.0
equiv of intermediate (typically 4.0 mmol) in 20 mL of

7.8 Hz), 2.98 (t, 2H) = 7.2 Hz), 3.67 (s, 3H), 3.80 (s, 3H),
4.42 (t,2HJ= 7.2 Hz), 6.32 (d, 1HJ = 1.8 Hz), 6.50 (dd,
1H,J=8.1Hz,J=1.8 Hz), 6.68 (d, 1HJ = 8.1 Hz), 6.82
(s, 1H), 6.88 (d, 2HJ = 8.4 Hz), 7.09 (dd, 1HJ = 3.6 Hz,
J=4.8Hz), 7.15 (d, 2HJ = 8.4 Hz), 7.29 (d, 1HJ = 3.6
Hz), 7.43 (d, 1HJ = 4.8 Hz).
6-Fluoro-1-phenethyl-2-(3,4,5-trimethoxy-phenyl)-H-

benzoimidazol-5-ylamine (5¢)*H NMR (300 MHz): 6 3.03
(t, 2H,J = 7.2 Hz), 3.84 (s, 6H), 3.89 (s, 3H), 4.41 (t, 2H,
J= 7.2 Hz), 6.61 (s, 2H), 6.62 (d, 1H,= 4.2 Hz), 6.86

THF, 1.1 equiv of DIPEA and 1.1 equiv of secondary amines (M. 2H), 7.05 (d, 1HJ = 10.2 Hz), 7.17#7.20 (m, 3H).
were added. The reaction mixture was shaken mechanically 6-(3,5-Dimethyl-phenoxy)-2-(2-fluoro-phenyl)-1-(3-phen-
at room temperature overnight and evaporated to dryness toyl-propyl)-1 H-benzoimidazol-5-ylamine (5d).*H NMR

give a yellow solid or oil. Enough water (100 mL) was added

(300 MHz): 61.99 (m, 2H), 2.28 (s, 6H), 2.43 (t, 28=7.5
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Hz), 3.99 (t, 2H,J = 7.5 Hz), 6.63 (s, 2H), 6.73 (s, 1H),
6.92 (s, 1H), 6.947.30 (m, 8H), 7.48 (m, 1H), 7.62 (m, 1H).
2-(4-Methoxy-phenyl)-6-morpholin-4-yl-1-propyl-1H-

benzoimidazol-5-ylamine (5e)*H NMR (300 MHz): ¢ 0.88
(t, 3H,J = 7.5 Hz), 1.78 (m, 2H), 2.99 (t, 4H,= 4.2 Hz),
3.87 (s, 3H), 3.91 (t, 4H) = 4.2 Hz), 4.10 (t, 2HJ = 7.5
Hz), 6.96 (s, 1H), 7.01 (d, 2H] = 9.0 Hz), 7.15 (s, 1H),
7.60 (d, 2H,J = 9.0 Hz).
6-(3,5-Dimethyl-phenoxy)-1-(1,1-dimethyl-propyl)-2-
phenethyl-1H-benzoimidazol-5-ylamine (5f)1H NMR (300
MHz): 6 0.69 (t, 3H,J = 7.2 Hz), 1.75 (s, 6H), 2.02 (m,
2H), 2.26 (s, 6H), 3.30 (m, 4H), 6.56 (s, 2H), 6.68 (s, 1H),
7.16 (s, 1H), 7.26 (s, 1H), 7.367.33 (m, 5H).
1-(1-Methyl-hexyl)-6-phenoxy-2-(3,4,5-trimethoxy-phen-
yl)-1H-benzoimidazol-5-ylamine (5g).*H NMR (300
MHz): 6 0.73 (t, 3H,J = 7.2 Hz), 0.92-1.16 (m, 6H), 1.56
(d, 3H,J = 6.9 Hz), 2.02 (m, 2H), 3.88 (s, 6H), 3.90 (s, 3H),
4.52 (m, 1H), 6.80 (s, 2H), 6.96 (d, 2= 7.5 Hz), 7.04 (t,
1H,J=7.5Hz), 7.15 (s, 1H), 7.23 (s, 1H), 7.30 (t, 2H+=
7.5 Hz).
2-(1-Ethyl-propyl)-1-(1-methyl-heptyl)-6-phenoxy-H-
benzoimidazol-5-ylamine (5h).*H NMR (300 MHz): ¢
0.87 (t, 3H,J = 7.2 Hz), 0.93 (t, 3HJ = 7.2 Hz), 0.97 (t,
3H,J = 7.2 Hz), 1.26 (m, 6H), 1.56 (d, 3H, = 6.9 Hz),
1.87 (m, 4H), 2.05 (m, 2H), 2.81 (m, 1H), 4.48 (m, 1H),
7.03 (d, 2H,J = 7.8 Hz), 7.09 (t, 1H,) = 7.8 Hz), 7.15 (s,
1H), 7.26 (s, 1H), 7.36 (t, 2H] = 7.8 Hz).
2-(3,4-Difluoro-phenyl)-6-fluoro-1-(3-isopropoxy-pro-
pyl)-1H-benzoimidazol-5-ylamine (5i). *H NMR (300
MHz): 6 1.09 (d, 6H,J = 6.3 Hz), 2.00 (m, 2H), 3.31 (t,
2H,J = 5.4 Hz), 3.43 (m, 1H), 4.28 (t, 2H] = 6.9 Hz),
7.13 (d, 1HJ = 9.9 Hz), 7.16 (d, 1HJ) = 7.8 Hz), 7.30 (t,
1H, J = 9.0 Hz), 7.48 (m, 1H), 7.62 (t, 1H] = 9.0 Hz).
1-(3-Butoxy-propyl)-2-(2-furan-2-yl-vinyl)-6-(quinolin-
8-yloxy)-1H-benzoimidazol-5-ylamine (5j).*H NMR (300
MHz): 6 0.75 (t, 3H,J = 7.5 Hz), 1.22 (m, 2H), 1.46 (m,
2H), 2.00 (m, 2H), 3.27 (t, 4H]) = 6.6 Hz), 4.25 (t, 2H)
= 6.6 Hz), 6.46 (dd, 1HJ = 3.6 Hz,J = 1.8 Hz), 6.50 (d,
1H,J = 3.6 Hz), 6.93 (dd, 1HJ = 7.8 Hz,J = 1.8 Hz,),
6.99 (d, 1H,J = 15.9 Hz), 7.11 (s, 1H), 7.20 (s, 1H), 7.36
(t, 1H,J = 7.8 Hz), 7.44 (d, 1H) = 1.8 Hz), 7.48 (t, 1H,
J = 1.8 Hz), 7.51 (d, 1H]) = 3.6 Hz,), 7.69 (d, 1HJ =
15.9 Hz), 8.20 (dd, 1HJ = 7.8 Hz,J = 1.8 Hz), 9.03 (dd,
1H,J = 4.2 Hz,J = 1.8 Hz).
General Procedure for the Synthesis of 6. 1. Method
1. To a solution of 0.10 mmol @b in 1.5 mL of dry DCM,
0.30 mmol of different acylating reagents (anhydride, isocy-
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24 h, the resin was filtered and washed with dry DCM. To
the filtrate, 500 mg (3.2 equiv to excess sulfonyl chloride)
of aminomethyl polystyrene resin was added to remove
excess sulfonyl chloride. Then the resin was filtered and
washed with dry DCM. The combined filtrate was evaporated
in vacuo to give produd. For a typical compounéi, 42.3

mg of white powder was obtained in 83% vyield.

The representative compouris—6swere further purified
by silica gel column chromatography eluting with EtOAc/
petroleum ether (1:1). For a typical compou6d, N-(6-
morpholin-4-yl-1-propyl-2-pyridin-3-yl-H-benzoimidazol-
5-yl)-acetamide, 30.3 mg of light yellow solid was obtained
in 88% vyield, and it was fully characterizet NMR (300
MHz): 6 0.86 (t, 3H,J = 7.2 Hz), 1.81 (m, 2H), 2.21 (s,
3H), 2.94 (m, 4H), 3.90 (m, 4H), 4.16 (t, 2Hd,= 7.2 Hz),
7.16 (s, 1H), 7.45 (m, 1H), 8.07 (d, 1d,= 8.1 Hz), 8.57
(s, 1H, exchangeable with,D), 8.71 (s, 1H), 8.81 (s, 1H),
8.91 (s, 1H)XC NMR (125 MHz): 6 11.2, 23.3, 24.9, 46.4,
53.3, 67.7, 102.1, 111.0, 123.7, 127.0, 129.6, 131.8, 137.1,
138.6, 140.5, 149.3, 150.4, 150.9, 167.8.

The others §a—6s) were characterized byH NMR as
described below:

N-[1-[2-(3,4-Dimethoxy-phenyl)-ethyl]-6-fluoro-2-(3,4,5-
trimethoxy-phenyl)-1H-benzoimidazol-5-yl]-acetamide (6a).
H NMR (300 MHz): ¢ 2.25 (s, 3H), 2.93 (t, 2H] = 6.6
Hz), 3.60 (s, 3H), 3.79 (s, 3H), 3.84 (s, 6H), 3.88 (s, 3H),
4.46 (t, 2H,J = 6.6 Hz), 6.04 (s, 1H), 6.28 (d, 1Kd,= 8.7
Hz), 6.56 (s, 2H), 6.58 (d, 1Hl = 8.7 Hz), 7.13 (d, 1H/
= 10.5 Hz), 7.46 (br, 1H), 8.61 (d, 1H,= 7.8 Hz).

1-[1-[2-(3,4-Dimethoxy-phenyl)-ethyl]-6-fluoro-2-(3,4,5-
trimethoxy-phenyl)-1H-benzoimidazol-5-yl]-3-(4-methoxy-
phenyl)-urea (6b).*™H NMR (300 MHz): 6 2.90 (t, 2H,J
= 6.6 Hz), 3.60 (s, 3H), 3.76 (s, 6H), 3.81 (s, 6H), 3.86 (s,
3H), 4.41 (t, 2H,J = 6.6 Hz), 6.06 (s, 1H), 6.27 (d, 1H,
= 7.8 Hz), 6.54 (s, 2H), 6.57 (d, 1H,= 7.8 Hz), 6.84 (d,
2H, J = 8.4 Hz), 7.03 (br, 1H, exchangeable with@®),
7.08 (d, 1H,J = 10.5 Hz), 7.26 (d, 2HJ) = 8.4 Hz), 8.32
(d, 1H,J = 7.5 Hz).

1-[1-[2-(3,4-Dimethoxy-phenyl)-ethyl]-6-fluoro-2-(3,4,5-
trimethoxy-phenyl)-1H-benzoimidazol-5-yl]-3-(4-triflu-
oromethyl-phenyl)-urea (6¢).*H NMR (300 MHz): 6 2.89
(t, 2H,J = 6.6 Hz), 3.59 (s, 3H), 3.74 (s, 3H), 3.77 (s, 6H),
3.83 (s, 3H), 4.40 (t, 2H] = 6.6 Hz), 6.10 (s, 1H), 6.26 (d,
1H, J = 7.8 Hz), 6.54 (s, 2H), 6.55 (d, 1H, = 7.8 Hz),
7.06 (d, 1H,J = 10.2 Hz), 7.39 (s, 4H), 7.61 (br, 1H), 8.30
(d, 1H,J = 6.6 Hz).

1-Benzyl-3-[1-[2-(3,4-dimethoxy-phenyl)-ethyl]-6-fluoro-

anate, or isothiocyanate) was added. The reaction mixture wa2-(3,4,5-trimethoxy-phenyl)-H-benzoimidazol-5-yl]-
shaken mechanically at room temperature for at least 24 h. Tourea (6d). *H NMR (300 MHz): ¢ 2.91 (t, 2H,J = 6.6
the reaction mixture, 500 mg (3.2 equiv to excess acylating Hz), 3.58 (s, 3H), 3.77 (s, 3H), 3.82 (s, 6H), 3.87 (s, 3H),
reagent) of aminomethyl polystyrene resin was added to re-4.43 (t, 2H,J = 6.6 Hz), 4.47 (d, 2HJ = 4.8 Hz), 5.29 (br,
move excess acylating reagent. Then the resin was filtered1H), 6.05 (s, 1H), 6.28 (d, 1H] = 7.5 Hz), 6.55 (s, 2H),

and washed with dry DCM. The combined filtrate was evap-

orated in vacuo to give producss For a typical compound

69, 39.3 mg of white powder was obtained in 97% yield.
2. Method 2.To a solution of 0.10 mmol 06 in 1.5 mL

of dry DCM, 200 mg (8.0 equiv t&) of morpholine resin

and 0.30 mmol of sulfonyl chloride were added. After the

6.58 (d, 1H,J = 7.5 Hz), 7.12 (d, 1H,J = 9.3 Hz),
7.24~7.32 (m, 5H), 8.13 (d, 1HJ = 7.5 Hz).
N-{1-[2-(3,4-Dimethoxy-phenyl)-ethyl]-6-fluoro-2-
thiophen-2-yl-1H-benzoimidazol-5-y} -4-methyl-benzene-
sulfonamide (6e).*H NMR (300 MHz): 6 2.36 (s, 3H), 3.02
(t, 2H,J = 7.2 Hz), 3.67 (s, 3H), 3.82 (s, 3H), 4.48 (t, 2H,

reaction mixture was shaken at room temperature for at least) = 7.2 Hz), 6.33 (d, 1HJ = 1.8 Hz), 6.51 (dd, 1H)=1.8
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Hz,J= 8.4 Hz), 6.64 (d, 1HJ) = 2.4 Hz), 6.70 (d, 1H) =
8.4 Hz), 6.85 (d, 1HJ = 9.6 Hz), 7.13 (t, 1H,) = 4.5 Hz),
7.21 (d, 2H,J = 7.8 Hz), 7.35 (br, 1H), 7.50 (d, 1H, =
4.5 Hz), 7.68 (d, 2HJ = 7.8 Hz), 7.85 (d, 1HJ = 6.9 Hz).
N-{2-(3,5-Bis-trifluoromethyl-phenyl)-1-[2-(3,4-
dimethoxy-phenyl)-ethyl]-6-ethoxy-H-benzoimidazol-5-
ylI}-benzenesulfonamide (6f)'*H NMR (300 MHz): 6 1.43
(t, 3H,J = 6.6 Hz), 2.92 (t, 2H,) = 6.0 Hz), 3.47 (s, 3H),
3.78 (s, 3H), 4.00 (m, 2H), 4.47 (t, 2H~= 6.0 Hz), 5.90 (s,
1H), 6.04 (d, 1H,J = 7.8 Hz), 6.54 (d, 1HJ = 7.8 Hz),
6.77 (s, 1H), 7.18 (s, 1H), 7.48 (t, 2B= 7.8 Hz), 7.52 (t,
1H,J = 7.8 Hz), 7.76 (s, 2H), 7.84 (d, 2H, = 7.8 Hz),
7.89 (br, 1H), 7.93 (s, 1H).
N-[1-[2-(3,4-Dimethoxy-phenyl)-ethyl]-6-(4-ethyl-phe-
noxy)-2-pyridin-3-yl-1H-benzoimidazol-5-yl]-4-methyl-
benzenesulfonamide (6 g)*H NMR (300 MHz): 6 1.26
(t, 3H,J = 7.5 Hz), 2.36 (s, 3H), 2.65 (m, 2H,= 7.5 Hz),
2.76 (t, 2H,J = 6.0 Hz), 3.53 (s, 3H), 3.81 (s, 3H), 4.31 (t,
2H,J = 6.0 Hz), 5.91 (s, 1H), 6.08 (d, 1H, = 8.4 Hz),
6.53 (d, 1H,J = 8.4 Hz), 6.60 (d, 2HJ = 7.8 Hz), 6.76 (s,
1H), 7.11 (d, 2HJ = 7.8 Hz), 7.12 (s, 1H), 7.14 (d, 2H,
= 7.8 Hz), 7.29 (m, 1H), 7.56 (d, 1H,= 8.1 Hz), 7.66 (d,
2H,J = 7.8 Hz), 8.10 (s, 1H), 8.61 (s, 1H), 8.64 (s, 1H).
N-[2-(4-Methoxy-phenyl)-6-morpholin-4-yl-1-propyl-
1H-benzoimidazol-5-yl]-benzenesulfonamide (6i}H NMR
(300 MHz): 6 0.86 (t, 3H,J = 7.2 Hz), 1.78 (m, 2H), 2.59
(m, 4H), 3.80 (m, 4H), 3.88 (s, 3H), 4.10 (t, 2B,= 7.2
Hz), 7.02 (d, 2HJ = 8.1 Hz), 7.09 (s, 1H), 7.39 (t, 2H,=
7.8 Hz), 7.48 (t, 1H) = 7.8 Hz), 7.61 (d, 2HJ = 8.1 Hz),
7.86 (d, 2H,J = 7.8 Hz), 7.97 (s, 1H), 8.03 (s, 1H,
exchangeable with D).
N-[6-(3,5-Dimethyl-phenoxy)-1-(1,1-dimethyl-propyl)-
2-phenethyl-1H-benzoimidazol-5-yl]-acetamide (6j).'H
NMR (300 MHz): 6 0.65 (t, 3H,J = 7.8 Hz), 1.72 (s, 6H),
1.96 (m, 2H,J = 7.8 Hz), 2.11 (s, 3H), 2.26 (s, 6H), 3.31
(m, 4H), 6.58 (s, 2H), 6.72 (s, 1H), 7.27.31 (m, 6H), 7.52
(s, 1H, exchangeable with,D), 8.75 (s, 1H).
N-[6-Ethoxy-1-pentyl-2-(3,4,5-trimethoxy-phenyl)-H-
benzoimidazol-5-yl]-benzenesulfonamide (6k)!H NMR
(500 MHz): 6 0.82 (t, 3H,J = 7.0 Hz), 1.23 (m, 6H), 1.34
(t, 3H,J = 7.0 Hz), 1.75 (m, 2H), 3.90 (s, 9H), 4.16 (m,
2H), 6.65 (s, 1H), 6.90 (s, 2H), 7.02 (s, 1H), 7.38 (t, 2H,
= 7.5Hz), 7.48 (t, IHJ = 7.5 Hz), 7.79 (d, 2HJ = 7.5
Hz), 7.92 (s, 1H).
N-[1-(3-Methoxy-propyl)-6-piperidin-1-yl-2-thiophen-
2-yl-1H-benzoimidazol-5-yl]-benzenesulfonamide (6I¥H
NMR (300 MHz): 6 1.56 (m, 2H), 1.67 (m, 4H), 2.06 (m,
2H), 2.50 (m, 4H), 3.26 (s, 3H), 3.30 (t, 2d,= 5.4 Hz),
4.41 (t, 2H,J = 7.2 Hz), 7.10 (s, 1H), 7.16 (t, 1H,= 4.2
Hz), 7.36 (t, 2HJ = 7.2 Hz), 7.45 (t, 1H) = 7.2 Hz), 7.49
(d, 1H,J = 4.2 Hz), 7.57 (d, 1HJ) = 3.6 Hz), 7.85 (d, 2H,
J= 7.2 Hz), 7.99 (s, 1H), 8.19 (br, 1H).
N-[2-(4-Butoxy-phenyl)-1-(3-methoxy-propyl)-6-piperi-
din-1-yl-1H-benzoimidazol-5-yl]-4-methyl-benzenesulfona-
mide (6m). *H NMR (300 MHz): 6 0.99 (t, 3H,J = 7.5
Hz), 1.52 (m, 4H), 1.68 (m, 4H), 1.80 (m, 2H), 1.93 (m,
2H), 2.31 (s, 3H), 2.54 (m, 4H), 3.18 (s, 3H), 3.20 (t, ZH,
= 6.0 Hz), 4.02 (t, 2HJ = 6.0 Hz), 4.26 (t, 2HJ = 6.6
Hz), 6.99 (d, 2HJ= 7.8 Hz), 7.11 (s,1H), 7.15 (d, 2K,=
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7.8 Hz), 7.62 (d, 2H) = 7.8 Hz), 7.74 (d, 2HJ) = 7.8 Hz),
7.95 (s, 1H), 8.18 (br, 1H).
N-[6-(3,5-Dimethyl-phenoxy)-2-(2,5-dimethyl-phenyl)-
1-(3-methoxy-propyl)-1H-benzoimidazol-5-yl]-4-methyl-
benzenesulfonamide (6ny:H NMR (300 MHz): 6 1.68 (m,
2H), 2.17 (s, 3H), 2.24 (s, 6H), 2.34 (s, 3H), 2.36 (s, 3H),
3.00 (s, 3H), 3.05 (t, 2H) = 5.7 Hz), 3.93 (t, 2HJ = 6.9
Hz), 6.30 (s, 2H), 6.74 (s, 1H), 6.80 (s, 1H), 6.97 (s, 1H),
7.15-7.20 (t, 5H), 7.67 (d, 2HJ = 8.4 Hz), 8.03 (s, 1H).
N-[2-(3,4-Difluoro-phenyl)-1-(3-methoxy-propyl)-6-
(5,6,7,8-tetrahydro-naphthalen-1-yloxy)-H-benzoimida-
zol-5-yl]-benzenesulfonamide (60)*H NMR (300 MHz):
0 1.77 (m, 6H), 2.40 (t, 2H) = 5.4 Hz), 2.80 (t, 2HJ =
5.4 Hz), 3.04 (s, 3H), 3.10 (t, 2H,= 5.4 Hz), 4.15 (t, 2H,
J=6.9 Hz), 6.23 (d, 1HJ = 8.1 Hz), 6.60 (s, 1H), 6.92 (t,
1H, J = 6.9 Hz), 6.98 (d, 1HJ = 6.9 Hz), 7.10 (s, 1H),
7.31 (s, 1H), 7.39 (t, 2H) = 7.8 Hz), 7.52 (m, 1H), 7.59 (t,
1H,J= 7.8 Hz), 7.76 (d, 1HJ = 6.6 Hz), 7.82 (d, 2HJ =
7.8 Hz), 8.11 (s, 1H).
N-[6-(3,5-Dimethyl-phenoxy)-1-(3-methoxy-propyl)-2-
phenethyl-1H-benzoimidazol-5-yl]-benzenesulfonamide (6p).
IH NMR (300 MHz): 6 1.77 (m, 2H), 2.20 (s, 6H), 3.11
(m, 4H), 3.12 (s, 3H), 3.24 (t, 2H,= 7.2 Hz), 3.94 (t, 2H,
J=7.2 Hz), 6.21 (s, 2H), 6.70 (s, 1H), 6.71 (s, 1H), 6.98
(s, 1H), 7.24 (m, 5H), 7.33 (t, 2H,= 7.8 Hz), 7.48 (t, 1H,
J=7.8Hz), 7.74 (d, 2H) = 7.8 Hz), 8.05 (s, 1H).
N-[2-(3,4-Difluoro-phenyl)-6-fluoro-1-(3-isopropoxy-
propyl)-1H-benzoimidazol-5-yl]-acetamide (6g)*H NMR
(300 MHz): 6 1.10 (d, 6HJ = 7.5 Hz), 2.01 (m, 2H), 2.25
(s, 3H), 3.31 (t, 2HJ = 5.4 Hz), 3.44 (m, 1H), 4.33 (t, 2H,
J=7.2Hz),7.23 (d, 1H) = 10.2 Hz), 7.33 (t, 1HJ = 9.0
Hz), 7.38 (s, 1H, exchangeable with @), 7.53 (m, 1H),
7.64 (m, 1H), 8.61 (d, 1H) = 6.9 Hz).
N-[6-Fluoro-1-(3-isopropoxy-propyl)-2-(3,4,5-trimethoxy-
phenyl)-1H-benzoimidazol-5-yl]-benzenesulfonamide (6r).
H NMR (500 MHz): ¢ 1.05 (d, 6H,J = 6.0 Hz), 1.97 (m,
2H), 3.30 (t, 2H,J = 5.5 Hz), 3.38 (m, 1H), 3.91 (s, 9H),
4.29 (t, 2H,J = 7.5 Hz), 6.91 (s, 2H), 7.10 (d, 1H,= 9.5
Hz), 7.41 (t, 2HJ = 8.0 Hz), 7.51 (t, 1HJ) = 8.0 Hz), 7.79
(d, 2H,J = 8.0 Hz), 7.88 (d, 1HJ = 7.5 Hz).
N-[6-(3,5-Dimethyl-phenoxy)-1-(3-isopropoxy-propyl)-
2-(5-nitro-furan-2-yl)-1 H-benzoimidazol-5-yl]-benzene-
sulfonamide (6s).*H NMR (300 MHz): 6 0.95 (d, 6HJ =
6.6 Hz), 2.03 (m, 2H), 2.19 (s, 3H), 2.24 (s, 3H), 2.37 (s,
3H), 3.33 (t, 2H,J = 6.0 Hz), 3.42 (m, 1H), 4.43 (t, 2H)
= 7.2 Hz), 6.42 (d, 1HJ) = 8.4 Hz), 6.47 (s, 1H), 6.77 (s,
1H), 7.01 (d, 1HJ = 8.4 Hz), 7.11 (s, 1H), 7.16 (d, 2H,
= 8.1 Hz), 7.40 (d, 1HJ = 3.6 Hz), 7.48 (d, 1H) = 3.6
Hz), 7.66 (d, 2H,J = 8.1 Hz), 8.07 (s, 1H).
General Procedure for Library Synthesis. To each
solution of eight intermediatekor 3 (0.15 mmol/compound)
in 1 mL of 1,4-dioxane and 0.5 mL of ethanol was added
150 mg of HCOONH and 20 mg of 10% PdC under
magnetic stirring. When all reaction mixtures turned color-
less, the solutions were simultaneously filtered into eight
additional reaction vessels using a parallel-filtering apparatus
with or without argon protection. Each reaction vessel
contained a solution of 0.30 mmol of aldehyde and 450
of glacial acetic acid in 0.5 mL of 1,4-dioxane. All reaction



Synthesis of Substituted 5-Aminobenzimidazoles Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 821

vessels were then put into the-H P Labortechnik GmbH (6) Vanden Bossche, H.; Engelen, M.; Rochette,JF.Vet.
parallel synthesizer and simultaneously stirred at room Pharmacol. Ther2003 26, 5-29.

; ; ; (7) Kagechika, HCurr. Med. Chem2002 9, 591-608.
temperature overnight. The excess aldehyde in each reaction (8) A-Muhaimeed, H.J. Int. Med. Res1997 25, 175-181.

vessel was scavenged by 500 mg (4.3 equiv to excess (9) (a) Hauel, N. H.; Nar, H.; Priepke, H. M. W.; Ries, U. J.

aldehydes) of aminomethyl polystyrene resin. When all Stassen, J. M.; Wienen, W. Med. Chem2002 45, 1757~

aldehydes were removed completely as monitored by HPLC 1766. (b) Thies, C.; Braun, C.; Pouzet, P.; Anderskewitz,
MS analysis, the resin was filtered and washed with EtOH. R.; Disse, B.; Dollinger, H.; Jennewein, H. M.; Nar, H.;
The combined filtrate of each reaction vessel was evaporated ~ Hasselbach, K. M. PCT International Application WO

in vacuo to complete dryness using an HT-4 series Genevac 2002062785, 2002. (c) Suzuki, K.; Ohtaka, H.; Ozaki, A;
p y g Morimoto, Y.; Sukamoto, T. PCT International Application

evaporator. Each residue was subsequently dissolved in a WO 9301176, 1993.
mixture of 2 mL of saturated sodium bicarbonate solution (10) (a) Tumelty, D.; Cao, K.; Holmes, C. Prg. Lett.2001, 3,

and 2 mL of DCM, and the organic layer was separated using 83—86. (b) Mazurov, A.Bioorg. Med. Chem. Let00Q
15 mL of phase separators. All the individual collections 107T67_Zloa(c) Iumelty, D-?7S4Ch7W%27v M'dK'; Need?$: M.
were evaporated to complete dryness again to give interme- C. Tetrahedron Lett1998 39, 7467-7470. (d) Sun, Q.; Yan,
. - . B. Bioorg. Med. Chem. Let1998 8, 361—361. (e) Smith,
diatesb. Each5 was then d|ssolyed in1.5 mL.(.)f dry DCM J. M.; Gard, J.; Cummings, W.; Kanizsai, A.: Krchnak, V.
and was further divided equally into three additional reaction J. Comb. Chenl999 1, 368-370. (f) Bendale, P. ML; Sun,
vessels for acylation by 0.15 mmol of three different sulfonyl C. M. J. Comb. ChenR002 4, 359-361. (g) Smith, J. M.;
chlorides in the presence of 100 mg (8.0 equiv5oof Krchnak, V. Tetrahedron Lett1999 40, 7633-7636. (h)

; ; : ; ; P Thomas, J. B.; Fall, M. J.; Cooper, J. B.; Burgess, J. P.;
morpholine resin or anhydrides, isocyanates, or isothiocy Carroll, F. 1. Tetrahedron Lett1997 38, 5099-5102. (i)

anates alone. The reaction mixtures were simultaneou_sly Vourloumis, D.: Takahashi, M. Simonsen, K. B.: Ayida,
stirred at room temperature for at least 24 h. To each reaction B. K.; Barluenga, S.: Winters, G. C.; Hermann, Tietrahe-
vessel was added 250 mg (3.2 equiv to excess acylating dron Lett.2003 44, 2807-2811.

reagents) of aminomethyl polystyrene resin to remove excess (11) (a) Fitzgerald, T. J.; Carlson, G. M. Biol. Chem.1984

acylating reagents after stirring at room temperature for 24 %5%3_’2&?“‘132'(743- (Jb)cLéL:ﬁS';ciae?r’aYdégzrli%g’-ﬁ%; Zhao,
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and the combined filtrate was evaporated to dryness to give Zhang, S.-D.; Zhang, L.; Wang, IMol. Diversity 2004 8,

a 24-member library 06. All the compounds were analyzed 165-174. (b) Zhang, L.; Liu, G.; Zhang, S.-D.; Yang, H.-Z.;
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