CHEMISTRY
Article

New Efficient Route for Solid-Phase Synthesis of Benzimidazole Derivatives
Hisashi Akamatsu, Koichi Fukase, and Shoichi Kusumoto
J. Comb. Chem., 2002, 4 (5), 475-483« DOI: 10.1021/cc020006f * Publication Date (Web): 19 July 2002
Downloaded from http://pubs.acs.org on March 20, 2009

Subscriber access provided by American Chemical Society

H H,N
Qi e
R HoN-~~ N
N
2) ArCHO, o)\\

pyridine, 50°C N AN
O br3)TFA A—( || —LR?
N

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of Combinatorial Chemistry is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/cc020006f

J. Comb. Chem2002,4, 475-483 475
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Toyonaka, Osaka 560-0043, Japan

Receied January 31, 2002

A simple and efficient method for the solid-phase synthesis of benzimidazole libraries is described.
Monoalkylation of variouso-phenylenediamines on resin-bound bromoacetamide proceeded smoothly to
give the monoalkyl resin-bouraphenylenediamines in high yields. Subsequent cyclization of the diamines

with various aldehydes afforded solid-supported benzimidazoles. Cleavage from the resin gave benzimidazoles
in good yields. The present method enabled the introduction of the diversity on the benzene ring of imidazoles.
Azabenzimidazoles, such as 4-azabenzimidazoles, 5-azabenzimidazoles, and purines, were also synthesized
in good yields with high purities by the same procedure.

Solid-phase synthesis of small organic molecules hasseven commercially available-phenylenediamines were
emerged as an important tool in drug discovely.The successfully used.
synthetic method has helped in both expediting the prepara- Selective monoalkylation ob-phenylenediamines with
tion and increasing the diversity of the moleculésln polymer-supported alkyl halides was hence the key reaction
addition, solid-phase synthesis offers the opportunity for new in the present route. Selective monoalkylation of diamines
synthetic routes of molecules that may be difficult to is generally effected by using excess diamines against alkyl
synthesize by traditional solution methods. In this paper, we halides. Removal of the excess starting diamine from the
report the simple and efficient solid-phase synthesis of reaction mixture is tedious in traditional solution synthesis.
benzimidazole library. By contrast, we expected that selective monoalkylation of

Benzimidazole is an important heterocyclic nucleus in diamines can be readily effected by the reaction with
medicinal chemistry. ¢ Several solid-phase routes for the polymer-bound alkyl halides. After the reaction, excess
synthesis of benzimidazole libraries have therefore beendiamines can be readily removed by just filtration. Site-
reportedt” 3% In most of the casesy-fluoronitrobenzene isolation effect on solid support was also expected to prevent
derivatives have been used as a part of the benzimidazoleundesired dialkylation. In fact, monoalkylation of diamines
nucleus'’-26:2930Nucleophilic addition, reduction of the nitro  proceeded with high selectivity.
group, and cyclization were necessary to synthesize benz- Sybsequent reaction of various aldehydes proceeded suc-
imidazoles in these routes. The yield and purity were hence cessfully with the monoalkylated-phenylenediamines on
moderate. Furthermore, most of the reported strategies havesolymer to afford the desired benzimidazoles in high yields
necessarily left the support attachment functionality (OH, (>90%) with high purities (7£100%). Furthermore, the
CONH,, or COOH) on the benzene ring of the benzimidazole same procedure was applicable to the synthesis of a wide
nucleus and hence allowed little substituent diversity on the range of heterocyclic nuclei, such as imidazo[4)Byridines
benzene ring. (4-azabenzimidazoles), imidazo[4chpyridines (5-azaben-

In the present study, we investigated a new efficient route zimidazoles), and purine, using the corresponding hetero-
for the solid-phase synthesis of benzimidazole libraries with cyclic ortho diamines.

peptoid side chains (Scheme 1). We introduced three points
of diversity in the benzimidazole library: (1) benzene ring Benzimidazoles
of benzimidazole nucleus, (®-alkyl groups on the peptoid
side chain, (3) Z=-aryl functions on the benzimidazole.
o-Phenylenediamines were used in placeodfuoroni-
trobenzenes in the present study. By use of this building
block, a diversity can be readily introduced to the benzene
ring of the benzimidazole nucled5.The reaction step to
reduce nitro groups can be eliminated in this route. Functional
groups unstable to reductive conditions can therefore be
introduced to the benzimidazole nucleus. In the present work,

Synthesis of benzimidazoles without substituents on the
benzene ring was first investigated. Resin-bound monoalky-
latedo-phenylenediamines, key intermediates for cycliza-
tion with aldehydes, were prepared according to Zucker-
mann’s peptoid synthesidThe reaction sequence began with
deprotection of TentaGel S RAM Fmoc resin using a solution
of 20% piperidine in DMF. Bromoacetic acid was then
coupled onto the resin using 1,3-diisopropylcarbodiimide
(DIC) in DMF to give the resin-bound bromoacetamizle

* To whom correspondence should be addressed. Pho#4:6-6850- The bromide on resi@ was substituted with primary amines
5391. E-mail: koichi@chem.sci.osaka-u.ac.jp. (R* = propyl, isopropyl, benzyl) to give the resin-bound
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a(a) 20% piperidine/DMF; (b) bromoacetic acid, DIC, DMF; ()N, DMSO; (d) o-phenylenediamines, DMSO; (e) ArCHO, pyridine, 8D, TFA.

Scheme 2 when we used 4-(dimethylamino)benzaldehyde and 2-py-
O_H__ HN ridinecarboxaldehyde, the purity of the product fell to-70
O‘H‘ o {NH N It 90%. ESI-MS spectra of all the products showed the expected
(Br o SR—“M C ZN\]OLGR molecular ion peaks ([M+ H]*). NMR spectra of some
2 72 6 HZN@ NP5 samples also confirmed the structures, which existed as a
;ﬂ : j'oreg.ygoz 5 ga8 d:‘ ! mixture of rotational isomers at the amide bond.
c:40r 3
7d 4 or 5-CI Substituted Benzimidazoles

aA(‘a)o'Phe”y'e”Ediammes' DMSO; (bjtolualdenyde, pyridine, S, We then investigated the synthesis of substituted benz-

imidazoles by using substitutedphenylenediamines. Since
secondary amine3, which were coupled with bromoacetic the use of unsymmetrical diamines would afford two
acid to give4. The coupling reaction of with o-phenylene-  regioisomers at the alkylation step, we estimated their ratio
diamine was carried out under the standard conditions for p,y ysing NMR after cyclization witip-tolualdehyde. Since
peptoid synthesis to give the resin-bound monoalkylated N-substituted benzimidazoles with peptoid linker have two
o-phenylenediamineS. Progress of the acylation and alky-  rotational isomers at the peptoid amide bond as described
lation reactions was monitored by the bromophenol blue and ghove, benzimidazoles without peptoid linker were prepared
Beilstein tests, respectively. ESI-MS spectra of synthetic iy order to simplify the NMR spectra of the products (Scheme
intermediates cleaved from the resins by TFA showed that2) and the results are summarized in Table 2. Two
the reactions proceeded almost quantitatively (data notyegioisomers were readily distinguished by the cross signal

shown). _ _ o of H-7 and H-8 in NOESY spectra. Whereas the sole product
We then examined condensation of the diamifesith with less steric hindrance was obtained by using 2,3-

aldehydes. Several studies for the formation of benzimidazole giaminotoluene, mixtures of regioisomers were obtained
from o-phenylenediamine and aldehydes on solid support when the other three diamines were used. The alkylation
have been reportef>12%2%>Some representative procedure reaction did not proceed when 4-nitro-1,2-diaminobenzene
are shown below: (1) resin-bouephenylenediamines were  \as used.

treated with aldehydes and 2,3-dichloro-5,6-dicyano-1,4- e then applied this method to the preparation of a
benzoquinone (DDQ) in DMF at room temperatéftg2) substituted benzimidazole library possessing a peptoid side
resin-bound o-phenylenediamines were treated with an chain (R = Pr) (Scheme 1). As shown in Table 3, most of
aldehyde in NMP at room temperature, followed by heating the products were obtained with high purityg0%). In the

at 50 °C;* (3) resin-bound benzaldehyde was coupled to present case, 6-nitrobenzimidazoles were obtained by using
phenylenediamines in nitrobenzene at 183 In the present  4-njtro-1,2-diaminobenzene in high yields. The 4-methyl-
study, we found that benzimidazole formation also proceededpenzimidazoles, 6-nitrobenzimidazoles, and 6-carboxyben-
smoothly in pyridine. The optimized conditions were treat- zimjdazoles were obtained with high regioselectivity, whereas
ment of the resin-bound diamines with benzaldehydes in the selectivities were low for 5-methylbenzimidazoles and

pyridine at 50°C overnight. _ 5-chlorobenzimidazoles [(substitution at 6-position):(substitu-
Finally, the resin-bound benzimidazoles were cleaved with tion at 5-position)= 1:2].

TFA to give the desired products in good yields with high . o o

purity. The results are summarized in Table 1. Most of the ~ Imidazo[4,5-b]pyridines (4-Azabenzimidazoles) and
products were obtained with high purity 90%) as judged Imidazo[4,5-c]pyridines (5-Azabenzimidazoles)

from HPLC analysis. Detection by UV at 254 nm and light For the preparation of imidazopyridine libraries, we used
scattering afforded the same results. For a particular case?,3-diaminopyridine or 3,4-diaminopyridine in place of

TF
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Table 1. Solid-Phase Synthesis of Benzimidazoles

HPLC? HPLCA
Entry Ar Product R4 Purity (%) Entry Ar Product R1 Purity (%)
ga{7} Pr 98 6a(76) Pr 90
6b{7} Pr 92 6b{76 Pr 96
6¢c{7} Bn 93 6c{76} Bn 99

1

6a{2} Pr 92
6b{2} Pr 92 17
6c{2y Bn 92

6b{77} Pr 96
6¢{77} Bn 98

R
5<§£§

=
®

6a{3 Pr 98 6a{78) Pr 95
3 6b{3 Pr 98 18 6b{78 Pr 94
M 6¢c{3 Bn 95 F4C 6c{78} Bn 97
6a{4) Pr 91
c JOU B8 E B UL maE 3
M Me 6c{# Bn 95 cl
6a{s Pr 96 6a{20} Pr 91
5 6b{5 Pr 97 20 6b{2g Pr 94
M 6c{s} Bn 97 Cl  gc{zoy Bn 96

<
)

6a{6} Pr 91
6b{6} Pr 93 21
6¢c{6} Bn 95

6b{27, Pr 99
6c(27} Bn 95

oF

o

\.
az 3
28
I3
=
[0}

OE

Pr 93

pro 93 2 6b{23 Pr 97

6c{22} Bn 96

6a{8} Pr 92 23

ebig pr 95 eb(23 Pr 97

] i
=
)

CF3 OMe
6a{9 pPr 94 N 6al2y pr 75
9 6b{% Pr 94 24 6b{24 Pr 86
p 6c{9 Bn 94 _N 6c{24) Bn 66
10 6b{7g Ar 94 25 || 6c{25 Bn 95
2-Py 6¢c{70}) Bn 92 N

6a{26} Pr 96
6b{2g Pr 96
6c{26) Bn 99

6a{77} Pr 91 2%

11 6b{77 Pr 94

6a{27} Pr 90
6b{27 Pr 90
6c{27} Bn 95

Pr 91
Pr 93 2

(@]

6a{28} Pr 90
6b{28 Pr 94
6c{25} Bn 93

6a{29y Pr 95
6b{2g Pr 97
6c{29} Bn 95

6a{30} Pr 92
6b{30 Pr 96
6¢{30} Bn 93

6a{73) Pr 85 28
6b{73 Pr 91

6a{74} Pr 99

14 6b{74 Pr 99 29
AcHN 6c{74} Bn 100
6a{75} Pr 80

15 6b{75 Pr 91 30
MeoN 6c{75} Bn 78

a Purity was based on the peak area of HPLC spectra of crude products as detected at 254 nm.
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o-phenylenediamine. In these cases, the nitrogen atom on Purines
the pyridine nucleus was selectively alkylated. The- 4
imidazo[4,5b]pyridines were hence obtained by using 2,3-
diaminopyridine (Scheme 3; Table 4, entry 1). The structures
of 4H-imidazo[4,5b]pyridines were confirmed by ESI-MS
spectra and by the cross signal of H-5 and H-8 in NOESY
spectra.

The HH-imidazo[4,5€]pyridines were obtained by using
3,4-diaminopyridine. The cyclization reaction of diamines
with aldehydes did not occur at 50C but proceeded
smoothly at 100°C (Scheme 4). The structures of the
products were confirmed by the cross signal of H-4 and H-8  In summary, we have developed a new solid-phase method
and of H-6 and H-8 in NOESY spectra and by ESI-MS for the synthesis of benzimidazolesH-4midazo[4,5b]-
spectra (Table 4, entry 2). pyridines, %-imidazo[4,5¢€]pyridines, and purines. Our

Purines were also obtained by using 4,5-diaminopyrimi-
dine. The 1-position of pyrimidine nucleus was selectively
alkylated (Scheme 5; Table 4, entry 3). The cyclization
reaction of resin-bound 4,5-diaminopyrimidine with alde-
hydes proceeded at 10Q. The cyclization reaction did not
proceed when the resin-bound 4,5-diaminopyrimidine with-
out peptoid linker was used.

Conclusion
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Table 2. Ratio of Substituted Benzimidazoles without Peptoid Linker
Products HPLC purity®
diamines Products ratio (%)
HoN
e 8
HoN O N_A
*2) e300
e 8a N
H2N H2N
Hol Me 2/ N Me 2 N c
H2oN *Me
H2N H2N

HoN COOH COOH

Kj r@—” ﬁ/ v@—” D\ 99¢
HoN COOH

HZL
8
HoN Cl O 11 ¢l
]: ] Me—< >—<2\ 6 e—< >—( D\ 900
HaN 8dA N T 8dB
1

a pyrity was based on the peak area of HPLC spectra of crude products as detected at 2Sdlamroduct was obtaine@Purity was
determined for a mixture on the basis of the sum of the peak areas of the regioisomers.

Scheme 3
o]
5 B
o |-|—x—<;t .
? QL /= ; ”g )’
O—X -2 . 1 b - 3|‘v/ /IN1
Br HN  NHz g
Ar
W= N sy=  —N- LY N-
2:X N 9:X N 1:x=—N
4a: X= q 10 X= Q 12:X=
—NH N— —NH N— —NH N—
o v ol

a(a) 2,3-Diaminopyridine, DMSO; (b) ArCHO, pyridine, 5C, TFA.

method allows facile introduction of diversity on the benzene
ring of the benzimidazole nucleus by the use of commercially
available aromatic diamines.

Experimental Section

NMR spectra were measured on a Varian-Unity 600 NMR
(600 MHz) spectrometer with GOD as a solvent. The
chemical shifts of the protons are givendrvalues relative
to residual CHOH (6 3.5 ppm). Mass spectra were obtained
on a PerSeptive Biosystem Mariner biospectrometry work-
station. All reagents and solvents were obtained from
commercial suppliers and used without further purification.

Ltd., U.K.) and a linear gradient of (A) water and (B)
acetonitrile, 36-100% B in 15 min at 1.0 mL/min flow rate,
a linear gradient of (A) 0.1% TFA in water and (B)
acetonitrile, 16-100% B in 20 min at 1.0 mL/min flow rate,
or a linear gradient of (A) 0.1% TFA in water and (B)
acetonitrile, 26-100% B in 15 min at 1.0 mL/min flow rate.

The following abbreviations were used: Fme®-fluo-
renylmethoxycarbonyl, DMF= N,N-dimethylformamide,
THF = tetrahydrofuran, DMSG- dimethyl sulfoxide, DMA
= N,N-dimethylacetamide, DIG= 1,3-diisopropylcarbodi-
imide, TFA = trifluoroacetic acid.

Deprotection of Fmoc Group. To TentaGel S RAM
Fmoc resinl (1.8 g, 0.45 mmol, 0.26 mmol/g) was added a
solution of 20% piperidine in DMF (10 mL). The mixture
was agitated fol h atroom temperature. The mixture was
filtered, and the resin was washed with DMF%310 mL),
THF/CH.Cl, = 1:1 (3 x 10 mL), and CHCI, (3 x 10 mL).
The resin was dried in vacuo and then used in the following
reaction.

General Amide Coupling Procedure for the Prepara-
tion of Resin-Bound Bromoacetamide (2)To the depro-
tected resinl (0.45 mmol) were added a solution of
bromoacetic acid (0.63 g, 4.5 mmol) in DMF (6 mL) and a
solution of DIC (0.78 mL, 5.0 mmol) in DMF (1 mL), and

The resin was purchased from Rapp Polymere (poly(ethylenethe mixture was agitated for 1.5 h at room temperature. The

glycol) spacer on a polystyrene bead (188, 0.25 mmol/
0), TentaGel S RAM Fmoc, catalog no. S30023). Agitation
of all the reaction mixtures was carried out with a BURREL
Wrist Action shaker.

mixture was filtered, and the resin was washed with DMF
(3 x 10 mL), THF/CHCI, = 1:1 (3 x 10 mL), and CHCI,

(3 x 10 mL). The resin was dried in vacuo and then used in
the following reaction.

Reverse-phase high-performance liquid chromatography General Alkylation Procedure for the Preparation of
(HPLC) analysis was carried out on Shiseido C-18 columns Resin-Bound Secondary Amines (3)To the resin-bound

(4.6 mm x 150 mm) using a SPD-10A UV detector
(SHIMAZU CORPORATION, Japan) or a PL-EMD960

bromoacetamide (0.45 mmol) was added a solution of
primary amine (7.0 mmol) in DMSO (6.5 mL), and the

evaporative light-scattering detector (Polymer Laboratories mixture was agitated fo3 h at room temperature. The
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Table 3. Solid-Phase Synthesis of Substituted Benzimidazoles

Entry Diamine

Product

HPLCY
Ar

Purity (%) Entry

HPLC*

Diamine Product Ar Purity (%)

6d{7} /@’ Bu o7

B
69{7} /©/ Y oget

c NH,
1 m 6d{77) /©N02 M4 NH, 6g{77 /©N02 83¢
c NHz  6d{27} 84 c NH, 69{27 78°
OMe OMe
6d(2. 69(2 b
2z [y e 922 [ e
M M
69 (Y o o (et
6e(7} BU 95 6h{7) BU g0
Ph Ph
6e{9} 93 6h{%} 97
bel74) QNHACBB sh{M}/@NHAc os5
2
/©iNH2 6e{77} @\NOZ 92 5 e/@[NHZ 6h{77} /©\N02 940
ON NHz  go(76) QOFS 89 M NH2  6h{78 /(j Fs g
6e(27) /@ 91 6h{27} /© 940
sz (Y o ohiza [T oer
oe2s [N o5 shiza [} o
613 )@r“"e % 63 /@/Me 99
6f(7) ){\:('B“ 77 6i{ 7} /@ Bu g
Ph Ph
6f(9) /@ 82 6i{9 /@ 99

3 NH,

NH,
Me

siira L 100
6 (7% NO,

NH, CF3
L, om I o
HOOC NHy

100

siza 77" 100
6i{26) /@N

99

a pyrity was based on the peak area of HPLC spectra of crude products as detected at'2Bdritynwas determined for a mixture on

the basis of the sum of the peak areas of the regioisomers.

Scheme 4

Q- _ H—X 8
0l .. %Q:NH:HL ol

=N1

4 N/z Ar

3

2:X= —N— 13 : X= —N— 15: X= —N—

H H H
da: X= 14 X= C\lf 16 : X=
—NH N— —NH  N— —NH  N—
Pr Pr Pr

a(a) 3,4-Diaminopyridine, DMSO; (b)-tolualdehyde, pyridine, 106C, TFA.

mixture was filtered, and the resin was washed with DMSO 4a—c (0.11 mmol) was added a solution @fphenylenedi-

(3 x 10 mL), THF/CHCI, = 1:1 (3 x 10 mL), and CHClI,

the following reaction.
General Monoalkylation Procedure

for the Preparation

of Resin-Bound o-Phenylenediamines (5)To the resins

amines (2.0 mmol) in DMSO (2 mL), and the mixture was
(3 x 10 mL). The resin was dried in vacuo and then used in agitated fo 4 h at room temperature. The mixture was
filtered, and the resin was washed with DMSOX3 mL),
THF/CHCI, = 1:1 (3 x 3 mL), and CHCI, (3 x 3 mL)
and was then dried in vacuo to give resbes—i.
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Table 4. Solid-Phase Synthesis of
4H-Imidazo[4,5b]pyridines, 31-Imidazo[4,5¢]pyridines, and
Purines

HPLC?
Entry  Diamine Product X Ar Purity (%)
Me
W o O e
NH;
1N 12{77} /@ 80
| NO,
N"NHz 12027y /“_/© 78
Pr OMe
Me
o - O =
2 N NHz 16{77} o /©N02 86
N~ >—\
Nz 16027} —NH N— [ o1
Pr OMe
16{22} /@( 86
Me
— —N— b
O w
1877} /Q 87

3 ’TL/INHZ

N~ NH,

18{27} %—\ /@ 88
Pr /@OMG 82

18{22}

Akamatsu et al.

8.21-8.23 (m, 1H), 8.028.05 (m, 1H), 7.9%7.95 (m, 2H),
7.85-7.89 (m, 2H), 7.747.76 (m, 2H), 5.68 (s, 2H), 4.91
4.95 (m, 1H), 4.37 (s, 2H), 2.70 (s, 3H), 1.35 (d, 6H+
6.9 Hz).*H NMR (minor): 6 8.08-8.10 (m, 1H), 8.02
8.05 (m, 1H), 7.9%7.95 (m, 2H), 7.857.89 (m, 2H), 7.7#
7.79 (m, 2H), 5.78 (s, 2H), 4.404.44 (m, 1H), 4.23 (s, 2H),
2.71 (s, 3H), 1.48 (d, 6H] = 6.6 Hz). MS (ESI)m/z. 365
(M + H]).
N2-BenzylN?-[[2-(2,4-dimethylphenyl)-1H-benzimida-
zol-1-yllacetyl]glycinamide (6¢4}). *H NMR (600 MHz,
CD;OD mixture of rotamers, major/mince 11:10) (ma-
jor): 6 8.04-8.23 (m, 2H), 7.86-7.92 (m, 2H), 7.537.67
(m, 2H), 7.45-7.52 (m, 4H), 7.347.36 (m, 1H), 7.18
7.20 (m, 1H), 5.62 (s, 2H), 4.88 (s, 2H), 4.27 (s, 2H), 2.66
(s, 3H), 2.52 (s, 3H)!H NMR (minor): 6 8.04-8.23 (m,
2H), 7.86-7.92 (m, 2H), 7.537.67 (m, 2H), 7.457.52 (m,
4H), 7.34-7.36 (m, 1H), 7.187.20 (m, 1H), 5.60 (s, 2H),
4.72 (s, 2H), 4.23 (s, 2H), 2.69 (s, 3H), 2.41 (s, 3H). MS
(ESI) m/z. 427 (IM + H]).
N2-[[2-(3,4-Dimethylphenyl)-1H-benzimidazol-1-yl]-
acetyl]-N-isopropylglycinamide (6k{5}). 'H NMR (600
MHz, CD;OD mixture of rotamers, major/minor 3:2)
(major): 6 8.20-8.22 (m, 1H), 8.0+8.05 (m, 1H), 7.85
7.89 (m, 2H), 7.79 (m, 1H), 7.687.78 (m, 2H), 5.68 (s,
2H), 4.92-4.96 (m, 1H), 4.38 (s, 2H), 2.62 (s, 3H), 2.61 (s,
3H), 1.35 (d, 6HJ = 6.9 Hz).'H NMR (minor): ¢ 8.08—
8.10 (m, 1H), 8.0%8.05 (m, 1H), 7.857.89 (m, 2H), 7.79
(m, 1H), 7.68-7.78 (m, 2H), 5.79 (s, 2H), 4.404.44 (m,

a Purity was based on the peak area of HPLC spectra of crude 1H), 4.22 (s, 2H), 2.63 (s, 3H), 2.62 (s, 3H), 1.48 (d, 6H,

products as detected at 254 nhThe reaction did not proceed.

Scheme 8
i o]
H N
o QL
Pr N . HoN
-N b,
y . 0}\\ o N0
7\ N 7.6
° & W N--22 ©
ﬁ N A% ;]\/\N1
4a 17 ~ P2
HaN 4N
2 NH 184 3

a(a) 4,5-Diaminopyrimidine, DMSO; (b) ArCHO, pyridine, 160G, TFA.

General Cyclization Procedure for the Preparation of
Resin-Bound BenzimidazolesTo resinssa—i (0.031 mmol)

= 6.6 Hz). MS (ESI)m/zz 379 ([M + H]™).
NZ2-[[2-(4-tert-Butylphenyl)-1H-benzimidazol-1-yl]acetyl]-
N2-isopropylglycinamide (6b{7}). *H NMR (600 MHz,
CDs0OD mixture of rotamers, major/minct 8:5) (major):
0 7.85-8.25 (m, 8H), 5.70 (s, 2H), 4.914.95 (m, 1H), 4.38
(s, 2H), 1.60 (s, 9H), 1.35 (d, 6H, = 6.6 Hz).!H NMR
(minor): 6 7.85-8.25 (m, 8H), 5.78 (s, 2H), 4.404.44 (m,
1H), 4.23 (s, 2H), 1.60 (s, 9H), 1.48 (d, 6Bl= 6.6 Hz).
MS (ESl)m/z. 407 (M + H]).
N2-BenzylN2-[[2-(4-tert-butylphenyl)-1H-benzimidazol-
1-yllacetyl]glycinamide (64 7}). *H NMR (600 MHz, CDy-
OD mixture of rotamers, major/minct= 6:5) (major): o

was added a solution of benzaldehydes (1.0 mmol) in 7.95-8.21 (m, 5H), 7.857.91 (m, 3H), 7.477.61 (m, 5H),

pyridine (1 mL). After the mixture was stirred at 5@

5.79 (s, 2H), 4.82 (s, 2H), 4.38 (s, 2H), 1.61 (s, 9H.

overnight, the reaction mixture was cooled to room temper- NMR (minor): 6 7.95-8.21 (m, 5H), 7.857.91 (m, 3H),
ature. The mixture was filtered, and the resin was washed 7-47—7.61 (m, 5H), 5.76 (s, 2H), 4.99 (s, 2H), 4.38 (s, 2H),

with pyridine (4 x 1 mL), DMA (4 x 1 mL), THF/CHCI,
=1:1 (4 x 1 mL), CHCl, (4 x 1 mL), and acetic acid (4
x 1 mL).

General Cleavage Procedure for the Generation of

1.62 (s, 9H). MS (ESI)wz 455 (M + H]™).
NZ2-[[2-(4-Biphenylyl)-1H-benzimidazol-1-ylJacetyl] N

isopropylglycinamide (66{9}). 'H NMR (600 MHz, CD»-

OD mixture of rotamers, major/mince 8:5) (major):

Benzimidazoles (6) The resin-bound benzimidazoles were 8.10-8.26 (m, 5H), 8.06:8.09 (m, 1H), 7.9%7.97 (m, 2H),
treated with TFA (1 mL), and the mixture was agitated for 7.87—7.90 (m, 2H), 7.76-7.73 (m, 2H), 7.63-7.66 (m, 1H),
30 min at room temperature. The mixture was filtered, and 5.75 (s, 2H), 4.934.97 (m, 1H), 4.40 (s, 2H), 1.36 (d, 6H,

the filtrate was concentrated in vacuo to give compo@nd
Imidazo[4,5b]pyridines11 and12, imidazo[4,5€]pyridines
15 and16, and purinesl8 were synthesized with the same
procedure.
N2-Isopropyl-N?-[[2-(4-methylphenyl)-1H-benzimidazol-
1-ylJacetyl]glycinamide (6K{3}). *H NMR (600 MHz, CLy-
OD mixture of rotamers, major/minoe 8:5) (major): 6

J=6.9 Hz).'H NMR (minor): 4 8.10-8.26 (m, 5H), 8.06
8.09 (m, 1H), 7.9%7.97 (m, 2H), 7.8#7.90 (m, 2H), 7.76
7.73 (m, 2H), 7.637.66 (M, 1H), 5.85 (s, 2H), 4.434.47
(m, 1H), 4.25 (s, 2H), 1.50 (d, 6H), = 6.6 Hz). MS (ESI)
m/'z. 427 (M + H]).
N2-Isopropyl-N?-[[2-[4-(2-pyridyl)phenyl]-1 H-benzimi-
dazol-1-yllacetyl]glycinamide (64 10}). *H NMR (600
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MHz, CD;OD mixture of rotamers, major/minoe 9:5)
(major): ¢ 8.97-9.00 (m, 1H), 8.528.57 (m, 2H), 8.34
8.42 (m, 2H), 8.0%8.27 (m, 4H), 7.827.92 (m, 3H), 5.76
(s, 2H), 4.92-4.97 (m, 1H), 4.40 (s, 2H), 1.36 (d, 6H,=
6.6 Hz).'H NMR (minor): 6 8.97-9.00 (m, 1H), 8.52
8.57 (m, 2H), 8.34-8.42 (m, 2H), 8.078.27 (m, 4H), 7.82
7.92 (m, 3H), 5.87 (s, 2H), 4.434.47 (m, 1H), 4.25 (s, 2H),
1.50 (d, 6H,J = 6.6 Hz). MS (ESI)m/z. 428 ([M + H]*).
N2-[[2-(4-Acetylaminophenyl)-1H-benzimidazol-1-yl]-
acetyl]-N-isopropylglycinamide (6k{ 14}). *H NMR (600
MHz, CD;OD mixture of rotamers, major/minoe 8:5)
(major): ¢ 8.21-8.23 (m, 1H), 8.128.14 (m, 1H), 7.9%
8.04 (m, 3H), 7.847.88 (m, 2H), 5.69 (s, 2H), 4.924.96
(m, 1H), 4.38 (s, 2H), 2.38 (s, 3H), 1.35 (d, 6BI= 6.9
Hz). 'H NMR (minor): 6 8.15-8.17 (m, 1H), 8.0%8.09
(m, 1H), 7.978.04 (m, 3H), 7.847.88 (m, 2H), 5.80 (s,
2H), 4.41-4.46 (m, 1H), 4.23 (s, 2H), 2.38 (s, 3H), 1.49 (d,
6H, J = 6.6 Hz). MS (ESl)myzz 408 ([M + H]").
N2-[[2-(2,3-Dimethoxyphenyl)-H-benzimidazol-1-yl]-
acetyl]-N-isopropylglycinamide (6k{23}). *H NMR (600
MHz, CD;OD mixture of rotamers, major/minoe 7:5)
(major): 6 8.20-8.23 (m, 1H), 8.03-8.06 (m, 1H), 7.85
7.90 (m, 2H), 7.65 (dd, 1H] = 8.5, 1.4 Hz), 7.55 (t, 1HJ
= 8.0 Hz), 7.39 (dd, 1HJ = 8.0, 1.4 Hz), 5.57 (s, 2H),

4.83-4.87 (m, 1H), 4.30 (s, 2H), 4.17 (s, 3H), 3.99 (s, 3H),

1.29 (d, 6H,J = 6.9 Hz).*H NMR (minor): 6 8.12-8.14

(m, 1H), 8.03-8.06 (m, 1H), 7.857.90 (m, 2H), 7.67 (dd,
1H,J = 8.2, 1.4 Hz), 7.59 (t, 1HJ = 8.0 Hz), 7.41 (dd,
1H,J=8.0, 1.4 Hz), 5.66 (s, 2H), 4.334.37 (m, 1H), 4.17
(s, 3H), 4.14 (s, 2H), 3.95 (s, 3H), 1.43 (d, 6H+ 6.6 Hz).

MS (ESl)m/iz 411 ([M + HJ*).

N2-Isopropyl-N2-[[2-(3-pyridyl)-1 H-benzimidazol-1-yl]-
acetyl]glycinamide (64 25}). *H NMR (600 MHz, CB;OD
mixture of rotamers, major/minc+ 2:1) (major): 6 9.22
(m, 1H), 9.13-9.15 (m, 1H), 8.548.56 (m, 1H), 8.22
8.24 (m, 1H), 8.078.10 (m, 1H), 8.06-8.05 (m, 1H), 7.84
7.89 (m, 2H), 5.70 (s, 2H), 4.894.92 (m, 1H), 4.37 (s, 2H),
1.33 (d, 6H,J = 6.6 Hz).'H NMR (minor): ¢ 9.22 (m,
1H), 9.13-9.15 (m, 1H), 8.57#8.59 (m, 1H), 8.078.10 (m,
2H), 8.00-8.05 (m, 1H), 7.847.89 (m, 2H), 5.82 (s, 2H),
4.41-4.45 (m, 1H), 4.20 (s, 2H), 1.47 (d, 6H= 6.6 Hz).
MS (ESl)m/zz 352 ([M + H]*).

N2-Isopropyl-N2-[[2-(4-pyridyl)-1 H-benzimidazol-1-yl]-
acetyllglycinamide (64 26}). *H NMR (600 MHz, CB;OD
mixture of rotamers, major/minet 9:5) (major): 6 9.13—
9.16 (m, 2H), 8.28-8.30 (m, 2H), 8.03-8.10 (m, 2H), 7.73
7.80 (m, 2H), 5.70 (s, 2H), 4.874.92 (m, 1H), 4.39 (s, 2H),
1.33 (d, 6H,J = 6.9 Hz).*H NMR (minor): 6 9.13-9.16
(m, 2H), 8.28-8.30 (m, 2H), 8.03-8.10 (m, 1H), 7.96 (d,
1H,J = 7.7 Hz), 7.73-7.80 (m, 2H), 5.79 (s, 2H), 4.44
4.48 (m, 1H), 4.21 (s, 2H), 1.50 (d, 6H,= 6.6 Hz). MS
(ESl) m'zz 352 ([M + H]™).

N2-[[2-(2-Furyl)-1 H-benzimidazol-1-yl]acetyl]N2-pro-
pylglycinamide (6a{27}). *H NMR (600 MHz, CG;OD
mixture of rotamers, major/mino= 3:2) (major): 6 8.28
(d, 1H,J = 1.7 Hz), 8.06-8.11 (m, 1H), 7.86-8.02 (m,
4H), 7.08-7.10 (m, 1H), 5.94 (s, 2H), 4.55 (s, 2H), 3.57 (t,
3H,J = 7.4 Hz), 1.79-1.80 (m, 2H), 1.08 (t, 3H) = 7.4
Hz). 'H NMR (minor): 6 8.26 (d, 1H,J = 1.7 Hz), 8.06-
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8.11 (m, 1H), 7.86-8.02 (m, 4H), 7.087.10 (m, 1H), 6.00
(s, 2H), 4.31 (s, 2H), 3.77 (t, 3H, = 7.7 Hz), 2.03-2.07
(m, 2H), 1.29 (t, 3HJ = 7.4 Hz). MS (ESI)m/z 341 (M
+ HI).
NZ2-[[2-(2-Furyl)-1H-benzimidazol-1-yl]lacetyl] N-iso-
propylglycinamide (6b{27}). *H NMR (600 MHz, C.;OD
mixture of rotamers, major/mincs 11:5) (major): 6 8.29
(m, 1H), 8.16-8.14 (m, 1H), 8.06 (d, 1H] = 3.6 Hz), 7.98-
8.01 (m, 1H), 7.8%7.86 (m, 2H), 7.09-7.11 (m, 1H), 5.92
(s, 2H), 4.874.91 (m, 1H), 4.50 (s, 2H), 1.36 (d, 6H,=
6.9 Hz).'H NMR (minor): 6 8.27-8.28 (m, 1H), 8.16-
8.14 (m, 1H), 7.98-8.01 (m, 1H), 7.8%7.86 (m, 3H), 7.09-
7.11 (m, 1H), 6.03 (s, 2H), 4.574.61 (m, 1H), 4.21 (s, 2H),
1.60 (d, 6H,J = 6.6 Hz). MS (ESI)m/z 341 (M + H]™).
N2-Benzyl-N2-[[2-(2-furyl)-1 H-benzimidazol-1-yl]acetyl]-
glycinamide (64 27}). *H NMR (600 MHz, CB;OD mixture
of rotamers, major/mino# 9:5) (major): 6 8.25 (dd, 1HJ
= 1.7, 0.55 Hz), 7.468.10 (m, 10H), 7.09 (dd, 1H] =
3.7, 1.8), 5.99 (s, 2H), 4.80 (s, 2H), 4.48 (s, 2H).NMR
(minor): 6 8.12 (dd, 1HJ = 1.9, 0.55 Hz), 7.46:8.10 (m,
10H), 7.03 (dd, 1HJ = 3.7, 1.8), 5.97 (s, 2H), 5.10 (s, 2H),
4.36 (s, 2H). MS (ESIyn/z. 389 ([M + H]™).
N2-Isopropyl-N?-[[2-(2-pyrrolyl)-1 H-benzimidazol-1-yl]-
acetyl]glycinamide (64 28}). '"H NMR (600 MHz, CQOD
mixture of rotamers, major/miner 9:5) (major): 6 8.06—
8.08 (m, 1H), 7.93-7.96 (m, 1H), 7.757.81 (m, 2H), 7.57
(dd, 1H,J = 2.7, 1.4 Hz), 7.41 (dd, 1H] = 4.1, 1.4 Hz),
6.71-6.73 (m, 1H), 5.80 (s, 2H), 4.984.94 (m, 1H), 4.48
(s, 2H), 1.37 (d, 6HJ = 6.6 Hz).*H NMR (minor): 6 8.02—
8.03 (m, 1H), 7.93-7.96 (m, 1H), 7.757.81 (m, 2H), 7.58
(dd, 1H,J3 = 2.5, 1.4 Hz), 7.32 (dd, 1H] = 3.8, 1.4 Hz),
6.71-6.73 (m, 1H), 5.85 (s, 2H), 4.524.56 (m, 1H), 4.27
(s, 2H), 1.56 (d, 6HJ = 6.6 Hz). MS (ESI)m/zz 340 ([M
+ HIh).
N2-Isopropyl-N3-[[2-(2-thienyl)-1H-benzimidazol-1-yl]-
acetyl]glycinamide (64 29}). '"H NMR (600 MHz, CQOD
mixture of rotamers, major/miner 2:1) (major): 6 8.31—
8.32 (m, 1H), 8.158.19 (m, 2H), 7.99-8.03 (m, 1H), 7.82
7.87 (m, 2H), 7.637.66 (m, 1H), 5.80 (s, 2H), 4.914.95
(m, 1H), 4.45 (s, 2H), 1.37 (d, 6H, = 6.9 Hz).'H NMR
(minor): 6 8.31-8.32 (m, 1H), 8.158.19 (m, 1H), 8.08
8.11 (m, 1H), 7.99-8.03 (m, 1H), 7.827.87 (m, 2H), 7.63
7.66 (m, 1H), 5.91 (s, 2H), 4.494.53 (m, 1H), 4.24 (s, 2H),
1.54 (d, 6H,J = 6.6 Hz). MS (ESI)m/z 357 (M + H]™).
N2-[[6-Nitro-2-(4-methylphenyl)-1H-benzimidazol-1-yl]-
acetyl]-N?-propylglycinamide (6€{3}). *H NMR (600 MHz,
CD;OD mixture of rotamers, major/mince 11:10) (ma-
jor): ¢68.86 (d, 1HJ = 2.2 Hz), 8.52 (dd, 1H) = 8.8, 2.2
Hz), 8.09 (d, 1HJ = 8.8 Hz), 7.83-7.88 (m, 2H), 7.66
7.68 (m, 2H), 5.67 (s, 2H), 4.29 (s, 2H), 3.59 (t, 2H=
7.6 Hz), 2.67 (s, 3H), 1.751.86 (m, 2H), 1.10 (t, 3HJ) =
7.4 Hz).*H NMR (minor): 6 8.94 (d, 1HJ = 2.2 Hz), 8.55
(dd, 1H,J = 9.1, 2.2 Hz), 8.07 (d, 1H]) = 9.1 Hz), 7.83
7.88 (m, 2H), 7.66-7.68 (m, 2H), 5.64 (s, 2H), 4.42 (s, 2H),
3.62 (t, 2H,J = 7.8 Hz), 2.67 (s, 3H), 1.751.86 (m, 2H),
1.12 (t, 3H,J = 7.4 Hz). MS (ESI)m/z. 410 ([M + H]™).
N2-[[4-Methyl-2-(4-methylphenyl)-1H-benzimidazol-1-
yllacetyl]-N?-propylglycinamide (6f{3}). 'H NMR (600
MHz, CDsOD mixture of rotamers, major/minoe 6:5)
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(major): 6 7.84-7.98 (m, 2H), 7.847.88 (m, 1H), 7.72
7.78 (m, 3H), 7.66-7.67 (m, 1H), 5.65 (s, 2H), 4.42 (s, 2H),
3.56-3.59 (m, 2H), 2.89 (s, 3H), 2.71 (s, 3H), 174.87
(m, 2H), 1.09 (t, 3HJ = 7.4 Hz).*H NMR (minor): ¢ 7.84—
7.98 (m, 2H), 7.847.88 (m, 1H), 7.727.78 (m, 3H), 7.66-
7.67 (m, 1H), 5.70 (s, 2H), 4.29 (s, 2H), 3:63.63 (M, 2H),
2.89 (s, 3H), 2.71 (s, 3H), 1.741.87 (m, 2H), 1.12 (t, 3H,
J = 7.4 Hz). MS (ES)m/z 379 ([M + H]*).
N2-[[2-(4-tert-Butylphenyl)-4-methyl-1H-benzimidazol-
1-yllacetyl]-N?-propylglycinamide (6f{7}). *H NMR (600
MHz, CDsOD mixture of rotamers, major/mincs 11:10)
(major): 6 7.84-8.02 (m, 5H), 7.73-7.77 (m, 1H), 7.66
7.67 (m, 1H), 5.67 (s, 2H), 4.30 (s, 2H), 3:53.63 (M, 2H),
2.89 (s, 3H), 1.751.86 (m, 2H), 1.60 (s, 9H), 1.671.13
(m, 3H).*H NMR (minor): 6 7.84-8.02 (m, 5H), 7.73
7.77 (m, 1H), 7.66-7.67 (m, 1H), 5.70 (s, 2H), 4.42 (s, 2H),
3.57-3.63 (m, 2H), 2.89 (s, 3H), 1.751.86 (m, 2H), 1.60
(s, 9H), 1.07#1.13 (m, 3H). MS (ESljvz. 421 (M + H]™).
N2-[[5-Chloro-2-(4-methoxyphenyl)-1H-benzimidazol-
1-ylJacetyl]-N2-propylglycinamide and N?-[[6-Chloro-2-
(4-methoxyphenyl)-H-benzimidazol-1-yl]acetyl]N2-pro-
pylglycinamide (6¢g{22}). 'H NMR (600 MHz, CQyOD
mixture of rotamers and isomers) 7.78-8.25 (m, 5H),
7.43-7.48 (m, 2H), 5.655.70 (m, 2H), 4.324.43 (m, 2H),
4.13 (s, 3H), 3.583.65 (m, 2H), 1.751.90 (m, 2H), 1.07
1.17 (m, 3H). MS (ESIywz 415 (M + H]).
N2-[[5-Methyl-2-(4-methylphenyl)-1H-benzimidazol-1-
yllacetyl]-N2-propylglycinamide and N-[[6-Methyl-2-(4-
methylphenyl)-1H-benzimidazol-1-yl]acetyl]-N?-propyl-
glycinamide (6h{ 3}). *H NMR (600 MHz, CQ;OD mixture
of rotamers and isomers})i 7.69-8.04 (m, 7H), 5.655.71
(m, 2H), 4.36-4.43 (m, 2H), 3.5#3.65 (m, 2H), 2.6%
2.80 (m, 6H), 1.741.90 (m, 2H), 1.08-1.15 (m, 3H). MS
(ESl) m/zz 379 (M + H]™).
1-[2-[N-(2-Amino-2-oxoethyl)]propylamino-2-oxoethyl]-
2-(4-methylphenyl)-1H-benzimidazole-6-carboxylic Acid
(6i{3}). '"H NMR (600 MHz, COD mixture of rotamers,
major/minor= 27:25) (major): 6 8.66 (m, 1H), 8.43-8.47
(m, 1H), 8.06-8.08 (m, 1H), 7.89-7.92 (m, 2H), 7.72
7.75 (m, 2H), 5.76 (s, 2H), 4.30 (s, 2H), 3.60 (t, 2H+=
7.4 Hz), 2.69 (s, 3H), 1.771.80 (m, 2H), 1.10 (t, 3H) =
7.4 Hz).*™H NMR (minor): 6 8.72 (m, 1H), 8.43-8.47 (m,
1H), 8.06-8.08 (m, 1H), 7.89-7.92 (m, 2H), 7.727.75 (m,
2H), 5.73 (s, 2H), 4.44 (s, 2H), 3.63 (t, 2H,= 7.7 Hz),
2.69 (s, 3H), 1.851.88 (m, 2H), 1.14 (t, 3HJ = 7.4 Hz).
MS (ESl)m/z. 409 ([M + H]™).
2-[4-Methyl-2-(4-methylphenyl)-1H-benzimidazol-1-yl]-
acetamide (8a).'H NMR (600 MHz, CB;OD mixture of
rotamers):d 7.94-7.96 (m, 2H), 7.8%+7.83 (m, 1H), 7.75
7.77 (m, 3H), 7.66-7.68 (m, 1H), 5.37 (s, 2H), 2.89 (s, 3H),
2.71 (s, 3H). MS (ESlyvz 280 (M + H]™).
2-[6-Methyl-2-(4-methylphenyl)-1H-benzimidazol-1-yl]-
acetamide (8bA) and 2-[5-Methyl-2-(4-methylphenyl)-H-
benzimidazol-1-yllacetamide (8bB) (3:7)!H NMR (600
MHz, CD;OD mixture of rotamers)@bA): ¢ 7.92-7.94 (m,
2H), 7.88-7.91 (m, 1H), 7.827.83 (m, 1H), 7.757.76 (m,
2H), 7.70-7.72 (m, 1H), 5.37 (s, 2H), 2.77 (s, 3H), 2.71 (s,
3H).H NMR (8bB): d 7.92-7.94 (m, 2H), 7.887.91 (m,
1H), 7.82-7.83 (m, 1H), 7.757.76 (m, 2H), 7.76-7.72 (m,
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1H), 5.37 (s, 2H), 2.78 (s, 3H), 2.71 (s, 3H). MS (ESIx
280 (M + H]™).
1-(2-Amino-2-oxoethyl)-2-(4-methylphenyl)-H-benz-
imidazole-6-carboxylic Acid (8cA) and 1-(2-Amino-2-
oxoethyl)-2-(4-methylphenyl)-H-benzimidazole-5-car-
boxylic Acid (8cB) (9:1). *H NMR (600 MHz, CBOD
mixture of rotamers):d 8.61 (d, 1H,J = 1.4 Hz), 8.46 (dd,
1H,J = 8.8, 1.4 Hz), 8.08 (d, 1H] = 8.8 Hz), 7.94-7.95
(m, 2H), 7.73-7.75 (m, 2H), 5.42 (s, 2H), 2.70 (s, 3H). MS
(ESI)m/z 310 ([M + H]).
2-[6-Chloro-2-(4-methylphenyl)-1H-benzimidazol-1-yl]-
acetamide (8dA) and 2-[5-Chloro-2-(4-methylphenyl)-H-
benzimidazol-1-yllacetamide (8dB) (1:2)*H NMR (600
MHz, CD;OD mixture of rotamers)gdA): ¢ 8.03 (d, 1H,
J=1.6 Hz), 7.93 (d, 1HJ = 8.2 Hz), 7.96-7.91 (m, 2H),
7.77-7.80 (m, 1H), 7.727.73 (m, 2H), 5.33 (s, 2H), 2.69
(s, 3H).'H NMR (8dB): 6 8.06 (d, 1H,J = 1.9 Hz), 7.99
(d, 1H,J= 8.8 Hz), 7.96-7.91 (d, 2H), 7.7#7.80 (m, 1H),
7. 72-7.73 (m, 2H), 5.33 (s, 2H), 2.69 (s, 3H). MS (ESI)
m/z. 300 ([M + H]").
2-[2-(4-Methylphenyl)-4H-imidazo[4,5-b]pyridin-4-yl]-
acetamide (113}). *H NMR (600 MHz, C;OD mixture
of rotamers):6 8.77—8.80 (m, 2H), 8.38-8.39 (m, 2H), 7.94
(dd, 1H,J = 8.0, 6.3 Hz), 7.66:7.67 (m, 2H), 5.89 (s, 2H),
2.67 (s, 3H). MS (ESlywz. 267 (M + H]™).
2-[2-(4-Methylphenyl)-5H-imidazo[4,5-c]pyridin-5-yl]-
acetamide (1%3}). *H NMR (600 MHz, C;OD mixture
of rotamers):6 9.44 (d, 1HJ = 0.5 Hz), 8.71 (dd, 1HJ) =
6.6, 1.4 Hz), 8.348.35 (m, 2H), 8.26 (d, 1H) = 6.6 Hz),
7.66 (d, 2H,J = 8.5 Hz), 5.68 (s, 2H), 2.67 (s, 3H). MS
(ESI)m/z 267 ([M + H]).
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