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Substituted 2-sulfinylimidazoles were synthesized and investigated as potential inhibitors of
gastric H+/K+-ATPase. The 4,5-unsubstituted imidazole series 6-11 and the 1,4,5,6-tetrahy-
drocyclopent[d]imidazole series 12 were found to be potent inhibitors of the acid secretory
enzyme H+/K+-ATPase. Structure-activity relationships indicate that the substitution of
2-pyridyl groups at the 1-position of the imidazole moiety combined with (2-aminobenzyl)-
sulfinyl groups at the 2-position leads to highly active compounds with a favorable chemical
stability. Other substitution patterns in the imidazole moiety result in reducing biological
activities. 2-[(2-Aminobenzyl)sulfinyl]-1-[2-(3-methylpyridyl)]-1,4,5,6-tetrahydrocyclopent[d]-
imidazole (12h, T-776) was selected for further development as a potential clinical candidate.
Extensive study on the acid degradation of 12h indicates a mechanism of action different from
that of omeprazole, the first H+/K+-ATPase inhibitor introduced to the market.

Introduction

The inhibition of gastric acid secretion has been
proven to be a powerful therapeutic principle in the
treatment of gastric and duodenal ulcer disease.1 Dif-
ferent classes of drugs have been discovered from
antimuscarinics, anticholinergics, and especially H2-
receptor antagonists and are now available for antiulcer
therapy. H+/K+-ATPase inhibitors, the so-called proton
pump inhibitors like omeprazole (1), represent a new
class of effective gastric acid secretion inhibitors.2 The
interest in this class of potent and long-lasting anti-
secretory agents is based on the highly specific and
irreversible inhibitory action on gastric H+/K+-ATPase,
which is responsible for the transport of gastric acid into
the lumen of the stomach.3

Since omeprazole has been successfully introduced to
the market in 1989, the side effects,4 e.g., hypergas-
trinemia, have been emphasized resulting from the long-
lasting inhibition of acid secretion. The mechanism of
action of omeprazole on H+/K+-ATPase has been re-
ported.5 In the presence of acid, 1 is transformed into
the highly thiophilic sulfenic acid 2 and cyclic sulfena-
mide 3, both of which are able to react rapidly with thiol
groups on the enzyme to form a complex (4) with a
tightly bound S-S bond (Scheme 1). The long-lasting
antisecretory effect of omeprazole results from the
irreversible covalent binding of the inhibitor to the
enzyme.5 We focused, therefore, our efforts on H+/K+-
ATPase inhibitors with an omeprazole-like mode of
action but with pharmacodynamic properties different
from omeprazole. We considered that a different kind
of thiophile would afford an enzyme-inhibitor complex
bound less tightly than 4 and lead to a reversible type

of inhibition. This can be achieved by fine tuning the
nucleophilic/electrophilic properties of the functional
groups involved in the formation of the enzyme-
inhibitor complex.6 In modifying the structure of ome-
prazole, we were interested in evaluating substituted
imidazoles7 instead of benzimidazole and substitution
of the nucleophilic pyridine moiety for the 2-aminoben-
zene moiety.8 In this paper, we wish to report the
synthesis, the pharmacological activities, and the mech-
anism of the inhibitory action of substituted 2-[(2-
aminobenzyl)sulfinyl]-1-(2-pyridyl)imidazoles 5-12 as
a new class of potent inhibitors of gastric H+/K+-
ATPase.
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Chemistry
The new compounds 5-12 were synthesized as out-

lined in Scheme 2. The C2 anion of substituted imida-
zoles 13, which was generated in dry THF at -60 °C
by treatment with n-butyllithium,9 reacted with the
electrophilic disulfide 14 to provide the corresponding
sulfides 15 (method A). Alkylation of substituted 2-mer-
captoimidazoles 16-18 with N,N-disubstituted 2-ami-
nobenzyl chlorides 19 under alkaline conditions yielded
the desired sulfides 20 (method B). Oxidation of sulfides
15 and 20 was effected withm-chloroperbenzoic acid to
give the desired sulfoxides 5-12.
The 1,5-disubstituted imidazoles 13were prepared by

the reaction of primary amines with methyl 3-bromo-
2-isocyanoacrylates (BICA) 22 followed by decarboxy-
lation of the resulting methyl 1,5-disubstituted imidazole-
4-carboxylates 23 according to our procedures previously
reported10 (Scheme 3). The other 1,4-disubstituted
imidazoles 13 were prepared according to the litera-
ture.11 The substituted 2-mercaptoimidazoles 16 were
readily obtained by condensation of amines 24 with
isothiocyanoacetaldehyde diethyl acetal (25) or isothio-
cyanates 26 with aminoacetaldehyde diethyl acetal (27)
followed by cyclization of the resulting thioureas 28
under acidic conditions (Scheme 4). The condensation
of isothiocyanates 26with 2-aminocyclopentanone (29)12
gave the hydroxy derivatives 30, which were converted

to the 1-substituted 2-mercapto-1,4,5,6-tetrahydrocy-
clopent[d]imidazoles 1713 by dehydration with PBr3-
pyridine. In contrast, the condensation of isothiocyan-
ates 26 with 2-aminocyclohexanone (31)12 gave the
desired 4,5,6,7-tetrahydrobenzimidazoles 18 directly
(Scheme 4). The substituted benzyl halides (21) were
prepared from 2-substituted benzoates 33 either accord-
ing to the literature or in analogy to known methods8
(Scheme 5). 2-Phthalimidobenzyl bromide (37) was
synthesized from o-toluidine (35), and the disulfide 14
was derived from 21 (R4 ) R5 ) Me) via [2-(dimethy-
lamino)phenyl]methyl mercaptan (38)14 (Scheme 5).
N-Unsubstituted aniline derivatives 9c, 10d, 11d, and
12h were derived from 2-phthalimidobenzyl derivatives
39 by oxidation and deprotection (Scheme 6), and
N-monosubstituted aniline derivatives 9a, 10a,c, 11a,c,
and 12g were synthesized by the alkylation of N-
trifluoroacetyl derivative 41 followed by deacylation
(Scheme 7).

Results and Discussion
The effects of the substituted 2-sulfinylimidazoles

5a-o on the inhibition of gastric acid secretion and H+/
K+-ATPase were examined first (Table 1). The 4,5-
unsubstituted series 5j-m and the 1,4,5,6-tetrahydro-
cyclopent[d]imidazole series 5i,n showed strong inhibition
of gastric acid secretion both in vitro and in vivo,
whereas the 4-phenyl-, 5-phenyl-, and 4,5-diphenylimi-
dazoles 5a,d-h and 4,5,6,7-tetrahydrobenzimidazole 5o
were found to be less effective in both biological assays.
The substituent groups at the 1-position of imidazole
were found to influence the inhibitory activities. Thus,
2-pyridyl (5m,n), methyl (5k), and benzyl (5i,j) deriva-
tives showed strong activities in both assays, while the
corresponding phenyl derivatives 5b,cwere only weakly
inhibitory. Unfortunately, methyl (5k) and benzyl (5i,j)
derivatives showed too short-lasting inhibitory activity
in vivo.

Scheme 2a

a (a) n-BuLi, -78 °C, THF; (b) NaOH or NaH, 0 °C, DMF; (c)
mCPBA, room temperature, CH2Cl2, CHCl3, or CCl4.

Scheme 3a

a (a) R1NH2, Et3N, room temperature, DMF; (b) (1) NaOH, room
temperature, H2O-MeOH, (2) N,N-dimethylacetamide, reflux.

Scheme 4a

a (a) Toluene, reflux; (b) AcOH, catalytic concentrated HCl,
reflux; (c) CSCl2, NaHCO3, CHCl3-H2O; (d) toluene, Et3N, room
temperature (e) PBr3, pyridine, 0 °C to room temperature.
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Effects of the substituted pyridine group at the
1-position of 4,5-unsubstituted imidazole series 6-8 on
activity were examined next in an attempt to maximize
the potency (Table 2). 2-Pyridyl (5m), 4-pyridyl (6b),
2-pyridylmethyl (6c), and 2-pyridylethyl (6d) derivatives
exhibited good activities in both assays, whereas 3-py-
ridyl 6a showed diminished activities. The introduction
of an electron-donating group such as the methyl (7a)
or methoxy (7b,h,k) group onto the pyridine ring
enhanced the activity, while the compounds bearing an
electron-withdrawing group such as a halogen (8b,c),
nitro (8d), or nitrile (8e) group showed decreased
inhibitory activities. Substitution effects at the benzene
ring of 9-11 are summarized in Table 3. The introduc-
tion of monomethylamine (9a, 10a, 11a), monoethyl-

amine (10c, 11c), diethylamine (9b, 10b, 11b), and
acetamide (9d, 11e) on the benzene ring showed strong
activity in vivo, whereas the imidazole (9h) and pyrazole
(9i) derivatives showed poor activity. The lack of
correlation between the in vitro and in vivo tests has
been cited as due to the chemical stability and bioavail-
ability of the tested compounds.15 The relative chemical
stability of a series of the test compounds was examined
in an acidic solution (pH 4.0, HCl) by monitoring their
TLC. It has been found that the stability was remark-
ably affected by the substituents in the benzene ring,
and the compounds with longer half-lives in this test
showed poor in vitro activity. These results suggest that
the preincubation conditions (pH 6.1, 37 °C, 30 min) of
our in vitro assay are not acidic enough for the com-
pounds with long half-lives to be activated to react with
the enzyme. This may cause, at least in part, the
discrepancy between in vitro and in vivo assays.
A variety of 1,4,5,6-tetrahydrocyclopent[d]imidazole

derivatives (12) were further synthesized by modifying
the pyridine and aniline groups (Table 4). The struc-
ture-activity relationship (SAR) was well in accordance
with that observed for the 4,5-unsubstituted imidazole
series. After pharmacological evaluation of the most ac-
tive compounds, 12h was selected for further study as
a candidate for clinically useful proton pump inhibitors.
To obtain information about the mechanism of action

at a molecular level, we undertook a detailed study on
the chemical transformations of 12h leading to its
“active principle”. An outline of the course of the
reaction and the structures assigned to the isolated
products are presented in Scheme 8. In order to identify
the structure of the products, we carried out the reaction
on a preparative scale under acidic conditions, which
resemble the conditions at the site of action in the
parietal cell. When 12h was treated with 0.1 N HCl in
the presence of 2-mercaptoethanol at 37 °C, 45-47were
obtained as isolable products. The formation of 45 could
be well interpreted by the acid-catalyzed S(O)-C bond
fission of 12h and the subsequent nucleophilic displace-
ment of the resulting sulfenic acid 44 with 2-mercap-
toethanol. On acid treatment 12h without 2-mercap-
toethanol, the only isolable product was the symmetrical

Scheme 5a

a (a) R4R5NH, K2CO3 or NaH, room temperature, DMF; (b)
LiAlH4, THF; (c) SOCl2, CHCl3; (d) phthalic anhydride, AcOH,
reflux; (e) NBS, CCl4; (4) (1) thiourea, EtOH, (2) NaOH; (g) I2,
NaHCO3.

Scheme 6a

a (a) K2CO3, room temperature, DMF; (b) mCPBA, 0 °C, CHCl3;
(c) NH2NH2, MeOH.

Scheme 7a

a (a) (1) NH2NH2, MeOH, (2) (CF3CO)2O, pyridine; (b) NaH, MeI
or EtI, DMF; (c) mCPBA, 0 °C, CHCl3; (d) NaBH4, EtOH.
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disulfide 46. This is well in accordance with the
observation that a sulfenic acid is too reactive to be

isolated, giving a disulfide by a disproportionation
reaction.5c,16 The sulfide 47 would be formed by reduc-

Table 1. Physical Properties and Biological Activities of Substituted 2-[[2-(Dimethylamino)benzyl]sulfinyl]imidazoles 5 and
Omeprazole (1)

compd R1 R2 R3 yield, % mp, °C formula

inhibition of
H+/K+-ATPase
(IC50, µM)a

antisecretory activity in
rats at 30 mg/kg po
(% inhibitiona)

5a Ph H Ph 63 116-118 C24H23N3OS NAb 0
5b Ph H H 54 97-99 C18H19N3OS 68 9
5c Ph -(CH2)3- 66 116-117 C21H23N3OS 68 20
5d PhCH2 Ph H 60 syrup C25H25N3OS NA 0
5e Me Ph H 51 101-103 C19H21N3OS NA 0
5f H Ph Ph 73 135-137 C24H23N3OS NA 0
5g PhCH2 H Ph 58 syrup C25H25N3OS NA 0
5h Me H Ph 52 syrup C19H21N3OS NA 0
5i PhCH2 -(CH2)3- 67 117-118 C22H25N3OS 28 42
5j PhCH2 H H 45 syrup C19H21N3OS 14 72
5k Me H H 30 syrup C13H17N3OS 32 98
5l H H H 49 121-123 C12H15N3OS 32 80
5m 2-pyridyl H H 74 104-105 C17H18N4OS 5.5 76
5n 2-pyridyl -(CH2)3- 60 140-141 C20H22N4OS 32 97
5o 2-pyridyl -(CH2)4- 74 syrup C21H24N4OS 59 12
1 omeprazole 3.8 100
a See the Experimental Section. b NA ) not active.

Table 2. Physical Properties and Biological Activities of 1-Substituted 2-[[2-(Dimethylamino)benzyl]sulfinyl]imidazoles 6-8

compd R1 yield, % mp, °C formula

inhibition of
H+/K+-ATPase
(IC50, µM)a

antisecretory activity in
rats at 30 mg/kg, po

(% inhibitiona)

6a 3-pyridyl 26 syrup C17H18N4OS NAb c
6b 4-pyridyl 39 102-104 C17H18N4OS 36 100
6c 2-pyridylmethyl 25 93-94 C18H20N4OS 46 100
6d 2-pyridylethyl 27 syrup C19H22N4OS 44 87
6e 2-pyrimidinyl 44 153-155 C16H17N5OS NA c
6f 2-pyrazinyl 16 109-111 C16H17N5OS NA c
6g 1-isoquinolyl 33 149-150 C21H20N4OS 43 65
7a 2-(3-Me)pyridyl 77 88-91 C18H20N4OS 33 100
7b 2-(3-OMe)pyridyl 59 42-45 C18H20N4O2S 33 100
7c 2-(3-ONa)pyridyl 61 210-212 C17H17N4O2SNa 4.8 1
7d 2-(3-O-i-Pr)pyridyl 44 syrup C20H24N4O2S 16 69
7e 2-(3-OBzl)pyridyl 35 96-97 C24H24N4O2S 16 34
7f 2-(3-OAc)pyridyl 40 syrup C19H20N4O3S 12 2
7g 2-(4-Me)pyridyl 64 127-129 C18H20N4OS 2.5 79
7h 2-(4-OMe)pyridyl 43 117-120 C18H20N4O2S 2.6 95
7i 2-(4-OCH2CF3)pyridyl 57 106-110 C19H19F3N4O2S 6.8 11
7j 2-(5-Me)pyridyl 41 80-83 C18H20N4OS 44 47
7k 2-(5-OMe)pyridyl 47 82-84 C18H20N4O2S 12 98
7l 2-(5-NH2)pyridyl 34 140-143 C17H19N5OS 5.7 48
8a 2-(5-NHAc)pyridyl 40 168-170 C19H21N5O2S 20 64
8b 2-(5-Cl)pyridyl 42 83-85 C17H17ClN4OS 13 0
8c 2-(5-Br)pyridyl 26 73-75 C17H17BrN4OS NDd 0
8d 2-(5-NO2)pyridyl 44 133-135 C17H17N5O3S 60 0
8e 2-(5-CN)pyridyl 40 137-139 C18H17N5OS 35 0
8f 2-(5-CF3)pyridyl 39 122-125 C18H17F3N4OS 7.4 36
8g 2-(6-Me)pyridyl 70 syrup C18H20N4OS 14 57
8h 2-(6-OMe)pyridyl 31 102-104 C18H20N4O2S 13 0
8i 2-(4,6-Me2)pyridyl 67 syrup C19H22N4OS 11 0
8j 2-(4-OMe-6-Me)pyridyl 46 126-128 C19H22N4O2S 3.4 59
8k 2-(4,5-(OMe)2)pyridyl 46 107-110 C19H22N4O3S 12 13
8l 2-(3-Me,5-Br)pyridyl 35 102-103 C18H19BrN4OS 50 46
a See the Experimental Section. b NA ) not active. c 20-30% inhibition at 30 mg/kg, sc. d ND ) not determined.
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tion with 2-mercaptoethanol serving as a reducing
agent.5c A sulfenic acid is known3,4 to be involved in
the inhibition of the H+/K+-ATPase enzyme, and there-
fore the transformations described in Scheme 8 can be
considered as a model of the enzyme inhibition of 12h
in the acid compartments of the parietal cell. It is well
known17 that an aryl-S-S-R type disulfide is suscep-
tible to thiol-disulfide exchange, and this tendency is
apparent particularly for an arylthio group stabilized

by resonance.17a,18 Thus, the enzyme-inhibitor complex
48 would easily react with endogenous thiols to result
in a rapid recovery of H+/K+-ATPase activity. In this
regard, omeprazole blocks H+/K+-ATPase irreversibly
by forming the stable disulfide 4; therefore, recovery of
the enzyme activity is owing to de novo synthesis of the
enzyme.19
Table 5 shows the effect of cycloheximide, a protein

synthesis inhibitor, on the 12h- and omeprazole-induced

Table 3. Physical Properties and Biological Activities of 1-(2-Pyridyl)-2-[(2-substituted benzyl)sulfinyl]imidazoles 9-11

compd R6 NR4R5 yield, % mp, °C formula

inhibition of
H+/K+-ATPase
(IC50, µM)a

antisecretory activity in
rats at 30 mg/kg, po

(% inhibitiona)

9a H NHMe 77 135-137 C16H16N4OS 7.0 54
9b H NEt2 81 115-116 C19H22N4OS 31 96
9c H NH2 34 145-146 C15H14N4OS 27 29
9d H NHAc 87 172-173 C17H16N4O2S NAb 99
9e H piperidino 78 94-96 C20H22N4OS NA 100
9f H morpholino 90 112-115 C19H20N4O2S NA 90
9g H 1-pyrrolyl 64 116-118 C19H16N4OS NA 88
9h H 1-imidazolyl 49 188-190 C18H15N5OS NA 22
9i H 1-pyrazolyl 75 134-137 C18H15N5OS NA 0
10a 3-Me NHMe 74 syrup C17H18N4OS 7.5 NDc

10b 3-Me NEt2 60 syrup C20H24N4OS 100 100
10c 3-Me NHEt 74 syrup C18H20N4OS 18 100
10d 3-Me NH2 56 113-115 C16H16N4OS 98 98
10e 3-Me piperidino 59 94-96 C21H24N4OS NA 82
10f 3-Me morpholino 53 129-130 C20H22N4O2S NA 100
10g 3-Me 1-pyrrolyl 48 113-115 C20H18N4OS NA 47
11a 3-OMe NHMe 72 130-133 C17H18N4O2S 6.0 83
11b 3-OMe NEt2 79 syrup C20H24N4O2S NA 94
11c 3-OMe NHEt 68 74-77 C18H20N4O2S 7.5 82
11d 3-OMe NH2 60 158-160 C16H16N4O2S 100 79
11e 3-OMe NHAc 82 110-113 C18H18N4O3S NA 90
11f 3-OMe piperidino 79 syrup C21H24N4O2S NA 62
11g 3-OMe morpholino 76 130-132 C20H22N4O3S NA 85
11h 3-OMe 1-pyrrolyl 55 syrup C20H18N4O2S NA 39
a See the Experimental Section. b NA ) not active. c ND ) not determined.

Table 4. Physical Properties and Biological Activities of 1-Substituted 2-[(2-Substituted benzyl)sulfinyl]-
1,4,5,6-tetrahydrocyclopent[d]imidazoles 12

compd R1 NR4R5 yield, % mp, °C formula

inhibition of
H+/K+-ATPase
(IC50, µM)a

antisecretory activity in
rats at 30 mg/kg, po

(% inhibitiona)

12a 2-pyridyl NEt2 43 107-109 C22H26N4OS 11 98
12b 2-pyridyl NHAc 94 188-191 C20H20N4OS NAb 75
12c 2-pyridyl morpholino 63 135-136 C22H24N4O2S NA 80
12d 2-pyridyl 1-pyrrolyl 67 147-148 C22H20N4OS NA 21
12e 2-(3-Me)pyridyl NMe2 46 119-120 C21H24N4OS >100 87
12f 2-(3-Me)pyridyl NEt2 81 syrup C23H28N4OS NA 53
12g 2-(3-Me)pyridyl NHMe 73 145-146 C20H22N4OS 81 90
12h 2-(3-Me)pyridyl NH2 78 143-144 C19H20N4OS >100 95
12i 2-(3-OMe)pyridyl NMe2 63 syrup C21H24N4O2S 95 73
12j 2-pyridylmethyl NMe2 51 syrup C21H24N4OS 55 12
12k 2-pyridylmethyl NEt2 46 syrup C23H28N4OS NA 38
12l 3-pyridyl NEt2 65 syrup C22H26N4OS NA 0
12m 4-pyridyl NEt2 65 syrup C22H26N4OS NA 0
a See the Experimental Section. b NA ) not active.
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inhibition of H+/K+-ATPase activity in the rat gastric
microsome. As shown in Table 5, the enzyme activities
suppressed by the both inhibitors have been recovered
time dependently. On addition of cycloheximide, ome-
prazole has sustained the inhibition19 during the time
course of measurements, while the enzyme activity with
12h has not been affected. These observations clearly
demonstrate that the restoration of the enzyme activity
depressed by 12h results from cleavage of the disulfide
48, proving 12h is a reversible inhibitor in nature.

Experimental Section
General. Melting points were determined on a 535 capil-

lary melting point apparatus and are uncorrected. Elemental

analyses were performed on a Perkin-Elmer 2400II analyzer.
IR spectra were recorded on a Perkin-Elmer 1640 spectropho-
tometer. 1H NMR spectra were obtained on a Bruker AC-200
(200 MHz) spectrometer with TMS as an internal standard.
Mass spectra were recorded on a Hitachi M-2000A spectrom-
eter. Column chromatography was performed on silica gel (E.
Merck, no. 7734 or 9385 kieselgel 60) with the indicated
solvent system. Radial chromatography was performed on a
Chromatotron instrument (Harrison Research Model 7924T)
using 1-, 2-, and 4-mm silica gel-coated (E. Merck kieselgel 60
PF254 plates. All reactions with air- and moisture-sensitive
compounds were conducted in oven-dried glassware under an
atmosphere of dry nitrogen.
Biology. H+/K+-ATPase Assay (in Vitro). Porcine gas-

tric mucosal membrane vesicles containing H+/K+-ATPase
were prepared according to the method of Lee and Forte.20 The
H+/K+-ATPase activity was assayed by the method of Keeling
and co-workers.21 The enzyme was preincubated with a test
compound at 37 °C for 30 min in 2 mM Pipes-Tris buffer, pH
6.1. The enzyme reaction was started by addition of the
mixture containing 2 mM MgCl2, 2 mM ATP (pH 7.4), and
valinomycin (5 mg/mL) in 80 mM Pipes-Tris buffer (pH 7.4)
with or without 10 mM KCl. The reaction was terminated by
addition of trichloroacetic acid (final 5%). After centrifugation,
inorganic phosphate in the supernatant was determined by
the method of Yoda and Hokin.22 Protein was determined by
the Bradford method.23 Percent inhibition was calculated as
follows: [(mean value of control activity - mean value of test
activity)/mean value of control activity] × 100. The doses
inhibiting H+/K+-ATPase by 50% (IC50) were calculated by
linear regression analysis.
H+/K+-ATPase Assay (in Vivo). Male Sprague-Dawley

rats (Charles River Japan Inc.) weighing 200-250 g were used.
Rats were deprived of food but allowed free access to water
for 24 h prior to excision of the stomach. Via ether anesthesia,
the abdomen of rats was incised and 12h or omeprazole was
intraduodenally administered. Then the abdomen was closed
by suturing. To examine the effect of a protein synthesis
inhibitor, we injected cycloheximide (1 mg/kg) intraperitoneally
3 h after the administration of the test drug and repeated this
treatment every 10 or 12 h.19 After designated times, the rats
were given an overdose of ether and the stomach was excised.
The stomach was immediately placed in an ice-cold buffer
containing 250 mM sucrose and 2 mM Hepes-Tris (pH 7.4),
and the crude microsomal preparation of the gastric mucosa
(100000g, pellet) was prepared according to the previously
published method.24
The microsomal preparations (10-20 µg of protein/mL) were

incubated at 37 °C in 1 mL of a medium consisting of 180 mM
sucrose, 40 mM Tris-acetate buffer (pH 7.4), 2 mM Na2ATP,
2 mM MgCl2, and nigericin (5 µg/mL) with or without 20 mM
KCl. Ten minutes later, the reaction was terminated by
adding 1 vol of 15% (w/v) trichloroacetic acid. Inorganic
phosphate produced by hydrolysis of ATP was determined as
described by Yoda and Hokin.21 H+/K+-ATPase activity was
measured by subtracting the ATPase activity in the absence
of KCl from that in the presence of KCl.
Gastric Antisecretory Activity. Male Sprague-Dawley

rats weighing 100-160 g (Charles River Japan Inc.) were
deprived of food but allowed free access to water for 24 h prior
to experiments. Each experiment was performed using 5 or 6
rats/group. Test drugs were dissolved or suspended in a 0.2%
(v/v) poly(oxyethylene) sorbitan monooleate (Tween 80) solu-
tion in a volume of 10 mL/kg, body weight. One hour after
oral administration of test drugs (30 mg/kg), pentagastrin (1
mg/kg) was subcutaneously injected. Thirty minutes later, the
stomach was excised under overdose of ether anesthesia and
the gastric contents were collected. After centrifugation (900g,
10 min), the volume of the supernatant was measured, the
acid concentration was determined by automatic titration to
pH 7.0 with 0.1 N NaOH, and the total acid output during 30
min was calculated. Antisecretory activity was expressed as
the percentage of inhibition against the acid output of the
control group given the vehicle only.
Chemistry. Typical Procedure for the Preparation of

Sulfide Derivatives 15 byMethod A: 2-[[2-(Dimethylami-

Scheme 8

Table 5. Effect of Cycloheximide on the Recovery of Rat
Gastric H+/K+-ATPase Activity Inhibited by 12h and
Omeprazole (OMZ) in Vivo

H+/K+-ATPase activity (% of control)a

time after dosing of 12h or OMZ (h)

treatment 1.5 3 6 10 24 48

12h 48.8 46.0 69.2 79.6 88.9
12h + cycloheximide 72.9 95.4
OMZ 45.4 37.1 27.8 51.7 71.1
OMZ + cycloheximide 36.1 34.1

a Three, 13, 23, 33, and 43 h after intraduodenal administration
of 12h (40 mg/kg) or omeprazole (OMZ; 40 mg/kg), cycloheximide
(1 mg/kg) was intraperitoneally injected. At the designated time
after dosing of 12h or OMZ, the stomach was excised and the crude
gastric mucosal microsome was prepared. The H+/K+-ATPase
activity of the microsome was assayed as described in the text.
The data expressed are the means of 4-8 rats.
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no)benzyl]thio]-1,5-diphenylimidazole (15a: R1 ) R3 )
Ph, R2 ) H, R4 ) R5 ) Me). n-Butyllithium (1.6 M) in hexane
(1.5 mL, 2.4 mmol) was added dropwise to a stirred solution
of 1,5-diphenylimidazole (13a: R1 ) R3 ) Ph, R2 ) H) (440
mg, 2.0 mmol) in THF (5 mL) at -65 °C. After 1 h,
2-(dimethylamino)benzyl disulfide (14a: R4 ) R5 ) Me) (666
mg, 2.0 mmol) in THF (5 mL) was added slowly while the
temperature was kept between -65 and -40 °C. The reaction
mixture was allowed to warm gradually to ambient temper-
ature. Saturated aqueous ammonium chloride (15 mL) was
added, and the reaction mixture was extracted with ether (10
mL × 2), whereupon the combined ether extracts were dried
(MgSO4), filtered, and concentrated in vacuo. The crude
product was chromatographed on silica gel with AcOEt-
hexane (4:1) as an eluent to give 15a as a yellow syrup, which
was crystallized from AcOEt-hexane to afford 15a (391 mg,
63%) as colorless needles: mp 81-82 °C (AcOEt/hexane); 1H
NMR (δ in CDCl3) 2.60 (s, 6H), 4.44 (s, 2H), 6.94-7.10 (m,
6H), 7.16-7.20 (m, 5H), 7.26-7.35 (m, 4H); IR (KBr) 2900,
1680, 1600, 1450, 1420, 1155, 1090 cm-1; SIMS m/z 386 (M +
H), 352, 134 (base). Anal. (C24H23N3S) C, H, N, S.
In the same manner, other sulfides 15 were obtained.
Typical Procedure for the Preparation of Sulfide

Derivatives 20 by Method B: 2-[[2-(Dimethylamino)-
benzyl]thio]-1-[2-(3-methylpyridyl)]imidazole (20a: R1 )
2-(3-methylpyridyl), R3 ) R2 ) H, R4 ) R5 ) Me). To a
solution of 2-mercapto-1-[2-(3-methylpyridyl)]imidazole (16a)
(5.0 g, 26 mmol) and NaOH (1.2 g, 30 mmol) in DMF (30 mL)
at 0 °C was added a solution of 2-(dimethylamino)benzyl
chloride hydrochloride (19a: R4 ) R5 ) Me) (5.1 g, 24.7 mmol)
in DMF (20 mL), and the reaction mixture was stirred for 3
h. After the removal of DMF, the residue was extracted with
CHCl3, and the organic layer was washed with saturated
aqueous NaHCO3 and brine, dried (MgSO4), filtered, and
concentrated in vacuo. The residue was subjected to column
chromatography on silica gel with CHCl3-acetone (9:1) as an
eluent to give 20a (6.57 g, 78 %) as a yellow syrup: 1H NMR
(δ in CDCl3) 2.08 (s, 3H), 2.61 (s, 6H), 4.45 (s, 2H), 7.21 and
7.47 (d, 1H each, J ) 1.5 Hz), 6.94-7.76 (m, 6H), 8.39 (m, 1H);
IR (film) 1595, 1575, 1495, 1450, 1360, 1300, 1195, 1150, 1095,
1050, 990 cm-1; EIMS m/z 324 (M+), 291, 134 (base).
In the same manner, other sulfides 20 were obtained.
Typical Procedure for the Preparation of Sulfoxide

Derivatives 5-12: 2-[[2-(Dimethylamino)benzyl]sulfinyl]-
1-[2-(3-methylpyridyl)]imidazole (7a). To a solution of
2-[[2-(dimethylamino)benzyl]thio]-1-[2-(3-methylpyridyl)]imi-
dazole (20a) (2.49 g, 7.71 mmol) in CHCl3 (30 mL) at 0 °C was
added a solution of 80% m-chloroperbenzoic acid (1.83 g, 8.48
mmol) in CHCl3 (30 mL) during a period of 10 min. After 30
min, the solution was washed with 5% NaOH and brine, dried
(MgSO4), filtered, and concentrated in vacuo. The residue was
subjected to column chromatography on silica gel with CHCl3-
MeOH (95:5) as an eluent to give 7a as a yellow syrup, which
was crystallized from AcOEt-hexane to afford 7a (2.02 g, 77%)
as colorless prisms: mp 88-91 °C (AcOEt/i-Pr2O); 1H NMR
(δ in CDCl3) 2.11 (s, 3H), 2.59 (s, 6H), 4.63 and 4.96 (ABq, 1H
each, J ) 12.3 Hz), 6.94-7.83 (m, 8H), 8.35 (m, 1H); IR (KBr)
1590, 1475, 1440, 1325, 1305, 1155, 1080, 1045, 790 cm-1;
EIMS m/z 340 (M+), 324, 134 (base). Anal. (C18H20N4OS) C,
H, N, S.
2-[[2-(Dimethylamino)benzyl]sulfonyl]-1-[2-(3-meth-

ylpyridyl)]imidazole (21a: R1 ) 2-(3-methylpyridyl), R3

) R2 ) H, R4 ) R5 ) Me): 137 mg, 5.0%; obtained from the
subsequent eluate as colorless needles; mp 139-140 °C
(AcOEt/i-Pr2O); 1H NMR (δ in CDCl3) 2.13 (s, 3H), 2.58 (s, 6H),
4.97 (s, 2H), 6.94-7.83 (m, 8H), 8.33 (m, 1H); IR (KBr) 1590,
1475, 1440, 1325, 1305, 1155, 1080, 790 cm-1; SIMS m/z
357 (M + H), 293, 160, 134 (base). Anal. (C18H20N4O2S) C,
H, N, S.
In the same manner, other sulfoxides 5-12 were obtained.
Typical Procedure for the Preparation of 1,5-Disub-

stituted Imidazoles 13: 1,5-Diphenylimidazole (13a: R1

) R3 ) Ph, R2 ) H). A mixture of methyl 1,5-diphenylimi-
dazole-4-carboxylate10 (23a: R1 ) R3 ) Ph) (2.78 g, 10 mmol)
and NaOH (1.2 g, 30 mmol) in MeOH-H2O (1:1, 50 mL) was
stirred for 18 h at room temperature. The mixture was

neutralized with KHSO4 and then extracted with AcOEt. The
organic layer was washed with brine, dried over MgSO4, and
concentrated in vacuo. The resulting oil was crystallized from
MeOH-H2O to afford the corresponding carboxylic acid de-
rivative. A suspension of the carboxylic acid in N,N-dimethy-
lacetamide (20 mL) was refluxed for 3 h. The reaction mixture
was poured into water and then extracted with AcOEt. The
organic layer was washed with brine, dried over MgSO4, and
concentrated in vacuo. The resulting oil was chromatographed
on silica gel with CHCl3-MeOH (20:1) as an eluent to give
13a as a yellow syrup, which was crystallized from AcOEt-
hexane to afford 13a (1.71 g, 78%) as colorless needles: mp
127-128 °C (AcOEt/hexane); 1H NMR (δ in DMSO-d6) 7.10-
7.15 (m, 2H), 7.24-7.33 (m, 6H), 7.41-7.52 (m, 2H), 7.44 and
7.94 (s, 1H each); IR (KBr) 1600, 1500, 1465, 1270, 1120, 915
cm-1; EIMS m/z 220 (M+, base), 193, 165. Anal. (C15H12N2)
C, H, N.
In the same manner, other 1,5-disubstituted imidazoles 13

(R2 ) H)10 were obtained, and 1,4-disubstituted imidazoles 13
(R3 ) H) were synthesized essentially by means of the
procedure previously described.11
Typical Procedure for the Preparation of 1-Substi-

tuted 2-Mercaptoimidazoles 16: 2-Mercapto-1-[2-(3-me-
thylpyridyl)]imidazole (16a: R1 ) 2-(3-methylpyridyl), R2

) R3 ) H). A solution of 2-aminopicoline (24a: R1 ) 2-(3-
methylpyridyl)) (4.33 g, 40 mmol) and (EtO)2CHCH2NCS (25)
(7.0 g, 40 mmol) in toluene (100 mL) was refluxed for 18 h.
The reaction mixture was concentrated in vacuo, and the
resulting solid 28a (R1 ) 2-(3-methylpyridyl)) (7.55 g, 67%)
was collected with hexane. The solid 28a was dissolved in
AcOH (50 mL), and a catalytic amount of concentrated HCl
(0.5 mL) was added to the solution. The reaction mixture was
refluxed for 18 h and then concentrated in vacuo. The
resulting solid was dissolved in H2O, and the solution was
neutralized with NaHCO3 to afford 16a as a yellow solid, which
was crystallized from AcOEt-hexane to afford 16a (3.04 g,
63%) as colorless needles: mp 187-190 °C (AcOEt/hexane);
1H NMR (δ in CDCl3) 2.32 (s, 3H), 6.82 and 6.86 (d, 1H each,
J ) 2.4 Hz), 7.34 (dd, 1H, J ) 4.9, 5.3 Hz), 7.70 (d, 1H, J )
5.3 Hz), 8.48 (d, 1H, J ) 4.9 Hz), 12.3 (br, 1H); IR (Nujol) 3100,
1570, 1450, 1310, 1290, 800 cm-1; EIMS m/z 191 (M+), 176,
158 (base). Anal. (C9H9N3S) C, H, N, S.
In the same manner, other 1-substituted 2-mercaptoimida-

zoles 16 were obtained.
Typical Procedure for the Preparation of 1-Substi-

tuted 2-Mercapto-1,4,5,6-tetrahydrocyclopent[d]imida-
zoles 17: 2-Mercapto-1-[2-(3-methylpyridyl)]-1,4,5,6-tet-
rahydrocyclopent[d]imidazole (17a: R1 ) 2-(3-meth-
ylpyridyl)). To a two-phase solution of 2-amino-3-picoline
(24a) (7.57 g, 70 mmol) in CHCl3 (80 mL) and NaHCO3 (41.7
g, 496 mmol) in H2O (150 mL) at 0 °C was added a solution of
thiophosgen (8.4 g, 72.5 mmol) in CHCl3 (40 mL) during a
period of 1 h. After 1 h, the solution was washed with
saturated aqueous NaHCO3 and brine and dried over MgSO4.
2-Aminocyclopentanone hydrochloride12 (29) (9.5 g, 70 mmol)
was dissolved in the CHCl3 solution of 26a (R1 ) 2-(3-
methylpyridyl)) described above. To the reaction mixture was
added slowly a solution of Et3N (7.5 g, 74 mmol) during a
period of 6 h. After 18 h, the solution was washed with H2O,
dried (MgSO4), and concentrated in vacuo to give a solid, which
was crystallized from i-PrOH to afford 7-hydroxy-2-mercapto-
1-[2-(3-methylpyridyl)]-1,4,5,6,7,8-hexahydrocyclopent[d]imi-
dazole (30a: R1 ) 2-(3-methylpyridyl)) (12.9 g, 74%) as
colorless needles: mp 171-174 °C (i-PrOH); 1H NMR (δ in
DMSO-d6) 1.64-1.84 (m, 6H), 2.34 (s, 3H), 3.94 (d-like, 1H),
6.58 (s, 1H, D2O exchangeable), 7.31 (m, 1H), 7.70 (m, 1H),
8.33 (m, 1H), 8.70 (br s, 1H); IR (Nujol) 3300, 1580, 1510, 1460,
1450, 1420, 1380, 1270, 1250, 1080 cm-1; EIMSm/z 249 (M+),
231, 151 (base). Anal. (C12H15N3OS) C, H, N, S.
To a solution of the alcohol derivative 30a (12.9 g) in

pyridine (130 mL) at 10 °C was added PBr3 (7.8 mL, 82 mmol)
during a period of 20 min. After 18 h, to the solution at 0 °C
was added saturated aqueous NaHCO3 (50 mL). After 3 h,
the reaction mixture was extracted with AcOEt, and the
organic layer was washed with brine, dried (MgSO4), filtered,
and concentrated in vacuo to give 17a as a yellow solid, which
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was crystallized from AcOEt-hexane to afford 17a (4.7 g, 39%)
as colorless prisms: mp 230-234 °C (AcOEt/i-Pr2O); 1H NMR
(δ in DMSO-d6) 2.23 (s, 3H), 2.23-2.72 (m, 6H), 7.42 (m, 1H),
7.85 (m, 1H), 8.39 (m, 1H), 12.2 (br s, 1H); IR (Nujol) 3160,
3080, 1660, 1575, 1460, 1450, 1420, 1080 cm-1; EIMSm/z 231
(M+), 216, 173 (base). Anal. (C12H13N3S) C, H, N, S.
Typical Procedure for the Preparation of 1-Substi-

tuted 2-Mercapto-4,5,6,7-tetrahydrobenzimidazoles 18:
2-Mercapto-1-(2-pyridyl)-4,5,6,7-tetrahydrobenzimida-
zole (18a: R1 ) 2-pyridyl). To a solution of 2-isothiocyan-
opyridine (26b: R1 ) 2-pyridyl) (6.21 g, 45.6 mmol) and
2-aminocyclohexanone hydrochloride12 (31) (6.82 g, 45.6 mmol)
in toluene (100 mL) was added slowly a solution of Et3N (4.76
g, 40.0 mmol). The reaction mixture was warmed to 50 °C
and stirred for 3 h. The reaction mixture was washed with
brine, dried (MgSO4), filtered, and concentrated in vacuo to
give 18a as a yellow solid, which was crystallized from i-PrOH
to afford 18a (7.95 g, 86%) as colorless prisms: mp 203-204
°C (i-PrOH); 1H NMR (δ in DMSO-d6) 1.50-1.90 (m, 4H),
2.22-2.43 (m, 4H), 7.41 (m, 1H), 7.70-8.12 (m, 2H), 8.55 (m,
1H), 12.2 (br s, 1H); IR (Nujol) 3300, 1585, 1510, 1455, 1420,
1270, 1260, 1080 cm-1; EIMS m/z 231 (M+, base). Anal.
(C12H13N3S) C, H, N, S.
Typical Procedure for the Preparation ofN-Unsubsti-

tuted Aniline Derivatives 9-12: 2-[(2-Aminobenzyl)sulfi-
nyl]-1-[2-(3-methylpyridyl)]-1,4,5,6-tetrahydrocyclopent-
[d]imidazole (12h). To a solution of 2-mercapto-1-[2-(3-meth-
ylpyridyl)]-1,4,5,6-tetrahydrocyclopent[d]imidazole (17a) (4.1
g, 17.7 mmol) and NaH (60% oil suspended) (850 mg, 21.2
mmol) in DMF (40 mL) at 0 °C was added a solution of 2-
phthalimidobenzyl bromide (37) (5.6 g, 17.7 mmol) in DMF
(20 mL), and the reaction mixture was stirred for 3 h. After
the removal of DMF, the residue was extracted with CHCl3,
and the organic layer was washed with saturated aqueous Na-
HCO3 and brine, dried (MgSO4), filtered, and concentrated in
vacuo. The residue was crystallized from AcOEt to afford 2-[(2-
phthalimidobenzyl)thio]-1-[2-(3-methylpyridyl)]-1,4,5,6-tet-
rahydrocyclopent[d]imidazole (39a: R1 ) 2-(3-methylpyridyl),
R2 ) R3 ) -(CH2)3-) (5.42 g, 66%) as pale yellow crystals:
mp 140-142 °C (AcOEt). Anal. (C27H22N4O2S) C, H, N, S.
Oxidation of the sulfide 39a (5.0 g, 10.7 mmol) was carried

out with a procedure similar to that described for 7a to give
2-[(2-phthalimidobenzyl)sulfinyl]-1-[2-(3-methylpyridyl)]-1,4,5,6-
tetrahydrocyclopent[d]imidazole (40a: R1 ) 2-(3-methylpyri-
dyl), R2 ) R3 ) -(CH2)3-) (4.6 g, 89%) as pale yellow crystals:
mp 170-172 °C (AcOEt). Anal. (C27H22N4O3S) C, H, N, S.
To a suspension of 40a (4.1 g, 8.5 mmol) in EtOH (65 mL)

at 0 °C was added NH2NH2 hydrate (530 mg, 10.6 mmol). The
reaction mixture was stirred at 50 °C for 18 h and then con-
centrated in vacuo. The resulting solid was dissolved in
CHCl3, and the organic layer was washed with saturated aq-
ueous NaHCO3 and brine, dried (MgSO4), filtered, and con-
centrated in vacuo. The residue was crystallized from AcOEt-
hexane to afford 2-[(2-aminobenzyl)sulfinyl]-1-[2-(3-methylpy-
ridyl)]-1,4,5,6-tetrahydrocyclopent[d]imidazole (12h) (2.3 g,
77%) as colorless prisms: mp 143-144 °C (AcOEt/hexane); 1H
NMR (δ in CDCl3) 2.13 (s, 3H), 2.46-2.90 (m, 6H), 4.3 (br,
2H, D2O exchangeable), 4.47 and 4.85 (ABq, 1H each, J ) 12.5
Hz), 6.6-7.4 (m, 5H), 7.70 (m, 1H), 8.42 (m, 1H); IR (Nujol)
3450, 3220, 1655, 1575, 1460, 1360, 1045, 750 cm-1; EIMSm/z
352 (M+), 247, 106 (base). Anal. (C19H20N4OS) C, H, N, S.
Typical Procedure for the Preparation of N-Mono-

substituted Aniline Derivatives 9-12: 2-[[2-(Methylami-
no)benzyl]sulfinyl]-1-[2-(3-methylpyridyl)]imidazole (10a).
To a solution of 2-mercapto-1-[2-(3-methylpyridyl)]imidazole
(16a) (4.23 g, 22.1 mmol) and NaH (60% oil suspended) (900
mg, 22.5 mmol) in DMF (40 mL) at 0 °C was added a solution
of 2-phthalimidobenzyl bromide (37) (7.0 g, 22.1 mmol) in DMF
(20 mL), and the reaction mixture was stirred for 3 h. After
the removal of DMF, the residue was extracted with CHCl3,
and the organic layer was washed with saturated aqueous
NaHCO3 and brine, dried (MgSO4), filtered, and concentrated
in vacuo. The residue was crystallized from AcOEt-hexane
to afford 2-[(2-phthalimidobenzyl)thio]-1-[2-(3-methylpyridyl)]-
imidazole (39b: R1 ) 2-(3-methylpyridyl) R2 ) R3 ) H) (7.10

g, 75%) as colorless crystals: mp 121-122 °C (AcOEt/hexane).
Anal. (C24H18N4O2S) C, H, N, S.
To a suspension of 39b (7.05 g, 16.5 mmol) in EtOH (100

mL) at 0 °C was added NH2NH2 hydrate (1.0 g, 20.0 mmol).
The reaction mixture was stirred at room temperature for 2 h
and then concentrated in vacuo. The residue was dissolved
in CHCl3, and the organic layer was washed with saturated
aqueous NaHCO3 and brine, dried (MgSO4), filtered, and
concentrated in vacuo. The resulting oil (4.05 g, 83%) was
dissolved in pyridine (50 mL), and trifluoroacetic acid anhy-
dride (4.2 g, 20 mmol) was added to the solution at 0 °C. After
the removal of pyridine, the residue was extracted with AcOEt,
and the organic layer was washed with brine, dried (MgSO4),
filtered, and concentrated in vacuo. The residue was crystal-
lized from ether to afford 2-[[2-(trifluoroacetoamido)benzyl]-
thio]-1-[2-(3-methylpyridyl)]imidazole (41a: R1 ) 2-(3-meth-
ylpyridyl), R2 ) R3 ) H) (4.47 g, 86%) as colorless crystals:
mp 146-147 °C (ether). Anal. (C18H15F3N4OS) C, H, N, F, S.
To a solution of the trifluoroacetyl derivative (2.3 g, 5.86

mmol) and NaH (60% oil suspension) (430 mg, 10.8 mmol) in
DMF (30 mL) was added iodomethane (1.0 g, 7.04 mmol). After
3 h, the reaction mixture was poured over ice-water (100 mL)
and extracted with AcOEt. The organic layer was washed with
brine, dried (MgSO4), filtered, and concentrated in vacuo. The
resulting oil was chromatographed on silica gel with CHCl3-
MeOH (20:1) as an eluent to give 42a (R1 ) 2-(3-methylpy-
ridyl), R2 ) R3 ) H, R4 ) Me) (2.06 g, 87%) as a yellow syrup.
Oxidation of the sulfide 42a (910 mg, 2.24 mmol) has been

carried out with a procedure similar to that described for 7a
to give 2-[[2-[N-methyl-N-(trifluoroacetyl)amino]benzyl]sulfinyl]-
1-[2-(3-methylpyridyl)]imidazole (43a: R1 ) 2-(3-methylpy-
ridyl), R2 ) R3 ) H, R4 ) Me) (630 mg, 67%) as colorless
crystals: mp 131-133 °C (ether). Anal. (C19H17F3N4O2S) C,
H, N, F, S.
To a solution of 43a (250 mg, 0.62 mmol) in EtOH (5 mL)

was added NaBH4 (80 mg, 2.1 mmol). After 30 min, the
reaction mixture was concentrated in vacuo, and the residue
was dissolved in AcOEt. The organic layer was washed with
brine, dried (MgSO4), filtered, and concentrated in vacuo. The
resulting oil was chromatographed on silica gel with CHCl3-
MeOH (20:1) as an eluent to give 10a (158 mg, 78%) as a
yellow syrup: 1H NMR (δ in CDCl3) 2.17 (s, 3H), 2.74 (s, 3H),
4.56 and 4.76 (ABq, 1H each, J ) 13.0 Hz), 5.15 (br, 1H, D2O
exchangeable), 6.57-6.75 (m, 2H), 7.06-7.43 (m, 3H), 7.27 and
7.37 (d, 1H each, J ) 1.0 Hz), 7.72 (m, 1H), 8.43 (m, 1H); IR
(film) 3300, 1585, 1510, 1455, 1420, 1270, 1260, 1080, 1055
cm-1; SIMS m/z 327 (M + H), 311, 138 (base).
Reaction of 12h (T-776) with 2-Mercaptoethanol under

Acidic Conditions. Sulfoxide 12h (352 mg, 1.0 mmol) was
dissolved at room temperature in a stirred mixture of 0.1 N
aqueous HCl (35 mL) and 1.2 mmol of 2-mercaptoethanol.
After 30 min, the reaction was complete, and the pH of the
reaction mixture was adjusted to 7.0 by means of a saturated
NaHCO3 solution in water. Extraction with ethyl acetate and
evaporation under reduced pressure yielded a yellowish syrup,
which was subjected to chromatography on silica gel with
AcOEt as an eluent to give 45 (101 mg, 33%) as a yellow syrup,
46 (36 mg, 4%) as a yellow syrup, and 47 (81 mg, 24%) as a
yellow syrup.
2-(4-Hydroxy-1,2-dithiabutyl)-1-[2-(3-methylpyridyl)]-

1,4,5,6-tetrahydrocyclopent[d]imidazole (45): 1H NMR (δ
in CDCl3) 2.19 (s, 3H), 2.39-2.62 (m, 5H), 2.71-2.78 (m, 2H),
2.97 (t, 2H, J ) 5.0 Hz), 4.04 (t, 2H, J ) 5.0 Hz), 7.35 (dd, 1H,
J ) 4.5, 7.5 Hz), 7.72 (dd, 1H, J ) 1.0, 7.5 Hz), 8.44 (dd, 1H,
J ) 1.0, 4.5 Hz); IR (film) 3340, 3240, 2950, 2920, 2860, 1575,
1455, 1360, 1285, 1065, 1045, 1010, 800, 750, 665 cm-1; EIMS
m/z 307 (M+), 231, 172 (base).
Bis[1-[2-(3-methylpyridyl)]-1,4,5,6-tetrahydrocyclopent-

[d]imidazol-2-yl] disulfide (46): 1H NMR (δ in CDCl3) 2.14
(s, 6H), 2.28-2.62 (m, 8H), 2.70-2.77 (m, 4H), 7.27 (dd, 2H, J
) 5.0, 7.5 Hz), 7.64 (dd, 2H, J ) 1.5, 7.5 Hz), 8.36 (dd, 1H, J
) 1.5, 5.0 Hz); IR (film) 2950, 2860, 1575, 1450, 1350, 750 cm-1;
FABMS m/z 461 (M + H), 232 (base); HRMS 461.1604 (calcd
for C24H25N6S2 461.1582).
2-[(2-Aminobenzyl)thio]-1-[2-(3-methylpyridyl)]-1,4,5,6-

tetrahydrocyclopent[d]imidazole (47): 1H NMR (δ in
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CDCl3) 2.09 (s, 3H), 2.36-2.63 (m, 4H), 2.71-2.79 (m, 2H),
3.90-4.40 (br, 2H), 4.19 (s, 2H), 6.57-6.66 (m, 2H), 6.95-7.08
(m, 2H), 7.33 (dd, 1H, J ) 5.0, 7.0 Hz), 7.69 (dd, 1H, J ) 1.0,
7.0 Hz), 8.44 (dd, 1H, J ) 1.0, 5.0 Hz); IR (film) 3430, 3340,
3220, 2940, 2860, 1625, 1605, 1585, 1495, 1455, 1360, 1315,
750 cm-1; EIMS m/z 336 (M+), 231, 173, 106 (base).
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