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A series of benzimidazole derivatives containing oxycyclic pyridine was prepared and evaluated for their
gastric H/K*-ATPase inhibitory activity. Several of the synthesized compound exhibited potent antisecretion

in pylorus-ligated rats when administered intradoudenally. Their inhibitory activities were equivalent or

comparable to omeprazole.
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Introduction The PSB analogs act as prodrugs, being chemically trans-
formed to a biologically active intermediate in an acidic
Inhibition of gastric acid secretion has been proven to be anvironment such as that of the apical membrane of the
powerful therapeutic principle in the treatment of gastric andparietal cell. As shown in Scheme*2the acid induced
doudenal ulcer diseas®ecently, 2-[(2-pyridylmethyl)sul- transformation of PSBs involves intramolecular nucleophilic
finylloenzimidazoles (PSBs) such as omeprazole, lansopraattack to generate a spiro-intermedi&ye followed by C-S
zole, and pantoprazole (Scheme 1) have been found to habend cleavage leading to highly active sulfenic a8jcad
superior properties for complete suppression of gastric acitll-S bond formation to afford the cyclic sulfenamidg All
secretiorf. Their antisecretory activity has been ascribed to &known irreversible HK*-ATPase inhibitors do not exhibit
highly specific inhibitory action on the gastric proton pump, activity by the mechanism described above, but they are
the H/K*-ATPase, which is responsible for the transport ofstructurally similar to the PSBs and their analogs. On the
gastric acid into lumen of the stomaclcid secretion is basis of the mechanism of pH-dependent inhibition as
therefore blocked at the final step of its production,observed in the PSBs, Brandstoeial’ claimed the three

independent of the different kinds of its stimulation. structural elements of omeprazole analogs, the substituted
pyridine ring, the substituted benzimidazole moiety, and the
N 0 > 1aOmeprazole: X=50CHs methylsulfir_wyl chain connecting these two, as be_in_g essenti-
X_@ \>_g_CJ Y =3-CH,, 4-OCH;, 5-CH, al for the biological effects. Omeprazole’s superiority to the
NN N 1b Lansoprazole: ;‘;:OHa 4OCH,CF H,-receptor antagonists in the treatment of duodenal ulcer
1 1c Pantoprazole: X = 5-OCHF, and reflux oesophagitis is evidénhut its safety is still
Y =3-0CHg, 4-OCH, controversial in view of the side effects of long-lasting
Scheme 1 inhibition of acid secretion, hypergastrinemia and entero-
chromaffin-like cell hyperplasiatNumerous modifications
Y of pyridine substituents have been carried out for the pur-
/. -~ . .
y [ A pose of finding novel agents to overcome conf[roversml side
N O Nﬁ H+ @ NAN= eﬁgcts?° Due to omep_razple’s highly specn‘!c mode of
X [ NN I e—— AN A, S action}* structural modifications are very restricted to sub-
N v H+ H o stituents of pyridine and benzimidazéfe.
1 2 We were interested in pyrano- and furopyridines instead of

substituted pyridines to find potent and more selective inhi-

bitiors of H/K*-ATPasein vitro andin vivo. The pyrano-

and furopyridines are chemically interesting molecules because

of their structural similarity to quinoline, isoquinoline, and

benzofuran which are important nuclei in many biologically

N = active compound¥ In this paper, we wish to describe in
x—@ \)—N\ 7 - M | N\>_+N/=\/Y detail substituent effects of oxycyclic pyridines and their
N )_/ N/ biological activities.

Chemistry

Scheme 2 The benzimidazole derivatives containing oxycyclic pyridine
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derivatives 8, 9) were synthesized by the reaction of 2- carbon on more substituted side of the pyridine as a main
mercaptobenzimidazole6) with chloromethyl oxycyclic  product. The cyanated oxycyclic pyridind4)(were convert-
pyridine compounds 5, followed by low-temperature ed to carboethoxy oxycyclic pyridines with sodium ethoxide
oxidation of the sulfides witim-chloroperbenzoic acid as in ethanol, followed by HCI treatment. Reduction of carbo-
shown in Scheme 3. ethoxy oxycyclic pyridines with LiAlld afforded hydroxy-
The synthesized benzimidazole derivatives containing oxymethyl oxycyclic pyridinesl2) which were converted to the
cyclic pyridine as a gastric 'fK™-ATPase inhibitors are corresponding 2-chloromethyl-oxycyclic pyridines by treat-
summarized in Table 1-2. The chloromethyl oxycyclic pyri- ment with thionyl chloride in dichloromethane.
dines 6) were prepared as outlined in Scheme 4. Oxycyclic The oxycyclic pyrano- and furopyridine&0j were pre-
pyridines (L0) were converted to the correspondiigxides  pared by our previously reported palladium-catalyzed cycli-
by m-chloroperbenzoic acid. The regioselectively cyanatedzation of iodopyridine allyl ethers (method *A)®" or
oxycyclic pyridines {1) were obtained from th&l-oxide  thermal [3,3]-sigmatropic rearrangement of 4-pyridine pro-
under trimethylsilyl cyanide/BN conditionst* The reaction  pargyl ether (method B)as shown in Scheme 5.
usually provided an isomer with the cyano groupaat The iodopyridine allyl etherl@® was prepared from 4-

Table 1 Structure of synthesized benzimidazoles containing oxycyclic pyridig (

HN— N\ R
7,8
Entry OA X R Yield (%) 'H NMR (CDCk) d ppm

7a  OC(CHy).CH=CH- S H 61 1.50 (s, 6H), 4.23 (s, 2H), 5.67 (d, 1H), 6.32 (d, 1H), 7.42 (m, 4H), 8.14 (s, 1H),
8.21 (d, 1H).

8a " so H 68  1.46 (s, 6H), 4.92 (d, 2H), 5.60 (d, 1H), 6.60 (d, 1H), 6.76-7.69 (m, 5H), 7.90 (m,
1H).

8b " SO 4-0CH 83 1.42(s, 6H), 3.87 (s, 3H), 4.95 (d, 2H), 5.58 (d, 1H), 6.58 (d, 1H), 6.92-7.92 (m,
4H), 7.95 (m, 1H).

8c " SO 5-0CH 79 1.46 (s, 6H), 3.81 (s, 3H), 4.92 (d, 2H), 5.60 (d, 1H), 6.60 (d, 1H), 6.69-7.69 (m,
4H), 7.95 (m, 1H).

8d SO 5cCl 26 1.19 (s, 6H), 4.72 (d, 2H), 5.42 (d, 1H), 6.28 (d, 1H), 6.69-7.69 (m, 4H), 7.95 (m,
1H).

7b  OC(CH).CH.CHr S H 59  1.39 (m, 8H), 2.01 (t, 2H), 4.45 (s, 2H), 7.09 (d, 1H), 7.72 (m, 4H), 8.45 (d, 1H)

8e " o) H 72 1.23(s, 6H), 1.69 (t, 2H), 4.89 (d, 2H), 6.64 (d, 1H), 6.85 (d, 1H), 6.93 (m, 2H),
7.25 (m, 1H), 8.23 (M, 1H).

8f " SO 50CH 70 1.23(s, 6H), 1.69 (t, 2H), 2.62 (t, 2H), 3.82 (s, 3H), 4.89 (d, 2H), 6.93 (m, 1H),
7.23 (m, 1H), 8.25 (m, 1H).

8g " SO 4-0CH 69 1.69 (t 2H), 2.62 (t, 2H), 3.82 (s, 3H), 4.89 (s, 3H), 6.64 (d, 1H), 7.23 (m, 1H),
8.24 (m, 1H).

7c  OCH=C(CH)- S 50CH 68 238(s, 3H),4.69 (s, 2H), 7.16 (m, 1H), 7.35 (m, 2H), 7.50 (m, 2H), 8.39 (m, 1H).

gh " SO 50CH 71 231(s, 3H), 3.76 (s, 3H), 5.02 (s, 2H), 6.90 (m, 2H), 7.32 (m, 2H), 7.48 (m, 1H),
8.36 (d, 1H).

8i " SO H 89 2.31(s, 3H), 4.49 (s, 2H), 7.50 (m, 6H), 8.19 (d, 1H).
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Table 2. Structure of synthesized benzimidazoles containing oxycyclic pyridjSg (

/‘\
o]
® A
NS \\?q
HN— =
7,9
Entry -O-A- X R Yield (%) H NMR (CDCk) 6 ppm
7d OC(CH),CH=CH- S H 51 1.49 (s, 6H), 4.29 (s, 2H), 6.72 (d, 1H), 6.45 (d, 1H), 6.81 (s, 1H), 7.54
(m, 4H), 8.29 (s, 1H).
9a SO H 87 1.43 (s, 6H), 4.51 (d, 2H), 5.70 (d, 1H), 6.51 (d, 1H), 6.75 (s, 1H), 7.42
(m, 3H), 8.21 (s, 1H).
9b SO 4-OCH 82 1.37 (s, 6H), 3.84 (s, 3H), 4.59 (d, 2H), 5.60 (d, 1H), 6.35 (d, 1H), 6.71
(s, 1H), 7.09 (m, 1H), 7.45 ( d, 1H), 8.19 (s, 1H).
9c SO  5-OCH 84 2.35 (s, 6H), 3.79 (s, 3H), 4.59 (d, 2H), 6.35 (d, 1H), 6.55 (d, 1H), 6.70
(s, 1H), 6.90 (m, 3H), 7.32 (d, 1H), 8.10 (s, 1H).
9d  OCH.CH,C(CH)>- SO H 38 1.31 (s, 6H), 1.75 (t, 2H), 4.16 (t, 2H), 4.56 (d, 2H), 7.28 (s, 1H), 7.31
(m, 2H), 7.65 (m, 2H), 8.35 (s, 1H).
% SO  4-OCH 60 1.30 (s, 6H), 1.74 (t, 2H), 3.84 (s, 1H), 4.11(t, 2H), 4.61 (d, 2H), 6.62 (s,
1H), 6.96 (m, 2H), 8.32 (s, 1H).
of SO H 79 1.54 (m, 8H), 2.65 (t, 2H), 4.65 (s, 2H), 7.67 (s, 1H), 7.80 (m, 4H), 8.21
(s, 1H).
9g SO 4-OCH 64 1.74 (t, 2H), 2.67 (t, 2H), 3.82 (s, 3H), 4.56 (d, 2H), 6.58 (s, 1H), 6.95
(m, 2H), 5.53 (m, 1H), 8.17 (s, 1H).
9h OC(CHs)2CH.CH,- SO 5-OCH 87 1.35 (m, 8H), 2.15 (t, 2H), 3.85 (s, 3H), 4.65 (s, 2H), 6.68 (s, 1H), 7.35
(m, 4H), 8.18 (s, 1H).
7e OCH,CH=C(CH)- S H 75 2.21 (s, 3H), 3.78 (s, 3H), 4.49 (s, 2H), 6.79 (d, 1H), 7.03 (s, 1H), 7.40
(m, 3H), 8.77 (m, 1H)
9j SO H 34 2.21 (s, 3H), 3.89 (s, 3H), 4.79 (s, 2H), 6.91 (d, 1H), 7.28 (m, 2H), 7.49
(m, 3H), 8.77 (m, 1H).
ok SO  4-OCH 78 2.20 (s, 3H), 3.77 (s, 3H), 4.78 (m, 2H), 6.87 (m, 1H), 7.29 (m, 1H),
7.48 (m, 1H), 8.09 (s, 1H).
7f OCH,C(CHg),- S H 33 1.42 (s, 6H), 4.27 (s, 3H), 4.36 (s, 2H), 6.79 (s, 1H), 7.20 (s, 2H), 7.56
(m, 2H), 8.23 (s, 1H).
9l SO H 41 1.33 (s, 6H), 4.26 (s, 2H), 4.64 (s, 2H), 6.67 (s, 1H), 7.30 (m, 2H), 7.66
(m, 2H), 8.16 (s, 1H).
9m SO 4-OCH 53 1.28 (s, 6H), 3.80 (s, 3H), 4.22 (s, 3H), 4.61(s, 2H), 6.62 (s, 1H), 6.92
(m, 2H), 7.79 (m, 1H), 8.07 (s, 1H).
9n SO 5-OCH 53 1.43 (s, 6H), 4.24 (s, 3H), 4.38 (s, 2H), 6.78 (s, 1H), 6.84 (d, 1H), 7.07
(d, 1H), 7.44 (d, 1H), 8.31 (s, 1H).
9i SO 5-Cl 34 1.22 (s, 6H), 1.72 (t, 2H), 2.66 (t, 2H), 4.56 (d, 2H), 6.55 (s, 1H), 7.25
(m, 1H), 7.59 (m, 2H), 8.14 (s, 1H).
propargyl halides under phase transfer catalysis withNBit)
o NF 0™  atroom temperaturé.
S | Cat.-Pd Z [3,3]-sigmatropic = |
| N Method A N | rearrangement Xy Biological Results and Discussion
Method B
13 10 14 The gastric FK™-ATPase inhibitory and antisecretory
Scheme 5 activities of benzimidazole derivatives containing oxycyclic

pyridine are summarized in Table 3. The compounds contain-

chloro-3-iodopyridine which was prepared by regioselectiveing pyranopyridines8a-89 showed significant biological
lithiation of 4-chloropyridines with LDA followed by treat- activities. The hydrogenation of 2,2-dimethid-pyrano[3,2-c]
ment with b as an electrophif€,and the resulting 4-chloro- pyridine e-89 did not show any significant activity differ-
3-iodopyridine with sodium allyl alkoxide afforded3) in ence compared with that of unsaturated compounds. We
70-85% isolated yield. On the other hand, 4-pyridine pro-carried out further chemical modification with the size of
pargyl ethersi4) were prepared by 4-hydroxypyridine and oxycyclic pyridine. The compounds containing furo[3,2-c]pyri-



1220 Bull. Korean Chem. So2001 Vol. 22, No. 11 Sung Yun Cho et al.

Table 3. Biological activities of synthesized benzimidazolgs(9) potentiated the inhibitory activity of the compounds, while
Inhibition of H/K*-ATPase Antisecretory activty no S|gn|f|9ant change .o_f biological activities was _observed
Compounds ICso (uM) o (in vivo) by thg size _anq position of oxycyples to.pyrldlne. The
% inhibtion (10QuM)  Compound/Omeprazole blologlgal act|V|t|es.an(_1 pharmacgqncal proﬁle; of sglgcted
benzimidazole derivatives containing oxycyclic pyridines

7a NA ND : Ny I
8a 34 0.39 have shown as potential gastrit/i{-ATPase inhibitorgS
8b 20 0.48 . .
8c 50 0.36 Experimental Section
gg l\lli ;’84 The 'H NMR spectra were obtained on a Varian Gemini
8e 103% -0.08 200 MHz NMR Spectrometer. The GC-MS spectra were
' obtained on a Shimazu QP 1000 GC/MS and on a JEOL
8f 50 -0.03 . )
8 10 105 JMS-DX-305 high resolution mass spectrometer. The sub-
72 NA NlD stituted 2-mercaptobenzimidazoles were either purchased or
synthesized by known methods. Thé/Ki-ATPase-inhi-
8h 60 0.48 : . . L
8i 20 1.04 bitory and gastric antisecretory activity were tested by the
' reported method?.
7d NA ND . - . .
Synthesis of Pyrano- and Furopyridinevia Palladium-
9a 107% 0.79 . o17
catalyzed Cyclization (Method A}
9b 124% 0.29 - S
4-Allyloxy-3-iodopyridine (13). In a round-bottom flask
9c 118 0.48
was placed Na (0.23 g, 10 mmol), allyl alcohol (20 mmol)
ad 5.8 0.78 . . . .
and THF (20 mL). The mixture was stirred until sodium
9e 15 0.17 . . . .
disappeared. 4-Chloro-3-iodopyridine (10 mmol) was dis-
of 140% 0.33 . .
9 10 0.49 solved to the reaction mixture, and refluxed for 3-4 hours
g ' under a nitrogen atmosphere. After cooling, the reaction
9h NA ND . . .
) mixture was poured into water and extracted with ether. The
9i 10 0.49 . .
76 NA ND organic layer was dried over Mggénd concentrated under
oi 43 ND reduced pressure. The residue was purified by column
J chromatography using hexane-ethyl acetate as an eluent.
9k 48 ND . - . . .
7 NA ND The 4-allyloxy-3-iodopyridine was obtained in a 75% vyield
ol 6 0.96 as yellow oil:*H NMR (CDCk) & 4.65 (d, 2HJ = 6.4 Hz,
om 8 0'74 OCH,), 5.40 (m, 2H, vinyl), 6.00 (m, 1H, vinyl), 6.72 (d,
on 15 0164 1H,J=5.6 Hz, ArH), 8.35 (d, 1Hl = 5.4 Hz, ArH), 8.76 (d,
. — . 0/4)"
Omeprazole 15 1.00 1H, J = 5.6 Hz, ArH); Mass z/e (%): 41 (100), 134 (23), 261

(M*, 43); HRMS GHgNOI: 260.9651, Found: 260.9639.
NA = not active; ND = not determined. 3-Methylfuro[2,3-b]pyridine (10). To a 50 mL pressure
bottle containing a magnetic stirring bar was added the fol-

dine @8h-8j) showed almost same ATPase inhibitory andlowing reagents: Pd(OAg)70 mg, 0.25 mmol), ¥CO; (1.3
antisecretory effect with that of 6-membered oxycyclicg, 1.0 mmol), HC@Na (0.67 g, 10 mmolyn-BwNCI (2.7 g,
pyridines. We examined the influence of substituents on th&0 mmol), 4-allyloxy-3-iodopyridine (2.61 g, 10 mmol), and
benzimidazole moieties and found they had little effect. In30 mL of DMF. The reaction mixture was stirred at 200
addition, replacing sulfoxide connecting two ring systemsfor 4 hours. The resulting mixture was diluted with ether (30
with sulfide diminished the biological activity completely mL) and washed with saturated MG (2 x 200 mL) solution.
(7a-9. Then, we examined positional effect of pyrano andThe combined organic extract was concentrated under reduced
furopyridine derivatives. The benzimidazole derivatives containpressure and purified by flash column chromatography with
ing oxycyclic pyridine 9) showed similar biological acti- hexane-ethyl acetate as an eluent. 3-Methylfuraffgr-
vities with that of compounds8). The compounds were dine was obtained in 40% vyield as yellow oil: IR (heat)
given to rats to determine vivo biological activity and their 3080, 1796, 1620, 1580, 1460, 1300, 1160, 1080, 870, 820,
effects on the gastric acid secretion were determined. Th&20 cm?; *H NMR (CDCk) 6 2.30 (s, 3H, Ch), 7.37 (d,
degree of acid output blockade was similar to that oflH,J=5.6 Hz, ArH), 7.39 (s, 1H, ArH), 8.47 (d, 1#H= 5.6
omeprazole. The volume as well as the concentration dfiz, ArH), 8.85 (s, 1H, ArH); Mass z/e (%): 41 (22), 57 (18),
gastric juice was decreased, which resulted in the reduction3 (25), 94 (15), 104 (21), 121 (19), 133"(NMI00); HRMS
of total acid output. The newly synthesized benzimidazoleCalculated H;ON: 133.0528, Found: 133.0526.
derivatives containing oxycyclic pyridine have potential gastric Preparation of Pyranopyridines by [3,3]-Sigmatropic
H*/K*-ATPase activity to be developed as antiulcer agents. Rearrangement (Method BY°

Conclusions The present results show that the introduction 1,1-Dimethyl-2-propynyl-4-pyridyl ether (14). To a solu-
of 5-membered or 6-membered oxycycles to pyridinetion of 4-hydroxypyridine (23 g, 0.24 mol) and 40% (B{QH
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in 50 mL of methanol was added 3-chloro-3,3-dimethyl-1-ArH), 7.60 (d, 1H,J= 5.6 Hz, ArH), 8.60 (d, 1Hl = 5.6 Hz,
butyne (37 g, 0.36 mol) in 50 mL of dichloromethane. Sodi-ArH); MS (z/e): 130 (24), 158 (100,
um hydroxide (14 g, 0.36 mol) dissolved in 150 mL of water 4-Hydroxymethyl-3-methyfuro[3,2-c]pyridine (12). 4-
was slowly added to the reaction mixture. The reactiorCyano-3-methylfuro[3,2]pyridine (1.0 g, 6.3 mmol) was
mixture was stirred at room temperature for 48 hours. Aftedissolved 50 mL of ethanol. Sodium ethoxide (0.65 g, 9.5
separating the organic layer, the aqueous layer was extractetmol) was slowly added to the ethanol solution of 4-cyano-
with chloroform. The combined organic extract was washed®-methylfuro[3,2€]pyridine. The resulting mixture was
with 10% aqueous sodium hydroxide solution and dried tastirred at room temperature overnight and treated wih 6
remove the organic solvent under reduced pressure. The BCI solution (20 mL) at ®C for an hour. The reaction
pyridyl propargyl ether was obtained in 62% yield as'sil:  mixture was concentrated under reduced pressure. The residue
NMR (CDCk) 4 1.67 (s, 6H, CH), 2.61 (s, 1H, CH), 7.09 was dissolved in dichloromethane, dried over anhydrous
(m, 2H, ArH), 8.30 (m, 2H, ArH). magnesium sulfate, and concentrated. The 4-carboethoxy-3-
2,2-Dimethyl-2H-pyrano[3,2Jpyridine (6). 1,1-Dimeth-  methylfuro [3,2€]pyridine (0.5 g, 38% yield) was obtained
yl-2-propynyl-4-pyridy! ether (1.8 g, 10 mmol) was refluxed by column chromatography with ethyl acetate-hexane as an
in o-dichlorobenzene for an hour. Then, the solvent wasluent:'H NMR (CDCk) & 1.35 (t, 3H,J = 7.2 Hz, CH)),
completely removed by vacuum distillation. The residue wa.27 (s, 3H, Ch), 4.42 (g, 2HJ = 7.2 Hz, OCH), 7.41 (m,
purified by column chromatography with hexane-ethyl acetat®H, vinyl and ArH), 8.45 (d, 1HJ) = 7.5 Hz, ArH). The
(4:1) as an eluent. 2,2-DimethyH2pyrano[3,2¢]pyridine resulting 4-carboethoxy-3-methylfuro[3¢®yridine (0.50
was obtained in 50% vyield as an dif NMR (CDCk) & g, 2.50 mmol) was dissolved in 50 mL of THF and LiAIH
1.53 (s, 6H, Ch), 5.95 (d, 1HJ = 6.2 Hz, vinyl), 7.47 (d, (0.247 g, 6.60 mmol) was slowly added to the reaction mixture.
1H,J=6.2 Hz, vinyl), 7.65 (d, 1HL= 7.5 Hz, ArH), 8.26 (s, The reaction mixture was stirred at room temperature for an

1H, ArH), 8.41 (d, 1HJ = 7.5 Hz, ArH). hour and quenched with 2 mL of 10% sodium hydroxide
The other oxycyclic pyridines were obtained using thesolution. The organic layer was washed with water, dried
above general procedures. over anhydrous MgSQand concentrated. The residue was

4,4-Dimethyl-3,4-dihydro-2H-pyrano[3,2]pyridine . 4- separated by column chromatography with dichloromethane-
Methlyene-3,4-dihydro43-pyrano[3,2€]pyridine (5.4 g, 37 methanol (10: 1) as an eluent. 4-Hydroxymethyl-3-methyl-
mmol) was dissolved in 50 mL ethanol. After addition of 5% furo[3,2C]pyridine was obtained in 54% yield as an oil:
Pd/C (2.5 g) to the reaction mixture, the solution was hydro?H NMR (CDCk) §2.30 (s, 3H, Ch), 4.60 (s, 2H, CkDH),
genated under 70 psi at 25 for an hour. The mixture was 7.42 (m, 2H, ArH), 8.43 (d, 1H, ArH); MS (z/e): 41 (18),
filtered and concentrated under reduced pressure. 4,4-Di4 (73), 51 (76), 77 (69), 104 (66), 131 (100), 159 (25), 163
methyl-3,4-dihydro-Bi-pyrano[3,2¢€]pyridine was obtained  (5).
in 94% yield as yellow oitH NMR(CDCk) 61.34 (s, 6H) 4-Chloromethyl-3-methylfuro[3,2-c]pyridine (5). SOC}
=5.5Hz, CH), 4.36 (t, 2H,J = 5.5 Hz, CH), 6.87 (d, 1H) (0.39 mL, 5.3 mmol) was slowly added to a solution of 4-
=7.5Hz, ArH), 7.60 (d, 1H] = 7.5 Hz, ArH), 8.06 (d, 1H} hydroxymethyl-3-methy-furo[3,2}pyridine (0.23 g, 1.4 mmol)
=7.5 Hz, ArH). in 20 mL of dichloromethane at°C. The reaction mixture

4-Cyano-3-methylfuro[3,2¢]pyridine N-oxide. 3-Methyl-  was stirred at room temperature for 4 hours. The resulting
furo[3,2<c]pyridine (4.2 g, 31 mmol) andrchloroperben-  mixture was poured into ice-water, neutralized with saturat-
zoic acid (42 mmol) were dissolved in 200 mL of LLH, ed NaHCQ, and extracted with ethyl acetate. The organic
and stirred at room temperature for 5 hours. The resultingayer was dried over anhydrous magnesium sulfate and
mixture was filtered, dried over anhydrous Mg3@d concent-  concentrated. The residue was purified by column chromato-
rated. The 4-cyano-3-methylfuro[3cRyridine N-oxide was  graphy with hexane-ethyl acetate to give 52% of 4-chloro-
obtained in 90% yield after column chromatography (hexanenethyl-3-methylfuro[3,2]pyridine as oil.H NMR (CDCk)
: ethyl acetate : methanol = 4:4: 4 NMR (CDCk) & 02.30 (s, 3H, Ch), 4.75 (s, 2H, CECI), 7.42 (m, 2H, ArH),
2.45 (s, 3H, CH), 7.46 (d, 1HJ =5.6 Hz, ArH), 7.53 (s, 1H, 8.43 (d, 1H, ArH); MS (z/e): 41 (18), 44 (73), 51 (76), 77
ArH), 8.42 (d, 1H,J = 5.6 Hz, ArH), 8.83 (s, 1H, ArH); (69), 104 (66), 131 (100), 146 (20), 1817(13).
Mass (z/e): 41 (20), 57 (13), 73 (25), 94 (15), 104 (21), 121 4-(1H-Benzimidazol-2-thiomethyl)-furo[3,2-c]pyridine
(19), 133 (35), 158 (100, W (7). Sodium hydroxide (0.13 g, 3.3 mmol) was slowly added

4-Cyano-3-methylfuro[3,2€]pyridine (11). 3-Methylfuro- over 5 min to a stirred solution of 2-mercaptobenzimidazole
[3,2<C]pyridine N-oxide (4.4 g, 27 mmol), trimethylsilyl (0.29 g, 1.4 mmol) in ethanol (20 mL). 4-Chloromethyl-3-
cyanide (8.0 g, 81 mmol) were dissolved in 60 mL gNEt  methylfuro[3,2€]pyridine (0.29 g, 1.6 mmolpf was slowly
The reaction mixture was refluxed for 3-4 hours. Theadded to the 2-mercaptobenzimdaz@esplution at (°C,
reaction mixture was poured into water. The desired produand stirred for 12 hours at room temperature. After the
was extracted with two portions of ethyl acetate. The organisolvent was removed under reduced pressure, the residue
layer was dried over anhydrous MgSénd concentrated. was poured into 10% NaHG®olution and extracted with
The 4-cyano-3-methylfuro[3,2pyridine was obtained after ethyl acetate. The organic layer was dried over Mg&ai
column chromatography in a 62% yield as an oil: mp = 120€oncentrated. The desired coupling product (0.35 g, 74%)
122°C; *H NMR (CDCk) 6 2.50 (s, 3H, Ch), 7.55 (s, 1H, was obtained as a semi-solfti NMR (CDCk) & 2.38 (s,
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3H, CH), 4.69 (s, 2H, SCh), 7.16 (m, 2H, ArH and vinyl),
7.35 (m, 3H, ArH), 8.39 (m, 1H, ArH); Ms (z/e): 51 (27), 65
(28), 91 (39), 118 (42), 146 (72), 163 (19), 262 (100), 295 (74).1.
4-(1H-Benzimidazol-2-sulfinylmethyl)-furo[3,2-c]pyri-
dine (8). A solution of m-chloroperbenzoic acid (0.30 g,
1.75 mmol) was added dropwise to solution of H-(1
benzimidazole-2-thiomethyl)-furo[3 @pyridine (0.43 g, 1.7
mmol) in 35 mL of CHCI; at -78°C. The reaction mixture
was stirred at the same temperature for an hour. The solutio
was washed with 10% MNaOs; solution and dried over
MgSQ,. After removal of the solvent, the residue was purified
by column chromatography. 4Hbenzimidazol-2-sulfinyl-
methyl)-furo[3,2€]pyridine was obtained in 89% yield
NMR (CDCk) 4 2.18 (s, 3H, Ch), 4.49 (s, 2H, CbBO),
7.50 (m, 6H, ArH and vinyl), 8.19 (d, 1H, ArH); Ms (z/e): 51 7.
(25), 65 (23), 91 (35), 118 (40), 146 (63), 163 (15), 262
(100), 295 (53), 331 (6, ML

Biological Methods

Enzyme preparation H/K*-ATPase was prepared from
the fundic mucosae of New Zealand white rabbits (2-3 Kg,
male) as described previoudlyThe mucosal layer of the
gastric fundus was scraped, and homogenized in 40 mM
Tris/HCI, pH 7.4 containing 0.25 M sucrose, 2 mM HEPEsS,

2 mM MgChL, 2 mM EDTA. The homogenate was centri-
fuged at 10,008 g for 30 min at #C. The resulting super-
natant was recentrifuged at 100,006 for 60 min at 4C. 8.
The pellets were resuspended in 40 mM Tris/HCI Buffer (pH
7.4), and stored at -7AC. The protein concentration of the
preparation was determined by the method of Bradford.

In vitro screening of benzimidazole derivativé8 Pre-
pared enzyme (2Hg) was incubated at 3T in 250uL of a
medium consisting of 4 mM Tris/HCI, pH 7.4, 4 mM MgCl
5 ug/mL nigercin in methanol, 6.7 mM NBI. Specific H/
K*-ATPase activity was determined after subtracting the
basal enzyme activity which was measured without KCl and

2.
3.
4,

5.

10.

NH4CI. After incubation for 30 min, the reaction was termi- 12.

nated by the addition of 30% cold TCA, and centrifuged.
The inorganic phosphate released in the supernatant was
determined by the method of Yoda and Hd¥iAssay medi-
um for the H/K*-ATPase activity contained 2% methanol,
which did not affect the enzyme activity.

In vivo antisecretory effect of benzimidazole deri-
vatives? In vivo antisecretory effects of benzimidazoles

were determined using pyrorus-ligated rat according to Shays

et al?® Sprague-Dawley rats (150-250 g, male) were obtain-
ed from KRICT, and food was withdrawn for 24 hours
before experiment. The pylorus of the rats was ligated under
ethyl ether anesthesia. The benzimidazole derivatives in PEG
400 suspension (20 mg/Kg) was administered intraduodenally.
Control groups were given PEG 400 solution alone. 5 Hours
after the surgery, the stomach was isolated and the accumu-
lated gastric juice was collected. After centrifugation of
gastric juice at 5000 rpm for 10 min, the supernatant wa
analyzed for gastric acid volume, pH, and acid output by
using Orion 960 autochemistry analyzer.
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