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concentration, nonspecific binding), or assay buffer (control); (b) 
50 ML of radioligand in assay buffer with 0.05% CHAPS; (c) 200 
ML of assay buffer; (d) 200 nL of membranes in assay buffer. After 
30 min of incubation at 37 °C, 1 mL of ice-cold buffer was added 
followed by rapid filtration under reduced pressure over Whatman 
glass fiber GF/B filters, presoaked with buffer, by means of a 
Millipore sampling manifold. Filters were washed with 1 mL of 
buffer used to wash the incubation tubes and three times with 
2 mL of ice-cold buffer. Filters were dried at 75 °C for 45 min. 
The radioactivity trapped on the filters was counted in 3.5 mL 
of Packard Emulsifier Safe after at least a 2 h extraction time. 

Data Analysis. Specific binding was defined as the difference 
between total binding and nonspecific binding in presence of 10 
litA lorglumide. IC^ values were determined from pseudo-Hill 
plots of the displacement curves. Inhibitor dissociation constants 
(Ki) were calculated from the Cheng-Prusoff equation: K{ = 
ICso/d + [L*]/KA). L* denotes the concentration and Kd the 
equilibrium dissociation constant of the radioligand. A Kd value 

of 0.21 nM was determined for 3H-(±)-L364,718 binding to rat 
pancreas membranes. 
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[(Pyridylmethyl)sulfinyl]benzimidazoles 1 (PSBs) are a class of highly potent antisecretory (H+,K+)-ATPase inhibitors 
which need to be activated by acid to form their active principle, the cyclic sulfonamide 4. Selective inhibitors of 
the (H+,K+)-ATPase in vivo give rise to the nonselective thiophile 4 solely at low pH, thus avoiding interaction with 
other thiol groups in the body. The propensity to undergo the acid-catalyzed transformation is dependent on the 
nucleophilic/electrophilic properties of the functional groups involved in the formation of 2 since this step is both 
rate-determining and pH-dependent. The aim of this study was to identify compounds with high (H+,K+)-ATPase 
inhibitory activity in stimulated gastric glands possessing acidic pH, but low reactivity (high chemical stability) 
at neutral pH as reflected by in vitro (Na+,K+)-ATPase inhibitory activity. The critical influence of substituents 
flanking the pyridine 4-methoxy substituent present in all derivatives was carefully studied. The introduction of 
a 3-methoxy group gave inhibitors possessing a combination of high potency, similar to omeprazole and lansoprazole, 
but increased stability. As a result of these studies, compound la (INN pantoprazole) was selected as a candidate 
drug and is currently undergoing phase III clinical studies. 

Introduction 

Control of gastric p H by means of antisecretory drugs 
has proven to be a valuable principle in the t reatment of 
pept ic ulcers.2 T h e identification of the gastric 
(H+ ,K+)-ATPase,3 '4 located in the apical membrane of 
parietal cells, as the gastric proton pump has stimulated 
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considerable interest in the inhibitors of this enzyme as 
antiulcer therapeutics. Its unique environment5 in the 
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apical membrane separating the neutral cytosol from the 
acidic lumen is distinct from other H+-translocating ATP-
ases. Furthermore, it is structurally and mechanistically 
quite distinct, providing an excellent conceptual basis for 
the design of selective drugs. 

[(Pyridylmethyl)sulfinyl]benzimidazoles (PSBs) 1 have 
proved to be highly active inhibitors of the gastric 
(H+,K+)-ATPase both in vitro and in vivo, with high and 
long lasting antisecretory activity.67 In particular, ome­
prazole has been developed clinically and was successfully 
introduced to the market in 1989.8 The enzyme-blocking 
and antisecretory activity of the PSBs is believed to be 
exerted by covalent modification of one or more thiol 
groups on the acidic lumenal side of the enzyme.9 

Recently, we10 and others11 established the chemical 
transformations that take place under conditions resem­
bling those of the extracytosolic part of the parietal cell 
(e.g. 0.1 N HC1). These involve unique reactions leading 
to the highly thiophilic cyclic sulfenamide 4, which is able 
to react rapidly with thiol groups on the enzyme to form 
the tightly bound enzyme-inhibitor complex 5 (Scheme I). 

Accordingly, the design of selective inhibitors of the 
(H+,K+)-ATPase in vivo requires PSBs to form the non-
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(5) Sachs, G.; Carlsson, E.; Lindberg, P.; Wallmark, B. Gastric 
(H+,K+)-ATPase as Therapeutic Target. Ann. Rev. Pharma­
col. Toxicol. 1988, 28, 269-284. 

(6) Wallmark, B.; Lorentzon, 0.; Larsson, H. The Mechanism of 
Action of Omeprazole—a Survey of Its Inhibitory Actions in 
vitro. Scand. J. Gastroenterol. 1985, 20 (Suppl. 108), 37-51. 

(7) Larsson, H.; Carlsson, E.; Junggren, U.; Olbe, L.; Sjostrand, S. 
E.; Skanberg, I.; Sundell, G. Inhibition of Gastric Acid Se­
cretion by Omeprazole in the Dog and Rat. Gastroenterology 
1983, 85, 900-907. 

(8) Lindberg, P.; Brandstrom, A.; Wallmark, B.; Mattson, H.; 
Rikner, L.; Hoffmann, K.-J. Omeprazole: The First Proton 
Pump Inhibitor. Med. Res. Rev. 1990,10, 1-54. 

(9) Wallmark, B.; Brandstrom, A.; Larson, H. Evidence for Acid-
induced Transformation of Omeprazole into an Active Inhib­
itor of (H+,K+)-ATPase within the Parietal Cell. Biochim. 
Biophys. Acta 1984, 778, 549-558. 

(10) (a) Figala, V.; Klemm, K.; Kohl, B.; Kriiger, U.; Rainer, G.; 
Schaefer, H.; Senn-Bilfinger, J.; Sturm, E. Acid Activation of 
(H+,K+)-ATPase Inhibiting 2-[(2-Pyridylmethyl)sulphinyl]-
benzimidazoles: Isolation and Characterization of the Thio­
philic 'Active Principle' and Its Reactions. J. Chem. Soc, 
Chem. Commun. 1986, 125-127. (b) Sturm, E.; Kriiger, U.; 
Senn-Bilfinger, J.; Figala, V.; Klemm, K.; Kohl, B.; Rainer, G.; 
Schaefer, H.; Blake, T. J.; Darkin, D. W.; Ife, R. J.; Leach, C. 
A.; Mitchell, R. C; Pepper, E. S.; Salter, C. J.; Viney, N. J.; 
Huttner, G.; Zsolnai, L. (H+,K+)-ATPase Inhibiting 2-[(2-
Pyridylmethyl)sulfinyl]benzimidazoles. 1. Their Reaction 
with Thiols under Acidic Conditions. Disulfide Containing 
2-Pyridiniobenzimidazolides as Mimics for the Inhibited En­
zyme. J. Org. Chem. 1987,52, 4573-4581. (c) Senn-Bilfinger, 
J.; Kriiger, U.; Sturm, E.; Figala, V.; Klemm, K.; Kohl, B.; 
Rainer, G.; Schaefer, H.; Blake, T. J.; Darkin, D. W.; Ife, R. J.; 
Leach, C. A.; Mitchell, R. C; Pepper, E. S.; Salter, C. J.; Viney, 
N. J.; Huttner, G.; Zsolnai, L. (H\K+)-ATPase Inhibiting 2-
[(2-Pyridylmethyl)sulfinyl]benzimidazoles. 2. The Reaction 
Cascade Induced by Treatment with Acids. Formation of 5H-
Pyrido[l',2':4,5][l,2,4]thiadiazino[2.3-a]benzimidazol-13-ium 
Salts and Their Reactions with Thiols. J. Org. Chem. 1987,52, 
4582-4592. 

(11) (a) Lindberg, P.; Nordberg, P.; Alminger, T.; Brandstrom, A.; 
Wallmark, B. The Mechanism of Action of the Gastric Acid 
Secretion Inhibitor Omeprazole. J. Med. Chem. 1986, 29, 
1327-1329. (b) Brandstrom, A.; Lindberg, P.; Bergman, N.-A.; 
Alminger, T.; Ankner, K.; Junggren, U.; Lamm, B.; Nordberg, 
P.; Erickson, M.; Grundevik, I.; Hagin, I.; Hoffmann, K.-J.; 
Johansson, S.; Larsson, S.; Lofberg, I.; Ohlson, K.; Persson, B.; 
Skanberg, I.; Tekenbergs-Hjelte, L. Chemical Reactions of 
Omeprazole and Omeprazole Analogues. I. A Survey of the 
Chemical Transformations of Omeprazole and Its Analogues. 
Acta Chem. Scand. 1989, 43, 536-548. 
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selective thiophile 4 solely at low pH, thus avoiding in­
teraction with other thiol groups in the body. This can 
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be achieved by fine tuning the nucleophilic/electrophilic 
properties of the functional groups involved in the for­
mation of 2, since this step is both rate-determining and 
pH-dependent. The influence of substituents in the aro­
matic rings of PSBs, in particular the dominating elec­
tronic effect in the pyridine ring, has been discussed 
previously.1213 

We have studied the influence of substituents in both 
the pyridine and the benzimidazole moiety in a new series 
of dimethoxypyridyl-substituted PSBs compared with 
their monomethoxy congeners.14 The purpose was to 
identify compounds with high (H+,K+)-ATPase inhibitory 
activity in stimulated gastric glands possessing acidic pH, 
but low reactivity (high chemical stability) at neutral pH, 
reflected by in vitro (Na+,K+)-ATPase inhibitory activity. 
As a result of these studies, compound la (INN pan-
toprazole)15 was selected as a clinical candidate, and is 
currently undergoing phase III clinical studies. The bio­
chemical characteristics16 and the in vivo activity profile 

(12) (a) Brandstrom, A.; Lindberg, P.; Junggren, U. Structure Ac­
tivity Relationships of Substituted Benzimidazoles. Scand. J. 
Gastroenterol. 1985, 20 (Suppl. 108), 15-23. (b) Brandstrom, 
A.; Lindberg, P.; Junggren, U.; Wallmark, B. Structure-Activ­
ity Relationships of Substituted Benzimidazoles. Scand. J. 
Gastroenterol. 1986,21 (Suppl. 118), 54-56. (c) Brandstrom, 
A.; Bergman, N.-A.; Lindberg, P.; Grundevik, I.; Johansson, S.; 
Tekenbergs-Hjelte, L.; Ohlson, K. Chemical Reactions of 
Omeprazole and Omeprazole Analogues. II. Kinetics of the 
Reaction of Omeprazole in the Presence of 2-Mercaptoethanol. 
Acta Chem. Scand. 1989, 43, 549-568. 

(13) Ife, R. J.; Dyke, C. A.; Keeling, D. J.; Meenan, E.; Meeson, M. 
L.; Parsons, M. E.; Price, C. A.; Theobald, C. J.; Underwood, 
A. H. 2-[[(4-Amino-2-pyridyl)methyl]sulfinyl]benzimidazole 
(H+,K+)-ATPase Inhibitors. The Relationship between Pyri­
dine Basicity, Stability, and Activity. J. Med. Chem. 1989,32, 
1970-1977. 

(14) Parts of this paper have been presented at the 198th ACS 
Meeting 1989, Miami. (Kohl, B.; Sturm, E.; Simon, W. A.; 
Schaefer, H.; Keeling, D. J. Selection of BY1023/SK&F 96022 
from a New Series of (H+,K+)-ATPase Inhibitors). 

(15) Pantoprazole Sodium. Drugs Fut. 1990,15 (8), 801-804. 
(16) Simon, W. A.; Keeling, D. J.; Laing, S. M.; Fallowfield, C; 

Taylor, A. G. BY1023/SK&F 96022: Biochemistry of a Novel 
(H+,K+)-ATPase Inhibitor Biochem. Pharm. 1990, 39, 
1799-1806. 
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(I) POCI3/A, (II) H202/AcOH/A; (III) NaOCH3/CH3OHM 

have been published elsewhere.17 

Chemistry 
All compounds la-x in Table I were synthesized ac­

cording to method A (Scheme II) by condensation of the 
appropriately substituted 2-(chloromethyl)pyridines 6a-g 
with the substituted 2-mercaptobenzimidazoles 7a-f, 
followed by oxidation of the sulfides 8a-x either with 
m-chloroperbenzoic acid at low temperature (method Al) 
or with sodium hypochlorite in alkaline aqueous solutions 
(method A2).18-19 

The substituted 2-(chloromethyl)pyridine-HCl 6a-g20 

were known or were prepared according to known methods 
as outlined in Scheme III (method B). Controlled nitration 
of the pyridine N-oxides 9a-g with concentrated nitric acid 
gave the 4-nitro derivatives lOa-g20 which were converted 
to the 4-methoxy iV-oxides lla-g by treatment with so­
dium methoxide in refluxing methanol. The rearrange­
ment of l la-g was performed in acetic anhydride at 100 
°C. Hydrolysis with NaOH readily afforded the 2-(hy-
droxymethyl)pyridines 12a-g which were converted to the 
corresponding 2-(chloromethyl)pyridine'HCl 6a-g by 
treatment with thionyl chloride in CH2C12. 

The pyridine iV-oxide l ie leading to the 4,5-dimeth-
oxy-3-methyl series of 1 (compounds lc,h,l,r) was syn­
thesized according to method C (Scheme IV). Isomeri-
zation of llf with acetic anhydride gave, after hydrolysis, 
12f and as a side product the 5-hydroxypyridine 13. 
Methylation of 13 with dimethyl sulfate in the presence 
of KOH in DMSO afforded the 4,5-dimethoxypyridine 14, 
which was oxidized with mCPBA to give the N-oxide lie. 
This was further treated according to method B to give 
6c via 12c. 

(17) (a) Kromer, W.; Postius, S.; Riedel, R.; Simon, W. A.; Hanauer, 
G.; Brand, U.; Gonne, S.; Parsons, M. E. BY 1023/SK&F 96022 
INN Pantoprazole, a Novel Gastric Proton Pump Inhibitor, 
Potently Inhibits Acid Secretion But Lacks Relevant Cyto­
chrome P450 Interactions. J. Pharmacol. Exp. Therap. 1990, 
254,129-135. (b) Hanauer, G.; Graf, U.; Meissner, T. In Vivo 
Cytochrome P 450 Interactions of the Newly Developed 
(H+,K+)-ATPase Inhibitor Pantoprazole (BY 1023/SK&F 
96022) Compared to Other Antiulcer Drugs. Meth. Find. Exp. 
Clin. Pharmacol. 1991, 13 (1), 63-68. 

(18) Kohl, B.; Klemm, K.; Riedel, R.; Figala, V.; Rainer, G.; 
Schaefer, H.; Senn-Bilfinger, J. Eur. Pat. 166 287, 1985. US 
Pat. 4, 758, 579, 1988. 

(19) Rainer, G.; Riedel, R.; Senn-Bilfinger, J.; Klemm, K.; Schaefer, 
H.; Figala, V. Eur. Pat. 134 400,1984. 

(20) Avoid contact with skin; handle under a well ventilated hood. 
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Table I. Synthesis of 2-|[(4-Methoxy-2-pyridyl)methyl]sulfinyljbenzimidazoles 

OCR 

Kohl et al. 

compd0 

la 
b 
c 
d 
e 
f 
e 
h 
i 
J 
k 
1 
m 
n 
0 
P 
q 
r 
8 
t 
U 
V 
w 
X 

R1 

OCF2H 
OCF2H 
OCF2H 
OCF2H 
OCF2H 
OCF2H 
OCH2CF3 
OCH2CF3 
OCH2CF3 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 

0-CF2-

R2 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

-0 
0-CF2-0 
0-CF2-0 
0-CF2--0 
0-CF2-0 

OCF2H 
OCF2H 
OCF2H 
OCFuH 

OCH3 
OCH3 
F 
F 

R3 

OCH3 
H 
CH3 
H 
CH3 
CH3 
OCH3 
CH3 
CH3 
OCH3 
H 
CH3 
H 
CH3 
H 
OCH3 
H 
CH3 
H 
CH3 
OCH3 
CH3 
OCH3 
CH3 

R4 

H 
OCH3 
OCH3 
H 
CH3 
H 
H 
OCH3 
H 
H 
OCH3 
OCH3 
H 
H 
CH3 
H 
OCH3 
OCH3 
H 
H 
H 
H 
H 
H 

method 
of oxidation 

Al 
A2 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
Al 
A2 
Al 
Al 
Al 
A2 
Al 
A2 
A2 
Al 
Al 
Al 
Al 

yield,6 

% 
85 
65 
96 
74 
83 
77 
87 
72 
81 
66 
82 
51 
94 
77 
93 
85 
83 
75 
83 
88 
83 
89 
73 
96 

crystn 
solvent0 

DCM/DIPE 
DIPE 
DIPE 
EtOAc 
DCM/DIPE 
EtOAc 
DCM/DIPE 
DCM/DIPE 
CH3CN 
DCM/DIPE 
DCM/DIPE 
DCM/DIPE 
EtOAc/DIPE 
DIPE 
DIPE 
DCM/DIPE 
EtOAc 
DIPE 
EtOAc 
EtOAc 
DCM/DIPE 
EtOAc 
DCM/DIPE 
DIPE 

mp, "C 
139-40 
159-60 
133-35 
159-61 
145-46 
166-68 
113-15 
154-56 
172-73 
117-19 
161-62 
125-26 
132-34 
135-36 
163-64 
177-78 
211-13 
189-90 
184-85 
201-02 
170-71 
169-70 
155-57 
163-64 

formula 
C16H16F2N304S 
C16H16F2N304S 
C17H17F2N304S 
C16Hl3F2N303S 
C17H17F2N303S 
C16HI6F2N303S 
C16H17F3N304S 
C18H18F3N304S 
C17H16F3N303S 
C17H16F4N304S 
C17H16F4N304S 
C18H17F4N304S 
C16H13F4N303S 
C17H16F4N303S 
C17H16F4N303S 
C16H13F2N306S 
C16H13F2N306S 
C17H16F2N30BS 
C16HuF2N304S 
C16H13F2N304S 
C„H17F2N306S 
C17H17F2N304S 
C16HI4F3N304S 
C16H14F3N303S 

MW 
383.4 
383.4 
397.4 
353.3 
381.4 
367.4 
415.4 
429.4 
399.4 
433.4 
433.4 
447.4 
403.4 
417.4 
417.4 
397.4 
397.4 
411.4 
367.3 
381.3 
413.4 
397.4 
401.4 
385.4 

"All products exhibited IR and 'H NMR spectra consistent with the assigned structures and gave satisfactory C, H, and N combustion 
analyses within ±0.4% of calculated values. ''Yields are given for the oxidation step and have not been optimized. CDCM, dichloromethane; 
DIPE, diisopropyl ether. d Compounds decompose on melting; clearly defined melting points are not always obtainable. 

An alternative approach for the 3,4-dimethoxypyridine 
JV-oxide 11a, a key intermediate for the 3,4-dimethoxy 
series of 1, (compounds la,gj,p,u,w) is outlined in Scheme 
V (method D). Chlorination of the methoxypyridone2115 
with POCI3 afforded the 4-chloropyridine 16, which was 
oxidized to the corresponding iV-oxide 17 by treatment 
with H202 in hot acetic acid, followed by exchange of the 
chloro substituent for methoxy by means of sodium 
methoxide to yield 11a. 

The mercaptobenzimidazoles 7 were prepared according 
to the reported methods.19 

Results and Discussion 
Stability Properties. The pH-dependent rate of ac­

tivation of PSBs is a key parameter for the understanding 
of their biological effects. The variation of this rate with 
substituents on the pyridine and the benzimidazole rings 
is related to changes in the pKa values (Table II) describing 
the equilibria for the protonation on the pyridine nitrogen 
and for the release of a proton from the benzimidazole ring. 
The activation of PSBs is reflected by their stability in 
solution (Table II), since the decomposition proceeds ex­
clusively via the activated form represented by the spiro 
intermediate 2.10c 

Biological Effects. In order to study in vitro potency 
the PSBs were evaluated for their ability to inhibit the 
(H+,K+)-ATPase (at pH < 3) in the model of fundic glands 
isolated from the rabbit stomach. The in vitro inhibitory 

(21) Hwang, D. R.; Proctor, G. R.; Driscoll, J. S. Pyridones as Po­
tential Antitumor Agents II: 4-Pyridones and Bioisosteres of 
3-Acetoxy-2-pyridone. J. Pharm. Sci. 1980, 69, 1074-1076. 

activity on the (Na+,K+)-ATPase, representative of other 
SH-containing peptides or proteins, was studied to assess 
unwanted effects arising from nonselective inhibition at 
neutral pH. These data are summarized in Table II. 

SAR Discussion. Structure-activity relationships of 
PSBs have previously been reported.1213 For a given 
substituent on the benzimidazole ring, the rate of activa­
tion as well as the antisecretory effect in gastric gland 
preparations were found to correlate with the pyridine pXa 
(py-pKJ. The modulation of this key parameter in a series 
of PSBs bearing 4-amino substituents on the pyridine ring 
by variation of 3-halo substituents has been demonstrated, 
and even lowering of the pyridine pKa down to values of 
around 3 was shown to be acceptable.13 With regard to 
the specific accumulation of PSBs from the neutral pH 
cytosolic part of the parietal cell as an important factor 
contributing to the activity in vivo, we believed a pyridine 
p/fa just below 4 to be optimal. The effect of benz­
imidazole substituents has also been discussed.12 

The PSBs presented in Table II were studied with the 
aim of optimizing biological activity and neutral pH sta­
bility. A methoxy group in the 4-position of the pyridine 
ring, which promotes the acid-catalyzed activation, is 
common to all the derivatives la-x. Compounds bearing 
only this substituent on the pyridine ring (ld,m,s) exhibit 
a py-pKa of 4.3. They are potent (H+,K+)-ATPase inhib­
itors but they proved to be insufficiently stable at neutral 
pH and showed considerable activity in the (Na+,K+)-
ATPase test system under these conditions. An additional 
methyl group in the 5-position of the pyridine ring does 
not improve the enzyme-inhibiting properties, but reduces 
the neutral pH stability, probably because of the increased 
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Table II. Biological Activity and Stability of 2-|[(4-Methoxy-: 

compd 
la 
b 
c 
d 
e 
f 
g 
h 
i 
J 
k 
1 
m 
n 
0 
P 
q 
r 
8 
t 
U 
V 
w 
X 
omeprazole6 

lansoprazole' 

R1 

OCF2H 
OCF2H 
OCF2H 
OCF2H 
OCF2H 
OCFsH 
OCHjCFs 
OCH2CF3 
OCH2CF3 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 
OCF2CF2H 

R2 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

0-CF2-0 
O-CFj-0 
0-CF2-0 
0-CF2-0 
0-CF2-0 

OCF2H 
OCF2H 
OCF2H 
OCF2H 
OCH3 
H 

OCH3 
OCH3 
F 
F 
H 
H 

R3 

OCH3 
H 
CH3 
H 
CH3 
CH3 
OCH3 
CH3 
CH3 
OCH3 
H 
CH3 
H 
CH3 
H 
OCH3 
H 
CH3 
H 
CH3 
OCH3 
CH3 
OCH3 
CH3 
CH3 
CH3 

< 

R4 

H 
OCH3 
OCH3 
H 
CH3 
H 
H 
OCH3 
H 
H 
OCH3 
OCH3 
H 
H 
CH3 
H 
OCH3 
OCH3 
H 
H 
H 
H 
H 
H 
CH3 
H 

OCH, 

VSr 

py-pKa 

3.92 
3.75 
3.73 

4.16 

3.90 
3.72 
4.97 
3.86 

4.25 

4.95 
3.84 

4.29 
4.73 

4.96 
3.76 

4.13 
4.01 

2-pyridyl)n 

.«' 

iethyl]sv 

N j H j - 8 — / | 

0 V V 
H 

1 

imidazole 
P*. 
8.19 
8.03 
8.35 

8.23 

8.52 
8.61 
8.51 
8.08 

7.91 

8.00 
7.97 

7.92 
7.93 

8.31 
7.76 

8.98 
8.78 

llfinyljbi 

_ i 

X 
staDUity: 

pH3, 
min 
9 
17 
12 
7 
12 
5 
11 
10 
5 
18 
19 
20 
10 
5 
6 
38 
insol 
insol 
20 
10 
15 
6 
26 
8 
4 
4 

pH5, 
h 

3.0 
2.1 
3.7 
0.8 
1.9 
0.17 
7.6 
3.3 
0.15 
3.6 
2.9 
6.8 
0.8 
0.3 
0.2 
6 
insol 
insol 
1.4 
0.5 
2.1 
0.2 
8.3 
0.5 
1.0 
1.1 

enzimida: 

h/2 
pH 7.4, 

h 
130 
>200 
60 
51 
15 
3 
>200 
130 
5 
160 
140 
43 
63 
insol 
18 
>200 
insol 
insol 
insol 
insol 
800 
11 
150 
4 
80 
40 

:oles 

H+/K+-ATPase 
of gastric glands: 

-log ICJO,-
mol/L 

6.0 
4.5 
5.6 
5.8 
6.3 
6.2 
6.0 
5.6 
6.1 
5.3 
4.7 
5.1 
5.9 
6.4 
5.9 
5.6 
4.2 
4.8 
5.6 
6.0 
5.4 
5.8 
5.1 
5.5 
6.3 
6.4 

Na+/K+-ATPase: 
-log ICM," 

mol/L 
3.7 

<3.5 
4.6 
4.3 
4.4 
5.2 
3.5 
4.3 
5.4 
3.8 

<3.0 
4.2 
4.4 
5.5 
5.5 
3.6 

<3.0 
<3.0 
<3.5 

4.6 
3.6 
5.0 
3.4 
4.7 
4.5 
4.4 

"n > 3; SD < ±0.2. b Omeprazole (Hassle). 
OCH3, as with all other compounds). 

c Lansoprazole (Takeda) (the substituent in 4-position of the pyridine is OCH2CF3 instead of 

py-pjfa (compare lm and lo). Although the py-pKa's of 
the 3-methyl and the 5-methyl isomers are almost identical, 
the (H+,K+)-ATPase inhibitory activity is generally en­
hanced by the 3-methyl group; up to -log IC50 values of 
6.4. 

Unfortunately, these highly active 4-methoxy-3-methyl 
compounds are among the least stable derivatives at 
neutral pH, and due to their significant (Na+,K+)-ATPase 
inhibition (compare pairs Id/If, lm/ln, Is/It), they are 
not of interest. The unfavorable contribution of the 3-
methyl substituents has been explained by steric assistance 
of ring closure generating 2.12c The most striking effect 
in the series of monomethoxy PSBs was found when two 
methyl groups were present flanking the 4-methoxy sub­
stituent (compound le). In this sterically demanding ar­
rangement the electronic effects of the pyridine substitu­
ents are not additive,110 and the py-p-Kg is in the same 
range as for the derivatives with only the 4-methoxy group 
on the pyridine ring. Despite this, neutral stability as well 
as (Na+,K+)-ATPase inhibition of le was not satisfactory. 

Further variation of pyridine substituents was aimed at 
improving stability at neutral and weakly acidic pH, while 
simultaneously retaining a high level of (H+,K+)-ATPase 
inhibition. By introduction of a second methoxy group in 
the 3- or 5-position of the 4-methoxypyridine derivatives, 
py-pKa values between 3.7 and 4.0 were obtained. Al­
though both the 3,4- and 4,5-dimethoxy isomers display 
similar py-p/fa's and high stabilities under neutral con­
ditions, as well as low activity in the (Na+,K+)-ATPase 

assay, they are far from equivalent with regard to their 
(H+,K+)-ATPase potency (compare pairs la/lb, lj/lk, 
lp/lq)- An additional methyl group in the 3-position of 
the pyridine of the 4,5-dimethoxy series leaves the py-pKa 
almost unchanged, but enhances the reactivity at neutral 
pH as well as the inhibitory activity in both enzyme sys­
tems and thus does not result in further improvement. 
Again there seems to be a particular effect of a methyl 
group in the 3-position adversely affecting the pH-de-
pendent reactivity. 

Only in the series of 3,4-dimethoxypyridine substituted 
derivatives did we observe a high level of (H+,K+)-ATPase 
inhibition combined with low activity in the (Na+,K+)-
ATPase assay (-log IC50 < 4). These derivatives not only 
display good stability at neutral pH but sustain this higher 
level of stability down to pH 5. This stability profile has 
the potential advantage of minimizing the risk of activation 
at low pH values found outside the parietal cell, for ex­
ample, in lysosomes.22 The activation of these PSBs to 
the cyclic sulfenamide is therefore optimally restricted to 
the parietal cell canaliculus. Depending on the benz-
imidazole substituent, the 3,4-dimethoxypyridine deriva­
tives cover a range of -log ICso values for the (H+,K+)-
ATPase inhibition from 5.1 to 6.0. Incomplete stability 
data for the (difluoromethylene)dioxy-substituted deriv-

(22) Silver, M. S.; Haskell, J. H. Acid Sensitive Inhibitors of Pro­
teolytic Enzymes: Synthesis and Characterization. J. Med. 
Chem. 1989, 32,1253-1259 and references cited therein. 
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atives lp-t is due to their low solubility at pH values near 
to neutral and excluded compound lp from further 
evaluation. The two compounds la and lg both displayed 
promising characteristics with regard to pH-dependent 
stability and enzyme inhibition. They act in vitro as 
(H+,K+)-ATPase inhibitors with -log IC^ values of 6.0. 
This is slightly less than that observed for omeprazole and 
lansoprazole,23 but the differentiation between (H+,K+)-
ATPase and (Na+,K+)-ATPase inhibition (A log IC50 > 2.3) 
is more pronounced (A log IC50 omeprazole 1.8, lan­
soprazole 2.0). Compound la was selected for further 
evaluation over lg because of its greater water solubility 
(c„ pH 10,25 °C: la, 1.8 X 10'2 mL"1; lg, 2.3 X 10"3 ml/"1). 
With a second methoxy substituent in the pyridine ring 
of la, lipophilicity is minimized (log P = 2.05, octanol/ 
aqueous buffer pH 7.4), and low global lipophilicity is 
believed to be of benefit with respect to potential cyto­
chrome P450 system interactions.1617b 

Implications of the Mechanism of Action on Sulf­
oxide Stereochemistry. In selecting pantoprazole la for 
further evaluation we also studied the chemical transfor­
mations leading to its "active principle", the sulfenamide 
4a, in more detail (see Scheme I). We were able to prepare 
analytically pure 4a very easily according to our previously 
described procedure by treating a methanolic solution of 
la with HPF6 (see Experimental Section). The achiral 
regioisomeric 4a which is formed from racemic pan­
toprazole shows the characteristic long wavelength ab­
sorption in its UV spectrum (Xma][ 334 nm). The rapid 
reaction of 4a with thiols such as 2-mercaptoethanol was 
also found to be in line with our previous results, yielding 
the disulfides 5. In the preceding papers10 we discussed 
this reaction with respect to the covalent inhibition of the 
gastric (H+,K+)-ATPase. Due to their unique mechanism 
of action, therefore, the in vitro inhibitory activity of the 
enantiomers of la is anticipated to be identical as has been 
shown for omeprazole24 and Ro 185364.25 

Conclusion 

The sulfoxides 1 are potent inhibitors of gastric acid 
secretion and elicit their activity by reaction of the cor­
responding sulfenamide 4 ("active principle") with thiol 
groups on the gastric (H+,K+)-ATPase in the acidic com­
partment of the parietal cell. The design of selective in­
hibitors was guided by modulating the pyridine basicity 
by substituents in the 3- and 5-positions. The introduction 
of an additional methoxy group in the 3-position gave 
compounds with very high (H+,K+)-ATPase inhibitory 
activity combined with high stability at neutral pH (la and 
lg). la (pantoprazole) was selected for further develop­
ment over lg on the basis of its higher solubility. Pan­
toprazole, as its sodium salt, is currently in phase III 
clinical trials,26 and data available so far fit the preclinical 

(23) Kubo, K.; Oda, K.; Kaneko, T.; Satoh, H.; Nohara, A. Syn­
thesis of 2-[[(4-Fluoroalkoxy-2-pyridyI)methyl]sulfinyl]-lff-
benzimidazoles as Antiulcer Agents. Chem. Pharm. Bull. Jpn. 
1990, 38, 2853-2858. 

(24) Erlandson, P.; Isaksson, R.; Lorentzon, P.; Lindberg, P. Reso­
lution of the Enantiomers of Omeprazole and Some of Its 
Analogues by Liquid Chromatography on a Trisphenyl-
carbamoylcellulose-based Stationary Phase. The Effect of the 
Enantiomers of Omeprazole on Gastric Glands. J. Chroma-
togr. Biomed. Appl. 1990, 532, 305-319. 

(25) Sigrist-Nelson, K.; Krasso, A.; Muller, R. K. M; Fischli, A. E. 
Ro 18-5364, a potent new inhibitor of the gastric (H+,K+)-
ATPase. Eur. J. Biochem. 1987, 166, 453-459. 

profile.17 

Experimental Section 
Melting points are uncorrected and were determined with a 

Buchi 510 apparatus. !H and 13C NMR spectra were recorded 
at 200.13 and 50.32 MHz, respectively, on a Bruker AC 200 
spectrometer, and chemical shifts are reported in parts per million 
(<5) downfield from the internal standard Me4Si. A Kratos MS 
25 RFA mass spectrometer was used to obtain electron impact 
MS spectra. Elemental analyses (C, H, N, S) were performed by 
Dr. W. Rozdzinski, Institut fur Organische Chemie, Biochemie 
und Isotopenforschung der Universitat, Pfaffenwaldring 55, 
D-7000 Stuttgart 80, West Germany. Analytical figures were all 
within ±0.4% of theoretical unless otherwise indicated. IR spectra 
were recorded with a Perkin-Elmer 257 grating spectrometer. 

Synthesis of Benzimidazole Sulfoxides.1819 General 
Procedures. Synthesis of Sulfoxides by Oxidation with 
zn-Chloroperbenzoic Acid (Method Al). 5-(Difluorometh-
oxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]sulfinyl]-l£T-
benzimidazole (la) (INN Pantoprazole). A solution of m-
chloroperbenzoic acid (0.4 M, 20 mL) in dichloromethane was 
added over 15 mm to a stirred solution of 8a (2.92 g, 8.0 mmol) 
in dichloromethane (40 mL) while maintaining the temperature 
at -30 °C. After 30 min, 2 mL of triethylamine were added, and 
the cold reaction mixture was poured into a stirred solution of 
sodium thiosulfate and sodium carbonate (each 10 mL of 5% 
solution). The organic layer was separated and two further ex­
tractions with dichloromethane were performed. The combined 
extracts were washed with water, dried (MgS04), and evaporated 
to low volume in vacuo. Addition of diisopropyl ether afforded 
la as an off-white solid (2.61 g, 85%): mp 139-140 °C dec; H 
NMR (CDC13) d 3.82 (3 H, s, OCH3), 3.84 (3 H, s, OCH3), 4.82 
(2 H, AB, J = 13.1 Hz, Av = 14.1 Hz, CH2SO), 6.53 (1 H, t, J -
74.2 Hz, OCF2H), 6.78 (1 H, d, </66, = 5.5 Hz, H-5'), 7.08 (1 H, 
dd, Jei = 8.8 Hz, J64 = 2.1 Hz, H-6), 7.3 (1 H, br, H-4), 7.6 (1 
H, br,'H-7), 8.15 (1 H, d, H-6'), 12.71 (1 H, s, NH); EI (70 eV) 
MS m/z (%) 383 (11, M+), 335 (11), 152 (53), 138 (14), 122 (23), 
92 (100). Anal. (C16H16F2N304S) C, H, N, S. 

Preparation of the Sodium Salt of la. [Sodium 5-(Di-
fluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]-
sulfinyl]-lJ7-benzimidazolide (Pantoprazole Sodium Ses-
quihydrate)]. NaOH (6 N, 0.43 mL, 2.6 mmol) was added 
dropwise to a stirred solution of la (1.0 g, 2.6 mmol) in a mixture 
of ethanol (30 mL) and dichloromethane (5 mL) at 20 °C. After 
10 min diisopropyl ether (10 mL) was added slowly until the 
mixture became turbid, and stirring was continued for 2 h. The 
precipitate formed was collected by filtration, washed with di­
isopropyl ether, and dried in vacuo at 40 °C to yield the sodium 
salt of la as a white to off-white solid (1.0 g, 89%): decomposition 

(26) (a) Simon, B.; Muller, P.; Hartmann, M.; Bliesath, H.; 
Luhmann, R.; Huber, R.; Bohnenkamp, W.; Wurst, W. Pen-
tagastrin-stimulated Gastric Acid Secretion and Pharmacoki­
netics Following Single and Repeated Intravenous Adminis­
tration of the Gastric (H+,K+)-ATPase Inhibitor Pantoprazole 
(BY1023/SK&F 96022) in Healthy Volunteers. German J. 
Gastroenterol. 1990, 28, 443-447. (b) Simon, B.; Muller, P.; 
Bliesath, H.; Luhmann, R.; Hartmann, M.; Huber, R.; Wurst, 
W. Single Intravenous Administration of the (H+,K+)-ATPase 
Inhibitor BY1023/SK&F 96022—Inhibition of Pentagastrin— 
Stimulated Acid Secretion and Pharmacokinetics in Man. 
Aliment. Pharmacol. Therap. 1990, 4, 239-245. (c) Acton, G.; 
Howland, K.; Pue, M.; Broom, C. Antisecretory Activity and 
Preliminary Pharmacokinetics of Single Oral Doses of SK&F 
96022 (BY1023). Poster PP 1023 presented at the 9th Con­
gress of Gastroenterology, Sydney, Australia, 1990. (d) Simon, 
B.; Muller, P.; Marinis, E.; Bliesath, H.; Huber, R.; Hartmann, 
M.; Luhmann, R.; Wurst, W. Inhibition of Pentagastrin-stim-
ulated Gastric Secretion and Pharmacokinetics in Man Fol­
lowing Single and Repeated Oral Doses of the (H+,K+)-ATPase 
Inhibitor BY1023/SK&F96022. Poster PP 1003 presented at 
the 9th Congress of Gastroenterology, Sydney, Australia, 1990. 
(e) Lloyd-Davies, K. A.; Acton, G.; Wareham, K.; Broom, C. 
Effect of Intravenous SK&F 96022 (BY 1023) on Intragastric 
pH in Healthy Subjects. Poster PP 1020 presented at the 9th 
Congress of Gastroenterology, Sydney, Australia, 1990. 
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above 130 °C; IR (KBr) 1576,1304,1166,1118,1068,1035 cm"1; 
UV (MeOH) U («) 289 (1.64 X 104); H NMR (DMSO-d6) 8 3.77 
(3 H, s, 3'-OCH3), 3.89 (3 H, s, 4'-OCH3), 4.50 (2 H, AB, J = 13.0 
Hz, Ai> = 54 Hz, CH2SO), 6.74 (1 H, dd, «/67 = 8.6 Hz, J6i = 2.4 
Hz, H-6), 7.04 (1 H, t, Juf = 75.8 Hz, OCF2H), 7.09 (1 H,'d, Jvv 

= 5.6 Hz, H-5'), 7.26 (1 H, d, J46 = 2.5 Hz, H-4), 7.46 (1 H, d, 
H-7), 8.23 (1 H, d, H-6'); 13C NMR (DMSO-d6; 100 mg of la per 
milliliter) 8 56.09 (q, J = 146.0 Hz, 4'-OCH3), 57.11 (t, J = 141.9 
Hz, CHzSO), 61.10 (q, J = 145.0 Hz, 3'-OCHs), 107.63 (d, J = 163.8 
Hz, C-4), 108.09 (d, J = 161.7 Hz, C-5'), 111.21 (d, J = 158.8 Hz, 
C-6), 117.69 (d, J = 227.8 Hz, t, JCF = 255.6 Hz, 5-OCHF;,), 117.69 
(d, J = 158.6 Hz, C-7), 144.36 (t, V c r = 2.9 Hz C-5), 144.58 (s, 
C-3'), 144.71 (s, C-7a), 146.02 (d, J =' 179.2 Hz, C-6'), 146.80 (s, 
C-3a), 147.13 (s, C-2'), 158.51 (s, C-4'), 164.34 (s, C-2). Anal. 
C16HuF2N3Na04S (water content 6.5%) C, H, N, S. 

The following examples represent prototype cases of the H-
NMR spectra of the title compounds 1 (Table I), prepared in 
analogy to la (method Al) from appropriately substituted 
chloromethylpyridine HC1 6 and benzimidazoles 7 via the cor­
responding sulfides 8. 

5-(Difluoromethoxy)-2-[[(4-methoxy-3,5-dimethyl-2-
pyridinyl)methyl]sulfiny]]-l£f-benzimidazole (le): H NMR 
(CDCy 8 2.16 (3 H, s, CHg), 2.22 (3 H, s, CHj), 3.63 (3 H, s, OCHs), 
4.75 (2 H, AB, J = 13.8 Hz, Ay = 9.2 Hz, CH2SO), 6.53 (1 H, t, 
J = 74 Hz, OCF2H), 7.10-7.70 (3 H, m, benzimidazole), 8.19 (1 
H, s, H-6'). 

2-[[(4,5-Dimethoxy-3-methyl-2-pyridinyl)methyl]-
sulfinyl]-5-(2,2,2-trifluoroethoxy)-liJ-benzimidazole (lh): 
H NMR (CDC13) 8 2.23 (3 H, s CH3), 3.83 (3 H, s, OCH3), 3.87 
(3 H, s, OCH3), 4.38 (2 H, q, J = 8.1 Hz, OCH2CF3), 4.73 (2 H, 
AB, J = 13.9 Hz, Av = 6.8 Hz, CH2SO), 6.90-7.70 (3 H, m, ben­
zimidazole), 8.02 (1 H, s, H-6'), 12.43 (1 H, br s, NH). 

2-[[(4,5-Dimethoxy-2-pyridinyl)methyl]sulfinyl]-5-
(l,l,2,2-tetrafluoroethoxy)-l.ff-benzimidazole (Ik): H NMR 
(DMSO-dg) « 3.57 (3 H, s, OCH3), 3.81 (3 H, s, OCH3), 4.73 (2 H, 
AB, J = 13.0 Hz, Ai> = 22.8 Hz, CH^O), 6.77 (1 H, s, H-3'), 6.84 
(1 H, t of t, Jx = 52 Hz, J2 = 3.1 Hz, OCF2CF2H), 7.20-7.70 (3 
H, m, benzimidazole), 8.08 (1 H, s, H6'). 

2-[[(4-Methoxy-5-methyl-2-pyridinyl)methyl]sulfinyl]-
5-(l,l^-tetrafluoroethoxy)-lH-benzimidazole (lo): H NMR 
(CDC13) 8 2.06 (3 H, s, CH3), 3.47 (3 H, s, OCH3), 4.63 (2 H, AB, 
J = 13.1 Hz, Ac = 37.5 Hz, CH2SO), 5.96 (1 H, t oft, Jl = 53 Hz, 
J2 = 2.8 Hz, OCF2CF2H), 6.40 (1 H, s, H-3'), 7.15-7.65 (3 H, m, 
benzimidazole), 8.08 (1 H, s, H-6'). 

5-(Difluoromethoxy)-6-methoxy-2-[[(4-methoxy-3-
methyl-2-pyridinyl)methyl]sulfinyl]-lH-benzimidazole(lv): 
H NMR (CDC13) 8 2.12 (3 H, s, CH3), 3.83 (3 H, s, OCH3), 3.89 
(3 H, s, OCH3), 4.79 (2 H, AB, J = 13.8 Hz, Av = 8.0 Hz, CH^O), 
6.54 (1H, t, J = 75 Hz, OCF2H), 6.80 (1 H, d, Jsv = 5.7 Hz, H-5'), 
7.20 (1 H, s, H-7), 7.48 (1 H, s, H-4), 8.25 (1 H, d, H-6'). 

5-(Difluoromethoxy)-6-fluoro-2-[[(3,4-dimethoxy-2-
pyridinyl)methyl]sulfinyl]-lJ!f-benzimidazole (lw): H NMR 
(CDC13) 8 3.83 (3 H, s, OCH3), 3.87 (3 H, s, OCH3), 4.79 (2 H, AB, 
J = 13.1 Hz, Av = 23.5 Hz, CH2SO), 6.58 (1 H, t, J = 73.6 Hz, 
OCF2H), 6.81 (1 H, d, Jwv = 5.5 Hz, H-5'), 7.20-7.56 (2 H, br, 
benzimidazole), 8.17 (1 H, d, H-6'), 12.66 (1 H, br s, NH). 

Synthesis of Sulfoxides by Oxidation with Aqueous Al­
kaline Sodium Hypochlorite Solution (Method A2). 2,2-
Difluoro-6-[[(4-methoxy-2-pyridinyl)methyl]sulfinyl]-
5/f-[l^]dioxolo[4^-/]benzimidazole (Is). A mixture of sodium 
hypochlorite (10% strength, 0.24 mol) and 6 N NaOH (40 mL) 
was added to a well-stirred solution of 8s (80 g, 0.228 mol) in ethyl 
acetate (800 mL) and 6 N NaOH (45 mL) during 1 h at 0 °C. After 
30 min sodium thiosulfate (5 mL, 5% solution) was added. The 
organic layer was separated, washed with water, treated with active 
charcoal (2 g), and, after filtration, adjusted to pH 7.2 by addition 
of sodium dihydrogenphosphate solution to precipitate a solid, 
which was recrystallized from ethyl acetate to give Is (69.5 g, 83%): 
mp 184-85 °C. H NMR (DMSO-d6) 8 3.75 (3 H, s, OCH3), 4.68 
(2 H, AB, J = 12.9 Hz, Av = 15.2 Hz, CH2SO), 6.90 (1 H, s, H-3'), 
6.91 (1 H, d, J = 4.7 Hz, H-5'), 7.66 (2 H, s, H-4 + H-7), 8.32 (1 
H, d, J = 4.7 Hz, H-6'). Anal. (C16HUF2N304S) C, H, N. 

Isomeric Mixture (1:1) of 9(10)-(Difluoromethoxy)-3,4-
dimethoxy-5#-pyrido[l',2':4,5][l,2,4]thiadiazino[2,3-a]-
benzimidazol-13-ium Hexafluorophosphate (4a-PF6~). 
Aqueous hexafluorophosphoric acid (50%, 1.7 mL, 12.9 mmol) 

was added in one portion to a stirred suspension of la (3.3 g, 8.6 
mmol) in methanol (8 mL) at 0 °C. After 1.5 h at 0-5 °C the 
precipitated solid was filtered off, washed with little ice-cold 
methanol and diisopropyl ether, and dried in vacuo at 30 °C to 
give 4a as a yellow solid (3.34 g, 76%): mp 146-147 °C dec; H 
NMR (CD3OD) [partially separated signals of two isomers A 
(9-difluoromethoxy isomer) and B (10-difluoromethoxy isomer) 
with the ratio 1/1] 4.12 (3 H, s, OCH3 of both isomers), 4.39 (3 
H, s, OCH3 of both isomers), 5.06 (2 H, s, CHjS of both isomers), 
6.88 and 6.93 (0.5 H, t and 0.5 H, t, J = 74 Hz, OCF2H of both 
isomers), 7.27 (0.5 H, dd, J = 9 Hz, J = 2 Hz, H-10 of isomer A 
or H-9 of isomer B), 7.33 (0.5 H, dd, J = 9 Hz, J = 2 Hz, H-9 of 
isomer B or H-10 of isomer A), 7.39 (0.5 H, d, J = 2 Hz, H-ll of 
isomer B or H-8 of isomer A), 7.61 (0.5 H, s(br), H-8 of isomer 
A or H-ll of isomer B), 7.64 (0.5 H, d, J = 8.9 Hz, H-8 of isomer 
B or H-ll of isomer A), 7.84 (0.5 H, d, J = 8.9 Hz, H-ll of isomer 
A or H-8 of isomer B), 7.95 (1 H, d, </21 = 7.5 Hz, H-2 of both 
isomers), 9.47 and 9.48 (0.5 H, d, and 0.5 H, d, H-l of both 
isomers); UV (MeOH containing 0.4 vol% of 1 N HC1) X ^ (e) 
334 (1.39 X 104), 258 (7.4 X 103). Anal. (C16H14F8N303PS) C, H, 
N. 

In Situ Preparation of 9(10)-(Difluoromethoxy)-3,4-di-
methoxy-5iT-pyrido[l',2':4,5J[l,2,4]thiadiazino[2,3-a]benz-
imidazol-13-ium Chloride (4a-Cl~) from la in the NMR Tube. 
Compound la (10 mg, 3.5 X 10"6 M) was dissolved in CD3OD (0.5 
mL) and DC1 (20% in D20,20 nV was added. The sulfonamide 
4 salt produced reached a maximum concentration after 10-30 
min but was transformed into further products (thiosulfinate and 
dimeric disulfide) analogous to those described in ref 1. The 
presence of CI" causes rapid isomerization of the 9- and 10-di-
fluoromethoxy regioisomers,10b leading to the partial coalescence 
of the signals separated in the spectrum of the 4-PF6" salt. 4a-Cl": 
H NMR 8 4.13 (3 H, s, OCH3), 4.41 (3 H, s, OCH3), 5.11 (2 H, 
s, SCHa), 6.92 (1H, t, «/Hj = 73.9 Hz), 7.3 (1 H, s(br), H-9 (H-10)), 
7.5 and 7.7 (1 H, s(br) and 1H, d, J = 9 Hz, H-8 and H-ll), 7.99 
(1 H, d, J2>1 = 7.5 Hz, H-2), 9.48 (1 H, d, H-l). 

Formation of 5a (R = CH2CH2OH) from 4a-PF6" and Ex­
cess 2-Mercaptoethanol in the NMR Tube. Compound 4a-PF6" 
(5 mg, 9.8 X 10-* M) was dissolved in CD3OD (0.5 mL) and DC1 
(20% in D20, 5 iiL), and 2-mercaptoethanol (50 ML, 7.2 X 10-4 

M) was added. The spectrum indicated a complete reaction 
immediately after the addition and was found to be unchanged 
for at least 17 h: H NMR 8 4.15 (3 H, s, OCH3), 4.38 (3 H, s, 
OCH3), 4.60 (2 H, s, 2'-CH2), 6.90 (1 H, t, JH ,F = 74.1 Hz, CF2H), 
7.29 (1 H, dd, J 6 7 = 8.9 Hz, J 6 4 = 2.0 Hz, H-6), 7.53 (1 H, s(br), 
H-4), 7.77 (1 H, d, H-7), 7.91 (l H, d, Js,e, = 7.3 Hz, H-5'), 9.01 
(1 H, d, H-6'). The signals of the —SCH2CH20— side chain 
[triplets at & 2.6 (SCH2) and 3.6 (OCH2)] were superimposed by 
the signals of 2-mercaptoethanol starting material. 

Preparation of 2-(Chloromethyl)pyridine Hydrochlorides 
(6) (Method B).20 General Procedure. Compounds 6d,e£g27'28 

were prepared according to the literature methods; 6c was pre­
pared according to method C. 

2-(Chloromethyl)-3,4-dimethoxypyridine Hydrochloride 
(6a).29 Thionyl chloride (2 mL, 27.5 mmol) in dry dichloromethane 
(10 mL) was added dropwise to a cooled (0-5 °C) stirred solution 
of 12a (3.38 g, 20 mmol) in dichloromethane (30 mL). The mixture 
was allowed to warm up to 20 °C and, after 2 h, concentrated to 
low volume in vacuo. Addition of toluene afforded 6a as a colorless 
solid (4.2 g, 93%): mp 158-59 °C dec (lit.29 mp 158-59 °C); H 
NMR (CDC13) 8 4.09 (3 H, s, OCH3), 4.23 (3 H, s, OCH3), 5.06 
(2 H, s, CH2C1), 7.56 (1 H, d, J = 6.6 Hz, H-5), 8.56 (1 H, d, H-6). 
Anal. (C8H10ClNO2-HCl) C, H, N, CI. 

2-(Chloromethyl)-4,5-dimethoxypyridine hydrochloride 
(6b): from 12b;30 yield 81%; mp 160-61 °C dec; H NMR (CDC13) 

(27) Brandstrom, A.; Carlson, S.; Kallson, B.; Lindberg, P. Ger. 
Offen. DE 3404610, 1984. 

(28) Senn-Bilfinger, J.; Schaefer, H.; Figala, V.; Klemm, K.; Rainer, 
G.; Riedel, R.; Schudt, Ch.; Simon, W. Eur. Pat. 080602,1981. 

(29) (a) Brown, T. H. Eur. Pat. 0004793, 1979. (b) Nohara, A.; 
Maki, Y. Eur. Pat. 0208452, 1986. 

(30) Besso, H.; Imafuku, K.; Matsamura, H. Tautomerism of 4-
Pyridones. Bull. Chem. Soc. Jpn. 1977, 50, 710-712. 



1056 Journal of Medicinal Chemistry, 1992, Vol. 35, No. 6 Kohl et al. 

8 4.03 (3 H, s, OCH3), 4.19 (3 H, s, OCH3), 5.11 (2 H, s, CH2C1), 
7.42 (1 H, s, H-3), 8.13 (1 H, s, H-6). Anal. (C8H10ClNO2-HCl) 
C, H, N. 

2-(Chloromethyl)-4,5-dimethoxy-3-methylpyridine hy­
drochloride (6c): from 12c; yield 99%; mp 125-6 °C dec; H 
NMR (CDCI3 + DMSO-d6) 8 2.37 (3 H, s, CH3), 4.04 (3 H, s, 
OCH3), 4.27 (3 H, s, OCH3), 5.07 (2 H, s, CH2C1), 8.24 (1 H, s, 
H-6). Anal. (C9H12C1N02-HC1) C, H, N. 

Preparation of Sulfides 8. General Procedures. 5-(Di-
fluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]-
thio]-U7-benzimidazole (8a). Compound 6a (2.24 g, 0.01 mol) 
was added over 10 min with stirring to a heated (50 °C) solution 
of 5-(difluoromethoxy)-2-mercapto-lH-benzimidazole (7a) (2.16 
g, 0.01 mol) in ethanol (20 mL) and 2 N NaOH (11 mL, 0.022 mol). 
After 2 h at the stated temperature, ethanol was removed on a 
rotary evaporator and the residual suspension was extracted three 
times with dichloromethane. The combined organic layers were 
washed with 0.1 N NaOH, dried (MgS04), and evaporated in vacuo 
to give crude 5-(difluoromethoxy)-2-[[(3,4-dimethoxy-2-
pyridinyl)methyl]thio]-lJf-benzimidazole (8a) (3.38 g, 92%) as 
an amorphous residue which was used in the next step without 
further purification.31 Crude 8a can be recrystallized from di-
chloromethane/diisopropyl ether to give 8a as a white solid: mp 
118-9 °C; H NMR (CDC13) 8 3.92 (3 H, s, OCH3), 3.94 (3 H, s, 
OCH3), 4.40 (2 H, s, CH2S), 6.51 (1 H, t, J = 74.6 Hz, OCF2H), 
6.86 (1 H, d, «/6.6. = 5.7 Hz, H-5'), 6.98 (1 H, dd, </67 = 2.2 Hz, 
H-6), 7.32 (1 H,'d, H-4), 7.63 (1 H, d, H-7), 8.26 (1 H, d, H-6'), 
12.5 (1 H, br, NH). Anal. (C16H16F2N303S) C, H, N. 

2,2-Difluoro-6-[[(4-methoxy-2-pyridinyl)methyl]thio]-
5H-[U]dioxolo[4^/]benzimidazole (8s). A solution of 6d (19.4 
g, 0.1 mol) in 50 mL of water was added over 15 min to a stirred 
mixture of 7d (24.4 g, 0.105 mol), 4 N NaOH (55 mL, 0.22 mol), 
and ethanol (100 mL) at 60 °C. After 4 h, the mixture was diluted 
with water (100 mL) and allowed to cool to 20 °C. The solid was 
collected, washed subsequently with NaOH (0.01 N), water, and 
a 1:1 mixture of ethanol/water and dried to afford a solid which 
was recrystallized from toluene to give 8s (28.45 g, 81%): mp 
150-51 °C. H NMR (CDC13) 8 3.89 (3 H, s, OCH3), 4.29 (2 H, 
s, CH2S), 6.82 (1 H, dd, Jww = 5.8 Hz, J%,h. = 2.4 Hz, H-5'), 6.88 
(1 H, d, H-3'), 7.22 (2 H, s, H-4 + H-6), 8.46 (1 H, d, H-6'). Anal. 
(C16HnF2N303S) C, H, N. 

3-Methoxy-2-methyl-4-nitropyridine JV-Oxide (10a).20 

Nitric acid (98%, 40 mL) was added to a stirred, heated (80 °C) 
solution of 3-methoxy-2-methylpyridine JV-oxide (18.0 g, 0.13 mol) 
in glacial acetic acid (40 mL) over a period of 6 h. After 18 h a 
further 40 mL of nitric acid was added over a period of 6 h. After 
a further 15 h, the mixture was cooled, poured onto ice (50 g), 
and adjusted to pH 6, with cooling, using 40% sodium hydroxide. 
The precipitate (3-methoxy-2-methyl-6-nitropyridine, mp 144 °C) 
was filtered off and the filtrate extracted with dichloromethane 
(4 X 50 mL). The combined organic layers were dried (MgS04), 
concentrated to low volume, and triturated with petroleum ether 
(50/70) to give 10a (13.7 g, 58%): mp 103-04 °C. H NMR 
(CDCI3) 8 2.52 (3 H, s, CH3), 3.99 (3 H, s, OCH3), 7.77 (1 H, d, 
</66 = 7.3 Hz, H-5), 8.13 (1 H, d, H-6). Anal. (C7H8N204) C, H, 
N.' 

3,4-Dimethoxy-2-methylpyridine JV-Oxide (11a).32 A 
mixture of 10a, (4.5 g, 25 mmol) and sodium methoxide (2.7 g, 
50 mmol) in dry methanol (75 mL) was stirred at 40 °C for 16 
h. After cooling, the solution was adjusted to pH 7 by addition 
of concentrated sulfuric acid. The mixture was evaporated in 
vacuo and the residue extracted with toluene (50 mL). After 
filtration, to remove insoluble inorganic salts, the filtrate was 
evaporated in vacuo to a yellow oil. Chromatography (silica gel, 
CH2Cl2/MeOH) followed by trituration with petroleum ether 
(50/70) at 40 °C afforded 11a (5.2 g, 88%): mp 111-13 °C; H 
NMR (CDCI3) 8 2.50 (3 H, s, CH3), 3.85 (3 H, s, OCH3), 3.93 (3 
H, s, OCH3), 6.71 (1 H, d,J56 = 7.3 Hz, H-5), 8.10 (1 H, d, H-6). 
Anal. (C8HnNOs) C, H, N.' 

2-(Hydroxymethyl)-3,4-dimethoxypyridine (12a). A solu­
tion of 11a (4.8 g, 28.4 mmol) in acetic anhydride (25 mL) was 

(31) The sulfides were used in turn without further purification in 
the following oxidation step. 

(32) An alternative synthesis of 11a is described in method D. 

heated at 90 °C for 2 h. After evaporation in vacuo, the dark oily 
residue was agitated with 2 N NaOH (20 mL) for 2 h at 80 °C. 
After cooling the product was extracted into dichloromethane, 
dried (K2COi), and concentrated in vacuo to low volume. Addition 
of petroleum ether (50/70) afforded 12a as a colorless solid (3.60 
g, 76%): mp 93-95 °C; H NMR (CDC13) 8 3.85 (3 H, s, OCH3), 
3.93 (3 H, s, OCH3), 4.76 (2 H, s, CH20), 6.82 (1 H, d, «/66 = 5.6 
Hz, H-5), 8.22 (1 H, d, H-6). Anal. (CgHnNOa) C, H, N. 

Preparation of 12c (Method C). 5-Hydroxy-4-methoxy-
2,3-dimethylpyridine (13). Compound llf18 (1000 g, 6.53 mol) 
was added over 7 h in portions with stirring to heated (100 °C) 
acetic anhydride (3 L). After 3 h, excess acetic anhydride was 
removed in vacuo and the residue was distilled under reduced 
pressure. The fraction with a boiling range from 95-145 °C (1 
Pa) was collected and added over 30 min to vigorously stirred 2 
N NaOH (3.5 L) at 50 °C. The temperature was raised to 80 °C 
and, after 3 h, the solution was allowed to cool to room tem­
perature and extracted three times with dichloromethane (3 L). 
The combined organic layers were back-extracted with 1N NaOH 
(2 X 0.5 L). The combined aqueous layers were adjusted to pH 
7.5 with 2 N HC1 under vigorous stirring to precipitate an off-white 
solid which was rinsed with water and dried to afford 13 (130 g, 
13%): mp 274-76 °C; H NMR (DMSO-d6) 8 2.08 (3 H, s, CH3), 
2.28 (3 H, s, CH3), 3.79 (3 H, s, OCH3), 7.85 (1 H, s, H-6), 9.44 
(1 H, s, OH). Anal. (C8H„N02) C, H, N. 

4,5-Dimethoxy-2,3-dimethylpyridine (14). Compound 13 
(9.18 g, 60 mmol) was dissolved in a solution of KOH (3.60 g, 64 
mmol) in methanol (40 mL) and dimethyl sulfoxide (50 mL). The 
methanol was removed in vacuo, and methyl iodide (8.95 g, 63 
mmol) was added dropwise at 20 °C with rapid stirring. After 
15 h, the mixture was subjected to steam distillation. The distillate 
was adjusted to pH 13 with sodium hydroxide and extracted with 
dichloromethane in a continuous extractor. The combined extracts 
were dried (KOH) and evaporated to give 14 as a low melting solid 
(7.4 g, 74%): mp 36-38 °C; H NMR (CDCI3)8 2.17 (3 H, s, CH3), 
2.42 (3 H, s, CH3), 3.88 (3 H, s, OCH3), 3.90 (3 H, s, OCH3), 7.99 
(1H.8, H-6). Anal. (C9H13N02) C, H, N. 

2-(Hydroxymethyl)-4,5-dimethoxy-3-methylpyridine (12c). 
m-Chloroperbenzoic acid (9.7 g, 0.056 mol) in dichloromethane 
(50 mL) was added over 30 min to a stirred solution of 14 (6.3 
g, 0.038 mol) in dichloromethane (50 mL) at 20-30 °C. After 2 
h, the solution was heated at reflux for 4 h, cooled, and washed 
with a mixture of aqueous sodium carbonate and sodium thio-
sulfate (5% each). The water layer was back-extracted with 
dichloromethane, and the combined organic extracts were dried 
(MgS04) and evaporated in vacuo. The residual crude 4,5-di-
methoxy-2,3-dimethylpyridine N-oxide He (4.6 g, 66%) was 
dissolved in acetic anhydride (20 mL), heated at 110 °C for 30 
min, and evaporated in vacuo to a dark brown oil. NaOH (3 N, 
30 mL) was added and the mixture heated at 80 °C for 2 h. After 
cooling the product was extracted into dichloromethane, dried 
(K2C03), and evaporated in vacuo to a solid. Trituration with 
petroleum ether (50/70) afforded 12c (overall yield 4.0 g, 57%): 
mp 91-2 °C; H NMR (CDC13) 8 2.10 (3 H, s, CH3), 3.92 + 3.93 
(2 X 3 H, 2 X s, 2 X OCH3), 4.60 (2 H, s, CH20), 4.71 (1 H, brs, 
OH), 8.06 (1 H, s, H-6). Anal. (C9H13N03) C, H, N. 

Alternative Synthesis of Ha from 15 (Method D). 4-
Chloro-3-methoxy-2-methylpyridine (16). Phosphorus oxy-
chloride (100 mL) and 3-methoxy-2-methyl-4(LH)-pyridone IB21 

(13.9 g, 0.1 mol) were stirred at 90 °C for 18 h, concentrated in 
vacuo, and cooled to 20 °C. The residue was treated with ice-water 
and adjusted to pH 12 with 40% sodium hydroxide, and the 
product was extracted into dichloromethane. The residue ob­
tained on evaporation of the combined extracts was distilled at 
reduced pressure to give 16 (15.1 g, 96%): bp 75 °C (103Pa); H 
NMR (CDCI3) 8 2.55 (3 H, s, CH3), 3.86 (3 H, s, OCH3), 7.18 (1 
H, d, J 6 6 = 5.1 Hz, H-5), 8.15 (1 H, d, H-6). Anal. (C7H8C1N0) 
C, H, N. 

4-Chloro-3-methoxy-2-methylpyridine JV-Oxide (17).20 A 
mixture of hydrogen peroxide (67 mL of 30% solution, 0.68 mol), 
16 (27 g, 0.17 mol), and acetic acid (0.5 L) was heated to 90 °C. 
After 24 h the solution was evaporated in vacuo to an oil. Pu­
rification by chromatography (silica gel, CH2Cl2/MeOH) gave 17 
(26.5 g, 90%): mp 95-96 °C; H NMR (CDCI3) 8 2.53 (3 H, s, CH3), 
3.89 (3 H, s, OCH3), 7.16 (1 H, d, «/S6 = 7.0 Hz, H-5), 8.08 (1 H, 
d, H-6). Anal. (C7H8C1N02) C, H,N. 



2-[(2-Pyridylmethyl)sulfinyl]benzimidazoles. 4 

3,4-Dimethoxy-2-methylpyridine N-Oxide (11a) from 17. 
Sodium methoxide (12.4 g, 0.23 mol) and 17 (20 g, 0.115 mol) in 
methanol (100 mL) were heated at reflux. After 18 h, the solvent 
was evaporated in vacuo, the residue was extracted with hot 
toluene (100 mL), and the insolubles were filtered off. Addition 
of diisopropyl ether to the filtrate afforded Ha as a colorless solid 
(17.7 g, 91%), mp 111-12 °C. 

Stability and pK, Measurements. Stability at ambient 
temperature (25 °C) was determined in methanol/phosphate 
buffer (5:95) which had been adjusted to the appropriate pH. The 
initial concentration of compounds was between 1 X 10~3 and 3 
X 10"4 M, and the decrease in concentration was monitored by 
HPLC fcBondapak C18, CH3CN/KH2P04, pH 7.4, 20-80% 
CH3CN in 25 min, 1 mL min"1, 40 °C, detector UV 280 nm). 
Half-lives (tl/2) were determined from the linear regression of 
natural log of the concentration vs time (h). The pXa's of the 
PSBs were measured spectrophotometrically at ambient tem­
perature (25 °C). 

In Vitro Biological Assays. Acid Secretion in Rabbit 
Isolated Gastric Glands.33 Rabbit fundic glands (White New 
Zealanders, 2-3 kg body weight) were obtained by high-pressure 
perfusion of the circulation of the stomach and subsequent 
collagenase treatment of pieces of fundic mucosa. After the glands 
had been washed several times, they were placed in 20-raL vials 
with dibutyryl cyclic AMP (1 mmol/L) and the test compound 
(3 X 10"8 to I0r* mol/L) in the presence of 0.125 Mmol/L [14C]-
aminopyrine (l4C AP) and were incubated at 37 °C. The incubate 
was agitated (150 oscillations/min) for 30 min and the reaction 
stopped by centrifugation (10 s at 20000g). 

The ability of the glands to maintain a pH gradient to the 
medium (pH 7.4) on stimulation with dibutyryl cyclic AMP is 
measured by means of the concentration ratio of [14C]aminopyrine 
between glands and medium.34 

(33) Berglindh, T.; Obrink, K. J. A Method for Preparing Isolated 
Glands from the Rabbit Gastric Mucosa. Acta Physiol. Scand. 
1976, 96, 150-159. 
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(Na+,K+)-ATPase Activity Test. Dog kidney enzyme (20 jtg, 
Sigma, Munchen) was incubated in 50 mmol/L HEPES buffer 
pH 7.4 in presence of (mmol/L) 140 NaCl, 10 KC1,3 ATP-Mg, 
0.5 EDTA, and PSBs in the concentration range 0-300 Mmol/L. 
At the end of the incubation the inorganic phosphate released 
from ATP was determined.36 

Registry No. la, 102625-70-7; la-Na, 138786-67-1; lb, 
102625-55-8; Ic, 102625-68-3; Id, 97964-04-0; le, 138786-68-2; If, 
97964-05-1; lg, 138786-69-3; lh, 138786-70-6; li, 97964-02-8; lj , 
102625-69-4; Ik, 102625-57-0; 11,102625-61-6; lm, 97963-96-7; In, 
97963-97-8; lo, 97963-98-9; lp, 102625-81-0; lq, 102625-80-9; lr, 
102625-72-9; Is, 97966-85-3; It, 97966-86-4; lu, 138786-71-7; lv, 
97964-10-8; lw, 138786-72-8; lx, 138786-73-9; 4a-PF6" (isomer 1), 
138786-75-1; 4a-PF6" (isomer 2), 138786-76-2; 4a-Cl" (isomer 1), 
138786-77-3; 4a-Cl" (isomer 2), 138786-78-4; 5a (R - CH2CH2OH), 
138786-80-8; 6a, 72830-09-2; 6b, 102625-83-2; 6c, 102625-85-4; 6d, 
62734-08-1; 6e, 86604-75-3; 6f, 86604-74-2; 6o, 94452-59-2; 7a, 
97963-62-7; 7g, 102625-84-3; 7j, 97963-60-5; 7p, 97967-01-6; 7u, 
97963-65-0; 7w, 97963-64,9; 8a, 102625-64-9; 8b, 102625-52-5; 8c, 
102625-62-7; 8d, 97964-23-3; 8e, 138786-81-9; 8f, 97964-24-4; 8g, 
138786-82-0; 8h, 138786-83-1; 8i, 97964-21-1; 8j, 102625-63-8; 8k, 
102625-56-9; 81,102625-60-5; 8m, 97964-15-3; 8n, 97964-16-4; 8o, 
97964-17-5; 8p, 102625-75-2; 8q, 102625-79-6; 8r, 102625-71-8; 8s, 
97966-99-9; 8t, 97967-00-5; 8u, 102625-65-0; 8v, 97963-58-1; 8w, 
138786-84-2; 8x, 138786-85-3; 10a, 15931-25-6; 11a, 72830-07-0; 
l ie , 102625-93-4; llf, 102625-96-7; 12a, 72830-08-1; 12b, 62885-
49-8; 12c, 102625-92-3; 13, 102625-95-6; 14, 102625-94-5; 15, 
76015-11-7; 16, 107512-34-5; 17, 122307-41-9; 3-methoxy-2-
methylpyridine AT-oxide, 35392-65-5; ATPase, 9000-83-3. 

(34) Berglindh, T.; Helander, H. F.; Obring, K. J. Effects of Se-
cretagogues on Oxygen Consumption, Aminopyrine Accumu­
lation and Morphology in Isolated Gastric Glands. Acta 
Physiol. Scand. 1976, 97, 401-414. 

(35) Yoda, A.; Hokin, L. E. On the Reversibility of Binding of 
Cardiac Steroids to a Partially Purified (Na+,K+)-activated 
ATPase From Beef Brain. Biochem. Biophys. Res. Commun. 
1979, 40, 880. 


