Case 2:05-cv-01966-JLL-RJH Document 1 Filed 04/13/05 Page 1 of 28 PagelD: 3

IN THE UNITED STATES DISTRICT COURT
DISTRICT OF NEW JERSEY

Andrew T. Berry (AB-4170)
McCarter & English, LLP
Four Gateway Center

100 Mulberry Street
Newark, New Jersey 07102
973-639-2097

Attomeys for Plaintiffs

Of Counsel:

Robert L. Baechtold (RB-6866)

Joseph M. O’Malley, Jr. (JO-7733)

John D. Carlin (JC-6810)

FITZPATRICK, CELLA,
HARPER & SCINTO

30 Rockefeller Plaza

New York, New York 10112

(212)218-2100

Attorneys for Plaintiffs
Altana Pharma AG and Wycth

ALTANA PHARMA AG, and
WYETH

Plaintiffs, CIVIL ACTIONNO.____
V.

SUN PHARMACEUTICAL INDUSTRIES,

LTD. and SUN PHARMACEUTICAL

ADVANCED RESEARCH CENTRE, LTD.

Defendants.

R i M NP N g NI P S

COMPLAINT FOR PATENT INFRINGEMENT




Case 2:05-cv-01966-JLL-RJH Document 1 Filed 04/13/05 Page 2 of 28 PageID: 4

1, Altana Pharma AG is a corporation incorporated and existing
under the laws of Germany, having its principal place of business at Byk-Gulden-Str. 2,
78467 Konstanz, Germany.

2, Wyeth is a Delaware corporation with its headquarters located at
Five Giralda Farms, Madison, NJ 07540.

3. Altana Pharma AG is at times referred to hereinafter as “Altana.”

4. Upon information and belief, Defendant Sun Pharmaceutical
Industries, Ltd. is a public limited liability company incorporated and existing under the
laws of India and having a principal place of business at Acme Plaza, Andheri Kurla
Road, Andhen (East), Mumbai 400059, Maharashtra, India.

5. Upon information and belief, Sun Pharmaceutical Advanced
Research Centre Limited is a branch, division, registered office or agent of Defendant
Sun Pharmaceutical Industries, Ltd. and is located at Acme Plaza, Opp. Sangam Cinema,
Andheri Kurla Road, Andheri (East), Mumbai 400059, India.

6. Upon information and belief, the acts of Sun Pharmaceutical
Advanced Research Centre Limited complained of herein are, in fact, acts of Sun
Pharmaceutical Industries, Ltd., or were done at the direction of, with the authorization
of, and wifh the cooperation, participation, the assistance of and at least in part for the
benefit of, Sun Pharmaceutical Industries, Ltd.

7. Sun Pharmaceutical Industries, Ltd. and Sun Pharmaceutical
Advanced Research Centre Limited are at times referred to hereinafter collectively as

“SUN.”
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JURISDICTION AND VENUE

8. This action arises under the patent laws of the United States of
America and jurisdiction exists under 28 U.S.C. §§ 1331 and 1338(a). Venue is proper in
this Court under 28 U.S.C. §§ 1391(c), 1391(d), and 1400(b).

9. Upon information and belief, SUN sells various products and does
business throughout the United States including this District.

10.  Upon information and belief, SUN manufactures bulk
pharmaceuticals and pharmaceutical products that are sold and used, including through
subsidiaries, throughout the United States, including this District.

11.  SUN has authorized Charles Guttman, Esq. of Proskauer Rose
LLP, 1585 Broadway, New York, New York 10036, to accept service of process on
behalf of SUN pursuant to 21 C.F.R. § 314.95(c)(7) and has consented to jurisdiction and

venue in New Jersey.

CLAIM FOR RELIEF

12.  Wyeth Pharmaceuticals Inc., a wholly-owned subsidiary of Wyeth,
is the holder of New Drug Application (“NDA™), No. 20-987, by which the United States
Food & Drug Administration (“USFDA”) first granted approval for 20 mg and 40 mg
delayed-release tablets including the active ingredient pantoprazole sodium. The
pantoprazole sodium delayed-release tablets described in the NDA are prescribed for
gastro-intestinal disorders associated with acid secretion. Wyeth and Altana co-promote

~ these tablets in the United States under the tradename “PROTONIX®.”
13.  Altana is the owner of United States Patent No. 4,758,579 (“the

579 patent”), which was duly and legally issued on July 19, 1988, and discloses and
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claims certain compounds useful for inhibiting gastric acid secretion, including
pantoprazole sodium, the active ingredient of PROTONIX®.

14, Wryeth is the exclusive licensee of the ‘579 patent in the United
States.

15. A copy of the ‘579 patent is attached as Exhibit A.

16.  Upon information and belief, SUN filed in the USFDA an
Abbreviated New Drug Application (“ANDA”) including a certification with respect to
the ‘579 patent under § 505G)(2)(A)(vii)(IV) of the Federal Food, Drug and Cosmetic
Act (21 U.S.C. § 355) seeking approval to sell pantoprazole sodium delayed-release
tablets, eq. 20 mg and 40 mg base, prior to the expiration of that patent.

17. Upon information and belicf, the pantoprazole sodium drug
substance referenced in the SUN ANDA, and the Pantoprazole Sodium Delayed Release
Tablets that are the subject of the SUN ANDA are to be manufactured by SUN.

18. On or about March 1, 2005, SUN sent a notice to Altana and
Wyeth Pharmaceuticals, Inc. in which SUN represented that it had filed an ANDA for
pantoprazole sodium, including the certification with respect to the ‘579 patent, and that
it sought approval of its ANDA prior to the expiration of that patent,

19.  Altana received notice of the SUN certification on or about March
8, 2005.

20.  Wyeth Pharmaceuticals, Inc. received notice of the SUN

certification on or about March 4, 2005.
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21.  Because SUN seeks approval of its ANDA to engage in the
commercial manufacture, use or sale of a drug claimed in the ‘579 patent before its
expiration, SUN has infringed the ‘579 patent pursuant to 35 U.S.C. § 271(e)(2}(A). |

22.  Altana and Wyeth are entitled to relief provided by
35U.8.C. § 271(e)(4), including an order of this Court that the effective date of the
approval of SUN’s ANDA be a date that is not earlier than the expiration date for the
‘579 patent, or any later expiration of exclusivity for the ‘579 patent to which Altana
and/or Wyeth is or becomes entitled.

23. Upon information and belief, SUN was aware of the existence of
the *579 patent and was aware that the filing of its ANDA and certification with respect
to the ‘579 patent constituted an act of infringement of that patent.

24.  SUN’s statement of the factual and legal bases for its opinion
regarding the invalidity of the 579 patent is devoid of an objective good faith basis in
either the facts or the law.

25.  SUN’s infringement of the ‘579 patent was and is willful,

26.  This case is an exceptional one, and Altana and Wyeth are entitled

to an award of their reasonable attorney fees under 35 U.S.C. § 285.

PRAYER FOR RELIEF
27.  Plaintiffs request that:
a. Judgment be entered that SUN has infringed the *579

patent by submitting the aforesaid ANDA,;
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b. Judgment be entered that SUN’s infringement of the ‘579
patent was and is willful, and Plaintiffs are entitled to their reasonable attorney fees
pursuant to 35 U.5.C. § 285;

c. To the extent SUN has committed any acts with respect to
the compounds claimed in the 579 patent, other than those acts expressly exempted by
35 US.C. § 271(e)(1), Plaintiffs be awarded damages for such acts, which this Court
should freble pursuant to 35 U.S.C. § 284;

d. A permanent injunction be issued, pursuant to 35 U.S.C. §
271(e)(4)(B), restraining and enjoining SUN and its ofﬁcers,.agents, attorneys and
employees, and those acting in privity or concert with tﬁem, from engaging in the
commercial manufacture, use, offer to sell, or sale within the United States, or
importation into the United States, of compounds as claimed in the ‘579 patent;

€. An order be issued pursuant to 35 U.S.C. § 271(e)(4)(A)
that the effective date of any approval of ANDA No. 77-058 be a date that is not earlier
than the expiration date for the ‘579 patent, or any later expiration of exclusivity for the
‘579 patent to which Plaintiffs are or become entitled; and

f. For such other and further relief as the Court may deem just

and proper under the circumstances,

Dated: 7// 5/05/ J /
; ew T. Berry (AB-4170)

McCarter & English, LLP
Four Gateway Center

100 Mulberry Street
Newark, New Jersey 07102
973-639-2097

Attorneys for Plaintiffs
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John D. Carlin (JC-6810)
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EXHIBIT A



United States Patent (191
Kohl et al.

:Case 2:05-cv-01966-JLL-RIJH Document 1 Filed 04/13/05 Page 9 of 28 PagelD: 11

4,758,579
Jul, 19, 1988

[y Patent Number:
451 Date of Patent:

[34] FLUOROALKOXY SUBSTITUIED
BENZIMIDAZOLES USEFUL AS GASTRIC
ACID SECRETION INHIBITORS

[75] Inventors: Bernhard Kohl; Ernst Sturm; Georg
Rainer, all of Konstanz, Fed. Rep. of
Germany

BYK Gulden Lomberg Chemische
Fabrik GmbH, Konstanz, Fed. Rep.
. of Germany

[21] Appl. No.: 45,799
[22] Filed: Apr. 28, 1987

[73] Assignee:

Related U.S. Applicetion Datz

[63] Continuation of Ser. No. 748,591, Jun. 14, 1985, aban-
- doned.

{30] Foreign Application Priority Data

Jun 16, 1984 [CH]  SWitzorland .oo..uwsmmssmes
Jun. 16, 1984 [CH] Switzerland ...

(51} Int CL* wsmmncnsrnrerse COTD 403/12; AGIK 31/44

521 US.CL 514/338; 5467271
[58] Field of Search cuicesisessirs 546/211; 514/338
{56} References Cited

T.S. PATENT DOCUMENTS

4,255,431 3/1981 Junggren ..
4,337,257 6/1982 Junggren ..
4,435406 3/1984 Kressb

4,472,409 9/1984 Senn-Bil
4,508,905 471985 Junggren .
4,555,518 11/1985 Rainer ..
4,560,693 12/1985 Rainer .. . 546/271

FOREIGN PATENT DOCUMENTS

0004793 1071979 European Pat. Off. .
0074341 3/1983 Buropean Pat. Cff. .
1234058 6/1971 United Kingdom .

OTHER PUBLICATIONS

Besso, Chemical Abstracts, vol. 86, p, 522, 188857n,
1977,

Besso, Bulletin of the Chemical Seciety of Japan, vol
50¢3), 710-712, 1977. .
Imafuku, Chemical Abstracts, vol. 50, p. 534, 1677455,
1979. :

Brown, Chemical Abstracts, vol. 92, p. 596, 94426t, 1980.

Primary Examiner—Jane T, Fan :
Attorney, Agent, or Firm—Berman, Aisenberg & Platt

{571 ABSTRACT
Dialkoxypyridines of formula I
R3 o
11 R2 R4
RE |
N (‘I:],)n
}S"'Cﬂz W f
N N
RI=0
wherein .

R} is 1-3C-alkyl which is completely or predominantly
substituted by fluorine, or a chloredifluoromethyl
radical and

RV’ is hydrogen, halo, trifluoromethyl, 1-3C-alkyl, or
1-3C-alkoxy which is optionally completely or pre-
dominantly sabstituted by fluorine, or

R1zand R, together with the exygen atom to whichR1
is bonded, are 1-2C-atkylenedioxy, which is option-
ally completely or partly substituted by fluorine, or
chlorotrifluorcethylenedioxy,

R3 is 1-3C-atkoxy, )

cne of R2 and R4 is 1-3C-alkoxy and the other is a
hydrogen atom or 1-3C-alkyl and

nisQorl,

and selts thereof are ncw compounds with a pro-

nounced protective action on the stomach. Processes

for preparing these compounds, medicaments contain-
ing them and their use, a3 well as intermediate com-
pounds and their use for preparing the subject dialkox~

ypyridines, are disclosed. . .

28 Claims, No Drawings
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1 2
FLUOROALKOXY SUBSTITUTED DETAILS
BENZIMIDAZOLES USEFUL AS GASTRIC ACID The invention relates to new dialkoxypyridines of
SECRETION INHIBITGRS formula T:
5
This application is a continuation of Ser. No. 748,591, B3 0]
filed June 14, 1985 now abandoned. i
R2 R4
RELATED APPLICATIONS RY 0 o
"The disclosed and claimed subject matter is related to 10 N
that of applications Ser. No. 606,872 (Gled May 1, 1984), >—5"C“2- ,
Ser. No, 606,873 (filed May 1,-1984) and Ser. No. : N N
794,230 (filed Oct. 29, 1985) now abandoned. Ri=0
FIELD OF THE INVENTION 15 wherein

The invention relates to new dialkoxypyridines, pro-
cesses for their preparation, their use and medicaments
containing them, The compounds according to the in-
vention are used in the pharmaceutical industry as inter-
mediates and for the preparation of medicaments,

BACKGROUND

Eurcpean Patent Application No. 0,005,129 concerns
substitated pyridylsulfinylbenzimidazoles which are

said to have properties of inhibiting secretion of gastric 25

acid. The nse of a number of benzimidazole derivatives
for inhibiting secretion of gastric acid is referred to in
European Patent Application No. 0,074,341, British
Patent Application GB No. 2,082,580 involves tricyclic
imidazole derivatives which are said to inhibit secretion
of gastric acid and to prevent ulcer formation. In U.S.
Pat No. 4,472,409 and in U.S. applications Ser. No.
606,872 and Ser. No. 606,873 (both filed on May 1,
1984) trifluoromethyl compounds, flucroalkoxy com-
pounds and tricyolic ethers with benzimidazole struc-
ture and a marked protective effect on the stomach are
degeribed.

SUMMARY OF THE INVENTION

Tt has now been found, surprisingly, that the dislkox-
ypyridines of the present invention have interesting and
unexpected properties which advantageously distin-
guish them from known compounds.

The invention relates to dialkoxypyridines of formula

I and salis thereof, to medicamént compositions having 45

{as an active ingredient thereof} an effective amount of
a compound of formula T or of a pharmacentically-
acceptable salt thereof, to the use of these compounds
and compositions to inhibit gastric acid secretion in and

to protect the stomach and intestines of warm-blooded 50

animals, to the formulation of the medicament composi- -
tions, to the synthesis of dialkoxypyridines of formula I
and of salts thereof, to compounds of formula IIT and to
their use in preparing compounds of formula I and salts
of the latter.

An object of this inveation is to provide compounds

20

40

35

and compositions useful for inhibiting gastric acid secre- .

tion in warm-blooded animals.
Another object is to provide compounds and compo-

sitions which protect the stomach and intestines of 60

warm-blooded animals.

A further object is to provide chemically-stable com-~
pounds and compositions which have a wide therapeu-
tic range and lack substantial side effects and especially -

to impart higher chemical stability to pyridylsulfinyl- 65

benzimidazoles.

Still further objects are apparent from. the following

deseription.

R1 represents a-1=3C-alkyl radical which is completely
or predominantly substituted by fuorine, or a chlo-
rodifluoromethyl radical and ’

RI' represents hydrogen (~IH), halo, trifluoromethyl, a
1-3C-alkyl radical, or 2 1-3C-alkoxy radical which is,
aptionally, completely or predominantly substituted
by fluorine, or

R1 and R1’ together, with inclusion of the oxygen atom
to which R1I is bonded, represent a 1-2C-alkylene-
dioxy radical which is, optionally, completely or
partly substituted by fluorine, or 8 chlorotrifluoro-
ethylenedioxy radical, ’

R3 represents 2 1~3C-alkoxy radical,

one of the radicals R2 and R4 represents a 1-3C-glkozy
radical and the other represents a hydrogen atom
{—H) or a 1-3C-alkyl radical and

& represents the number 0 or 1,

and to salts of these compounds.

Examples of 1-3C-alkyl radicals which are com-
pletely or predominantly substituted by fluorine are the
1,1,2-triflucroethyl radical, the perfluoropropyl radical,
the perfluoroethyl radical, and in particular, the 1,1,2,2-
tetrafluoroethyl radical, the triflucromethyl radical, the
2,2,2-trifluoroethyl radical and the difluoromethyl radi-
cal

"Halogen in the context of the present invention is
bromine, chlorine and, in particnlar, fluorine,

1-3C-alkyl redicals are the propyl, isopropyl, ethyl

" and, in particular, methyl radical,

1-3C.zlkoxy radicals contain, in addition to the oxy-
gen atom, the mentioned 1-3C-alkyl radicals. The me-
thoxy radical is preferred. ’

1-3C-Alkoxy radicals which are completely or pre-
dominantly substituted by fluorine contain, in addition
1o the oxygen atom, the mentioned 1-3C-alky! radicals
which are completely or predominantly substituted by
fluorine. Examples include the 1,1,2,2-tetrafluorce-
thoxy, the triflvoromethoxy, the 2,2,2-trifluoroethoxy
and the difluoromethoxy radicals.

Examples of 1-2C-alkylenedioxy radicals which are,
optionally, completely or partly substituted by fluorine
are the 1,1-difluorocthylenedioxy radical (—Q--CF-
1+—CHz—O0--), the 1,1,2,2L-tetraflucrcethylenedioxy
radical (—Q—CFa—CF;—0—), the 1,1,2-trifluoro-
ethylenediozy radical (—O0—CF;—CHF—0—) and, in
particular, the difluvoromethylenedioxy radical
{(—0O—CF2—0—), a3 substituted radicals, and the ethy-
lenedioxy radical and the methylenedioxy radical, as
unsubstituted radicals.

Preferred salts of compounds of the formula I in
which n denotes the number 0 (sulfides) are all the acid-
addition salts. The pharmacologically-acceptable salts
of inorganic and organic acids usuelly employed in
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galenics are notable ¢xamples. Pharmacologically-unac-
ceptable salts which may be obtained initially via indus-
trial-scale processes are converted into pharmacologi-
cally-acceptable salts by conventionsl processes, Exam-
ples of suitable pharmacologically-acceptable salts are
water-soluble and water-insoluble acid-addition salts,
such as the hydrochloride, hydrobromide, hydriodide,
phosphate, nitrate, sulfate, acetate, citrate, gluconate,
benzoate, hibenzate, fendizoate, butyrate, sulfosalicy-
late, maleate, laurate, malate, fumarate, succinate, oxa-
late, tartrate, amsonate, embonate, metembonate, stea-
rate, tosylate, 2-hydroxy-3-paphthoate, 3-hydroxy-2-
" maphthoate and mesylate.

Preferred salts of compounds of formula I in whick n
denotes 1 {sulfoxides) are basic salts, in particular phar-
macolagically-acceptable salts with inorganic and or-
 ganic bases usually employed in pharmacy. Examples of
pharmacologically-acceptable basic salts are the so-
dium, potassium, calcium and aluminem salts.

One embodiment {embodiment 2} of the invention
comprises Sompounds of formula I wherein RT" repre-
sents hydrogen (—H), and R1, R2, R3, R4 and = have
the previously-noted meanings; and their salis,

Another embodiment (embodiment b) of the inven-
tion comprises compounds of formula I wherein R1'
represents halogen, trifluoromethyl, a 1-3C-alkyl radi-
cal or a 1-3C-alkoxy radical which is, optionally, com-
pleiely or predominantly substituted by fluorine; and
Ri, R2, R3, R4 and n have the previously-mentioned
meanings; and their salts.

‘Another embodimént (embodiment ¢) of the inven-
tion comprises compounds of formula I wherein R] and
RI' tpgether, including the oxygen atom to which R1 is
bonded, comprise 8 1-2C-alkylenedioxy radical, and
R2, R3, R4 and n have the aforementioned meanings;
and their salty.

Another embodiment (embodiment d) of the inven-
tion comprises compounds of formuta I wherein R1 and
RI together, including the oxygen atom to which R1is
bonded, comprise a 1-2C-alkylenedioxyradical which is
completely or partly substituted by fluorine, and R2,
R3, R4 and n have the previously-noted meanings; and
their salis. .

Another embodiment (embodiment €) of the inven-
tion comprises compounds of formula I wherein R1 and
R1’ together, including the oxygen atom to whick R1 is
bonded, comprise a chlorotrifluoroethylenedioxy radi-
cal, and R2, R3, R4 and n have their previously-
sscribed meanings; snd their salts,

Preferred compounds of embodiment a are those of
formula I wherein R1 represents 1,1,2,2-tetrafluoro-
cthyl, trifluoromethyl, 2,2,2-trifluorcethyl, di-
flugromethyl or chlorodiffuoromethyl, R1" represents
hydrogen, R3 represents methoxy, one of the radicals
R2 and R4 represents methoxy and the other represents
hydragen or methyl, and n represents the number O or I;
and the salts of these compounds.

Preferred compounds of embodiment b ars those of
formula I wherein R1 represents difluoromethyl, R1’
reprasents difluoromethoxy or methoxy, R3 represents
methoxy, one of the radicals R2 and R4 represent me-
thoxy and the other represents hydrogen or methyl, and
n represcnts the number 0 or 1; and the saits of these
compounds,

4
‘methoxy, one of the radicals R2 and R4 represents me-

- thoxy and the other represents hydrogen or methyl, and

20

25

30

35

40

45

30

55

60

Preferred compounds of embodiment ¢ are those of 65

formela I wherein R1 and R1’ together, combined with
the oxygen atom to which R1 is bonded, represent a
methylenedioxy or gthylenedioxy radical, R3 represents

n represents the number 0 or 1; and the salts of these
compounds.

Preferred compounds of embodiment d are those of
formula ¥ wherein R1 and R1’ together, combined with
the oxygen atom to which Rl is bonded, represent a
diflucromethylenedioxy radical or a 1,1,2-trifluorcethy-
lenedioxy radical, R3 represents methoxy, one of the
radicals R2 and R4 represents methoxy and the other
represents hydrogen or methyl, and n represents the
number D or 1; and the salts of these compounds.

Preferred compounds of embodiment e are those of
formula I wherein R1 and R1’ together, including the
oxygen atom o which R1 is borded, represent a chloro-
trifleoroethylenedioxy radical, R3 represents methoxy,
one of the radicals R2 and R4 represents methoxy and
the other represents hydrogen or methyl, and n repre-
sents O or 1; and the salts of these compounds.

Examples of compounds according to the invention
are:
2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylsulfinyl]-

S-triflnoromethoxy-1H-benzimidazole,
2-[(4,5-dimethoxy-3-methyl-2-pyridyl)-methylthio]-5-

trifluoromethoxy-1H-benzimidazole,
2.[(4,5-dimethoxy-3-methyl-2-pyridylmethyisulfinyl}-

5-(1,1,2,2-tetrafluoroethoxy)-1 H-benzimidazole,
2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methylthic]-5-

(1,1,2,2-tetrafluorosthoxy)- 1 H-benzimidazole,
2-[(4,5-dimethoxy-3-methyl-2-pytidylymethylsulfinyl]-

5-(2,2,2-trifluproethoxy)-1H-benzimidazole,
2-[(4,5-dimethoxy-3-methy)-2-pyridyl)-methylthic]-3-

(2,2,2-trifluoroethoxy)- 1H-benzimidazole,
S-difluoromethoxy-2-[(4,5-dimethoxy-3-methyl-2-

pyridylmethylsulfinyi}-1H-benzimidazole,
S-difleoromethoxy-2-[(4,5-ditnethoxy-3-methyl-2-

pyridyl)methylthio]-1H-benzimidazole,
S-chlorodifluoromethoxy-2-[(4,5-dimethoxy-3-methyl-
2-pyridyDmethylsolfinyl]- [H-benzimidazole,
S-chlorodifluoromethoxy-2-[(4,5-dimethoxy-3-methyl-
2-pyridyDmethylthio]-1H-benzimidazole,
5,6-bis(diflucromethoxy)-2-[(4,5-dimethoxy-3-methyl-
2-pyridylmethylsnlfinyl}-1H-benzimidazole,
5,56-bis(difluoromethoxy)-2-[(4,5-dimethaxy-3-methyl-
2-pyridylmethylthio]-1H-benzimidazole,
5.difluoromethoxy-6-methoxy-2-[(4,5-dimethoxy-3-
methyl-2-pyridyDmethylsulfinyl]-1H-benzimidazole,
5-difilnoromethoxy-6-methoxy-2-{(4,5-dimethoxy-3-
methyl-2-pyridyl)-methylibio]-1H-benzimidazole,
2-[(4,5-dimethoxy-2-pyridyljmethylsulfinyl]-5-tri-
fluoromethony-1H-benzimidazole,
2-[(4,5-dimetkoxy-2-pyridyDmethylthic)-5-trifluorome-
thoxy-1H-benzimidazole,
2-[(4,5-dimethoxy-~2-pyridyl)methylsulfinyI]-5-(1,1,2,2-
tetrafluoroethoxy)-1H-benzimidazole,
2-[(4,5-dimethoxy-Z-pyridyljmethylthio]-5-(1,1,2,2-tet-
rafluoroethoxy)-1H-benzimidazole,
2.[(4,5-dimethoxy-2-pyridyl)methylsulfinyl]-5-(2,2,2-
trifluorocthoxy)-1H-benzimidazole,
2.[(4,5-dimethoxy-2-pyridyl)methylthio]-5-(2,2,2-tei-
fluoroethoxy)-1H-benzimidazole,
5-diflucromethoxy-2-[(4,5-dimethoxy-2-pyridyl)me-
thylsulfinyl]-1H-benzimidazole,
5-difluoromethoxy-2-[(4,5-dimethoxy-2-pyridyl)me-
thylthio]-1H-benzimidazole,
5-chlorodifluoromethoxy-2-{(4,5-dimethoxy-2-pyridyl)-
methyisulfinyl]-1H-benzimidazole,
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5-chlorodifluoromethoxy-2-[{4,5-dimethoxy-2-pyridyl)- 2,2-difluoro-6-[(4,5-dimethoxy-2-pyridyl)methylthio]-
methylthio}- 1H-benzimidazole, 5H-[1,3]-dioxolo-[4, 5-f]benzimidazole,

5,6-bis{difluoromethoxy)-2-1(4,5-dimethoxy-2-pyridyl)- 2,2-difluoro-6-[(3-methyl-4,5-dimethoxy-2-pyridylme-
methylsulfinyl]-1H-benzimidazole,  thylthio]-5H-{1,3]-dioxolof4,5-flbenzimidazole,

5,6-bis{diftuoromethoxy)-2-{(4,5-dimethoxy-2-pyridyl)- 5§ 2,2-difluoro-6-[(3-methyl-4,5-dimethoxy-2-pyxidyljme-
methylthio]-1H-benzimidazoile, thylsulfinyl]-5H-[1,3]-dicxolo[4,5-flbenzimidazole,

5-difluoromethoxy-6-methoxy-2-[(4,5-dimethoxy-2- 6-[{4,5-disthoxy-3-methyl-2-pyridyDmethylthio]-2,2-
pyridyDmethylsulfinyl}-1H-benzimidazole, diffuoro-5H-[1,3}-dioxolo[4,5-flbenzimidazole,
j-difluoromethoxy-6-methaxy-2-[4,5-dimethoxy-2- 6-[(4,5-diethoxy-3-methyl-2-pyridyl)methylsulfinyl]-
pyridyDmethyithio]-1H-benzimidazole, 10 22-diflucro-5H-[1,3}-dioxolofd,5-fbenzimidazole,
2-[(3,4-dimethoxy-5-methyl—2-pyﬁdyl)methy]s\ﬂﬁnyl]- 6,6,7-trifluorc-6,7-dihydro-2-[(4, 5-dimethoxy-3-methyl-
S-triflsoromethoxy-1H-benzimidazole, . 2-pyridgT)methylthio-1H-{1,4]-dioxino[2,3-flben-
2-[(3,4-dimelhoxy-5—methyl—2-pyridyl}methylthio]-s- zimidazole,
trifluoronethoxy-1H-benzimidazols, . 6,6,7-triflucra-6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-
2,1(3,4-dimethoxy-5-methyl-2-pyridyDmethylsulfinyl)- 15 2-pyridylymethylsulfinylf-FH-[1,4]-dioxino[2,3-fjben-
*5{1,1,2,2-tetrafluoroethoxy)-1H-benzimidazole, Zmidazole,
2-[(3,thethoxy-s-methyl-z-pyridyl)methylthio]-S- 6,6,7-trifTuoro-6,7-dihydro-2-{(4,5-dimethoxy-2-
(1,1,2,2-tetrafluoro-ethoxy)-1H-benzimidazole, pyridyDmethyithio]-1H-{1,4]-dioxino-[2,3-fTben-
2-[(3,4-dimethoxy-5-methyl-2-pyridyl)methylsul finyl}- zimidazole,
5-(2,2,2-trifluoroethoxy)-1H-benzimidazale, 20 6,6,7-rifluoro-6,7-dihydro-2-J(4,5-dimethoxy-2-
2-[(3,4-dimethoxy-5-methy]-2-pyridyl)}-methylthiol-5- . pyridylimethylsulfinyl]-1H-[1,4}-dioxino[2,3-ffben-
{2,2,2-trifluoroethoxy)-1H-benzimidazole, Zimidazole,
S.difluoromethoxy-2-[(3,4-dimethoxy-5-methyl-2- 2-[(4,5-diethoxy-2-pyridyl)methylthic]6,6,7-rifluoro-
pyridylymethylsulfinyl}-EH-benzimidazole, 6,7-dihydro-1H-[1,4]-dioxino[2,3-{]benzimidazole,
5.difluvoromethoxy-2-[(3,4-dimethoxy-S-methyl-2- . 25 2-{(4,5-diethoxy-2-pyridylmethylsulfinyl}-6,6,7-tri-
pyridyljmethylthio]-IH-benzimidazole, fluoro-6,7-dihydro-1H-[1,4]-dioxinof2,3-{Jben-
5-chlorodiftuoromethoxy-2-[(3,4-dimethoxy-5-methyl- zrimidazole,
" 2-pyridylmethylsnifinyl]-1H-benzimidazole, 2-(4,5-dietbioxy-3-methyl-2-pyridylmethylthio]-6,6,7-
5-chlorodifluoromethoxy-2-{(3,4-dimethoxy-5-methyl- trifluoro-6, -dihydro-1H-{1,4]-dioxino[2,3-flben-
2-pyridylymethylthio]-1H-benzimidazale, 30 zimidazole,
5,6-bis(diffuoromethoxy)-2-{(3,4-dimethoxy-5-methyl- 2.4{4,5-diethoxy-3-methyl-2-pyridylimethylsulfinyl]-
2-pyridylymethylsulfinyl]-1H-benzimidazole, : 6,6,7-triflnoro-6, 7-dikydro-1H-[1,4]-dioxinof2,3-
5,6-bis(diffuoromethoxy)-2-[(3,4-dimethoxy-5-methyl- flhenzimidazole,
2-pyridyDmethylthio]-1H-benzimidazole, 6,6-difluoro-6, T-dihydro-2-[(4,5-dimethoxy-2-pyridyl)-

5-diffuoromethoxy-6-methoxy-2-[(3,4-dimethoxy-5- 35  methylthio]-1H-{1,4)-dioxino[2,3fjbenzimidazole,
methyl-2-pyridylmethylsulfinyl}-1H-benzimidazole, 6,6-difluoro-6,7-dihydro-2-[(4,5-dimethoxy-2-pyridyl}-

S-difluoromethoxy-5-methoxy-2-[(3,4-dimethoxy-5- methylsulfinyl]-1H-[1,4} dioxinio[2,3-f]ben-
methyl-2-pyridyD)metbylthio]- 1H-benzimidazole, - zimidazole,
2-[(3,4-dimethoxy-2-pyridyDmethylsulfinyl]-5-tri- 6,6-difluore-6,7-dihydro-2-{(4,5-dimethoxy-3-methyl-2-
fluoromethoxy-1H-benzimidazole, 40  pyridylmethylthio]-1H-[1,4]-dioxino[2 3-f]ben-
2-[(3,4-dimethoxy-2-pyridyDmethylthio]-5-trifluorome- Zimidazole, -
thoxy-1H-benzimidazole, 6,6-difluoro-6,7-dihydro-2-[(4,5-dimethoxy-3-meihyl-2-
2-[(3,4~dimethoxy-2-pyridyDmethylsnifinyl}-5-(1,1,2,2- pyridy]}methy]su!ﬁnyl]-1H-[1,4]-diaxino[2,3—ﬂben-
tetrafluorocthoxy)-1H-benzimidazole, zimidazole,
2-[(3,4-dimethoxy-2-pyridyl)methylthial-5-(1,1,2,2-tet- 45 6,6,7,7-tetrafluoro-6,7-dihydro-2-[(4,5-dimethoxy-2-
rafluorcethoxy)-1H-benzimidazole, pyridylmethylthio]-1¥-[1,4]-dioxino[2,3-f]ben- .
2-[(3,4-dimethoxy-2-pyridyDmethylsulfinyl]-5-(2,2,2- zimidazole,
trifluoroethoxy)-1H-benzimidazole, 6,6,7,7-tetrafluoro-6,7-dihydro-2-[(4,5-dimethoxy-2-
2.[(3,4-dimethoxy-2-pyridyl)methylthio]-5-(2,2,2-tri- pyridymethylsulfinyl]-1H-[1,4]-dioxino[2,3-{]ben-
fluoroethoxy)-tH-benzimidazole, 50 zimidazole,
S-difluoromethoxy-2-[(3,4-dimethoxy-2-pyridylyme- 6,6,7,7-tetrafluora-6,7-dihydro-2-[(4,5-dimethoxy-3-
thyisulfinyl]-1H-benzimidazole, methyl-2-pyridy))methylthio]-1H-[1,4] dioxino2,3-
S-diflnoromethoxy-2-{(3,4-dimethoxy-2-pyridyme- flbenzimidazole, .
{hyithio]-1H-benzimidazole, 6,6,7, - tetrafluorg-6, 7-dihydro-2-[(4,5-dimethoxy-3-
5.chlorodiffuoromethoxy-2-[(3,4-dimethoxy-2-pyridyl}- 55 methyl-2-pyridylmethylsulfinyl]-1H-[1,4]-diox-
methylsulfinyl]-1H-benzimidazole, ine[2,3-f]benzimidazole,
£.chlorediffeoromethoxy-2-[(3,4-dimethoxy-2-pyridyl)- §-chloro-6,7,7-tfuora-6,7-dihydro-2-[(4,5-dimethoxy-
methylthio]-1H-benzimidazole, 3-methyl-2-pyridyDmethylsulfinyl}-1H-[1,4]diox-
5,6-bis(diflnoromethoxy)-2-{(3,4-dimethoxy-2-pyridyl)- ino[2,3-ffbenzimidazole,
methylsulfinyl]-1H-benzimidazole, 6 6-chlorg-6,7,7-triflucro-6,7-dihydro-2-[{4,5-dimethoxy-
3,6-bis(difluoromethoxy)-2-{(3,4-dimethoxy-2-pyridyl)- J-methyl-2-pyridyDmethylthic]-1H-[1,4]-dioxinc[2,3-
methylthio]-1H-beazimidazole, flbenzimidazole,
S-gifluoromethoxy-6-methoxy-2-{(3,4-dimethoxy-2- . 6-chloro-6,7,7-triffuorc-6,7-dibydro-2-[(4,5-dimethoxy-
pyridyDmethylsulfinyl}-IH-benzimidazole, 2-pyridylmethylsulfinyi}-1H-[1,4]-dioxinof2,3-f}-
S-difleoromethoxy-6-methoxy-2-[(3,4-dimethoxy-2- 65  benzimidazole,
pyridyDmethylthio]-1H-benzimidazole, G-chlora-6,7,7-trifluoro-6,7-dihydro-2-[(4, 3-dimethoxy-
2,3-difluoro-6-[(4,5-dimethoxy-2-pyridymethylsul- 2-pyridyl}methylthio]-1H-{!,4]-dioxinof2,3-f]ben~

finyi]-5H-[1,3}-dioxolo-[4,5-flbenzimidazole, zimidazole,
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2,2-diflvoro-6-[(3,4-dimethoxy-2-pyridylymethylsul-
finy1]-5H-[1,3]-dioxolof4,5-flbenzimidazole,

2,2-diflvorc-6-[{3,4-dimethoxy-2-pyridyl)methylthic]-
5H-{1,3]-dioxolo-[4,5-fTbenzimidazale,

2,2-difluoro-6-J{3,4-dimethoxy-5-methyl-2-pyridyl)me-
thylthiol-3H-[1,3]-dioxolol4,5-ffbenzimidazole,
2,2-diflvoro-6-[(3,4-dimethoxy-5-methyl-2-pyridyljme-
thylsulfinyl]-SH-[1,3]-dioxolo[4,5-f[benzimidazole,
6-[(3,4-diethoxy-5-methyl-2-pyridyl)methyithio]-2,2-
difluore-5H-[1,3]-dioxolo[4,5-f[benzimidazole,
6-[(3,4-diethoxy-5-methyl-2-pyridyl)methylsulfinyl]-
2,2-difluore-5H-[1,3]-dioxolo[4,3-flbenzimidezole,
6,6,7-trifluoro-6,7-dihydro-2-[(3,4-dimethoxy-3-methyl-
2-pyridylymethylthio]-1H-[1,4]-dicxino[2,3-fJben-

. zimidazole,

6,6,7-trifluoro-6, 7-dikydra-2-[(3,4-dimethoxy-5-methyl-
2-pyridyl)methylsulfinyl]-1H-[1,4]-dfoxinof2,3-f]ben-
zimidazole,

6,6,7-trifluorc-6,7-dihydro-2-{(3,4-dimethoxy-2-
pyridy)methylthic]-1H-[1.4]-dioxinc[2,3-f]ben-
zimidazole,

6,6, T-trifluora-6,7-dihydro-2-[(3,4-dimethoxy-2-
pyridymethylsulfinyl]-1H-[1,4]-dioxino{2,3-flben-
Zinidazole,

2-[(3,4-diethoxy-2-pyridyl)methyithiol-6,6,7-trifleoro-
6,7-dihydro-1F-[1,4]-dioxinof2,3-f[benzimidazole,

2-[(3,4-diethoxy-2-pyridyDmethylsulfinyl}- 6,6, 7-tri-
fluoro-6,7-dihydro-1H-[1,4]-dioxino[2,3-flben-
zimidazole,

2-f(3,4diethoxy-5-methyl-2-pyridyl) methylthio]-6,6,7-
trifluoro-6, T-dihydro-1H-[1,4]-dioxino[2,3-f]ben-
zimidazole,

2-[(3,4-diethoxy-5-methyl-2-pyridyl)methylsulfinyl}-
6,6,7-trifltoro-6,7-dikydro-1H-[1,d}-dioxino([2,3-
flbenzimidazole,

6,6-difluoro-6,7-dihydro-2-{(3,4-dimethoxy-2-pyridyl)-
methylthio}LH-[1,4]-dioxino[2,3-{benzimidazols,
6,5-difluoro-6,7-dihydro-2-(3,4-dimethoxy-2-pyridyl)-
methylsulfinyl]-1H-[1,4]-dioxine{2,3-flbenzimidazole,
6,6-difluoro-6,7-dihydro-2-{(3,4-dimethoxy-5-methyl-2.
pyridyhmethylthio]-1H-[1,4]-dioxino[2,3-f]ben-
Zimidazole, :
6,6-difluoro-6,7-dikydro-2-{(3,4-dimethoxy-5-methyl-2-
pyridyl)methylsulfinyl]-1H-[1,4}-dioxino[2,3-f]ben-
zimidazole,
6,5,7,7-tetrafluoro-6,7-dihydro-2-[(3,4-dimethoxy-2-
pyridyhimethylthic]- tH-[1,4]-dioxino[2,3-f]ben-
zimidazole,
6,6,7,7-teteaflnoro-6,7-dihydro-2-[(3,4-dimethoxy-2-
pyridyDmethylsolfinyl]- tH-f1,4)-dioxino{2,3-flben-
zimidazole, i
6,6,7,7-tetrafluoro-6, 7-dihydro-2-[(3,4-dimethoxy-5-
methyl-2-pyridyDmethylthio}. 1H-[1,4]-dioxinocf2,3-
fibenzimidazole,
6,6,7,7-tetrafluoro-6,7-dihydro-2-[(3,4-dimethoxy-5-
methyl-2-pyridylmethylsulfinyl]-1H-[1,4]-diox-
inof2,3-flbenzimidazole,

6-chlorg-6,7,7-trifluoro.6, 7-dihydro-2-[(3,4-dimethoxy-
S-methyl-2-pyridyl)methylsolfinyl]-15-{1,4]-diox-
inof2 3-flbenimidazole,

6-chloro-6,7,7-trifleora-6,7-dihydro-2-{(3,4-dimethoxy-
5-methyl-2-pyridyDmethylthio]-1H-{1,4}-dioxino[2,3-
flbenzimidazole, :

6-chloro-6,7,7-trifluoro-6, T-dihydro-2-[(3,4-dimethoxy-
2-pyridyDmethylsulfinyl}-1H-{1,4]-dioxino{2,3-flben-
zimidazole,

H

10

8
&-chloro-6,7,7-triflucre-6,7-dihydro-2-[(3,4-dimethoxy-
2-pyridyljmethylthiol-1H-[1,4]-dioxinaf2,3-f]ben-
zimidazole,
6-[{4,5-dimethoxy-3-methyl-2-pyridyl)-methylthic]-5H-
[1,3]dioxolof4,5-flbenzimidazole,
6-[(4,5-dimethoxy-3-methyl-2-pyridyl)-methylsulfinyl]-
5H-[1,3]-dioxolo[4,5-f]benzimidazole,
6-[(4,5-dimethoxy-2-pyridyl)methylthio]-SH-{1,3]diox-
olof4,5-d]benzimidazole,
6-[(4,5-dimethoxy-2-pyridylymethylsulfinyl]-5H-[1,3}-
- dioxolo[4,5-{]benzimidazole,
6-[(3,4-dimethoxy-2-pyridyl)-methylthic]-5H-[1,3]-
dioxolo[4,5-f]lbenzimidazole,
6-[(3,4-dimethoxy-2-pyridyDmethylsulfinyl}-5H-{1,3]-
dioxolo[d,5-f]benzimidazole.
6-[(3,4-dimethoxy-5-methyl-2-pyridyl)methylthic]-SH-
[t,3)-dioxolo[4,5-f]-benzimidazole,

g 6-[(34-dimethoxy-5-methyl-2-pyridyDmethylsulfinyl]-

30

40

45

5H-[1,3]-dioxclo[4,5-flbenzimidazole,
6,7-dihydro-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)me-

thylthic]-1H-[1,4]-dioxinaf2, 3-flbenzimidazole,

6, 7-dihydro-2-[(4,5-dimethoxy-3-methy}-2-pyridyl)me-
thylsulfinyl}- 1H-{1, 4}-dioxino[2,3-flbenzimidazole,
6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridyl)me-

thylthio]-1H-[},4]-dioxinof2,3-f]benzimidazole,
6,7-dihydro-2-[(3,4-dimethoxy-5-methyl-2-pyridyDme-

thylsulfinyl]-1H-{1,4]-dioxino[2,3-f[benzimidazole,
6,7-dihydro-2-[{3.4-dimiethoxy-2-pyridyl)meathylthio]-

TH-[1,4}-dicxino|2,3-flbenzimidazole and
6,7-dihydro-2-[(4,5-dimethoxy-2-pyridylmethylsul-

finyl]-1H-[1,4]-dioxino[2,3-f]benzimidazole,
and salts of these compounds.

Due to the tautomerism in the imidazole xing, 5-sub-
stitution in the benzimidazole is identical to é-substitu-
tion, Accordingly, in the compounds in which R1 and
RI" together, with inclusion of the oxygen atom to
which R1 i3 bonded, represent a substituted ethylene-
dioxy radical, the 6-position in the [1,4)-dioxinof2,3-
flbenzimidazole part is identical to the 7-position,

‘The invention furthermore relates to a process for the
preparation of the dialkoxypyridines of formula I,
wherein RI, R1', R2, R3, R4 and n have their noted

" meanings, and of their salts,

0

65

The process comprises reacting:
(a) a mercaptobenzimidazole of formula II with a
picoline derivative III

H amn

|

N
>—SH

N

RI

. RI=0

Z'—CHy
N

(b) a benzimidazole of formula IV with 2 mercap-
topicoline V
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Rl I? ™ RI’ II{ xn
N, N fl,
p z» 5 . >—S—Y
N N
RI=0 RI=0O
K3 W) R3 &1
R R4 io " R2 R4
HS—CHz—ly, ' M'—CHa=\y, '
N . 15 ' N

and, if appropriate, the products are converted into
galts, Y, Z, Z' and Z"” being suitable leaving groups, M
representing an alksli-metal atom (Li, Na or X), M’
representing the equivalent of 2 metal atom and R1, R,
R3Z, R3, R4 and 1 having their above-mentioned mean-
ings.

The compounds TT-XII are employed in the indicated '
reactions in their free states or as salts.

Preparation processes (2), (b) and (¢} lead to the sul-
fides according to the invention, and the oxidation of
compounds VHI and processes (d) and (£} give sulfox-
ides accarding to the invention.

10 Those -akilled in'the art are familiar with suitable
. leaving groups Y, Z, Z' and Z", A suitable leaving

Ve group Y is, for example, a group which forms a reactive
N salfinic acid derivative together with the suifiny] group
to which it is bonded. Examples- of suitable leaving
groups Y are alkoxy, diglkylamino and alkylmercapto
groups, Examples of suitable legving groups Z, Z or Z"
are halogen atoms, in particular chlorine atoms, or hy-
droxyl groups activated by esterification (for example
with p-toluenesulfonic acid). The equivalent of a metal
40 atom M’ is, for example, an alkali-metal atom (Li, Na or
K), or an alkaline-earth-metal atom {for example Mg),
which is substituted by a halogen atom (for example Br,
Grignard reagent), or any other optionally-substituted
metal atom which is known to react like the noted met-
als in replacement reactions of organometallic com-
pounds.

The reaction of I with III is carried out in known
manner in suitable, prefersbly polar, protic or aprotic

{c) an o-phenylenediamine of formula VI with a for-
mic acid derivative VII

20
Ry NH 0

RI—0 NHz

R2- R4

HOOC—5—CH2

and, if appropriate, the 2-benzimidazolyl 2-pyridyl- 35
methyl sulfides of formula VIII obtained according to
{a) @) or ()

R3 {viap

R4

H R2
R i
N 1]
>—s-cnz
N
RI—0 L

are then oxidized and/or converted into salts,

45

(d) a benzimidazole of formula IX with & pyridine

derivative X 50

Ry =

H

N9
>—S-CH1—M

N

R3

R[~0

R4

N

N 65

() a sulfinyl compound of formula XI with a 2-pico-
line derivative XII

golvent (such as methanol, isopropancl, dimethyl sulf-
oxide, acetone, dimethylformamide or acetenitrile)
with the addition of or exclusion of water. It is carried
out, for example, in the presence of a proton acceptor.
Examples of suitzble protor acceptors are alkali-metal
hydroxides, such as sodium hydroxide, alkali-metal
carbonates, such as potassium carbonate, or tertiary
amines, such as pyridine, triethylamine or ethyldiiso-
propylamine. Aliernatively, the reaction is carried out
without a proton acceptor, in which case, depending on
the starting compounds, the acid-addition salts are first
cbtained in a particularly pure form. The reaction tem-
perature is, e.g., between 0° znd 150° C. (depending on
the reactants involved), temperatures between 20° and
80° C. being preferred in the presence of proton accep-
tors and temperatures between 60° and 120° C. (in par-
ticular the boiling point of the solvent used) being pre-
ferrad without proton accepiors. The reaction times are
betweer 0.5 and 24 hours.
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Resction conditions similar to those in the reaction of
I with III are used in the reaction of TV with V, which
is carried out in a known manner.

The reaction of VI with VII is preferably carried out
in polar, optionally water-containing solvents in the
presence of a strong acid, for example hydrochlode
acid, preferably at the bofling point of the solvent nsed.

The oxidation of the sulfides VIII is conventionally
carred out under conditions known to be suiteble for
the oxidation of sulfides to sulfoxides [cf. J. Drabowicz
and M. Mikolajczyk, Organie Preparations and Proce-
dures Int. 14(1-2), 45-89 {1982} or E. Block in 5. Patai,
The Chemistry of Functional Groups, Supplement E, Part
1, pages 539-608, John Wiley and Sons (Interscience
Publication), 1980). Hlustrative cxidizing agents are all
reagents usually employed for the oxidation of sulfides
to sulfoxides, for example hypohalites, and in particular
peroxyacids, such as peroayacetic acid, trifluoroperox-
yacetic acid, 3,5-dinitroperoxybenzoic acid, perox-
ymaleic acid or, preferably, m-chloroperoxybenzoic 20
acid.

The (oxidation) reaction temperature is between
—70° C. and the boiling point of the solvent vsed (de-
pending on the reactivity of the oxidizing agent and the
degree of dilution), but preferably between —50° and 25
+20° C. The oxidation is advantageously carricd ont in
inert solvents, for example aromatic or chlorirated hy-
drocazbon, such as benzene, toluene, dichloromethane
or chloroformy esters, such as ethyl acetate or isopropyl
acetate; or ethers, such as digxane, with the addition of 30 .
water or without water.

‘The reaction of IX with X is preferably carried out in
an inert solvent usually employed for the reaction of
enolate jions with alkylating agents. Examples fnclude
aromatic solvents, such as benzene or toluene. The 33
reaction temperature is as a rule between 0° and 120° C.
(depending on the nature of the alkali-metal atom M and
the leaving group Z), the boiling point of the solvent
used being preferred. For example [if M represents Li
(lithium} and Z represents Cl {chlorine) and the reaction 40
i3 carried out in benzene), the boiling point of benzene
(80" C.) is preferred.

The compounds XI are reacted with compounds XTI
in a conventional manney and under known conditions
suitable for the reaction of organometallic compounds. 45

Depending on the nature of the starting compounds,
which can optionally also be employed as salts, and
depending on the reaction conditions, the compounds
according to the invention are initially obtained either
as free compounds or in the form of salts.

The salts are obtained by dissolving the free com-
pounds in a suitable solvent, for example in a chlori-
nated kydrocarbon, such as methylene chloride or ¢hlo-
roform, a low molecular weight aliphatie alcohol {etha-
nol or isopropanol), an ether (dilsopropyl ether), a ke- 55
tone (acetone) or water, which contains the desired acid
or base, or to which the desired acid or base is added Gf
necessary) in the precisely calculated stoichiometric
amount. .

The salts are obtained by filtration, reprecipitation, or 60
precipitation or by evaporation of the solvent.

Resulting salts are converted into the free compounds
by treetment with bases or acids, for example with aque-
ous sodium bicarbonate or with dilute hydrochloric
acid, and the free compounds are optionally converted
into their salts, In this manner, the compounds are puri-
fied, or pharmacologically-unacceptable salts are con-
verted into pharmacologically-acceptable salts.

ot

a

50

12

The sulfoxides according to the invention ave opti- ©
cally active compounds. The invention therefore relates
both to the enantiomers and to their mixtures and race-
mates. The enantiomers are separated by known meth-
ods {for example, by preparation and separation of cor-
responding diastereoisomers). However, the enantio-
mers are also prepared by asymmetric synthesis, for
example by reaction of optically-active pure or dias-
terecisomerically pure compounds XI with compounds
XI1 [ef, K. K. Andersen, Tetrahedron Lett, 93 (1962)].

The compounds according to the invention are pref-
erably synthesized by reaction of I with I and, if
appropriate, subsequent oxidation of the sulfide VIII
formed. )

‘The compounds of the formula II are known (cf.
German Offenlegungsschrift No. 3,132,613) and are
prepared by known methods from known starting mate-
rials. Compounds II are obtained, for example, by react-
ing compounds VI with carbon disulfide in the presence
of alkali-metal hydroxides or with alkali-metal Q-ethyl
dithiocarbonates.

Compounds of formula VI are synthesized in a
known manner by the general preparation methods
described in the following eguation A i

Eguation A:
RI
HNO3 E
RI—0
(A]
RI'
} —No, L3>
RI=0Q -
(A2)
-m'
)_NH: {CH;COz)0 S
RI=-0
(A3}
RI _
) —NHCOCHa-H—NuO—’%
RI=0 )
a9
RI
—NHCGCH) Hydralyss
—NOy
R1—0

(A%
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-continued
Equation Az
RY
—NH:
) e
—NOz
RI—0O
(A8)

The starting compounds Al-A3 are prepared by
known methods or by methods analogous to.the follow-
ing: [cf. J. Org. Chem. 44, 2907-2910 (1979); J. Org.
Chers. 29, 1-11 (1964); Germen Offenlegungsschrift
No. 2,029,556; German Offenle hrift  No.
2,848,531; J. Fluorine Chem. 18, 281-91 (1981); and
Synthesis 1980, 727-8], Optionally, isomer mixtures are
prepared in the case of non-identical substituents R1’
and R1-0-.

Compounds IV, IX and XI are conventionally
pered, for example, from compounds IL

Compounds IX are obtained, for example, from com-
pounds II by methylation, oxidation and subsequent
deprotonation, for example, with alkali-metal hydrides
or alcoholates or customary orgapnometallic com-

. Compounds X are prepared according to Z.
Talik, Rocznikd chem. 35, 475 (1961).

Compounds Y ave prepared in various ways:

1. Compounds T where R2 and R3=1-3C-alkoxy and
Ré=hydiogen er 1-3C-alkyl.

‘These compounds are prepared, for example, starting
from 3-hydroxy- or 3-hydroxy-5-alkyl-pyridines {which
are known or are conventionally prepared from known
starting materials) by benzylation of the hydroxyl group
(for ‘example with potassium hydroxide and bemzyl
chloride in dimethy! sulfoxide), N-oxidation (for exam-
ple with 309 strength hydrogen peroxide), nitration in
the 4-position (for example with nitrating acid), replace-
ment of the nitro group by the 1-3C-alkoxy group (for
example by reaction with alkali-metal alkoxide), reduc-
tive debenzylation and-simultaneous N-deoxygénation
(for example with hydrogen over palladium-on-char-
coal in an acid medium), introduction of the hydroxy-
methyl group in the o-position relative to the pyridine
nitragen {for example by reaction with alkaline formalin
solution), conversion of the 3-hydroxy group imto a
1-3C-alkoxy group (for example by alkylafion with
1-3C-alky! iodide in a basic medium) and introduction
of the leaving group Z’ (for example by reaction with
thiony! chloride). In a preferred alternative, the com-
pounds are prepared starting from 3-hydroxy-2-alkyl-
or 3-hydroxy-2,5-diafkyl-pyridines (which are known
or are conventionally prepared) by alkylation of the
hydroxyi group (for example with potassium hydroxide
and methyl ivdide in dimethyl sulfoxide), N-oxidation
(for example with 30% strength hydrogen peroxide),
nitration in the 4-position (for example with nitric acid),
replacement of the mitro group by the 1-3C-alkoxy
group (for example by reaction with alkali-metal atkox-
ide), conversion into the 2-acetoxymethylpyridine (for
example with hot acetic anhydride), hydrolysis (for
example with difute sodiom bydroxide solution) to the
hydroxymethyl group and introduction of the leaving
g‘?l;p 27 (for example by reaction with thionyl chio-
ride).

2, Compounds ITI where R3 and R4== 1-3C-alkoxy and
RZ=hydrogen.

pre-
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These compounds are prepared, for example, starting
from known 5-hydroxy-2-methylpyridines by alkylation
of the hydroxyl group (for example with 1-3C-alkyl
jodide and potassiumn hydroxide in dimethyl sulfoxide),
N-oxidatien (for example with 3095 strength hydrogen
peroxide), nitration in the 4-position (for example with
pitrating acid), replacement of the nitro group by the
1-3C-alkoxy group (for example by reaction with alkali
metal alkoxide), conversion into the 2-acetoxymethyl-
pyridine (for example with hot acetic anbydride), hy-
drolysis (for example with dilute sodinm hydroxide
solution) to the 2-hydroxymethyl group and introduc-
tion of the Jeaving group Z' (for example by reaction
with thionyl chloride).

3. Compounds IIT where R3 and Ré=1-3C-ajkoxy and
R2=1—30-a1ky1.

These compounds are prepared, for example, starting
from 2-methyl-3-alkyl-d-slkoxypyridines which are
known or are conventionally prepared (see, for exam-
ple, European Pat. Na. A-0,080,602), by N-oxidation
(for example with 30% strength hydrogen peroxide),
controlled acetoxylation and subsequent hydrolysis in
the 5-position (for example with acetic anhydride and
subsequently sodium hydroxide solution), glkylation of
the S-hydroxy group (for example with 1-3C-alkyl io-
dide and sodium hydrozide solution in dimethyl sulfox-
ide), N-oxidation (for example with m-chloroperox-
ybenzoic acid), conversion into the 2-acetoxymethyls
pyzidine (for example with hot acetic anhydride), hy-
drolysis (for example with dilute sodium hydroxide
solution) to the 2-hydroxymethyl group and iniroduc-
tion of the leaving group Z' (for example by reaction
with thiony! chloride).

The specific reaction conditions (temperatures, reac-
tion times, solvents and the like) in the synthesis routes
ontlined above for the prepasation of the compounds TiT
are familiar to the artisan, The preparation of individaal
representatives of the compounds ITE is described in the
examples. Other representatives are -prepared analo-
gously,

The compounds LI, wherein R3 represents 1-3C-
alkoxy, one of the radicals R2 and R4 represents a
t-3C-alkoxy radical end the other represeats a 1-3C-
alkyl radical are new and are also the subject of the
invention.

The compounds V, VII and XIE are prepared, for
example, starting from the compounds III and by em-
ploying conventional routes.

The following examples illustrate the invention in
more detail without limiting it. In the examples, m.p.
denoics melting point, decomp. represents decomposi-
tion and b.p. represents boiling point.

EXAMPLES

2-[(4,5-Dimethoxy-2-pyridyl)methylthio]-5-tri-
fluoromethoxy-1H-benzimidazole
157 g of Z-chloromethyl-4,5-dimethoxypyridinium
chloride are added to a solution of 1.64 g of 2-mercapto-
S-trifluoromethoxy-1H-benzimidazole in 40 ml of etha-
nol and 20 ml of IN sodium hydroxide solution, the
mixture is stirred at 20° C. for 2 hours and then at 40° C.
for a further hour, the ethanol is distilled off on a rotary
evaporator (10 mbar/40" C.) and the colorless precipi-
tate which thereby separates ont Is filtered off over a
suction flter, rinsed with 1N sodivm hydroxide solution
and water and dried, 2.15 g (79% of theory) of the title
compound of m.p. 92*-%3° C. are obtained.
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5-Chlorodifleoromethoxy-2-[(4,5-dimethoxy-2-
pyridyl)methylthic]-1H-benzimidazole, 5-difluorome-
thoxy-2-[(4,5-dimethoxy-2-pyridyl)methylthio)- 1 H-
henzimidazole (oil), 5.6-bis(difluoromethoxy)-2-[(4,5-
dimethoxy-2-pyridyDmethylthio}-1H-benzimidazole, ,
S-difluoromethoxy-6-methoxy-2-[{4,5 dimethoxy-2-
pyridyl}methylthio]-1H-benzimidazole {m.p. 159°-160"
C.) and S-difluoromethoxy-6-fluore-2-[(4,5-dimethoxy-
Z-pyndyl)methylﬂuo]-lH—benzxmxdazole are cbtained
analogously by reacting S-chlorodifiuoromethoxy-2-
mercapto-1H-benzimidazole, S-difluoromethoxy-2-mer-
capto-1H-benzimidazole, 5,6-bis(difluoromethoxy)-2-
mercapto-1H-benzimidazole, S-difluoromethoxy-2-mer-
capto-6-methoxy-1H-benzimidazole and 5-difluorome-
thoxy-6-fluoro-2-mercapto-1H-benzimidazole with 2-
chloromethyl-4,5-dimethoxypyridinium chloride.
2. 2-[(4,5-Dimethoxy-2-pyridyl)methylsulfinyl]-5-trl-
flucromethoxy-1H-benzimidazale

5.5 ml of a 0.2M sclution of m-chloroperoxybenzoic

0

acid in methylene chloride are¢ added dropwise to a 20

solution of 0.36 g of 2-[4,5-dimethoxy-2-pyridyDmethyl-
thio]-5-trifluoromethoxy-1H-benzimidazole in 10 ml of
methylene chloride at —30° C. and the mixture is stirred
at the stated temperature for a further 30 minutes, After

addition of 0.3 ml of triethylamine, the cold reaction 25

mixture is stirred into 10 ml of 5% strength sodium
thiosulfate solution and 10 ml of 5% strength sodium
carbonate solution, After phase separation three further
extrations with 10 ml of methylene chloride are per-
formed, the combined organic phases are washed once
with 5 ml of 5% strength sodium thiosuifate solution
and dried. The drying agent (magnesitum sulfate) is
filtered off and the filtrate is concentrated. The residue
is crystallized with. diisopropyl ether and is then re-
precipitated from methylene chloride/diisopropyl
ether, 0.27 g (729 of theoretical) of the title compound
is obtained as a colorless solid of m.p. 159"-61" C. (de-
comp.).

5-Chlorodifluoromethoxy-2-[(4,5-dimethoxy-2-
pyridyl)methylsulfinyl]-1H-benzimidazole, 5.
difleoromethoxy-2-{(4,5-dimethoxy-2-pyridyl)methyl-
sulfinyl]-1H-benzimidazole [m.p. 159° C. (decomp.)],
5,6-bis(difluoromethoxy)-2-[(4,5-dimethoxy-2-pyridyl)-
methylsulfinyl]-1H-benzimidazole, 5-diflucromethoxy-
6-methoxy-2-[(4,5-dimethoxy-2-pyridyDmethylsul-
finyl}-1H-benzimidazole and S-difluoromethoxy-5-
fluoro-2,2-[(4,5-dimethoxy-2-pyridylmethylsulfinyl}-
1H-benzimidazole are obtained analogously by oxida-
tion of other sulfides of Example 1 with m-chloroperox-
ybenzoic acid,
3. 2-I(4,5-Dimethoxy-2-pyridyDmethylthio]-5-(1,1,2,2-
tetrefluorcethoxy)-1H-benzimidazole

1.40 g of the title compound are obtained a3 a yeilow
oil by the procedure described in Exaempie 1, by react-

ki)

35

45

ing 1.07 g of 2-mercapto-5-(1,1,2,2-tetraflucroethoxy)- 55

1H-benzimidazole with 0.50 g of 2<chloromethyl-4,5-
dimethoxypyridinium chloride in 15 ml of ethanof with
the addition of 17 ml of 0.5N scdium hydroxide solu-
tior. Reerystallization from petroleum ether yields 1.20

g (72% of theoretical} of the desired compound as col- 60

orless crystals of m.p. 125*-127° C,
4. 2-[{4,5-Dimethoxy-2-pyridyl)methylsulfinyl}-5-
(1,1,2,2-tetrafluoroethoxy)-1H-benzimidazole

A solution of the product in methylene chioride i3
obtained by the procedure described in Example 2 by
oxidation of 0.76 g of 2-{(4,5-dimethoxy-2-pyridyl)me-
thylthio}-5-(1,1,2,2-tetraflucroethoxy)- LH-ben-
zimidazole with 19 m! of a 0.IM solution of m-

63
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chloroperoxybenzoic acid in 30 ml of methylene chlo-
ride at —40° C,, after extraction. After drying the solu-
tion over magnesiom sulfate, the drying agent is filtered
off, the filirate is concentrated and the residue is erystal-
lized from methylene chloride/diisopropyl ether. 0.64 g
(829 of theory) of the title compound is obtained in the
form of coloriess crystals of m.p. 160°-162° C. (de-
comp.).

5. 2-[{4,5-Dimethoxy-2-pyridyl)methylthio]-5-(2,2,2-tri-
fluoroethoxy)-1H-benzimidazole

1.0gof 2-mczcapto-5-(2,2.,2-mﬂuoroe:thoxy)-IH-ben-
zimidazole is dissolved in 15 ml of ethanol and 8.5 ml of
1IN sodium hydroxide solution, 0.90 g of 2-chlorometh-
yl-4,5-dimethoxypyridinium chloride are added and the
mixture is stirred for 20 hours. After addition of 30 ml of
water, the mixture is extracted three times with 30 ml of
methylene chloride each time, the methylene chiloride
phase is washed once with 5 ml of 0.1N sodium hydrox-
ide solution, the combined organic phases are- dried
over magnesium sulfate and, after the drying agent has
been filtered off, the filirate is completely concentrated.
1.51 g (949 of theory) of the title compound are ob-
tained as ar amorphous solid residue of m.p. 55°-57° C.
6. 2-[(4,5-Dimethoxy-2-pyridyl}methylsulfinyl]-5-(2,2,2-
trifluoroethoxy)-1H-benzimidazole

0.8 g of 2-[{4.5-dimethoxy-2-pyridy!)methylthio)-5-
(2,2,2-trifluoroethoxy)-1H-benzimidazole Is dissalved in
15 mi of dioxane and 2.5 ml of 1IN sodiem hydroxide
solution. A mixture of 3 ml of 8% strength sodium
hypochlorite solution and 3.5 ml of 1N sodium hydroz-
ide solution are added dropwise in the ¢course of 2 hours,
while cooling to 0°-5* C, After addition of 5 ml of 5%
strength sodium thiosulfate solution, the mixture is con-
centrated to dryness, the residue is taken up in water
and the mixture is brought to pH 7 with phosphate
buffer. The solid which has precipitated out is filtered
off with suction, dried and recrystallized from ethyl
acetate/diisopropyl ether. 0.45 g (55% of theory) of the
title compound is obtained as colorless crystals of m.p.
142°-143" C, (decomp.).
7. 2-[(4,5-Dimethoxy-3-methyl-2-pyridylymethylthio]-5-
(1,1,2,2-tetrafluoroethoxy)- 1H-benzimidazole

1.46 g (33% of thecry) of the title compound of m.p.
127*-128* C. (colorless powder) are obtzined by the
procedure described in Example 1 by reaction of 1.07 g
of 2-mercapta-5-(1,1 ZJ-teuaﬂuorcethoxy) 1H-ben-
zimidazole with 0.96 g of Z-chloromethy1—4,5-d1me-
thoxy-3-methylpyridinium chloride in 12 ml of ethanol,
with the addition of 17 ml of 0.5N sodium hydrozide

50 solution.

8 245 Dmethoxy-}methyl 2-pyridylmethylsul-
finyl}-5+(1,1,2,2-tetrefluorcethoxy}-1H-benzimidazole

0.3 g of a pale yellow ol is obtained by the procedure
described in Exaraple 2 by oxidation of 0.99 g of 2-[(4,5-
dimethoxy-3-methyl-2-pyridyD)methylihio]-5-(1,1,2,2-
tetrafluoroethoxy)-1H-benzimidazole with 12 ml of a
0.2M solation of m-chloroperoxybenzoic acid in methy-
lene chloride at —~40" C. for a reaction time of 1.5 hours.
Recrystallization twice from methylene chioride/diiso-
propyl ether gives 0.30 g (349 of theory) of the title
compound in the form of colorless crystals of m.p. 125°
C. (decomp.).
9,  5-Difluoromethoxy-2-[(4,5-dimethoxy-3-methyl-2-
pyridyl)ymethylthic}-1H-benzimidazole

0.64 g (84% of theory) of the title compound of m.p.
100°-102° C. (colorless crystalline powder) is obtained
by the procedure described in Example ‘by reaction of
0.38 g (2 mmol) of S-difluoromethoxy-2-mercapto-1H-
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benzimidazole with 0.48 g (2 mmol) of 2-chloromethyl-
4,5-dimethoxy-3-methylpyridinium chloride in 10 ml of
ethanol, with the addition of 8.8 mi of 1N sodium hy-
droxide solution, after two hours at 50° C.
10. 2-[(3,4-Dimethoxy-2-pyridymethylthio]-5-(1.1,2,2-
tetraffvoroethoxy)- 1H-benzimidazole

0.38 g (1.7 mmol) -of 2-chloromethyl-3,4-dimethox-
ypyridinium chioride is added to a solution of 0.46g (1.7
mmol) of 2-mercapto-5-{1,1,2,2-tetra flvoroethoxy)-1H-
benzimidazole in 10 ml of ethanol, 10 ml of water and
1.8 m! of 2N sodinm hydroxide solution; after the smix-
ture has been stirred at 20° C. for one hour, a further 10
mi of water are added dropwise. The mixture s then
stirred at 20° C. for a further four hours. The solid
which bas precipitated out is filtered off, washed with
0.01N sodinm hydroxide solution apd then with water
antil neutral and dried to constant weight. 0.63 g (90%
of theory) of the title compound is obtained as a color-
less o ine powder of m.p. 98°-102° C.

s-Difluoromethoxy-2-[(3,4-dimethoxy-2-pyridinyl-
methylthio)]-IH-benzimidazole (m.p. 104°-108° €.) and
5-diflucromethoxy-6-methoxy-2-[(3,4-dimethoxy-2-
pyridylmethyithio)]-1H-benzimidazole (m.p. 137°-138°
C.) are obtained analogously by reacting $-difluorome-
thoxy-2-mercapto-1H-benzimidazole and S-difluorome-
thoxy-6-methoxy-2-mercapto-1H-benzimidazole with
2-chloromethyl-3,4-dimethoxypyridinium chloride.
11, 2-{(4,S-DimethoxyoB-methyl-z-pyridyl)methyltbio]-
5-triflucromethoxy-1H-benzimidazole

140 g (70% of theory) of the title compound are
ohtained by the pracedure described in Example 1 by
reaction of 115 g of 2-mercapto-5-trifluoromethoxye
1Hi-benzimidazole with 1.20 g of 2-chloromethyl-4,5-
. dimethoxy-3-methylpyridiniom chloride in 20-ml of
{sopropanol, with the addition of 20.5 ml of 0.5N so-
dium hydrozide solution, Recrystallization from diiso-
propyl ether/petroleum ether gives a product of m.p.
94°-97° C,

2-[(4,5-Dimethoxy-3-methyl-2-pyridylmethylthio}-5-
(2,2,2-trifluoro ethoxy)-1H-benzimidazole, S-chlorodi-
fluoromethoxy-2-[(4,5-dimethoxy-3-methyl-2-pyridyl)-
methylthic]-1H-benzimidazole, 5,6-bis(diflnoromethox-
y)-2~[(4,5-dimethoxy—3-methy1-2-pyﬁdy1)methylthio]-
1H-benzimidazole, S5-difluoromethoxy-6-methoxy-2-
[(4,5-dimethoxy-3-methyl-2-pyridyl)methylthio]-1H-
benzimidazole and S-difluoromethoxy-6-fluoro-2-[(4,5-
dimethoxy-3-methy]-2-pyridyDmethylthio]-1H-ben-
zimidazole are obtained analogously by reacting 2-mer-
capto-3-(2,2,2-trifluoroethoxy-1H-benzimidazole, 3
¢hiorodifluoromethoxy-2-mercapto-1H-benzimidazole,
5,6-bis(diffuoromethoxy)-2-mercapto-1H-ben-
zimidazole, 5-difluoromethoxy-2-metcapto-G-methoxy-

1H-benzimidazole and S-difinoromethoxy-6-flucre-2--

mercapto-lH-benzimidazole, respectively, with 2-
chloromethyl-4,5-dimethoxy-3-methylpyridinivin chlo-
ride.

4,758,579
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12, 2-[(4.S-Dimethoxy-S-methyl:l-pyridyl)methylsul- -

finyl]-5-trifluoromethoxy-1H-b e
0.19 g (76% of theory) of the title compound is ab-

tained as a colorless powder (158°-159° C. decomp.) by 0

the procedure described In Fxample 2 by oxidation of
0.24 g of 2-[(4,5-dimethoxy-3-methyl-2-pyridyl)methyl-
thio}-5-trifluoromethoxy-H-benzimidazole with 3.3 ml
of a 0.2M solution of m-chloroperoxybenzoie acid in
methylene chloride at —50° C. and reprecipitation from
methylene chloride/diisopropyl ether.
2-[(4,5-Dimethoxy-3-methyl-2-pyridyDmethylsul-

finyl]-5-(2,2,2-trifluoroethoxy)-1H-benzimidazole,  5-

65
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chiorodifluoromethoxy-2-[(4.5-dimethoxy-3-methyl-2-
pyridyDmethylsulfinyl]-1H-benzimidazole, 5-
diflucromethoxy-2-[(4,5-dimethoxy-3-methyl-2-
pyridyDmethylsulfinyl]-1H-benzimidazole [m.p.
133°-135" C. (decomp.)], 5,6-bis(difluoromethoxy)-2-
[(4,S-dimethoxy-3-methyl-2-pyridyl)niethylsu]ﬁnyl]-
1H-benzimidazole,  5-difluoromethoxy-6-methoxy-2-
[4,5—dimethoxy-3-methyl-z-pyridyl)methylsulfmyl].—lH—-
benzimidazole, 5.difluoromethoxy-6-fluoro-2-[(4,5-
dimetkoxy-3-methyl-2-pyridylimethylsulfiny]l-1H-ben-
zimidazole and 2-f(3,4~limethoxy-2-pyridyl)methylsul-
finyl]-5-(1, 1,2;2-tetraflnorcethoxy)-1H-benzimidazole
[m.p. 117*-119° C. (decomp.)] and 5-diflucromethoxy-
2-[(3,4-dimethoxy-2-pyridy)methylsnlfinyl]-1H-ben-
zimidazole [m.p. 136* C. (decomp.)] are cbtained analo-
gously by oxidation of the sulfides of Examples & to 11
with m-chloroperoxybenzoic acid
13. 2,2-Difluoro-6-[(4,5-dimethoxy-3-methyl-2-pyridyl)-
methylthio}-5H-[1,3}-dioxolo[4,5-fjbenzimidazole

096 g of 2chloromethyl4,5-dimethoxy-3-methyl-
pyridinium chloride are added to a solution of 0.92 g of
2,2-diffuaro-5H-[1,3]-dioxclo[4,5-f]benzimidazole-6-
thiol in 10 ml of ethanol and 10 mi of IN sodium hy-
droxide solution. The yellow reaction mixture is stirred
at 20° C. for 1 hour, a further 10 ml of water are added,
whereupon a colorless solid precipitates ou, the mix-
ture is sticred for & further 5 hours and filtered and the
residne is rinsed with IN sodium hydroxide solution and
watsr and dried to constant weight. The amorphous
powder is recrystallized from methylene chioride/-
diisopropyl ether. 1.5 g (93% of theory) of the title
compound are obtained in the form of colorless crystals
of m.p. 160°-161° C.

6,6,7-Trifluoro-6,7-dihydro-2-[(4,5-dimethoxy-3-
methyl-2-pyridylymethylthio]-1H-{1,4]dioxino[2,3-
flbenzimidazole, 6-chloro-6,7,7-trifluoro-6,7-dibydro-2-
[(4,i-d.imethoxy—B-methyl-z-pyridyl)methylthio]-IH-

-(1,4]-dioxino[2,3-Hhenzimidazole and _6,7-dilydro-2-

[(4,S-dimethoxy-B-methyl-z-pyridyl)methylthio]-lH-
[1,4]-dioxino[2,3-f]-benzimidazole are cbtained analo-
gously by reacting 6,6,7-trifluoro-6,7-dihydro-1H-{1,4]-
dioxino[2,3-flbenzimidazole-2-thiol, é-chloro-6,7,7-tri-
fluoro-6,7-dibydro-TH-{1,4]-dioxino]2,3-flben-
Zimidazale-2-thiol or. 6,7-dihydro-151-[1,4]-dicxino[2,3-
flbenzimidazole-2-thiol,  respectively, with  2-
chloramethyl-4, 5-dimethoxy-3-methylpyridinium chlo-

ride. .

14, 2,2-Difluoro-6-{(4,5-dimethoxy-3-methyl-2-pyridyl)-

methylsulfinyt]-5H-[1,3]-dioxclo[4,5-flbenzimidazole
21 ml of a 0.1N solution of m-chloroperoxybenzoic

“acid in methylene chloride are added dropwise to a

suspension, cooled to —40° C., of 0.80 g of 2,2-difluoro-
6[(4,S-dimethoxy«3-mcthyI-Z-pyridyl)methylt}ﬁo]-SH-
[1,3]-dloxclofd,Sfl-benzimidazole in 10zl of ‘methylene
chloride in the course of 10 minutes. The mixture is
stirred for & further 20 minutes, during which the tem-
perature is allowed to rise to —20° C, and 0.5 ml of
triethylamine are added and the reaction mixture is
poured into 40 ml of 5% strength sodium thiosulfate
golution and 5% strength sodium carbonate solution.
After phase separation, the aqueous phase is extracted
twice more with 20 m] of methylene chloride each time;
the combined organic phases are washed with & mixture
of 5 mi of sodium thiosulfate solution and 5 mi of s0-
dium carbonate solution, dried and concentrated. The
residue is recrystallized from methylene chloride/diiso-
propyl ether. 0.62 g (75% df theory) of the title com-
pound is obtained; decomp. 189°-190° C.
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6,6,7-Trifluoro-6,7-dihydro-2-{(4,5-dimethoxy-3+
methyl-2-pyridyl)methylsuifinyl]- 1H-[1,4]-dioxino[2,3-
flbenzimidazole, 6-chloro-6,7,7-trifluore-6,7-dihydro-2.
[(4,5-dimethoxy-3-methyl-2-pyridyl)methylsulfinyl]-

1H.{1,4]-dioxino[2,3-{lbenzimidazole and 6,7-dihydro-

2-[(4,5-dimethoxy-3-methyl-2-pyridylymethylsulfinyt]-
1H-[1,4]-dioxino[2,3-flbenzimidazale are obtained anal-
ogously by oxidation of the other sulfides mentioned
under Example 13 with m-chloroperoxybenzoic acid.
15, 6[(4,5-Dimethoxy-2-pyridyl)methylthin}-5H-[1,3]-
dioxolo[4,5-flbenzimidazole

A brownish solid is obtained by the procedure de«
scribed in Example 13 by reaction of 0.85 g of 5H-1,3}-
dioxolo[4,5-f]-benzimidazole-6-thiol- with 0.98 g of 2-
chloromethyl4,5-dimethoxypyridinium chloride in 10
ml of ethanol and 10 ml of water, with the addition of
8.5 mJ of IN sodium hydroxide solution, after a reaction

time of 20 hours and after concentration, by removing -

the solvent in vacuo, to a volume of 10 ml, The crude

product is dissolved in 30 m! of methylene chloride, the 20

solution 18 clarified with fuller's earth (for example,
Tonsil (), and concentrated. The residue is crystallized
by addition of diisapropyl ether and the now pale yel-
Tow solid is boiled up in 5 ml of methanol. 0.90 g (609
of theory) of the title compound is obtained as & color-
less solid of m.p. 198°-200° C.
16.  6-](4,5-Dimethoxy-2-pyridyl)methylsulfinyl]-SH-
[1,3]-dioxolo{4,5-f]-benzimidazole

0.27 g of the title compound in the form of colorless

crystals of m.p. 199* C. (decomp.} is obtained by the 30

procedure described in Example 14 by oxidation of 0.7
g of 6[(4,5-dimethoxy-2-pyridylymethylthic]-SH-[1,3]-
diozole[4,5-f]-benzimidazole with 23 ml of a 0.IM salu-
tion of m-chloroperoxybenzoic acid, after recrystailiza-
tion from diethyf ether.
17.  2,2-Difluoro-6-[{3,4-dimethoxy-2-pyridyDmethyl-
thio}-5H-[1,3]-dioxolo[4,5-flbenzimidazole

105 g (92% of theory) of the title compound are
obtained as a finely orystaliine, cclorless powder of m.p.

25

335

185°-187" C. by the procedure described in Example 13 40

by reaction of 0.69 g (3 mmol) of 2,2-diffucro-5H-
[1,3)dioxclo[4,5-flbenzimidazole-6-thiol with 0.67 g (3
mmol) of 2-chioromethyl-3,4-dimethoxypyridinium
chloride in a mixture of 10 ml of ethanol and 10 ml of

water, with the addition of 3.3 ml of 2N sodium hydrox- 45

ide solution, after a reaction time of 10 hours.
6-[(3,4-Dimethoxy-2-pyridyD)methylthio}-SH-[1,3]-

dioxolo[4,5-flbenzimidazole (m.p. 155°-157° C.} is ob-

tained analopously by reacting 5H-[1,3]-dioxolo[4,5-

flbenzimidazole-6-thiol with 2-chloromethyl-3,4-dime- 50

thoxypyridinium chloride.
18. 6-[(4,5-Dimethoxy-3-methyl-2-pyridyl)methylthio]-
5H-[1,3}-dioxolo[4,5-f]lbenzimidazole
078 g (4 mmol) of S5H-[1,3]-dioxolo[4,5-fjben-
zimidazole-6-thiol is heated st the boiling point under
_ reflux with 0.95 g (4 mmol) of 2-chloromethyl-4,5-dime-
thoxy-3-methylpyridinium chloride in 30 ml of isopro-
panal for 15 hours. The solid which has precipitated out
18 filtered off and extracted by stirring with isopropancl,

the mixiure is filtered again and the residue is dried to 60

constant weight. 1.0 g (59% of theory) of the dihydro-
chloride of the title compound is obtained &s a colorless
solid of m.p. 206° C, (decomp.).
19.  2,2-Difluoro-6-{{4,5-dimethoxy-2-pyridyD)meihyl-
thio]-SH-[1,3]-dioxolo[4,5-flbenzimidazole

6,3 m! of IN sodium hydroxide solution are added
dropwise to a solution, warmed to 50° C., of 0.69 g of
2,2-difluoro-5H-[1,3]-dioxolo[4,5-{fbenzimidazole-6-

35

63

20

thiol and 0.67 g of 2-chloromethyi4,5-dimethox-
ypyridininm chloride in 9 ml of ethanol and 4 ml of
water in the course of one minute, On cooling the clear
reaction mixture to 20° C.,, a colorless precipitate sapa-
rates out after a short time. The mixture is stirred at 20°
C, for a further § hours aud the precipitate is filtered off
with suction over a suction fllter, rirsed with IN so-
dium hydroxide solution and -water and dried to con-
stant weight. The beige solid is dissolved in 10 ml of
methylene chloride, insoluble constituents are filtered
off, the fiitrate is concentrated and the residue is made
to crystallize by addition of diisopropy! ether after cool-
ing. 1.02 g (50% of theory) of the title compound of
m.p. 189°-191° C, are obiained.

6,6,7-Trifluoro-6,7-dilyydro-2-[(4,5-dimethoxy-2-
pyridylmethylthio]-1H-[1,4]-dfoxino[2,3-f]ben-
zimidazole, 6-chloro-6,7,7-trifluore-6,7-dihydro-2-{(4,5-
dimethoxy-2-pyridyDmethylthio)-1H-{1,4]-dioxino[2,3~
{Tbenzimidazole and 6,7-dihydro-2-[(4,5-dimethoxy-2-
pyridylymethylthiol-1H-[1,4]-dioxino[2,3-f]ben-
zimidazole are obtained anelogously by reacting 6,6,7-
trifluozo-6,7-dibydro-1H-{1,4dioxinof2,3-f] beo-
zimidazole-2-thiol, 6-chloro-6,7,7-trifluoro-6,7-dilydro-
1H-{1,4]-dioxinof2,3-flbenzimidazole-2-thiol or §,7-
dikydro-1H-[1,4}-dioxino[2,3-f]benzimidazole-2-thiol
(respectively) with  2.chloromethyl-4,5-dimethox-
ypyridinivm chloride.
20, 2,2-D1ﬂuoro-6—[(4,5-dlmethoxy-2-pyndyl)methyI-
sulfinyl]-SH-[1,3]-dioxolo[4,5-fJbenzimidazole

0.76 g of 2,2-difluoro-6-[(4,5-dimethoxy-2-pyridyl)-
methylthio]-5H-{1,3]-dioxolol4,5-flbenzimidazole are -
dissclved in 10 m! of diozane and 2 mil of 1N sodium
hydroxide solution. An equimolar dmount of a titrated
aqueons sodium hypochlorite sotution, o which I mole
per liter of sodium hydroxide solution has been added, is
first added drapwise, while cooling with ice, and after
one hour a further equivalent and after 3 hours half the
equimolar amount of sodium hypochlorite are added, to
achieve complete reaction. After a reaction time of 4
hours, 5 ml of 5% strength sodium thicsulfate solution
and another 25 ml of dioxane are added and the upper
dioxane phase is separated off, washed once with § ml of
sodinm thiosulfate solution and concentrated on a ro-
tary evaporator, The olly residue is dissolved in 20 ml of
water and 10 ml of ethyl acetate and the solution is
brought to pH 7 with about 100 ml of a buffer soluticn
of pH 6.8, The solid which has- precipitated out is fil-
tered off with suction aver a suction filter, washed with
water, extracted by stirring at 0° C. with acetone and
dried. 0.7 g (87% of theory) of the title compound is
obtained in the form of colorless crystsls; decomp. at
211213 C,

2,2-Difluoro-6-[(3,4-dimethoxy-2-pyridymethylsul.
finyl]-5H-[},3]-dioxalo[4,5-f]benzimidazcle [m.p.
177°-178* C. (decomp.)], 6-[(4.5-dimethoxy-3-methyl-2-
pyridyl)methylsuifinyl]-5H-[1,3]-dioxolo[d,5-f]ben- .
zimidazole, 6,6,7-trifluore-6,7-dihydro-2-[4,5-dime-
thoxy-2-pyridyl)methylsulfinyl}-1H-[1,4]-dioxino]2,3-
flbenzimidazole, 6-[(3,4-dimethoxy-2-pyridyDmethyl-
sulfinyl]-5H-[1,3]-dioxolol[4,5flbenzimidazole  [m.p.
170°-171° C. (decomp.)], 6-chloro-6,7,7-triflucre-6,7-
dihydro-2-[{4,5-dimethoxy-2-pyridy)methylsulfinyl]-
1H-[1,4])-dioxino-{2,3-f]benzimidazole and §,7-dihydro-
2-[(4,5-dimethoxy-2-pyridyl)methylsalfinyl]-1H-[1,4]-
dioxino[2,3-f]-benzimidazole are obtained analogously
by oxidation of the other silfides mentioned in Exam-
ples 17 to 19 with spdium hypochiorite solution,
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21.  2-Mercapto-5-(1,1,2,2-tetraflucroethoxy)-1H-ben-
Zimidazole - .

{2) 55 g of 1-nitro-4-(1,1,2,2-tetrafluoroethoxy)-ben-
zene are hydrogenated in 300 ml of ethanol over 0.5gof
10% strength palledium-on-charcoal in 2 circulatory
hydrogenation dpparatus ander atmospheric pressure at
20*-45* C. for 1 hour, the catalyst is filtered off and the
solution is concentrated in vacuo at 40° C. The 4-
(1,1,2,2tetrafluoroethoxy)aniline is dituted with 100 ml
of glacial acetic acid, 23 mi of acetlc anhydride are
added dropwise at room temperature, 2 ml of water are
added after 30 minutes, the solution is concentrated at
50° C, in vacuo after a short time and 500 ml of icewater
are added. 56 g (97% of theoretical) of N-[4-(1,1,2,2-tet-
rafluorgethoxy)phenyl]-acetamide of m.p. 121°-122° C.
are obtai .

(b} 55 g of the above compound are dissolved in 380
ml of dichloromethane, 55 ml of 100% strength nitric
acid are sdded dropwise at room temperature in the

15

course of 10 minutes and the mixture is sticred for a 20

further 6 hours. The ¢rganic solution is then washed
with aqueons sodium carbonate solution and water,
dried with magnesium sulfate and concentrated. 65'g
(100% of theoretical) of N-[2-nitro-4(1.1,2,2-tetra-

finorocthoxy)phenyl]-acetamide of m.p. 80°-81° C. 25

(from cyclohexane) are obtained,

(c) 63 g of the sbove compound are dissolved in 450
ml of methano?, 106 m! of 6M sodium hydroxide solu-
tion are added dropwise at room temperature, the mix-
ture is cooled in an ice-bath and 53 g (98% of theoreti-
cal) of 2-nitro-4-(1,1,2,2-tetrafluoroethoxy)-eniline (m.p.
85°-86" C.) arz precipitated by dropwise addition of 500
il of water.

(d) 33 g of the above compound are hydrogenated in

about 600 ml of isopropanol over 1 g of 10% strength 33

palladium-on-charcoal in a circulatory hydrogenation
apparatus under oormal pressure at room temperature.
The catalyst is filtered off with suction and 34 g (89%)
of 4-(1,1,2,2-tetrafluoroethoxy)-1,2-phenylenediamine

dihydrochloride of m.p. 275°-276" C. (decomposition) 40

are precipitated with 4M hydrogen chloride in ether.
(e) 330 ml of ethano!, 60 ml of water, 8.9 g of sodium

hydroxide and 23 g of potassium o-ethyldithiocarbonate

(recrystallized from isopropancl) are added to 33 g of

the above compound and the mixture is heated at the 45

Toiling point under reflux for 15 hours. 1.21 of ice-water
are added, the pH is brought to 13-14 with sodium
hydroxide solution and the mixture is clarified with
active charcoal and precipitated with difute hydrochto-

ric acid to pH 3.5. 27 g (91%) of the title compound of 3¢

m.p, 316*~319* C. (from isopropanol) are obtaified.
22. 2-Mercapto-S-riffioromethoxy-1H-benzimidazole

The title compound of m.p. 305°~307° C, (decomposi-
tion, from toluene) is obtained in 75% yield analogously
to Example 21(e) by reaction of 4-trifluoremethoxy-1,2-
phenylenediamine dihydrochloride (compare C.A. 33,
33408d, 1961) with potassium O-sthyldithiocarbonate
and sodium hydroxide solution in ethanol.
23. 2-Mercapto-5-(2,2,2-trifluoroethoxy)-1E-ben-
zimidazole

(2) 50 g of 1-(2,22-triflucroethoxy)-4-nitrobenzene
(Spnthesiz 1980, page 727) are hydrogenated and acety-
lated analogousty to Example 21(a). 50 g (95%) of N-[4-
(2,2,2-triflucroethoxy)phenyllacetamide m.p.
140*~141°* C.) are obtained,

(b) 42 g of the above compound are stirred with 9.7

mi of 1009 strength nitric acid in 290 ml of glacial -

acetic acid at room temperature for 18 hours and the
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mixture is precipinted with water. 47 g (9495) of N-{2-
nitro-4-(2,2,2-trifluoroethoxy)phenyll-acetamide (m.p.
117°=118* C.) are obtained.

(c) 47 g of the above compound are hydrolyzed anal-
ogously to Example 21{c) to give 38.7 g (97%) of 2-
nitro-4<2,2,24riflucroethoxy)-aniline (m.p. 34°-85° C.).

(d) 37 g of the sbove compound are hydrogenated
analogously to Example 21{d) to give 41 g (94%) of
4-(2,2,2-triflnoroethoxy)-1,2-phenylenediamine  dihyd-
rochloride of m.p. 230°-233" C. (decomposition).

(2) 30 g {949%) of the title compound (m.p. 288°-250°
C.) are ablained analogously to Example 21(g) from 36
g of the above compound. :

4. 5-Chlorodifiuoromethoxy-2-mercapto-1H-ben-
zimidazole

(&) 100 g of N-[4-(chlorodifluoromethoxy)phenyl-
Jacetamide (m.p. 101%-103* C., from 4-chlorodi-
flusromethoxyaniline and acetic anhydride) and 12.3 ml
of 1009 strength nitric acid are stirred in 80 m? of di-
chloromethane at 20° C. for 4 houwrs. The mixture is
neutralized with aqneous potassium bicarbonate solu-
tion and the organic layer is concentrated to give 11.4 g
(96%) of N-(4-chlorodiflucromethoxy-2-nitrophenyl)-
acetamide (m.p. §9°-91* C.).

_{b) 8.6 ml of a 30% strength solution of sodium meth-
ylate in methanol are added dropwise to 10.5 g of the
above compound in 200 ml of methanol at 5° C, the
ptixture iz stirred for 2 hours, without cocling, ice-water
i3 added and the pH is brought to 8 to give 8.7 g (97%)
of 4-chlorodiffuoromethoxy-2-nitroaniline  (m.p.
40"-42° C)).

{c) 8.5 g of the sbove compound are hydrogenated
over 0.8 g of 10% strength palladium-on-charcoal
under normal pressure in 200 ml of methanol, concen-
trated hydrachloric acid is added, the mixture is fil-
tered, the filtrate is concentrated and the residue is
stirred with diisopropyl ether. 85 g (97%) of 4-
chlorodiffuoromethoxy-1,2-phenylenediamine dihydro-
chloride are obtained. ’

(@ 63 g (72%) of the title compound of m.p.
268°-270° C. {decomposition) are obtained from 8.5 g of
the above compound analogously to Example 21(g).
25, 5.Difluoromethoxy-2-mercapto-1H-benzimidazole

(a) 11.8 g of N-(4-diftuoromethoxyphenyl)-ncctamide
[L.. M. Jagupol'skii ¢t al., J. General Chemistry (USSR)
39, 190 (1969)] are stirred in 200 m] of dichloromethsne
with 12.1 ml of 100% strength hydrochloric acid at
room temperature for 1,5 hours. 13.3 g (92%) of N-[(4-
diflucromethoxy-2-nitro)phenyl]-acetamide (m.p.
71°~73"'C.) aze obtained analogously to Example 21(b).

() 4-Diffugromethoxy-2-nitroaniline (m.p. 68°-70°
C.} is obtained therefrom in 96% yield analogously to
Bxample 24(b). .

(¢} 4-Difluoromethoxy-1,2-phenylenediamine dihyd-
rochloride is obtained therefiom in 94% yield analo-
gously to Example 24(c).

{d) The title compound of m.p. 230°-252°"C. (from
isopropancl) is obtained in 78% yield snalogously to
Example 24(e).

26. 5,6-Bis(difluoromethoxy)-2-mercapto-1H-ben-
zimidazole -

(2) 275 g of chloradiflucromethane are passed into &
solution of 100 g of pyrocatechol, 220 g of sodium hy-
droxide and 60.g of sodium dithionite in 500 ml of water
and 400 ml of dioxane at 30°-55' C. analogously to L.
N. Sedova et al, Zh. Org. Khim, 6, 568 (1970). After
distillation at 61°-62" C./1.0-1.1 kPa, a mixture of 1,2
bis(difluoromethoxy)benzene and 2-difluoromethoxy-
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pheool is obtained, the products being separated by
chromatography on silice gel by means of cyclohex-
ane/ethyl acetate (4:1).

(&) A solution of 15 g of 1,2-bis(difflucromethoxy)-
benzene and 15 mi of 100% strength nitric acid in 150
nil of dichloromethane is sticred at room temperature
for 7 hours. The mixture is nentralized with potassium
bicarbonate solution and the organic layer Is separated
off and chromatographed on silica gel by means of
cyclokexane/ethyl acetate (4:1). 1,2-Bis-(Difluorome-
thoxy)-4-nitro-benzene is obtained. This is hydroge-
nated and acetylated analogously to Example 21a to
give  N-[3,4-bis{difluoromethoxy)-phenyljacetamide
(m.p. 81°-83* C.). Analogously to Example 21, further-
more, N-[4,5 -bu(d:f!uoromethoxy)-?.-mtropheuyl]aceta-

mide (m.p. 65°-67" C.), N-[4,5-bis(difluoromethoxy)}2-

nitrolaniline (m.p. 107°-109* C.), 4,5-bis(difluoreme-
thoxy)-1,2-pkenylenediamine dibydrochloride and the
title compound of mup. 285*-287" C. {decomposition;
from isopropanol} are obtained.
27. 5-Diflucromethoxy-2-mercapto-6-methoxy-1H-ben-
zimidazole

() About 58 g of chlorodifluoromethane are passed
into a solation of 55.5 g of guaiacol and 130 g of sodium
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hydroxide in 300 ml of water and 300 ml of dioxane at 25

60* C, The mixture is filtered at 10° C. and the organic
layer is separated off, dried with anhydrous potassium
carbonate and distilled. 56 g (73%) of I-difluorome-
thoxy-2-methoxybenzene of boiling point 75°-76
C./0.9 kPa are obtained.
(b) A solution of 33.28 ml of 100% strength nitric acid
in 90 ml of dichloromethane is added dropwise to a
solution of 47 g of the above compound in 230 mi of
dichloromethane at 0°-5* C., 250 ml of ice-water are
added after 30 minutes and the mixture is neutralized
with potassium bicarbonete. The dried organic phase is
.concentrated in vacuo and the residue is recrystallized
from eyclohexane. 53 g (90%) of 1-difluoromethoxy-2-
methoxy-5-nitrobenzene (m.p. 45°—49* C.) are cbtained.

kl+

35

This is hydrogenated and acetylated analogously to 40

Example 21{(a). N-(3-Diflzoromethoxy-4-methoxy-
phenyljacetamide (m.p. 129°-130° C.} is obtained in
90% yield.

(c) 46 g of the above compound are nitrated with 33

ml of 100% sirength nitric acid in dichloromethane 45

analogously to the above instructicns. N-(5-
Difluoromethoxy-4-methoxy-2-nitrophenyl)acetamide
(m.p. 116°-117* C.) is obtained in 99% yield.

" {d) 54 g of the above compound are stirred in §10 ml

of methanol with 44.8 ml of 30% strength methanclic 5o

sodium methylate solution at room temperature for 1
hour, The mixture is concentrated in vacuo and ice-
water and glacial acetic acid are added to pH 8 to give
S.difluoromethoxy-4-methoxy-2-nitroaniline {m.p.
144°-145° C.) in 99% yield, ’

(e) 23 g of the above compound are hydrogenated in
300 ml of methanol over 1.25 g of 10% strength palladi-
um-on-charcoal in accordance with Example 21(d). 26 g
(389%2) of 3-diflvcromethoxy-4-methoxy-1,2-
phenylenediamine ditydrochloride of myp. 218°-220°
C. (decomposition) are obtained.

() 25 g of the above compound are reacted with 19 g
of potassium O-ethyldithiocarbonate in accordance
with Example 21{e). 20 g (899%) of the title compound
of m.p. 280°-282" C. (decomposition; from isopropanol)
are obtained.

23, 5-Difluoromethoxy-6-fleorc-2-mercapio-[H-ben-~
zimidazole

35
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(a) 1-Difluoromethoxy-2-fluorobenzene (b.p. 76°
C./10 kP4 n20/D=1.4340) is obtained anslogously to
Example 27a from 2-fluorophenol and chlorodi-
flucromethane.

(b} 38.4 ml of 1009 strength nitric acid are added
dropwise to 30 g of the above compound in 300 ml of
dichloromethane at —10" C. and the mixture is stirred
at ~—10* C. for | hour and at 0° C. for 2.5 hours, Ice-
water is added and the mixture is rendered neutral and
chromatographed over silica gel with ethy! acetate/cy-
clobexane (4:1). 34 g of an cil are obtained, which con-
taing about 90% of 1-difluoromethoxy-2-flucro-4-nitro-
benzene and 10% of 1-difluoromethoxy-2-flucro-5-
nitrobenzene (NMR spectrum).

(c) 30 g of the above mixture are hydrogenated and
acetylated analogously to Example 21a. Recrystalliza-
tion from toluene gives 21 g (659) of N-(4-difluorome-
thoxy-3-fluorophenylacetamide of m.p. 112°-113° C.

(d) 22.5 ml of 100% strength nitric acid are added
dropwise ta 20 g of the above compound in 200 mi of
dichloromethane at 20° C. in the course of 30 minutes
and the mixture is subsequently stirred at room tempera-
ture for 15 hours, N-(4-difluoromethoxy-5-fluoro-2-
nitrophenylacetamide of m.p, 72°<74° C. {from cyclo-
hexane) is obtained in 89% yield analogously to Exam-
ple 27c. Stirring with 1M hydrochloric acid in methanol
at 60° C. for several hours gives 4-difluoromethoxy-5-
fluoro-2-nitroaniline of m.p. 95°-97.5° C. in 95% yield
and, anglogously to Example 27(g), 4-difluoromethoxy-
S-fluoro-1,2-phenylene-diemine ~dihydrochloride in
85% yield. Decomposition from 210° C.

() 15 g of the above compound are reacted with 11.8
g of potassium O-ethyldithiocarbonate in accordance
with Example 21e. 11.1 g (84%) of the title compound
of m.p. 275*-276" C. (decomposition, from isopropancl)
are obtained.

29, 2,2-Difluorc-3H-1,3]-dioxolo[4,5- ﬂbenz:mldazole-
6-thiol

(2) 20 g of 4-amino-2,2-diffuoro-5-nitro-1,3-benzodi-
oxole in 300 ml of methancl are hydrogenated over 0.5
g of 10% sirength palladium-on-charcoal in a circula-
tory hydrogenation apparatus under atmospheric pres-
sure at room temperature, 2.5 equivalents of methanolic
hydrogen chloride solution are added, the mixture is
filtered, the solution is concentrated in vacuo and iso-
propanol and ether are edded to the residue to give 35
g (91%) of 2,2-difluoro-1,3-benzodioxole-4,5-diamine
dihydrochloride of m.p. 232°-233° C. (decomposition).

(b) 24 g of potassium O-ethyldithiocarbonate (recrys-
tallized from isopropanol) and 9.2 of sodium hydroxide
in 55 ml of water are added to 30 g of the above com-
pound in 300 ml of ethanol and the mixture is heated to
the boiling point under reflux for 15 hours. The mixture
is poured onto 1.5 1 of water, brought to pH 14 with
sodium hydroxide solution, clarified with active chara-
coal and precipitated with concentrated Lydrochloric
acid under the influence of heat. The precipitate is fil-
tered off with suction in the cold. 24 g (919%) of the title
compound of m.p. 365°-370" C. (decomposition) are
obtained.

30,  6,6,7-Trifluoro-6,7-dihydro-1H-[1,4]-dioxino[2,3-
f]benzimidazole-2-thiol

(2) A mixture of 39.5 mi of 69% strength nitric acid
and 46 ml of 97% strength solfuric acid is added drop-
wise to 50 g of 2,2,3-triflnaro-2,3-dihydro-1,4-benzodi-
oxine at 5° C. in the course of 1 hour, The mixture {s
stirred at 10" C. for 1 hours, at 20* C. for 1 hour and at
40" C. for 5 minutes, poured onto 200 g of ice and ex-
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tracted with dichloromethane, The extract is washed
with water, dried with magnesium sulfate and distilled
in vacuo, 58 g (94%) of a mixture of 2,2,3-trifluoro-2,3-
dihydro-6-nitro- (and 7-nitro}-1,4-benzodiozine of b.p.
68.5° C. (0.15 pibar) and n®/D 1.5080 are obtained. A
gas chromatogram with a 10 m fused silica column
(Chrompack) shows two peaks in the ratio 2:3.

{b) 35 g of the isomer mixture are hydrogenated in
400 ml of ethanol over 3 g of 109 strength palladiom-
on-charcaal under atmospherie pressure at 20°-30° C. in
a circulatory hydrogenation apparatus, the mixture is
filtered and the filtrate is concentrated in vacuo. 30.5 g
(100%) of a liguid mixture of 6-amino- (snd 7-zmino-)
2,2,3-rifluorc-2,3-dihydro-1,4-benzodioxine are ob-

(©) A mixture of 15.3 g of acetic anhydride and 15 ml
of glaclal acetic acid is added dropwise to 28 g of the
above izomer mixture at 20°-30* C., the mixture is
stirred at 30 C. for 30 minutes, 1 ml of water is added,
the mixture is stirred at 30° C. for 30 minutes and the
solvent is distilled off in vacuo, Recrystallization' from

3

15
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toluene gives 18 g of e fraction of a mixture of the iso- -

meric geetamino derivatives of m.p. 128°-133° C.

{d) 14 ml of 100% strength nitzic acid, dissolved in 6J
ml of dichloromethane, are added dropwise to 17 g of
the isomer mixture of the acetamino derivatives, sus-
pended in 100 ml of dichloromethane, at —6" to —8°C,
and the mixture is. stirred at 0° C. for 2 hours and then
at room temperature overnight. The mixture is poured
onto 110 g of jce and the organic phase is separated off,

25

washed with water and concentrated in vacuo. The .

residue (19.8 g) is recrystellized from 20 mi of ethanol.
155 g of a mixture of 6.acetemino-2,2,3-trifluoro-2,3-
ditydro-7-nitre-1,4-benzodioxine and 7-acetamino-
2,2,3-triflnoro-2,3-dihydro-6-nitro-1,4-benzodioxine are
obtained.

. {=) 14.5 g of the above product mixture are suspended
in 80 ml of methanol, and 30 ml of 5M sodium hydrox-
ide solution are added dropwise, while warming to 30°
C. The mixture is stirred at room temperature for a
further 0.5 hoor and poured ento 200 g of ice to give
11.7 g of a mixture of 6-amino-2,2,3-trifluoro-2,3-dihy-
dro-7-nitro-1,4-benzodioxine and 7-amino-2,2,3-tri-
fluoro-2,3-dihydro-G-nitro-1,4-benzodioxine, A sample
is separated on a silica, gel column with cyclohex-
ane/ethyl acetate (4:1} into two pure isomers of melting
points, 110.5°-111.5* C. and 120°-121" C,, the NMR
spectra of which on & 60 MIz instrument in deutero-
chloroform are virtually identical.

(f) 109 g of the above isomer mixture are hydroge-
nated in 300 mi of methanol at room temperature nnder
atmospheric pressure over 1 g of 10% strength palladi-
um-on-charcoal in the course of 2.5 hours. 30 ml of 4M
hydrogen chloride in methanol are added, the mixture is
filterad, the filtrate is concentrated in vacuo and the
residue s stirred with 100 ml of ether, 12.6 g (98%) of
2,2,3-trifluoro-2,3-dihydro-1,4-benzodioxine-6,7-dia-
mine dihydrochloride (m.p. 250° C.) are obtained.

(g) 20.5 m! of 4M aqueous potassium hydroxide solu-
tion are added to 12 g of the above compound and 8.5 g
of potassium O-cthyldithiocarbonate (recrystallized
from isopropanol) in 120 ml of ethanol and the mixture
is heatad to the beiling point under reflux for 17 hours.
‘The mixture is poured onto 300 g of ice, brought to pH
12-13 with potasstum hydroxide solution, clarified with
active charcoal and precipitated with concenirated
hydrochloric acid, Renewed precipitation with acid
from alkaline aqueous-alcoholic solution gives 10 g
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(939%) of the title compound of m.p. 309°-310° C. (de-
composition).
31. §-Chloro-6,7,7-trifluoro-6,7-dikydro-1H-1,4]diox-
inof2,3-flbenzimidazole-2-thicl

@) A mixture of 18.3 m! of 65% strength nitric acid
and 15.4 ml of 97% sirength sulfuric acid is added drop- .
wise to 18 g of 2-chloro-2,3,3-trifluoro-2,3-dihydro-1,4-
benzodioxine at 5° C. and the mixture is stirred at 5*-10°
€. for 2 hours and poured onto ice. It is extracted with
methylene chloride to give 21.3 g of a mixture of 2-
chlora-2,3,3-trifiuore-2,3-dihydra-6-nitro-(and 7-nitro)-
1,4-benzodioxine as an oil.

(t) Ar cily mixture of 2-chloro-2,3,3-trifluoro-2,3-
ditiydro-1,4-benzodioxine-6- (and 7-)amine is obtained
therefrom in 97% yield analogously to Example 30b,

“and is reacted quantitatively to give a mixture of the

corresponding scetamino derivatives in accordance
with Example 30c.
(c) 19 g of the above mixture are stirred in 150 ml of

"dichloromethane with 16 ml of 100% strength nitric

acid and the reaction product is purified by chromatog-
raphy on silicz gel by means of ¢yclohexane/ethyl ace-
tate (4:1). 15 g of a mixture of G-acetamino-2-chioro-
2,3,3-riffucro-6,7-dihydro-7-nitro-1,4-benzodioxine and
7-acetamino-2-chloro-2,3,3-triflucro-6,7-dihydro-6-

nitro-I,4-benzodioxine are abtained as a pale yellow cil.

(d) 102 ml of a 30% strength solution of sodium
methylate in methanol are added dropwise to 14.5 g of
the above mixture in 100 ml of methanol at 5° C,, the
mixture is stirred for 1.5 hours without cooling, poured
onto ice, neutralized with dilute hydrochloric acid and
extracted with dichloromethane and the extract is con-
centrated in vacuo. 12.7 g of a mixture of §-amino-2-
chloro-2,3,3-trifleoro-2,3-dihydro-7-nitra.1,4-benzodi-
oxine and 7-amino-2-chlero-2,3,3-dibydro-6-nitro-1,4-
benzodioxine are obtained as an orange-colored oil.

{e) 12.4 g of the above mixture are hydrogenated
analogously to Example 30f. 12.6 g (59%) of 2-chloro-
2,3,3-triffuoro-2,3-dihydro-1,4-benzodioxine-6,7-dia-
mine dihydrochloride are obtained.

(D 12.4 g of the sbove compound are reacted with 9.1
£ of potassium O-sthyldithiocarbonate and potassium
hydroxide solution in ethanol analogously to Example
30g. 9.6 g (74%) of the title compound of mp.
288°-290" C, (decompoasition) are obtained.

32. 2-Chlorometiyl-4,5-dimethoxy-pyridinium chloride.

(a) Chloromethyl-4,5-dimethoxy-pyridinium chloride

3 ml of thicnyl chloride, dissolved in 10 mi of methy-
lene chloride, are added dropwise to a solution, cooled
to 0* C., of 5 g of 2-hydroxymethyl-4, 5-dimethoxypyri-
‘dine in 40 ml of methylene chlaride in the course of cne
hour, the reaction mixture is then stirred at 20" C. for 4
hours, during which it becomes red-colored, 5 ml of
toluene are added and the mixture is concentrated com-
pletely on a rotary evaporator (30° C./5 mbar). The oily
residue is dissolved in 50 ml of warm isopropasol and
the solution is clarified with a little ‘Tonsil (®), filtered
and concentration again. The residue is taken up in 10
m! of toluene and the solution is made to crystallize
with petroleum ether, After cooling in an ice-bath, the
precipitate is filtered off with suction, washed with
petrolenm ether and dried. 4.6 g (70% of theory) of the
title compound  2-chloromethyld,5-dimethoxy-
pyridiniom chioride are obtained as a colorless solid;
decomp. at 160°-161° C.

(b) 2-Hydroxymethyl-4,5-dimethoxy-pyridine

19 g of 4,5-dimethoxy-2-methylpyridine I-oxide are
metered into 60 ml of scetic anhydride, warmed to 80"
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C., in the course of 30 minutes in a manner such that the
temperature does not rise above 100° C. After a further
45 minutes at 85° C., excess acetic anhrydride is distilled
off in vacuo and the oily dark residue, which essentially
coasists of the intermediate 2-acetoxymethyl-4,5-dime-
thoxypyridine is stirred with 80 ml of ZN sodium hy-
droxide solution at 80° C. for 1 hour. After dilution with
80 mi of water and cooling, the mixture is extracted
cight times with 100 ml of methylene chiorlde each

time, the combined orgapic phases are washed twice 10

with 1N sodium hydroxide solution, dtied and concen-
trated and the crystailine, brownish residue I8 recrystal-
lized from tolusne, 14 g (74¢% of theory) of 2-hydrox-
yntethyl-4,5-dimethoxy-pyridine of m.p. 122°-124° C.

. are obtained, 15

{c) 4,5-Dimethoxy-2-methylpyridine f-oxide

20 ml of a 30% strenpth sodium methylate solution
are added dropwise 10 a suspension of 169 g of 5-
methoxy-2-methyl-4-nitropyridine i-oxide in 170 ml of

dry methanol and the mixture Is stirred at 20° C, for 15 20

hours and then at 50° C. for 4 hours; The pH is brought
to 7 by carefal addition of concentrated sulfuric acid,
while cooling with ice, the mixture is concentrated, the
residue is extracted by stirring with 200 m] of methylene

chloride, the insoluble constituents are filtered off, 10 25
- consists of the intermediate 2-acetoxymethyl-4,5-dime-

ml of toluene are added and the mixture is concentrated
to drynsss apain, 15.2 g (98% of theory} of 4,5-dime-
thoxy-2-methylpyridine-1-oxide are cblained as color-
less cryatals of m.p. 118°-121° C,

() 5-Methoxy-2-methyl-4-nitropyridine-1-oxide 30

212 g of S-methoxy-2-methylpyridine 1-oxide are
metered into 35 ml of 65% sirength nitric acid and
warmed to §0° C. ina manner such that the temperature
of the reaction mixture does not rise above 80° C. The

mixture is stirred at $0° C. for 1 hour; a further 13 ml of 35

100% strength nitric nofd are added to bring the reacs
tion to completion and the mixture is stirred at 60°-70°
C. for a farther 2 hours, For working up, the mixture is
poured onto 300 g of ice. The yellow precipitate which

separates out is filtered off over a suction filter, washed 40

with water and dried. The dry solid is boiled up with
200 ml of methylene chloride, filtered off and dried.
Further TL.C-pure product is isolated by concentration
of the filteate, 22.3 g {(87% of theory) of 5-methoxy-2-

methyl-4-pitropyridine loxide of m.p, 201°-202° C. are 45

cbtained as vellow crystals, .

(e) 5-Methoxy-2-methylpyridine-1-oxide

120 g of 30% strength hydrogen peroxide solution are
added dropwise 1o a solution of 60.9 g of S-methoxy-2-

methylpyridine in 300 mi of glacial acetic acid at 60° C. 50

in the course of 1 hour and the mixture is subsequently

stirred for 3 hours. After destruction of excess perscom-
" pounds by addition of active menganese dioxide, the

mixture is filtered, the filtrate is concentrated, the resi-

due is clarified hot in 500 mi of ethyl acetate, the mix- 35

ture is concentrated again and the residue is distilled
under 0.3 mbar. 54 g (77% of theory) of 5-methoxy-2-
methylpyridine 1-oxide are obtained as a rapidly solidi-
fying oil (b.p. 130° C.); m.p. 80°-84° C.

{f) 5-Methoxy-2-methylpyridine &0

130 ml of 3-hydroxy-G-methylpyridine are metered
into & solution of 84 g of potassium hydroxide in 400 mt
of methano] and 500 ml of dimethyt sulfoxide in the
course of one hour, After removal of the methanol on a

rotary evaporstor, 213 g of methyl iodide, dissolved in 65

100 ml of dimethy] sulfoxide, are added dropwise, while
cooling with ice, and the reaction mixture is stirred at
20° C. for 15 hours and subjected to steam distillation.

28
The distillate is extracted continuously in the extractor
with methylene chiloride and the extract is concen-
trated. 85 g (56% of theory) of S-methoxy-2-methyl-
pyridine are obtained as a colorless oil.
33, 2-Chloromethyl-4,5-dimethoxy-3-methylpyridinium
chloride

(z) 2-Chloromethyl-4,5-dimethoxy-3-methyl-
pyridinium chloride.

3.45 g (99% of theory) of the title compound are
obtained as colorless crystals by the procedure de-
scribed in Bxample 32a by reacting 2.7 g of 2-hydrox-
ymethyl-4,5-dimethoxy-3-methylpyridine with 4 g of
thionyl chloride in 25 ml of methylene chloride, after a
reaction time of 1 hour and after a simplified method of
working up characterized by additfon of 10 ml of tolu-
ene, removal of the methylene chloride and excess thio-
ayl chloride by distillation, removal of the crystals pre-
cipitated by filtration with suction and drying; decomp.
at 125°-126" C.

(b) 2-Hydroxymethyl-4,5-dimethoxy-3-methylpyri-
dine

4.5 g of 4,5-dimethoxy-2,3-dimethylpyridine I-oxide
are warmed to 110° C, in 20 ml of acetic anhydride in
the course of 30 minutes and the mixture is then concen-
trated on a rotary evaporator. The oily residue, which

thoxy-3-methylpyridine, is stirred in 30 ml of 3N sodium
hydroxide solution at 80° C. for 2 hours, the mixture ia
extracted, after cooling, five times with 30 ml of methy-
Iene chioride each time, the combined organic phases
are washed twice with 2N sodium hydroxide solution,
dried and concentrated and the residue is stirred with
petroleum ether, filtered off with suction and dried. 4.0
g (89% of theory) of 2-hydroxymethyl-4,5-dimethoxy-
3-methylpyridine of m.p. 91°-92" C. are obtaived.

{¢) 4,5-Dimethoxy-2,3-dimethylpyridine 1-oxide

6.3 g of 4,5-dimethoxy-2,3-dimethylpyridine are dis-
solved in 120 ml of methylene chloride, 20 g of m-
chioroperoaybenzoic acid are added successively and
the mixture is stirred first at 20° C. for 2 honrs and then
at 40°* C. for 4 hours. After addition of 20 ml of SN
sodium hydrozide solution, the mixture is washed three
times with a mixture of 5% strength sodivm thiosulfate
solution and 5% strength sodivm carbonate solution,
the agueous phase is back-extracted twice with methy-
lene chioride and the combined organic phases are dried
over magnesium sulfate and concentirated. 4.6 g (66% of
theary) of 4,5-dimethoxy-2,3-dimethylpyridine 1-oxide
are obtained. The Rf value in methylene chloride/me-
thano! 19:1 i3 0.25. . '

{d) 4,5-Dimethoxy-2,3-dimethylpyridine

74 g{74% of theory) of 4,5-dimethoxy-2,3-dimethyl-
pyxidine are obtained as a colorless, gradually crystal-
lizing oil of m.p. 36°-38° C. by the procedure described
in Example 32f by teaction of 9.18 g of S-hydroxy-4-
methoxy-2,3-dimethylpyridine in 50 mi of dimethyl
sulfoxide first with 3.6 g of sodium hydroxide and then
with 8.95 g of methyl iodide.

(e) S-Hydroxy-4-methoxy-2,3-dimethylpyridine

1,000 g of 4-methoxy-2,3dimethylpyridine 1-oxide are
metered into 3 1 of acetic anhydride at 100° C. in the
course of 7 hours while stirring, and the mixture is
subsequently stirred at 100" C. for a further 3 hours. The
mixture i3 allowed to cool and is concentrated com-
pletely at 70° C./10 mbar and the residue is then dis-
tilled under 10~2 mbar, The fraction with a boiling
range from 95° to 145° C. (fnixture of the intermediate
S-acetoxy-+-methoxy-2,3-dimethylpyridine and  2-
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acetoxymethyl-4-methoxy-3-methylpyriding) is  re-
moved (952 g) and added to 3.51 of 2N sodium hydroz-
ide solution, warmed to 50° C., in the course of 30 min-
utes. .

The mixture is stirred st 50° C. until a clear solution
is formed (aboat 3 hours), is allowed to cool and is
extracted three times with 1 1 of methylens chloride
each- time. The combined organic pbases are back-
extracted twice with 0.5 1 of IN sodium hydroxide
solution each time and the combined aqueous phases are
then brought to pH 7.5 with half-concentrated hydro-
chloric acid, with stirring, ‘The solid which has precipi-
tated out is filtered off, rinsed and dried to constant
weight, 5-Hydroxy-4-methoxy-2,3-dimethylpyridine of
m.p. 274°-276° C. is abtained.

34, 2-Chloromethyl-3,4-dimethoxy-pyridinium chloride

(a) 2-Chloromethyl-3,4-dimethoxy-pyridiniam chlo-

ride
4.2 g (939 of theory) of the title compound are ob-

15

tained as a colorless solid of m.p, 151°-152° C. (de- 20

comp.) by the procednre described in Example 32a by
reacting 3.38 g of 2-hydroxymethyl-3,4-dimethoxypyri-
dine with 2 ml of thionyl chloride in 30 ml of methylene
chloride, after a reaction time of 2.5 hours-and after the
type of working up described in Example 33a.

{b) 2-Hydroxymethyl-3,4-dimethoxypyridine

After adding 15 m] of 2N sadium hydroxide solution,
48 g of 2-acctoxymethyl-3,4-dimethoxypyridine are
stirred vigorously at 80" C., whereupon & homogeneous

25

30

in the course of & hours, the mixiure is stirred at the
same temperature overnight, a further 8 mi of nitric acid
are added in three portions in the course of 6 hours and
the mixture is stirred for a further 15 hours, After cool-
ing, the mixture is poured onto ice (40 g) and brought to
pH 6 with 10N sodium hydroxide salution, the by-
product (3-methoxy-2-methyl-4-nitropyridine) which
has precipitated out is- filtered off and ihe filtrate is
extracted four times with 50 ml of methylene chloride.
After drying, the combined organic phases are concen-
trated completely and the residue is recrystailized from
a little methylene chloride/petroleum ether. 4.2 g (57%
of theory) of the title compound are obtained in the
form of yellow crystals of m.p, 103°-104" C.

{f) 3-Methoxy-2-methylpyridine 1-oxide

15.3 g (0.124 mole) of 3-methoxy-2-methylpyridine
are dissolved in 100 ml of glacial acetic acid, and 40 ml
of 309 strength hydrogen peroxide are added in 4 por-
tions at 80° C. in the course of § hours. The mixture is
stirred for a further three hours and then concentrated
in vacuo (1.5 kPa), and two 50 ml portions of acetic acid
are added, the mixture being concentrated completely
after each addition. Following ncgative detection of
per-compounds, the mixture i3 distilled in a bulb tube
oven. The fraction which distills at 120° C. (1.5 Pa) is
extracted by stirring in a little diethyl cther and the solid

- is filtered off and dried. 12 g {(60% of theory) of 3-

golution forms from the initial two-phase mixture. After 30

% hours, the solution is ellowed to caol and is extracted
five times with 30 ml of methylene chloride each time,
the combined organic phases are washed twice with 3
ml of 0.3N sodium hydroxide solution each time, dried

over potassium carbonate, filtered and comcentrated 35

and the distillation residue is stirred with petroleum
ether. 3.6 g (96% of theory} of 2-hydroxymethyl-34-
dimethoxy-pyridine are obtained as a colorless solid of
m.p. §7°-8%° C,
_(c) 2-Acetoxymethyl-3,4-dimethoxypyridine

4.8 g (28 mmol) of 3,4-dimethoxy-2-methylpyridine
1-oxide ars metered into 25 ml of acetic anhydride at
85° C. in the course of one hour, the mixture is stirred at
the same temperature for cne hour and concentrated

40

completely in vacuo. The brown oily residue is distilled 45

in a bulb tube still under 1 Pa. 5.3 g (90% of theory) of
2-acetoxymethyl-3,4-dimethoxypyridine are obtained;
b.p. 125°-130° C.

(d) 3,4-Dimethoxy-2-methylpyndine 1-oxide

4.5 g (25 mmol) of 3-methoxy-2-methyl-4-nitropyri-
dine 1-oxide are stirred at 40° C. in 75 ml of dry metha-
nol, after addition of 4.7 ml of 30% strength sodiom
methylate solution, for 16 hours. The mixture is then
coaled, brought to pH 7 with concentrated suifuric
acid, filtered and concentrated completely in vacuo, the
oily, reddish residue ia taken up in 50 ml of toluene, the
mixture is filtered again to remove Insoluble constitu-
ents and the filtrate is concentrated to dryness, The
yellow oily residue crystallizes on un ice-bath and is
finally extracted by stirring with 30 ml of petroleum
ether (50/70) at 40° C. filtsation and drying in a desicca-
tor gives 5.2 g (88% of theory) of 3,4.dimethoxy-2-
methyl-pyridine l-oxide in the form of pale yellow
crystals of m,p. 111°-113* C.

(e) 3-Methoxy-2-methyl-4-nitropyridine 1-oxide

8 ml of concentrated nilric acid are added in four
portions of 2 ml each to 5.4 g of 3-methoxy-2-methyl-
pyridine l-oxide in 12 ml of glacial acetic acid at 80" C.
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methoxy-2-methylpysidine I-oxide are obtained in the
form of colorless crystals of m.p. 72°-78" C.

(g) 3-Methoxy-2-methylpyridine

15.5 g (90% of theory) of 3-methoxy-2-methylpyri-
dine are obtained as a colorless oil by the procedure
described in Example 32f by reaction of 13.7 g (125
mmol) of 3-hydroxy-2-methylpyridine with 9.2 ml of
methyl iodide, with the addition of 46 m! of 3M metha-
nolic potassium hydroxide solution and after a reaction
time of 3 hours.

COMMERCIAL APPLICABILITY

The dialkoxypyridines of formula I and their phar-
macologically-gcceptable salis have useful pharmaco-
logical properties which render them commerciaily
useful, In particular, they inhibit gastric acid secretion
in warm-blooded apimals, In addition, they exhibit an
excellent protective action on the stomach and intes-
tines of warm-blooded animals. This protective action
on the stomach and intestine is observed even upon

_administering doses below those. necessary to inhibit

acid secretion. The compounds according to the inven-
tion are distinguished by the absence of substantial side
effects and by a wide therapeutic range.

The term “protection of the stomach and Intestine”
comprises the prevention and treatment of gastrointesti-
nal discases, primarily those which are non-cancerous in
origin, especially gastrontestinal inflammatory diseases
and lesions (such as, for example, gastric ulcer, duode-
nal ulcer, pastritis and stomach irritation caused by
hyperacidity or medicaments), which cen be cansed, for
example, by microorganisms, bacterial toxins, medica-
ments (for example certain anti-inflammatories and anti-
sheumatics), other chemicals (for example ethanol),
gastric acid or stress situations.

Another advantage of the compounds according to
the invention is their comparatively high chemical sta-
bility.

Surprisingly, the compounds according to the inven-
tion are clearly superior (in their excellent properties) to
prior art compounds. On the basis of these properties,
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the dialkoxypyridines and their pharmcologma]ly—
acceptable salts are outstandingly suitable for wse in
human and veterinary medicine, where they are used, in
pariicular, for the treatment and prophylaxis of diseases
of the stomach aad intestine and those conditions which
result from excessive secretion of gastric juice.

The invention thus also relates to a method for treat-
ing mammals soffering from the noted illnesses. The
method comprises the administration of a therapeuti-
cally and pharmacoiogically-appropriate amount of one
or more of the specified dialkoxypyridines to the sick
mammal .

The invention furthermore relates to the compounds-

according to the invention which are used in this
method. The invention moreover relates to the use of
the present componnds in the production of medica-
ments.

The invention also relates to medicaments which
contain one or more dialkoxypyridies of formmula I
and/or their pharmacologicaily-acceptable salts.

The medicaments ar¢ prepared by conventional pro-
cesses. As medicaments, the pharmacologically-active
compounds (=active compounds) according to the
invention are used either a8 such or, preferably, in com-
bination with suitable pharmaceutical auxiliaries, in the
form of tablets, coated tablets, capsules, suppositories,
plasters (for example as TTS), emulsions, suspensions or
solutfons, the content of active compound advanta-
geously being betweea 0.1 and 95%, by weight.

. ‘The auxiliaries which are suitable for the destred
. medicament formulations are known. Solveats, gelling

5

15

20

30

agents, suppository bases, tablets, auxilieries and other -

active compound vehicles, a3 well as antioxidants, dis-
persing apents, emulsifiers, antifoaming agents, flavor
correctants, preservatives, solubitizing agents, colorants
or, in particular, permeation promoters and complexing
agents (for example cyclodextrins) are useful.

The active compounds are administered orally, par-
enterally or percutancousty,

In genergl, it is advantageous in human medicine-to
adminigter the active compound or compounds, in the
case of oral administration, in a daily dose of from abount
0.01 to about 20, preferably 0.05 to 5 and, in particuiar,
C.1 to 1.5 mg/kg of body weight, if appropriate in the
form of several, preferably | to 4, individual doses, to
achieve the desired result. In the case of parenteral
treatment, similar or (especiallly in the case of intrave-
nous administration of the active compound) as a rule
lower dosages are effective. The particular optimum
dosage and mode of administration of the active com-
. pounds required are casily determined by those skilled
iu the art,

‘Wher a compound {and/or a salt thereof) according
to the invention is used for treatment of the noted condi-
tions, the pharmeceutical formulation opticnslly con-
tains ome or more pharmacologically-active constitu-
ents from other groups of medicaments, such as ant-
acids, for example aluminum hydroxide or magnesicm
aluminate; tranguilizers, such as benzediazepines, for
ezample diazepam; spasmolytics, such as bietamiverine
and camylofin; anticholinergics, such as oxyphencycli-
mine and phencarbamide; local anesthetics, such as
tetracaine and procaine; and, if appropriate, also en-
zymes, vitaming or amino acids,

Combination of the compounds according to the
invention with other drugs which inhibit acid secretion,
such as Hz-blockers (for example cimetidine and raniti-
dine), and furthermore with so-called peripheral anti-

33
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cholinergics {for example pirenzepine, telenzepine and .
zolenzepine) and with gastrin antagonists, with the aim
of intensifying the main action in the additive or super-
additive sense and/or eliminating ar reducing side ef-
fects, is to be particularly emphasized.

PHARMACOLOGY

The excellent protective action on the stomach and
the gastric secretion inhibition shown by the com-
pounds according to the invention is demonstrated in
tests using the Shay rat model. The compounds accord-
ing to the invention investigated appear in the following
table:

Serial No. Name of the compound
1 2-[¢4,5-dimethoxy-2- pyrldyl)methyhulfnyl]-
S-trifluoromethoxy-1H- azole
2 2-1(4,5-dimethoxy-3-methyl-2-pycidyl)-
methylsulfinyl] i-mﬂuommelhoxy
H—beazimidazole
3 2-[(4,5-dimethoxy-2-pyridylmethylsulfinyl}-

5-(1,1,2,2-tetrsfluoroethoxy)-1 H—benzimidazole

4 2.2-difiuoro-6-§(4,5-dimethoxy-2-pyridyl)-
methyithio]-3H-{1,3]-dloxolo[4,5-fbenz-
imidazole

5 Z2-difluore-6-[(4,5-dimethoxy-2-pyridyl)-
methylsullinyl}-SH—[1,3]-dloxalof4,5-{-
benzimidaznle

The influence of the compounds investigated on the
formation of gastric lesions triggered by pylorus liga-
ture (4 hours; Shay rat) and oral administration of 100
mg/kg of acetylsalicylic acid on the inhibition of gastric
secretion (FCI) in rats during 4 hours i3 shown in the

following table:

Protective Aation on the Stomach and
Inhibition of Gasttic Secretivn

Protective Inhibition of the ACE secretion
action on in the stomach
[Num- the stomach (rat; total of 4 hours)
ber  (rat) inhibition % inhibl.
Seri- of of the lesior  tion of HC
al | spi-  index ED50+) secretion ED254  EDS0+
No. mals]  [mg/kg, po] () [mg/kg, p.o]
! 40 0.6 15 10 -3
2 48 03 25 0.7 17
3 56 0.6 13 ~1 34
4 40 13 28 10 [1]
5 72 ~1 23 L 30

ED25+ snd BD50+ == dose which reduces the lesion Indeix and the HCL secretlon
{aver 4 hours) in the rat siomach by 25% and 50% in tha treated group in compari-
son with Ike cantrol BrOUp.

{44} = alter fon of the

us EDIO

The antinleerogenic action was tested in Shay rats:

Ulcers were provoked in rats which had fasted for 24
hours (female, 180~200 g, 4 animals per cage on a high
grid) by pylorus ligature (under diethyl ether anesthe-
sia) and oral administration of 100 mg/10 ml/kg of
acetylsalicylic acid. The substances to be tested are
administered orally (10 mi/kg) one hour before the
pylorus ligature, The wound is closed by means of Mi-
chel clamps. 4 hours thereafter,. the animals are sacri-
ficed under ether anesthesia by atlas dislocation and the
stomach is resected. The stomach I3 opened longitudi-
nally and fixed to a cork plate, after first determining
the amount of secreted gastric jeice (volume) and later
its HCl content (titration with sodium hydroxide solu-
tion). The number and size (=diameter) of ulcers preg-
ent are determined with a stereomicroscope with 10-
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fold magnification. The product of the degree of sever-
ity {according to the following points scale) and number
of ulcers serves as the individual lesion index.

Point scale:
no ulcers 1]
cleer diameter  Q.I-14mm 1
1.5-2.4 mm 2
2.5-3.4 mm 3
3,544 mm 4
£.5-5.4 mm 5
»>55mm &

The reduction in the average lesion index of each

treated group compared with that of the control group 13

(=1009%) serves as a messure of the antiulcerogenic
effect. The ED25 and ED30 designate the doses which
reduce the average lesion index and the HCL secretion -
by 25% and 50%. :

TOXICITY

‘The LD350 of all tested compounds is greater than
1,000 mg/kg [p.o] in mice. . .

What is claimed is:

1. A dialkoxypyridine of formula I

O

R3 ®
H R2 R4
RI’ | 30
N
>—'s-c1{; A '
N
RI—0 N

kH)

wherein

R is 1-3C-alkyl which is completely or predominantly
substitated by fluorine, or chlorodiflnoromethyl;

R1' is a hydrogen atom, halo, trifluoromethyl, 1-3C-

alkyl, or 1~3C-alkoxy which is unsubstituted or com- 40

pletely or predominatly substituted by fluorine; or
R and RY, together with the oxygen atom to which R1

is bonded, is 1-2C-alkylenedioxy which is optionally

completely or partly substituted by flucrine, or chlo-

rotrifluorosthylenedioxy; 45

R1 is 1-3C-alkoxy;

one of RZ and R4 is 1-3C-alkoxy and the other is a
hydrogen atom or 1-3C-alkyl; and

nisOor 1;

or a salt thereof. ' T 50

2. A compound according to claim 1 wherein
R1is 1-3C-alkyl which is completely or predominantly
substituted by fluorine, or chlorodifluoromethyl;
R1' is a hydrogen atom, halo, triflucromethyl, 1-3C-

alkyl, or 1-3C-elkexy which is unsubstituted or com- 55

pletely or predominantly substituted by flucrine;

R3 is 1-3C-alkoxy;

one of R2 snd R4 is I-3C-alkoxy and the other is a
hydrogen atom or 1-3C-alkyl; and

nis 0 or 1, or a salt thereof. ' 60

3. A compound according to claim I wherein,

K1 and RY’, together with the oxygen atom to which R1
is bonded, is ~2C-alkylenedioxy which is unsubsti-
tuted or completely or partly substituted by fluorine,

or chlorotriflucroethylenedioxy, 65

R3 is 1-3C-aikoxy;

one of B2 and R4 is 1-3C-alkoxy and the other is a |

hydroges atom or a 1-3C-alkyl radical and

10

20

34

nis Dor 1, or 2 salt therzofl

4. A compound sccording to claim 2, wherein R1' is
& hydrogen atom and R1, R2, R3, and R4 and & have
their previously-ascribed meanings, or a sait thereof,

5. A compound according to claim 2 wherein R1 is
1,1,2,2-tetrafluoroethyl, trifluoromethyl, 2,2,2-triffuoro-
ethyl, diftuoromethyl or chlorodifluoromethyi, R1"is 2
hydrogen stom, R3 is methoxy, one of R2 and R4 is
methozy and the other is a hydrogen atom or methyl
and n is Q or 1, or a salt thereof,

6. A compound according to claim 2, whersin R1 is
1,1,2,2-tetrafluoroethyl, trifluoromethyl, 2,2,2-trifluoro-

_ ethyl or diflucromethyl, R1 is a hydrogen atom, R3 is

methoxy, one of R2 and R4 is methoxy and the other is
2 hydrogen atom or methyl and n is 0 or 1, or a salt
thereof.

7. A compound according to claim 4, 5, or 6, wherein
R2 is a hydrogen atom or methyl and R3 and R4 are
methoxy, or a salt thereof.

8. A compound according to claim 4, 5 or 6, wherein
R4 is a hydrogen atom and R2 and R3 are methoxy, or
a salt thereof, : ]

9, A compound eccording to claim 3, wherein R1 and
RY’, together with the oxygen atom to which R1 is

25 bonded, are 1-2C-alkylenedioxy, and B2, R3, R4 and n

have the meanings given in claim 3, or & salt thereof.

10. A compownd according to claim 3, wherein R1
and RY', together with the oxygen atom to which R1is
bonded, are methylenedioxy or ethylencdioxy, and R2,
R3, R4 and n have the meanings given in ¢laim 3, ora
galt thereof.

11. A compomnd according to claim 3, wherein R1
and R1’, together with the oxygen atom to which R1is
bonded, are 1-2C-alkylenediaxy wihich is completely or
partly substituted by fluorine and R2, R3, R4 and n have
the meanings given in claim 3, or & salt thereof.

12. A compound according to claim 3, wherein R1
and R, together with the oxygen stom to which R1 is
bonded, are diffuoromethylenedioxy or 1,1,2-trifluoro-
ethylenedioxy and B2, R3, R4 and n have the meanings
given in claim 3, or a salt thereof.

13. A compound according to claim 3 wherein R1
and R, together with the oxygen stom to which R1 is
bonded, are diflioromethylenedioxy or methylenedi-
oxy and R2, R3, R4 and n have the meanings given in
claim 3, or a satt thereof.

14. A compound according to claims 9, 10, 11, 32 or
13, wherein R2 is a hydrogen atom or methyl, R3 is
methoxy, R4 is methoxy, or a salt thereof,

15, A compound according to claims 9, 10, 11, 12 or
13, wherein R2 is methoxy, R3 is methoxy, and R4 isa
hydrogen atom or methyl, or a salt thereof.

16, A compound according to claims 9, 10, 1%, 12, 0r -
13, wherein R2 is methoxy, R3 is methoxy and R4 is
methyl, or a salt thereof.

17. A compound according to claim 1, whereinnis 0,
or an acid addition salt thereof,

18. A compound according to claim 1, whereinnis 1,
or a salt thereof with a base.

19, A compound according to claim 1 selected from
the group consisting of 2-[(4,5-dimethoxy-2-pyridyljme-
thylsulfinyl]-5-trifluoromethoxy1H-benzimidazole, 2-
[(4,5-dimethoxy-3-methyl-2-pyridyhmethylsulfinyf]-5-
trifluoromethoxy- 1H-benzimidazole, 2-j(4,5-dime-
thoxy-2-pyridymethylsulfinyl]-5-(1,1,2,2-tetraflnoroe-
thoxy)-1H-benzimidazole,  2,2-difluoro-6-[(4,3-dime-
thoxy-2-pyridylymethylthio]*5H-{1,3]-dioxcla[4,5-
fjbenzimidazole and 2,2-difluoro-6-[(4,5-dimethoxy-2-
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35
pyridyDmethylsulfinyf]-5H-[1,3]-dioxclof4,5-flben-
zimidazole, or a salt thereof. .

20. A pharmaceutically-acceptable compaund which
is a dialkoxypyridine according to claim 1 or a salt
thereof.

21. A compound according to claim 1 which is 2-
[(3,4-dimethoxy-2-pyridyDmethylsulfiny1]-5-(1,1,2,2-
tetraflucroethoxy)-1H-benzimidazole or a pharmaco-
logically-compatible salt thereof.

22. A compound according to claim 1 which is 5-
diflucromethoxy-2-{(3,4-dimethoxy-2-pyridyl}methyl-
sulfinyl]-1H-benzimidazole or a pharmacclogically-
compsatible salt thereof.

23. A compound according to claim 1 wherein R1 is
diftuoromethyl, 1,1,2,2-tetrafluorosthyl or 2,2,2-tri-
fluoroethyl; R1’ is a hydrogen atom or methoxy; or Rl
and RY, together with the oxygen atom to which R1 is
bound, is diflnoromethylenediozy or 1,1,2-trifleoro-
ethylenedioxy; R3 is methoxy: one of R2 and R4 is
methoxy, and the other is hydrogen; and nis G or 1; or
a salt thereof.

24. A compound according to claim I wherein R is
diffucromethyl, 1,1,2,2-tetrafluoroethyl or 2.2,2-tci-

5

10

15

0

25

30

35

45

50

35

36
fluorcethyl; R1° is a hydrogen atom; R3 is methoxy; one
of R2 and R4 is methozxy, and the other is hydrogen; and
n iz Q or 1; or a salt thereof.

25, The compound according to ¢laim 1 which is
S-difluoromethoxy-2-f(3,4-dimethoxy-2-pyridylme-
thylsulfinyl]-1H-benzimidazole sodium saft.

26. A medicament composition usefui to inhibit gas-
tric acid secretion in and to protect the stomach and
intestines of warm-blooded animals and comprising an
active ingredient and a pharmaceutical auxiliary, the
active ingredient comprising from 0.1 to 95 percent by
weight of at least one pharmaceutically-ncceptable
compound according to claim 20, -

27. A method for treatment or prophylaxis of illnéss
based on excessive secretion of hydrochloric acid by the
stomach which comprises administering an effective
amount of 2 compound according to ¢laim 20 to a mam-
mal suffering from said iflness. ;

28. A method for providing protective action for the
stomach and intestines which comprises administering
an effective amount of a compound according to claim

20 to a mammal,
* % k ¥ =%

63
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U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,758,579
DATED _* July 19,°1988 '
INVENTOR(S) : aernhard’ROHL Ernst STURM; Georg RATNER

ftis certlf’ ed that eror appears in the above—identified patent and that said Letters Patent
is hereby corrected as shown below: -

Column 2; line 58, "i,1,2,2L" should read —~1,1,2,2~~, Column 3, line 40,
i“alkylenedioxyradical" should read -—alkylenedioxy radical-~; line 61, “repre-
sent” should read --represents--. Column 8, line 10, "4,5-d" should read --4,5
f==. Column 16, line 67, '"Exampla 'by"™ should read -~~Example 1 by--. Column
22, line 47, "hydrochloric" should read ——nitric——; line 59, "24" should read
--2]-—. Column 24, line 67, "hours," should read —-hour,--~. Column 26, line
58, "concentration" should read --concentrated--. Columm 27, line- 45, "loxide"
.| should read —-l-oxide—. ' Columm 29, line 61, "filtration" should read ~—Fil-
tration—-—. : ' ) ‘

: - Signed and Sealed this, -
o L o -7 Fourth Day of July, 1089

Atrest:

DONALD J. QUIGG

- dAitesting Officer \ Commissioner of Patents und Trademarks
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