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Applicant (0 N ' Therapeutic Clags S
Indication(s) previousty approved _ Aflone _

Pediatric labeling of approved indication(s) is adequate ____ inadequate —_

Indication in this application __Aeduet;., | TIo?

— 1. PEDIATRIC LABEUNG IS ADEQUATE. Appropriate information has been submitted in this of previys-

applications and has been adequately summarized in the labefing to permit satisfactory labeling for ay pediatric
subgroups. Further information s not required. A -

. —2  PEDIATRIC STUDIES ARE NEEDED. There s Potential for use in chddren, and further information s required to
e N - .

- permit adequate labeling for this y

-

- a. A new dosing formation is needed, and applicant has agreed to”'p“r,o'?id—e't_he appfopn’ate formulation. :

— b The applicant has committed to doing such studies as will be required,
—— (1) Studies are ongoing, .
—— (2 Protacals were submitted and approved.

—— (3) Protocols were submitted and are under review,
—— (@) If no protocof has been submitted, explain the Status of discussions on the back of this form.

—C f the sponsor s not willing to- do pediatric studies, attach copies of FDA‘s written request that such
studies be done angd of the sponsar's written response to that request.

EXPLAIN, AS NECESSARY, Any.oF Ty FOREGOING ITEMS 0%-THE BACK gFTing FORM.™ ™ -

P 2|s gy
§ign;ture of Preparef an)d Title (PM, cS0, Mo, other) Date
: cc: O AIPLA 4 SO - g'-(a
HFi ' 250 [Div File -

NDAJPLA Action Package

TE A new Pediatric Page must be completed at the time of each action even though one was
1ared at the time of the last action, -
w3 -

- - - - - - \
(For Supplements, answer the fallowing questions In relation to the proposed indication.)
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ITEM 15. )EBA TAT NT
. Pursuant to section 3061(k)(1) of the Federal Food, Drug and Cosmetic Act,
Alcon Laboratories, Inc. certifies that, to the best of its knowledge and
belief, the applicant did not and will .not' I';Jse in any capacity in connection
with this application the services of any person listed pursuant to section

- ' 306(e) as debarred under subsections 306(a) or (b) of the Act.
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EXCLUSIVITY SUMMARY for NDA # A0-%/{ SUPPL #

Trade Name AZ'C:D+ Generic Name l)rmzdcm,,(/c 0, I POAT I»
{

o'/,

Applicant Name _/} /cch /\abjl’ckieﬂei /_nc:- HFD- 530

;

Approval Date, if known

'PART I IS AN EXCLUSIVITY DETERMINATION NEEDED?

1. An exclusivity determination will be made for all original
applications, but only for certain supplements. Complete
PARTS II and III of this Exclusivity Summary only if you
answer "yes" to one or more of the following question about
the submission.

ar Is it an original NDA?
vEs v o /__y

b) Is it an effectiveness supplement?

YES /_/ NO /___/

If yes, what type? (SEl1, SE2, etc.)

c) Did it require the review of clinical data other than to
support a safety claim or change in labeling related to
safety? (If it required review only of bioavailability
or biocequivalence data, answer "no.")

YES / T / NO /__ /

If your answer is "no" because you believe the study is"

a biocavailability study and, therefore, not eligible for

exclusivity, EXPLAIN why it is a biocavailability study,

including your reasons for disagreeing with any arguments ;
- made by the applicant that the study was not simply a

bicavailability study.

If it -is a supplement requiring the review of clinical
data but it is not an effectiveness supplement, describe
the change or claim that is supported by the clinical
data:

Form OGD-011347 Revised 8/27/97
cc: Original NDA Division File HFD-93 Mary Ann Holovac
e -§l¢
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d) Did the applicant request exclusivity?

YES / _‘// NO /__ /

" If the answer to (d) is "yes," how many years of
exclusivity did the applicant request?

5 y s

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. © Has a product with the same active-ingredient{s),—dosage form,
strength, route of administration, and dosing schedule,
previously been approved by FDA for the same use? (Rx-to-0TC
switches should be answered NO-please indicate as such.)

YES /__/ NO /.~ /
- i% yes, NDA # Drug Name

IF THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8. T =

3. Is this drug product or indication a DESI upgrade? °
YES /__/ No /_ /7

IF THE ANSWER Tb QUESTION 3 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8 (even if a study was required for the upgrade) .

PART II EIIE;IEAB_EZSLQSIIIII_EQB_NEH_QHEMIQAL_EHIIIIES

(Answer either #1 or #2 as appropriate)

1. single active ingredient product. ;

Has FDA previously approved under section 505 of the Act any
drug product containing the same active moiety as the drug
under- consjderation? Answer ‘"yes" if the active moiety
(including other esterified forms, salts, complexes, chelates
or clathrates) has been previously approved, but this
particular form of the active moiety, e.g., this particular
ester or salt (including salts with hydrogen or coordination
bonding) or other non-covalent derivative (such as a complex,
chelate, or clathrate) has not been approved. Answer "no" if
the compound requires metabolic conversion (other than
deesterification of an esterified form of the drug) to produce
an already approved active moiety. :

: o - YES /__/ NO/_-_//'

Page 2




If "yes," identify the approved drug product (s) containing the
active moiety, and, if known, the NDA #(s).

NDA#

NDA#

NDA#

2.  Combination product.

If the product contains more than one active moiety (as defined
in Part II, #1), has FDA previously approved an application
under section 505 containing any ope of the active moieties in
the drug product? 1If, for example, the combination contains
one never-before-approved active moiety and one previously
approved active moiety, answer "yes." (An active moiety that
is marketed under an OTC monograph, but that was never
approved under an NDA, is considered not previously approved.)

YES /__/ NO /___ /

If "yes," identify the approved drug product (s) containing the
active moiety, and, if known, the NDA #(s).

NDA#

NDA#

NDA#

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART II IS "NO," GO DIRECTLY
TO THE SIGNATURE BLOCKS ON PAGE 8. IF "YES" GO TO PART III.

PART III

To qualify for three years of exclusivity, an application or
supplement must contain "reports of new clinical investigations
(other. than biocavailability studies) essential to the approval of
the application and conducted or sponsored by the applicant." This
section should be completed only if the answer to PART II, Question
l or 2 was "yes."




1. Does the application contain reports of clinical

investigations? (Thg Agency interprets "clinical
investigations" to mean investigations conducted on humans
other than biocavailability studies.) If the application

contains clinical investigations only by virtue of a right of
reference to clinical investigations in another application,
answer "yes," then skip to question.3(a). If the answer to
3(a) is "yes" for any inves;igation referred to in another
application, do not complete remainder of summary for that
investigation. ' AR - :

- YES /__/ No /___/

IF "NO,"™ GO DIRECTLY TO THE SIGNATURE BLOCKS 6ﬁ,PAGE 8.

2. A clinical investigation is "essential to the approval" if the
Agency could not have approved the application or supplement
without relying on that investigation. Thus, the
investigation is not essential to the approval if 1) no
-~ clinical investigation is necessary to support the supplement
- or application in light of previously approved applications
(i.e., information other than clinical” trials, such as .
biocavailability data, would be sufficient to provide a basis -
for approval as an ANDA or 505(b) (2) application because of -
what is already known about a previously approved product), or .
2) there are published reports of studies (other than those
conducted or sponsored by the applicant) or other publicly
. available "data that independently would have been sufficient
to support approval of the application, without reference to
the clinical investigation submitted in the application.

(a) In light of previously approved applications, is a
clinical investigation (either conducted by the applicant
or available from some other source, including the
published literature) necessary to support approval of
the application or supplement? .

YES /__/ NO /_)

If "no," state the basis for your conclusion that a
clinical trial is not necessary for approval AND GO
. DIRECTLY TO SIGNATURE BLOCK ON PAGE 8:




(b) Did the applicant submit a list of published studies
relevant to the safety and effectiveness of this drug
product and a statement that the publicly available data
would not independently support approval of the

* application? '

YES /. / NO /__ /

(1) If the answer to 2(b) is "yes," do You personally
know of any reason to disagree with the applicant's
conclusion? If not applicable, answer NO.

YES /___/ - NO /__/

If yes, exblain:

(2) If the answer to 2(b) is "no," are you aware of
published studies not conducted or sponsored by the
applicant or other publicly available data that
could independently demonstrate the safety and
effectiveness of this drug product? '

YES /___/ NO /__ /

If yes, explain:

(c) If the answers to (b) (1) and (b) (2) were both "no,"
identify the clinical investigations submitted in the
application that are essential to the approval:

Studies comparing two products with the same ingredient (s) are
considered to be bioavailability studies for the purpose of
this section.

In additior to being essential, investigations must be "new"
to support exclusivity. The agency interprets "new clinical
investigation” to mean an investigation that 1) has not been
relied on by the agency to demonstrate the effectiveness of a
previously approved drug for any indication and 2) does not
duplicate the results of another investigation that was relied
on by the agency to demonstrate the effectiveness of a
previously approved drug product, i.e., does not redemonstrate
something the agency considers to have been demonstrated in an
already approved application.

-




a)

by

c)

For each investigation identified as "essential to the
approval, " has the investigation been relied on by the

agency to demonstrate the effectiveness of a previously

approved drug product? (If the investigation was relied

-on only to support the safety of a previously approved

drug, answer "no.")

Investigation #1 YES / / NO / /
Investigation #2 - YES /__ / NO /___/
If you have answered “"yes" for one or more

investigations, identify each such investigation and the
NDA in which each was relied upon:

For each investigation identified as "essential to the
approval®, does the investigation duplicate the results
of another investigation that was relied on by the agency
to support the effectiveness of a previously approveds
drug product? : T

Investigation #1 YES / / NO / /"
Investigation #2 YES / / NO / /
If you have answered "yes" for one or more investigation,

identify the NDA in which a similar investigation was
relied on:

If the answers to 3(a) and 3(b) are no, identify each
"new" investigation in the application or supplement that
is essential to the approval (i.e., the investigations

listed in #2(c), less any that are not "new"):




To be eligible for exclusivity, a new investigation that is
essential to approval must also have been conducted or
sponsored by the applicant. An investigation was "conducted
or sponsored by" the applicant if, before or during the
conduct of the 1nvest1gatlon, 1) the appllcant was the sponsor
of the IND named in the form FDA 1571, filed with the Agency,
or 2) the applicant (or its predécéssor in interest) provided
substantial support for the study. Ordinarily, substantial
support will mean prov1d1ng 50 percent or more of the cost of
the study.

a) For each investigation identified in response to question
3(c): if the investigation was carried out under an IND,
was the applicant identified on the FDA 1571 as the
sponsor?

Investigation #1

IND # YES / /

‘NO~/__;/ ”Exélain:

Investigation #2

IND # YES / _/

NO / / Explain:

Gem fem fem s m b G tem S G P

(b) For each investigation not carried out under an IND or
for which the applicant was not identified as .the
sponsor, did the applicant certify that it or the
applicant's predecessor in interest provided substantial
support for the study?

Investigation #1

YES / / Explain NO / / Explain

Investigation #2

NO /__/ Explain

YES / / Explain

Gt Gmm Gt e ben tem b Smm Gme e tew ew Pam b G Bme




(c)

Notwithstanding an answer of "yes" to (a) or (b), are
there other reasons to believe that the applicant should
not be credited with having "conducted or sponsored" the
study? (Purchased studies may not be used as the basis
for exclusivity. However, if all rights to the drug are
purchased (not just studies on the drug), the applicant
may be considered to hav@ Bponsored or conducted the
studies sponsored or conducted by its predecessor in
interest.) ' -

If yes, explain; .

Title:

Signature ofyDivision Director Date

Depdn

cc: Original—NDA Division File HFD-93 Mary Ann Holovac




PART 13 PATENT AND EXCLUSIVITY INFQRMl ATION

A. Patent Information |
' Belov& are listed all patents known to the applicant that claim the drug or a
mqthod of using the drug and wig_h respect to which a claim of patent
if;f}ingement‘could reasonably be asser't;d if a person not licensed by the

owner engaged in the manufacture, sale, or use of the drug.

5,240,923 7

1. U.S. Patent No.: i
Issue Date: August 31, 1993
Expiration Date: August 31, 2010
- B Patent Owner: Alcon_.Laborqtotigs, Inc.
) Claims For: | Cc;m;;dund, Formulations and Methods of
Use - Controliing Intraocular Pressure s
2.- U.S. Patent No.: 5,378,703
Issue Date: January 3, 1995
Expiration Date: August 5{.‘2010
Patent Owner: Alcon Laboratories, Inc.
Claims For: Compound, Formulation and Methods for
| Use - Controlling Intraocular Pressure
3. U.S. Patent No.: 5,461,081
" Issue Date: October 24, 1995
Expiration Date: October 24, 2012
Patent Owner: Alcon Laboratories, Inc.
Claims For: ' Formulation and Method for Delivery

13-0001 |

00024887 00490 °




United States Patent [
Dean et al.

AR

S003240923A
(11] Patent Number:

(4%} Date of Patent:

5,240,923
Aug. 31, 1993

($4) SULFONAMIDES USEFUL AS CARBUNIC
ANHYDRASE INHIBITORS

Thomas R. Dean, Weatherford:
Hwang-Hsing Chen: Jesse A. May,
both of Fort Worth. all of Tex.

(7S] Inventors:

[73] Assignee: Alcon Laboratories, Inc.. Fort
Worth. Tea.

[21] Appl. No.: 775,313

[22) Filed: Oct. 9, 1991

Related U.S. Application Data
Continuation-in-pant of Ser. No. 616.765. Nov. 27,

1990. Pai. No. 5.153.192.-which is s conunuation-in-
pan of Sez. No. 506.780. Apr. 9. 1990, abandoned.

(51] Imt. CL° .................... CO7D 513/04; AG1K 31/54
[52) US. QL ..o $14/226.5; 544/48;
$40/552. S48/207; 548/209; 548/212; $14/372

- 5147211

[58) —Field of Search ................. 544/48: 548/207. 209.
545/212; 540/552: $14/226.5. 373. 211

{56) References Cited
U.S. PATENT DOCUMENTS

271988 HofTman. Jr. et al
4.746.745  S/1988 Maren .. ...
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48472890 7/1989 Baldwin et al

“ 163
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... 348:139
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4,711 368
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1098916 1/1961 Fed. Rep. of Germany .
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_ . - OTHER PUBLICATIONS

“The Reactions of Somc¢ Thiophene Sulfonyl Deriva.
tives.” Cremyin et al., Phosphorus and Sulfur, vol. 10,
pp. 111-119, 1981.

“Studien in der Thiophenreihe. XXIV.2 Uber Nitrothio-
phene and Thiophensulfochloride.” Steinkopf et al.,
Justus Liebigs Analen Der Chemie, vol. 501, pp. 174-186,
1933.

“Heterocyclic Disulphonamides and Their Diuretic

" Properties,” deStevens et al., Journal of Medicinal and

Pharmaceutical Chemistry, vol. 1(6), pp. 565-576, 1959.

Primary Examiner—John M. Ford
Attorney, Ageni. or Firm—James A. Amo; Sally S.
Yeager

{57 ABSTRACT

Sulfonsmides and pharmaceutical compositions con-
taining the compounds useful in controlling intraocular
pressure are disclosed. Methods for controlling intraoc-
ular pressure through administration of the composi-
tions are also disciosed.

14 Qlaims, No Drawings
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Provided that when G is SO: and R is in the 4 posi-
tion and is H or halogen then Ry and R are not H.
C).s alkyl substituted optionally with OH. Cj
alkoxy. C. alkoxycarbonyl. Ca.e alkenyl, phenyl,
phenoxy. pyridyl. tetrahydrofuryl. Ci. alkanoyl. $
C3.s alkenyl. nor are they joined to forma 5. 6 or 7
member ring. saturated or unsaturated. comprised
of atoms selected optionally from C. O. S. N in
which said nitrogen. when saturated. is substituted
optionally with H or Cy4 alkyl or in which said 10
carbon is substituted optionally with Cj, alkyl
C.calkoxy or OH:; and when Ry is in the 3 position
and is H. Cl. Br, or Ci.y alkyl then neither Ry nor .
R; can be H or Cy4 alkyl: and when G is C(=0)
and in the S- position and Rais H. then Ryand Ry 18
cannot both be CHi: .

R« & R, are the same or different and are H: Ciu
alkyl: Ci.s alkyl substituted optionally with OH.
halogen, C|« alkoxy or C(=O)R+; C)4 alkoxy;
‘C3.4 alkoxy substituted optionally with OH; halo- 20
gen. Ciu alkoxy or C(=0)R 1 C31.7 alkenyl unsub-
stituted or substituted optionally with OH. NRsR..
or Cijsalkoxy: Ciyalkynyl unsubstituted or substi-
tuted optionally with OH. NRsRs. or Ci4 alkoxy;
Ci.28lkyt Ca.scycloalkyl: C(—=O)R7 or Rs and Rg 25
can be joined to form a ring of 5 or 6 atoms selected
from O. S. C or N. such as. pyrrolidine, oxazoli-
dine. thiomorpholine. thiomorpholine 1,1 dioxide.
morpholine. piperazine. thiazolidine 1,1-dioxide. or
tetrahydrooxazine. which can be unsubstituted or 30
substituted optionally on carbon with OH. (=0).
halogen. Ciu alkoxy. C(=0O)R:. Ci. alkyl, Cre
alkyl substituted optionally with OH. halogen. Ci4
alkoxy. C(=O)R oron nitrogen with C)4 aikoxy.
C(=O0)R1. S(=0O)mRs. Ci.08lkyl or Croalkyl sub- 1S
sututed optionally with OH. halogen. C).4 alkoxy,
C(=O)R- or on sulfur by (=O)m. Wherein m is
0-2.

R:1s Ci.palkyvl: Cj.aalkyl substituted optionally with
OH. NR¢R,. halogen. C;4 alkoxy or C(=O)Ra: 40
C s alkoxy: Casalkoxy substututed optionally with
OH. NRsR,. halogen or C;4 alkoxy: NRsRe: or
phenyl or a heteroaromatic group either of which
can be unsubstituted or substituted opuionally with
OH. halogen. C).1 alkyl. C).; haloalkoxy. (CH:m 45
NR<Re. S(=0YmRg or SO:NRsR,. wherein n is 0
or | and ms 0-2.

Ri1s Ci4alkyl: Caaalkyl substituted optionally with
OH. NRsR,. halogen. C)4 alkoxy or C(=O)R.

Ro C4 alkyl; C 4 alkoxy: amino, C).; alkylamino, or 50
di-C).1 alkylamino and

G is C(=0) or SO:.

In the above definitions, the total number of carbon
atoms in a substiuent group is indicated by the C,,
prefix where i and j are numbers from 1 to 8 for exam- 53
ple..This ‘C..; defimition, includes both the straight and
branched chain isomers. For example. C). alkyl would
designate methyl through the buty! isomers: and Cia
alkoxy would designate methoxy through the butoxy
isomers. 60

The term “halogen.” either alone or in compound
words such as “haloalkyl.” means fluorine. chlonne.
bromine or iodine. Further. when used in compound
words such as “haloalkyl.” said alkyl may be partially
or fully substituted with halogen atoms. which may be 6%
the same or different.

The term hetercaromatic means 3 monocyclic ring
sysiem of 5 or 6 atoms comprised of C. N. O and or §

4
such as furan. thiophene, pyrrole, pyrazole. imidazole.
triazole. tetrazole, oxazole, isoxazole. isothiazole, thia-
z0le, thiadiazole, pyridine, pyrimidine. pyridazine. and
y razine. )

Structure (1} includes isomers, wherein R: and
GNRR: are sttached to the 4 and $ position respec-
tively or R is attached to the $ position and GNRR; is
attached to the 4 position. Many of the novel com-
pounds of Structure [1] possess one or more chiral cen-
ters. and this invention includes ail enantiomers, diaste-
reomers and mixtures thereof.

SYNTHESIS

Compounds of the present invention can be prepared
using a variety of procedures, s number of which are
described below in equations 1 through 7.

Many of the novel compounds of Structure {I) can be
prepared from N-t-Bu thiophene-2-sulfonamides with
R substituents according to the scheme shown in equa-
tion 1. )

In generzl. N-t-Bu thiophene-2-sulfonamides can be
metallated in the S-position at low temperatures using a
strong organometallic base such as n-butyllithium and
condensed with sulfur dioxide gas to produce interme-
diate sulfinate salts (equation 1a). These intermediates
can be readily oxidized to the corresponding sulfony!
chloride which in turn can be aminated with primary or
secondary amines, bearing the requisite Ry and R; sub-
stituents, to furnish the novel compounds of Structure
[1] (equation 1b). "~~~ : -~

In many cases it is more advantageous to prepare

initially simplified primary or secondary sulfonamides
vis the above sequence and then append the more com-  »
plex R and/or R; substituents using standard alkylauon
reactions (equation lc). This sequence can furnish di-
rectly the novel compounds of Structure [1] or the R).
R; and R substituents can be modified to furnish the
cyclic and/or acyclic novel compounds of Structure [1]
using methods known to one skilled in the art. Pnmary
sulfonamides can be prepared from the corresponding
sulfonyl chloride by amination with ammonia or di-
rectly from sulfinate salts using hydroxylamine-O-sul-
fonic acid (equation 1d).

uanon 1
R, ) )
A {]
T M sommais
s
R3
I
LS S
x 1) NCS L
or Cly
I\-”r""mmr)
L10;$ s
R:
ﬂso:ﬂﬂlﬂu
RIR:NO:S s

13-0004
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-continued

-Bum\n 4

1 H-SO,

. RCN >
NR <1 BH: SMc:

H:NO»S

ForZ; = CO

P OPg
., 1) Protecy .
SHIHRR > NR
/
-co | co
S
d)
‘::::n;n‘; /T\H-"\lnm Y >/Y<\—Rl
/
H:NO:S
<
OI' } Iy 3 R: ) e
7/ e
R Reprote. > 4 N—pR! Equation S
/
C() 40 S S
H:NO:S (o] o
OH R’
4%
NR H:N.SO: I ~-w
/ /
co S
: U4 N
- H:NO:S [3 o (o]
0

OH

Certain cyclic compounds of Structure (1]. such as
the 2.3-dihydrothienoisothiazoles. can be obtained
through the modification of an existing cyclic com-
pound (equation 5). The metallated ketals of equation 3
can be readily convegted to the desired intermediate
mercaptoketones as shown in equauon 5a. and the
oxime O-esters of such compounds can be cyclized
according to equation 5b. Ouidation and subsequent
reduction of the thienoisothiazole by procedures well
known in the art provides the intermediate cyclic sul-
fonamides shown in equation 3c. These cyclic sulfon-
amides can be substituted on nitrogen utilizing standard
alkvlation conditions such as demonstrated by equation
5d. Incorporation of the primary sulfonamide into posi-
tion five of-these examples of Structure [I] can be ac-
complished under the basic conditions demonstrated by
equations la-d.

HNR
. /Nl
s0. 18
S

55

s)

o>

. (o] :
L VI
1) HaNOSOWH |
/
S S
s SH
“Rs
!!m-CFBA 9
) NABH..

(3]

Yet other cyclic compounds of Structure (1), such as
tetrahydrothienothiazepines, can be prepared from sub-
stituted thiophenesulfonamides according to equation 6.
Thiophene acetals can be metallated in the two position
with strong metallic bases in a manrer similar to that
described in equation la for thiophene ketals. These
intermediates can be further converted to the thio-
phene-2-sulfonamides desired for equation 6a in a man-
ner similar to that described for thiophene ketals by

¢0 equations la and 1d. Thiophene acetals can be readily

63

convened to the corresponding aldehydes by acid hy-
drolysis, and reaction of these aldehydes with an ole-
finic Grignard reagent can provide the olefin intermedi-
ates of equation 6a. The al.ylic alcohols from équation
6a can be oxidized to intermediate ketones by a vanety
of procedures well known 10 the art, and these ketones
can be cyclized upon treatment under basic conditions.
such as scdium carbonate. to the cyclic sulfonamides

13-0006
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N-[2-{4-morpholinyDethyi]-2.5-thiophenedisulfonamide
hvdrochloride

Step A: N« l.l-D__iniethylelhyl)-2-thiophenesulfommide

To a solution of t-butylamine (8.3 g. 0.114 mob) in

dry tetrahydrofuran (THF) (20 mL) cooled 10 0° C. was
added dropwise 2-thiophenesulfony] chloride (5.0 g.
27.4 mmol). After the addition was completed. the reac-
tion mixture was warmed to ambient temperature and
st:rred overnight. The mixture was extracted with ethyl !
scetste (3 X80 mL) and the combined extracts were
washed with water. dried over molecular sieves and
concentrated. The residue was chromatographed on
(silica, eluting with 25% ethyl acetate-hexane) to yleld
5.62 g (94%) of solid: mp 80°-82° C.

Step B:
N<(1,1-Dimethylethyl)-2.5-thiophenedisulfonamide

To a solution of the product from Step A (1.5 g. 6.85

12
water to afford colorless crysials (145 mg): mp
219°-220° C.
Anz’vsis calculated for CioH 3sCINOsS:: C, 30.6S:
H. 4.63: N, 10.72 Found: C, 30.54; H. 4.67: N, 10.64.

Example 2
~ NH
/
SO:NHM;
'\.\
VA S HQ
CH; 0

4-Ethylamino-3.4-Dihydro-2-methyl-2H-thieno[3,2-¢)-
1,2-thiazine-6-sulfonamide 1,1-dioxide hydrochioride

Step A:..

mmol) in THF (10 mL) cooled to —60° C. was added 20  342.5.5-Trimethyl-1,3-dioxane-2-y1)-2-thiophenesul-

n-butyllithiumin hexane (2.5 M. 6.0 mL. 15.1 mmol!).
The mixture was stirred for 15 min a1 —60° C. and for
30 min at —10° C. Sulfur dioxide gas was passed
through the surface of the mixture for 10 min. The

cooling bath was removed and the mixture was stirred 23

for an additional | h.

The volatiles were evaporated and the residue was
dissolved in water (30 mL) and sodium acetate trihy-
drate (5.59 g. 41.] mmol) was added. The mixture was

cooled in an ice-water bath and hvdroxylamine-O-sul- 30

fonic acid (2.71 g. 23.9 mmol) was added. The cooling
bath was removed and the mixture was stirred for 2 h.
The suspension was extracted with ethyl acetate (3 x 50
mL) and the combined extracts were washed with $%

sodium bicarbonate solution. brine and dried over mo- 1S

lecular sieves. The.solvent was evaporated and the
residue was chromatographed on (silica. eluting with
40% ethyl acetate-hexane) to vield 1.25 g (61%) of a
hquid which solidified on standing: mp 116°-120° C.

Step C:
N-(1.1-Dimethyviethy))-N'<[24(4-morpholinyl)ethyl}-2.5-
thiophenedisulfonamide

A solution of the product from Step B (1.0% g 3.52

mmol). sodium hydride (605 dispersion in mineral oil. 4$

310 mg. 7.7% mmol) and 4<2-chloroeithyl)morpholine
hydrochloride (0.721 g. 3.88 mmol) in anhydrous di-
methylformamide (DMF) (20 mL) was heated at 110°
C. for 2.5 h and then stirred at ambient temperature

overmight. The reaction mixture was extracted with SO

ethyl acetate (3 100 mL). washed with brine, dned
over molecular sieves and concentrated. The residue
was chromatographed (silica, elution with S0% ethyl
acetate-bexane) to yield 0.32 g (22%) of the desired
product: - -
Step D:
N-[2<(4-Morpholinyl)ethyl}-2.5-thiophenedisulfona-
mide hydrochlonde

A solution of the product from Step C (0.31 g. 0.7 60

mmol) 1n rifluorocacetic acid (7 mL) was stirred at am-
bieni temperature for 4 h. The trifluoroacetic acid was
evaporated and the residue was chromatographed (sil-
ica. eluting with methyiene chlonde-methanol-

ammonium hydroxide (10/1/0.1)) 10 give 230 mg (86%) 65

of a viscous liquid. The hquid was dissolved in ethanol
and treated with ethanolic HCl. Evaporation gave a
white solid which_was recrystallized from ethanol-

fonamide

To a solution of 3-2.5.5-Trimethyl-1,3-dioxane-2-
yDthiophene (2.5 g. 11.7 mmol) in hexane (30 mL)
cooled to 0° C. was added via syringe n-butyllithium in
hexane (2.5 M, 10.3 mL. 25.7 mmol) over $ min. The
mixture was stirred at 0° C. for 20 min, the ice bath was
removed and the stirring was continued for 30 min. At
this time 8 white precipitate formed. The mixture was
cooled to —60° C. and THF (20 mL) was added. Sulfur
dioxide was then passed through the surface of the
mixture for 30 min. The mixture was warmed to ambi-
ent temperature and stirred for an additional 15 min.
The volatiles were evaporated and to the residue was
added water (50 1al) and sodium acetate trihydrate
(9.55 g. 70.2 mmol). The solution was cooled on an ice
bath and hydroxylamine-O-sulfonic acid (4.62 g, 40.9
mmol) was added. The mixture was stirred at ambient
temperature for 1 h, extracted with ethyl acetate
(3100 mL) and the combined extracts were washed
with 2 sodium bicarbonate solution. brine and dried
over molecular sieves. Evaporation 1o dryness gave a
viscous liquid (4.93 g). which was chromatographed
(silica, eluting with 33% ethyl acetate-hexane) to give a
solid (2.47 g. 72%): mp 200°-202° C.

Step B: 3-Acetyl-2-thiophenesulfonamide

A mixture of the compound from Step A (9.45 g, 32.5
mmol) and IN HCI (100 mL) in THF (100 mL) was
heated at reflux for 1| h. The THF was evaporated and
the aqueous solution was made basic by the addition of
sodium bicarbonste. The mixture was cooled using an
ice bath and the precipatiate was filtered, washed with
cold water and dried in vacuo to give 5.83 g (88%) of a
solid: mp 193°-196° C.

Step C:
3,4+-dihydro-4-hydroxy-2H-thieno{3.2-¢}-1.2-thiazine
1,1-dioxide

The product from Step B (5.73 g. 28.0 mmol) was
dissolved in hot THF (200 mL). The solution was
cooled to 10.C. and pyridinium bromide perbromide
(10.73 g, 31.5 mmol) was added. The mixture was al-
lowed 10 stir at ambient temperature for | h. The vola-
tiles were evaporated and the residue was mixed with
water. The precipitate was filtered, washed with cold
water and dried in vacuo overnight to give 7.77 g of a
solid. A portion of this solid (3.49 g. 12.3 mmol) was
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-trihydrate (3.03 g. 22.2 mmol) was added. The mixture
was cooled 10 0° C. and hydroxylamine-O-sulfonic acid
(1.51 g. 13.3 mmol) was added. The mixture was stirred
overnight. neutralized with saturated sodium bicarbon-
ate solution and extracted with ethyl acetate (380 °
mL). The combined extracts were washed. dried and
evaporated in a manner analogous to Step A to furnish
a viscous liquid (2.17 g). This was chromatographed
(silica. methylene chioride—methanol—ethy! acetate,

8 53%) and the desired product (0.82 g, J0%). This
product was treated with ethanolic HCl and crystal-
lized from ethanol to furnish white crystals: mp
172°-173° C. 18

Analysis calculated for C)1H0CIN3O«Sy: C, 32.55:
H. 4.97: N, 10.35. Found: C, 32.67; H. 4.92; N. 10.28.

This method can be used to prepary many of the
novel compounds of Structure [1] wherein the Rjand -
R substituents are joined to form a ring of $ t0 6 atoms. 20
In many cases the simplified heterocyclic rings used to
couple with sulfonyl chlorides. such as that in Step A or
those descnbed in equations | and 2, are available com-
mercially. Other examples can be prepared using meth-
ods known 1o one skilled in the art. A useful series of 2
reféfences perunent 10 this method are “Comprehen-
sive Heterocyclic Chemisiry.™ A. R. Katritzky et al.
Volumes 2-6. and references cited therein. '

EXAMPLE 4 30
HO\/\N /\‘
4 N
- S S
0: HCi

5-{[4-12-Hydroxyethyl)ptperazinyljsulfonyl)-2-thio- 40
phenesulfonamide hydrochionde

To a soiunon of 2-({4-(2-hydroxvethy))piperaziny1}-
sulfonyi]thiophene (2.5 g. 9.0 g mmol) in THF (1S mL)
cooled to —78° C. was added slowly over § min n- s
butyllithium (2.5M. 8.5 mL. 20.8 mmol). The mixture
was allowed to sur for 40 min at —6%‘ C. and 20 min at
—40° C. when a siream of sulfur dioxide was passed
through the surface for 30 min. The mixture was
warmed to ambient temperature. stirred for 1.5 h then %0
evaporated to dryness. The residue was dissolved in
water (30 mL) and sodium acetate trihydrate (6.16 g,
45.3 mmol) was added. The mixture was cooled 10 0° C.
and hydroxylamine-O-sulfonic acid (3.59 g. 31.7 mmol)
was added. The mixtuge was stirred overnight, neutral-
ized with saturated sodium bicarbonate solution and
extracted with ethyl acetate (3 X 80 mL). The combined
extracts were washed. dried and evaporated to furnish s
viscous liquid (3.15 9). This was chromatographed (sil- ©
ica. methylene chloride—methano!l 70/1) to give some
recovered starting matenial (1.24 g. 50%) and the de-
sired product-as a liquid (0.8 g. 25%). The liquid was
dissolved .n ethanol. filtered and treated with ethanolic
HCI. The mixture was filtered and the solid dried o ¢s
give the desired product (0.54 g): mp 206°-207" C.

Analysis calculated for C1aH1#CIN:O+S3: C.30.65: H.
4.65. N. 10.72 Found: C.30.62: H. 4.64. N\, 10.68.

20/1/10)) to give some recovered starting material (1.15 0 -

16
EXAMPLE ¢

El\
‘/\ .\’/\/‘\'\ f\—so,su;
o \/' ts); s HC

’

"N-Ethyl-N-{2-(&-morpholinyl)ethyl}-2.5-thio-
pheuedisulfomide hydrochlonde

: Step A:
N-Ethyl-N-[2«(4-morpholinyl)ethyl})-2-thiophenesul-
. fonamide

To a mixture of sodium hydride (60% dispersion in
mineral oil. 0.606 g. 15.1 mmol) in N,N-<dimethy] form-
amide (DMF) (60 mL) cooled to 0° C. was added N-{2-
(4¢-mompholinylethyl)-2-thiophenesulfonamide (3.8 g.
13.8 mmol). The mixture was stirred for | h and then
allowed to warm to ambient temperature overnight.
The mixture was poured onto water, extracted with
ethyl acetate, dried and concentrated to furnish a vis-
cous oil (3.81 g). The liquid was dissolved in ethyl ace-
tate and washed with 1 H NaOH. brine, dried and con-
centrated.. This liquid was chromatographed (silica.
ethyl acetate) to give the desired product as a liquid
(2.95 g. T0%). .

Step B:
N-Ethyl-N-{2(4-morpholinyl)ethyl]-2.5-thio-
phenedisulfonamide hydrochlonde
‘he product from Step A (2.2 g. 7.24 mmol) was

treated sequentially with n-butyllithium, sulfurdioxide.
hydroxylamine-O-sulfonic acid and ethanolic HC! in

‘much the same way as described in Exampie 4 10 furnish

the desired product as a hygroscopic white solid: mp
80°-85° C.

Analysis calculated for Ci;HCIN;O<Sa: C. 34.32:
H. 5.28: N, 10.01 Found: C, 34.06: H. 5.20; N. 9.66.

EXAMPLE 6
\[/\ NH
SONH;
N
/ s s
CH, 0 HCl

3.4-Dihydro-2-methyl-4-(2-methyl)propylamino-2H-
thieno(3,2-¢}-1,2-thiazine-6-sulfonamide 1.1-dioxide
hydrochloride

Step A:
3.4-Dihydro-2-methyl-2H-thieno[3.2-¢}-1.2-thiazine 4-
ol-1,1-dioxide

To a mixture of sodium hydride (60% dispersion in
mineral oil, 1.352 g, 33.8 mmol) in DMF (60 mL) was
sdded 2.3-dihydro-4-hydroxy-2H-thieno {2.3-e)-1.2-
thiazine 1.1-dioxide (6.30 g, 30.7 mmol), prepared using
the procedure described in Example 2. The mixture was
cooled (dry ice-acetone bath) and methyl iodide (4.8 9.
33.8 mmol) was added over S min. After the addition
was complete, the mixture was allowed to warm to
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4-Bromo-5-[[4-(2-hydroxyethyl)-piperazinyllsulfonyi}-
2-thiophenesulfonamide hydrochloride

A sample of 4&bromo-S-chlorosulfonvi-thiophene-2-
sulfonamide (5.2 g. 15.2 mmol) was treated sequentially
with 1 {2-hydroxyethyl)-piperazine (4.97 g. 38.0 mmol)
and ethanolic HCl in much the same way as described in
Example 8. Step B, to -furnish the desired hydrochio-
ride salt. This material was-recrystaitized-from metha-
nol 10 give a white solid: mp 212° C.

Analysis caiculated for C;oH)7BrCIN1O«S3;—0.25-

H;0:C,25.27: H. 3.7L: N, 8.84 Found: C, 25.47. H, 3.5,
N. 8.46

EXAMPLE 10

R+ + »4-Ethylamino-3.4-dihydro-2-methyl-2H-
thieno[3.2-e]-1.2-thiazine-6-sulfonamide 1.1-dioxide hy-
drochlonde

A hot solution (about 80" C.) of the free base corre-
sponding to Example 2 (10.88 g. 33.5 mmol) in n-
propanol (250 mL) was mixed with a hot solution of
di-p-toluoyl-D-tartaric acid (3.27 g. 8.47 mmol) in n-
proponol (250 mL). Activated carbon (2.0 g) was added
and the mixture was kept at greater than 50° C. for 30
min and filtered through a pad of celite. The filirate was
concentrated to about 200 mL and was placed in the
freezer overnight. The solid was filtered. washed with
cold n-propanol and dried 10 give the tartrate salt (6.95
g). which was recrystallized four times from hot n-
propanol (250. 200. 160 and 160 mL respectively) to
afford the artrate (4.30 g). The salt was mixed with a
saturated sodium bicarbonate solution (300 mL) and the
resulting suspension was allowed 1o stir for | h and was
extracted with ethyl scetate (3 x 300 mL). The extracts
were dned. filtered and evaporated to dryness to afford
the free base (2.71 g), which was treated with 2N HCl to
give 2.71 g of the sali. {a]p +14.7° C. (¢ =0.55, HYO):
mp 261°-263° C.

Analysis caiculated for CoH1¢CINYO(S:—0.5 HO:
C.29.87. H. 4.46: N. 11.6]1 Found: C, 29.85: H. 428, N,
11:36

-EXAMPLE 11

/\_\:'n

_Alternative preparation of:

20

R+ + )»4-Ethylamino-3.4-dihydro-2-methyl-2H-
thieno{3,2-e}-1.2-thiazine-6-sulfonamide 1.1-dioxide
hydrochioride

Step A: 3+(2.5.5-Trimethyl-1,3-diozan-2-yI)thiophene

Hydrogen chloride gas was bubbled briefly into a
mixture of 3-acetylthiophene (100 g. 0.794 mol) and
2.2-dimethyl-1,3-propanediol (1.5 g, 1.19 mol, 123 g) in

10 toluene (6.?0 mL) and the mixture was refluxed for 18 h
with water removal using a Dean-Suarck trap. Since
only about half of the theoretical amount of water had
been removed after this ime, a fcw drops of concen-

s trated sulfuric acid were added to the mixture and re-
flux was continued another 24 h. The mixture was al-
lowed to cool to room temperature under a drying tube
and potassium carbonate (10 g) was added followed by

. saturated aqueous sodium bicarbonate (300 mL) and

20 hezane (1 L) The organic phase was separated and the
aqueous was extracted with hexane (3 x400 mL). The
combined hexane extracts were washed with brine
(6 X 500 mL), dried over MgSQOy, treated with decolor-
izing carbon, filtered through celite and evaporated

25 under reduced pressure. The residue was distilled
through a 12 inch Vigreux column to provide 120 g
(T1%) of the ketal as a colorless liquid that solidified on
standing: bp 88° C./0.1 mmHg).

30  Step B: 3-Acetyl-N-methyl-2-thiophenesulfonamide

A solution of the compound from Step A (50.0 g.
0.236 mol) in hexane (400 mL) was cooled to —60° C.
under nitrogen. n-Butyllithium (1.3 eq. 120 mL of 2 2.5

35 M hexane solution) was added over 15 min while the
temperature was maintained at —60° C. The cold bath
was removed, and the reaction mixture was sllowed to
warm 1o room temperature, taking 30 min. After the
mixture had stirred at room temperature for 30 min. it

40 was again cooled 1o —60° C.. at which point tetrahy-
drofuran (100 mL) was added. Afier the mixture had
returned to —60° C., sulfur dioxide gas was bubbled
into the reaction until the mixture was acidic. and the

o mixture was stirred overnight while warming to room

~ temperature. N-Chlorosuccinimide (40 g. 1.3 eq) was
added in one portion and stirring was continued at room
temperature for 6 h. Methylamine gas was then bubbled
into the mixture until the sulfonyl chioride was no
sp longer present as indicated by TLC. (silica, 30% ethy!
acewate/hexane). The reaction mixture was then con-
centrated on the rotary evaporator under reduced pres-
sure, and the residue was diluted with tetrahydrofuran
(400 mL) and 1 M aqueous hydrochloric scid (400 mL)

53 and refluxed for | h. The mixture was then cooled,

basified using solid sodium bicarbonate, and partitioned
between water {1 L) and ethyl acetate (500 mL). The
organic phase was separated and the aqueous layer was
further extracted with ethyl acetate (3 X400 mL). The
combined organic layers were washed with saturated
aq. sodium bicarbonate (4X3500 ml), dried over

MgSO,. treated with decolorizing carbon, . filtered

through celite, and 'so concentrated. The residual oily

6s solid was lesched with diethyl ether (500 mL) resulting
in a solid that was collected by filtration. washing with
ether, 10 provide, after air drying. 31 g (60%) of the
sulfonamide: mp 101°-103° C.

s

60

13-0012



5.240,923

23
over MgSQ.. treated with decolorizing carbon (Nonte
A), filtered through celite. and concentrated under
reduced pressure. to provide 5.2 g (73%) of the sulfona-
mide.

. Step G:
(+ 4-Ethylamino-3.4-dshydro-2-methyvi-2H-thieno(3.-
2.¢)-1.2-thiazine-6-sulfonamide 1.1-dioxide

The compound from Step F (27.0 g. 83.1 mmol) (945

4
brine. dried (MgSQ4) and evaporated 10 give a crude
product which was purified by column chromaiogra-
phy (silica. methylene chlonde:methanol. 20:1) to pro-
vide the desired product (4.2 g. 88%) as a syrup.

Step B:
2-Allyl-4<|-ethoxy)ethoxy-3.4-dihydro-2H-thieno{3.2-
e)-1.2-thiazine 1,]1-dioxide

The product from:Step A (4.2 g. 17.1 mmol) was

ee) was dissolved in n-propancl (800 mL) snd the sOlu-_10. dissolued. in tetrah: drofuran (75 mL) and cooled to 0°

tion was filtered through a sintered glass filter. The
filtrate was heated 10 about 80° C.. and an 80° C. solu-
tion of di-p-toluoyl-D-tartaric acid (15.7 g. 40.7 mmol) ~
in n-propanol (500 mL) was added. The mixture was

allowed to stand at room temperature overnight before s

it was cooled in an ice-water bath for | h. The crystals
were collected by filtration. washed with cold n-
_propanol. and dried to provide 39.2 g (93%%) of the
di-p-toluoyl-D-tarirate salt of greater than 98% ee.

Because this material was somewhat colored. it was 29

recrystallized from n-propanol (1.5 L) 1o provide a first
crop of 34.8 g. This solid was added 10 a saturated aque-
ous solution of sodium bicarbonate (500 mL). and the
mixture was stirred for | h. The mixture was then ex-

C. at which point p-toluenesulfonic acid (163 mg. 0.6
mmol) was added followed by ethylvinyl ether (3.3 mL.
34.3 mmol). This mixture was stirred at 0° C. for 2 h,
diluted with cold ethyl acetate (100 mL) and washed
with satursted sodium bicarbonate (70 mL) and bnne
(70 mL). The organic lsyer was dried (MgSO,) and
evaporated to provide 5.2 g of crude product which
was used in the next step without further purification.

Step C:
2-Allyl-3,4-dihydro4-hydroxy-2H-thieno[3.2-¢}-1.2-
thiazine-6-sulfonamide 1,1-dioxide

The product from Step B (5.0 g. 15.8 mmol). dis-

tracted with ethyl acetate (4 x 400 mL). and the com- ¢ $0Ived in anhydrous tetrahydrofuran (125 mL) and

bined_extracts were dried over 4A molecular sieves.
filtered. and concentrated on the rotary evaporator at
reduced pressure 10 provide 20.2 g (75% recovery) of
the (- )-sulfonamide of greater than 98% ee.

Step H:
(- }4-Ethylamino-3.4-dihvdro-2-methyl-2H-
thieno[3.2-¢]-1.2-thiazine-6-sulfonamide 1.1-dioxide
hyvdrochloride

cooled to —60° C., was treated dropwise with n-butylli-.
thium (2.5 M, 7.6 mL, 18.9 mmol). This mixture was
stirred at —40° C. for 40 min and then sulfur dioxide gas
was bubbled over the surface for 20 min after which

30 time the mixture was warmed to room temperature.

After 30 min at room temperature the mixture was
concentrated and the residue was dissolved in water
(150 mL). cooled to 0° C. and sodium acetate trihydrate
(6.4 g. 47.3 mmol) was added followed by hydroxyla-

The compound from Step G (20.2 g. 62.2 mmol) was ; mine-O-sulfonic acid (3.2 g, 28.4 mmol). The reaction

treated with 2 M ethanolic hydrogen chloride (40 mL).
and then the mixture_was evaporated 10 dryness under
reduced pressure. The residue was dissolved in water
(200 mL) and evaporated to dryness to provide the

mixture was stirred at room temperature for 18 h after
which 1ime was basified with solid sodium bicarbonate
and extracted with ethyl acetate. The combined extracts
were washed with saturated sodium bicarbonate solu-

hydrochloride salt which was washed with ethyl ace- ., non. dried (MgSO4) and the solvent evaporated to give

tate and dnied under high vacuum at 78° C. for 6 h. The
vield of the hvdrochlonde salt was 21.7 g (94%) as the
hemihvdrate

Exampie 12
P

) SO:NH:
Y s
[e ) HCl

2-Allyl-4-ethylamino-3.4-dihydro-2H-thieno{3.2-¢)-1.2- 33
wiide-hydrochlonde-— - -

thiazine-6-sull
- Step A:
2-Allyl-3.4-dihvdro-4-hydrosy-2H-thieno[3.2-¢}-1.2-
thiazine 1.1-dioxide

The product from Step C of Example 2 (4.0 g. 19.3
mmol) was dissolved in anhvdrous DMF (70 mL)
cooled to — 10° C. and sodium hydride (21.5 mmol) was
added. After surnng for five minutes allyl bromide (2.53
mL. 29.25 mmol) was added and thi; mixture stirred for
2 h at 0° C. The reaction mixture v.as poured onto ice
water (100 mL) and this solution was extracted with
ethyl acetate. The combined extracts were washed with

the desired intermediate (5.0 g). This residue was dis-
solved in tetrahydrofuran (70 mL), cooled 10 0° C. and
then IN HC1 (70 mL) was added. After stirring at room
temperature for 1 h the tetrahydrofuran was evaporated

4s and the solution was neutralized with saturated sodium

bicarbonate solution. The product was extracted into
ethy! acewate and the combined extracts were dned
(MgSO4) and evaporated t0 a residue which was pun-
fied by chromatography (silica. $% methanoi:methy-

s0 lene chioride) to give a syrup (1.2 g).

StepD: 2 -
Allyl4-ethylamino-3.4-dihydro-2H-thieno(3.2-¢]-1.2-
thiazine-6-sulfonamide 1.1-dioxide hydrochlonde

The product from Step C (1 g, 3 mmol) was dissolved
in_tetrahydrofuran (50 mL) containing triethylamine
(1.7 mL, 12.0 mmol) and the solution was cooled to
~16° C. Tosy! chloride (1.1 g, 6.0 mmol) was added
and the mixture stirred for 18 h at room temperature

60 after which time it was cooled to 0° C. and ethylamine

(10 mL) was added. After heating at reflux for 1 h the
solvent was evaporated and the residue dissolved in
ethyl acetate (50 mL) and washed with IN HCL (3 %20
mL.). The combined aqueous washes were basified (so-

6% dium bicarbonate) and extracted with ethyl acetate. The

combined extracts were washed with saturated sodium
bicarbonate solution (3% 15 mL) and brine (3> 15 mL).
dried (MgSO4) and evaporated to give the desired free
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3: Ri=(CH:):CHx. R:=(CH)>O(CH:)>OCH:: 3.4
Dihydro-4-propylamino-2-{2«(methoxyethoxy)e-
thyl]-2H-thieno{3.2-e}-1.2-thiazine-6-sulfonamide-
1.1-dioxide hydrochloride: mp 174°-178° C.:

4: Ri=CH;CHj;. Ry=(CH3)O(C;);OCH: 4
Ethylamino-3.4-dihydro-2- [3<2-metnoxy)ethoxy]-
propyl-2H-thieno{3.2-¢}-1.2-thiazine-6-sulfona-
mide-1.}-dioxide hydrochloride: mp 209°-211° C.;

5: Ry=(CH12CH3; Ry=(CH;);O(CH;)OCH): J.4-
Dihydro-4-propylamino-2-{3(2-methoxy)ethoxy)-
propyl]-2H-thieno[3.2-¢}-1,2-thiazine-6-sulfona-
mide-1.)-dioxide maleate: mp 150°-152° C.

Using the procedures described in Exampies 13 and
i4 but substituting the appropriate alkylhaloether in
Step A and the desired alkylamine in Step D the follow-
ing compounds can be prepared:

6: Ry=(CHj3);CH;; Ry =(CH;OCH;CH»: 242-
Ethoxy)ethyl-3.4-dihydro-4-propyl amino-2H-
thieno(3.2-e)-1.2-thiazine-6-sulfonamide-1,1-diox-
ide hydrochloride;

7: Ri=CH,;CH}: R:=(CH)yOCH:CH}»: 2(3-Ethox-
y)propyi-4-ethylamino-3.4-dihydro-2H-thieno{3.2-
e]-1.2-thiazine-6-sulfonamide-1.1-dioxide  hydro-
chionde.

8. R;=(CH:):CH).R:=(CH1):OCH}: 3.4-Dihydro-

-<3~(3-methoxy )propyl-4-propyl amino-2H-
thieno[3.2-¢]-1.2-thiazine-6-sulfonamide-1.1-diox-
ide hydrochloride.

28

Concentration of the organics gave a viscous liquid
which was chromatographed (silica. hexane to $0%
hexane:ethyl acetate to 109 methanol:methyiene chlo-
ride) to give the desired subject (5.23 g. 955): mp
131°-133° C.; [(a)p —3.31° (C- 1.18. MeOH).

Step C:
(+)-3.4-Dihydro-2-(2-methoxy)ethyl-4-propylamino-
2H-thieno[3.2-¢}-1.2-thiazine-6-sulfonamide 1.1-dioxide

hydrochloride

To a-solution of the product form Step B (2.68 g, 784
mmol) and tniethylamine (3.19 g, 31.3 mmol) in anhy-
drous tetrahydrofuran (100 mL) cooled 1o —20° C. was
added tosyl chloride (2.99 g. 15.7 mmol) over § min.
This mixture was placed in an ice bath for 18 h and after
which time an excess of propylamine (10.C 3. 169 mmol)
was added. The mixture was stirred at ambient tempera-

- ture for | h followed by heating at reflux for an addi-
50 lional 2 h. Evaporation of the mixture gave a crude
product which was mixed with saturated sodium bicar-
bonate (100 mL) and extracted with ethyl acetate
(3x 100 mL) The combined extracts were evaporated
and the residue chromatographed (silica, $% methanol:-
25 methylene chioride) to give the free base (1.7 g, 57%%).

The free base was dissolved in ethyl acewate (20 mL)

and treated with a solution of 1.5 N ethanolic HC! in

ethano! (4.5 mL). The solution was evaporated to dry-
ness and the residue dissolved in methanol (2 mL) and

<

10

,

185

EXAMPLE 17 3 methylene chioride (80 mL) was added. After crystalli- -
zation was complete the solid was collected and dnied ..
N~ o _ (65° C. in vacuo) to give the desired product (1.45 g.
) : _36%): mp 205°-206° C.; [a)p +6.02° (C=1.03, H;0).
) T Analysis calculated for CjaH2CINYOsS;: C. 34.31;  °*
| SO:NH: 3¢ H. 5.27: N, 10.01 Found: C. 33.99; H. 5.12; N. 9.81
N
cHoT NN s Example 18
0. HCY
R-( = )-3.4-Dihyvdro-2-(2-methoxylethyi-4- 40 -~ NH
propy lamino-2H-thieno(3.2-e}-1.2-thiazine-6-sulfona- :
mide l.1-dioxide hvdrochlonde (T\_so«w
Slep A CH.O/\/‘\\S s
3.4-Dihydro-2-(2-methoxylethyl-4-0x0-2H-thieno[3.2- ¢ o- HC!

¢}-1.2-thiazine-6-sulfonamide 1.1-dioxide

To a solution of the product of Example 13. Step C
(1.0 g. 2.92 mmol). in acetone (65 mL) was added over
3 min Jones reagent (1.1 M. 2.66 mL. 2.92 mmol). After

20 min the mixture was evaporated to dryness and the %0

residue was tniurated with ethyl acewate (380 mL)
and the combined organics were washed with brine and
dned over molecular sieves. Concentration gave the
desired product (0.92 g).

Step ' B:  (=)3.4-Dihydro-4-hydroxy-2-(2-methox-
ylethyl-2H-thieno{3.2-¢}-1.2-thiazine-6-sulfonamide 1.1-
dioxide

To s solution of the product from Step A (550 mg.
16.2 mmol) in tetrahydrofuran (200 mL) cooled to — 65°

C. was added dropwise s solution of (+)8- 60

chlorodiisopinocampheyl! borane (25.6 g. 79.8 mmol) in
anhvdrous tetrahvdrofuran (30 mL) over 5 min. After
the addition was completed the mixture was stored at
=22° C. for 3 days. Diethanolamine (11.06 g. 105.2
mmol) was added and the mixture stirred for 30 min and
then evaporated 10 dryness. The residue was mixed
with a saturated solution of sodium bicarbonate (100
mL) and extracted_with ethyl acetste (3x 150 mL).

R-( -+ }4-Ethylamino-3.4-dihydro-2-(2-methoxy)ethyi-
2H-thieno(3.2-¢})- 1.2-thiazine-6-sulfonamide 1,1-dioxide
hydrochloride

Using essentially the same procedure as described in
Example 17 except substituting an equimolar amount of
ethyl amine for propylamine the desired subject is pro-
duced: mp 224°-227° C.: [a]p +5.86° (C=1.11, H:O).

Analysis calculated for C, 31.84; H. 5.10; N, 10.13
Found: C, 31.97; H, 497;: N, 10.15

EXAMPLE 19

538
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added a solution of n-butvllithium in pentane (20.6 mL
of a 2.0 M solution) at .—78° C. over a penod of 20
minutes. After siming this solution for 45 min. a stream
of SO; gas was passed over the surface of the solution

32
rated to give an oil which was purified by column chro-
matography (silica: 10% CH3OH/CH:Cly)to give 1.2 g
(60%) of free base. The free base (500 mg. 1.12 mmol)
was dissolved in THF (10 mL) and added to a solution

(20 min). The reaction mixture was allowed to warmt0 5 of maleic acid (172 mg. 1.48 mnwol) in ether (10 mL).

room temperature and stirred at this temperature for 2
hr. The reaction mixture was allowed to warm 10 rooia
temperature and stirred at this temperature for 2 hr. The
solvent was evaporated 10 give a residue which was

dissolved in methylene chioride (200 mL.). cooled to 0° 10

C.. and N-chlorosuccinamide (7.4 g. 0.055 mol) was
added in portions. After one hour the reaction mixture
was allowed 10 warm t0 room temperature: stirring
continued for iwo more hours. st which point the meth-

ylene chloride was removed ‘by evaporation and the 135

residue dissolved in THF (100 mL). This solution was
cooled (0° C.) and a solution of t-butylamine (7.8 mL.,

- 0.075-mol)-in THF (50-mL)-was added-dropwisefol-

lowed by stirring for 8 hr at room temperature. After

removal-of-sxcess—amine-by-evaposation-2N-HCL. (10 20

mL) was added and the reaction mixture stirred at room
temperature for 8 hr. Water (50 mL) was added and the
organic layer separated. The aqueous layer was ex-
tracted with ethyl acetate (3 x 100 mL) and the ¢ m-

The solid which readily formed was collected by filtra-
tion, washed with an excess of ether. and dried to give
the desired salt; mp 210° C. Analysis. Calculated for
CisH26N4O10S3H20: C,37.75; H, 4.93; N,9.78. Found:
C37.77; H4.88; N.9.7%4.

“Fhe-2-bromoethyl-derivative described in Step B or
analogous compounds such as that described in Exam-
ple 25, Step A, or their corresponding scetals (repre-
sented by the compound in Exampie 25, Step B) are key
starting materials for the incorporation of a number of
the heterocyclic rings found in the novel compounds of
Structure [1]. Many of the simplified rings which corre-

_spond to the general structure of NRs-R¢ where Rsand
R fom 3 5 or 6 member ring can be obuined commer-
cially. In other cases the desired heterocyclic compo-
nemt can be prepared from These simplified rings or by
other methods which are. known to one skilled in the
art. Imporwunt lead references which disclose the syn-

bined organic layers were washed with brine (30 mL). 25 thesis of these heterocyclic rings are: “Comprehensive

dned-¢MgSQs). and evaporated to provide crude prod-
uct which was purified by column chromatography
(silica: $% CH\OH/CH:Cl3) 1o give the desired prod-
uct as a yellow syrup (7.3 8. 12%¢). - 7 T

k4]

’ Step B: -
2-(2-Bromoethy1)-3.4-dihydro-4-hydroxy-2H-thienol.2-
¢]-1.2-thiazine-6~( N-t-butyl)-sulfonamide- 1. } -dioxide

To a suspension of NaH (1.9 g. 0.049 mot) in DMF

(10 mL) was added a solution of the product from Step 3$

A (8.3 g. 26.4 mmol) in DMF (20 mL) a1 0° C. This
mixture was stirred Tor 40 minutes and 1.2-dibromoe-
thane (8.34 mL. 0.098 mol) was added dropwise after
which the reaction mixture was stirred for 4 hr a1 room

temperature. A saturated aqueous solution of ammo- 40

nium chioride (20 mL) was added and the mixture ex-
tracted with ethvl acetate (3 x 100 mL). The combined
extracts were washed with brine (50 ml). dried
(MgS0.) and evaporated to give an oil which was puri-

Heterocyclic Chemistry,” A. R. Katritzky et al., Vol-
umes 2-6. and references cited therein.

EXAMPLE 22

OH

HC!

H:C O\/\N/\/ NG s
OI \O

SOINH:

H.C—O

1.4-Dihydro-hydroxy-2-{2<{(N.N-dimethoxyethyl-
Yaminoethyl)-2H-thieno-{3.2-¢]-1.2-thiazine-6-sulfona-
mide-1,]1-dioxide hydrochloride

To a solution of the product from Example 21. Pan B

fied by chromatography (silica: 505 ethy) acetate/hex- 45 (1.70 g. 4.0 mmol) in 3-methyl-2-butanone (10 mL) was

ane) to give 8.8 g (81%) of the desired product.

Step C:
2-[144-Acetyl-piperazinyl)ethyl-3.4-dihydro-4-

hydroxy-2H-thieno-{3.2-¢}-1.2-thiazine-6-sulfonamide-

1.1-dioxide maleate

To a solution of the product from Part B (2.02 g. 4.5
mmol) in 3-methyl-2-butanone (15 mL) was added 1-
acetylpiperazine (2.23 g. 17.5 mmol), sodium carbonate

(1.8 g. 17.5 mmol). and potassium iodide (200 mg): this $

mixture was heated at 95° C. for 4 hr. The solvent was
evaporated and a saturated aqueous-solution of ammeo-
nium chloride (30 mL) was added to the residue. This
solution was extracted with ethyl acetate (350 mL)
and the combined extracts were washed with brine (30
mL). dried (MgSO,). and evaporated to give an oil
which was. dissolved in trifluoroacetic acid (20 mL).
After stirring at room temperature for 24 hr, the trifluo-
roacetic acid was removed by evaporation and the resi-

sdded bis(2-methoxyethyljlamine (2.2 mL. 11.0 mmol).
sodiumn carbonate (1.2 g. 11.0 mmol). and potassium
iodide (200 mg): this mixture was heated at 100° C. for
8 hr. The solvent was evaporated and water (50 mL)
was added to the residue. This solution was extracted
with ethyl acetate (3x 50 mL) and the combined ex-
tracts were washed with brine (30 mL.), dried (MgSQO.).
and evaporated to give an oil which was dissolved in

s trifluoroacetic acid (24 mL). After stirring a1 45° C. for

20 hr, the trifluoroacetic acid was removed by evapora-
tion and the residue dissolved in a saturated aqueous
solution of sodium bicarbonate (30 mL) which was
extracted with ethy! acetate (3 X 50 mL). The combined

¢ extracts were washed with brine (30 ml), dried

(MgSQO4). and evaporated to give an oil which was
purified by column chromatography (silica: 10%
CHyOH/CHCly) to give 1.1 g (38%) of free base. The
free base (460 mg. 1.04 mmol) was dissolved in ethanol

due dissolved in a saturated aqueous solution of sodium ¢$ (10 mL) to which a solution of hydrochloric acid in

bicarbonate (30 mL) which was extracted with ethyl
acetate (3xS0 mL). The combined extracts were
washed with brine (30 mL). dried (MgSQ4). and evap>-

ethano! (5 mL) was added; this solution was stirred for
30 min and evaporated. The solid was recrystallized
(CH;OH/E;0) 1o give the desired salt; mp 205" C.
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Step B:
2-(3-Bromo)propyi-4-( }-ethoxry)lethoxy-3.4-dihydro-
-. - 2H-thieno-[3.2-¢]-1.2-thiazine

The product from Step A (10.1 g. 30.1 mmol) and ¢
p-toluenesulfonic acid (1.1 g) were dissolved in THF
(100 mL) and cooled 10 — 20" C. at which point ethylvi-
nvl ether (5.8 mL. 60.2 mmol) was added. This mixture
was allowed to warm to 0°-C. and kept at-this tempera-
ture for 1.5 hr followed by dilution with cold ethy! 10
acetate (200 mL). The organic layer was separated,
washed with saturated sodium bicarbonate (3 x 50 mL)
and brine (50 mL). dried {MgSO4). and evaporated 10
provide 9.5 g (79% ) of crude product which was used in
the next step without further purification. 18

Step C:
__ 4-(1-Ethoxy)ethoxy-3.4-Dihydro-2(3-methoxy)propyl-
2H-thieno[3.2-¢}-1.2-thiazine

The product from Step B (9.5 g, 23.8 mmol) was 20
dissolved in methanol (200 ml) and sodium methoxide
(6.5 g. 119 mmol) was added: the mixture was heated at
reflux temperature for 18 hr. Evaporation of the solvent
gave the crude product ‘which' was dissolved in_ethyl
acetate (300 mL). This solution was washed with water 25
(3% 508 mL) and brine (3 x 35 mL). dried (MgSOq):and
evaporated to provide the curde product which was
purified by columa chromatography (silica:
CH:OH/CH:Cl1x(20:1)) 10 give 6.5 g (78%) of product

as a syrup. 30

Step D:
3.4-Dihvdro-4-hydroxy-2-(3-methoxy)propyi-2H-
thieno(3.2-¢)-1.2-thiazine-6-sulfonamide-1.1-dioxide

The product from Step C (6.5 g. 18.6 mmol) was 33
dissolved in THF (40 mL). cooled to —78" C. and
treated sequenually with n-butylisthwum. sulfur dioxide.
and hvdroxylamine-O-sulfonic acid 1n a manner essen-
tially identical 10 that described in Example 2. Step D 1o
provide the desired crude product which. after purifica-
tion by column chromatography. provided 4.1 g (62%)
_ of an amber syrup.

Step E:
3.4.Dihydro-2-{3-methoxy )propyl-4-oxo-2H-thieno(3.2- as
e}-1.2-thiazine-6-sulfonamide-1,1-dioxide

To a solution of the product from Siep D (3.8 g. 10.7
mmol) in acetone (40 mL) at room temperature was
added Jones reagerit [9.7 mL (prepared by dissolving
CrO3(7 g) in HxO (50 mL) and adding H:S04(6.1 mL)]. 30
This mixture was stirred at room temperature for one
hour. diluted with ethyl acetate (200 mL) and washed
with a 5% solutian of sodium bisulfite (2 X 100 mL) and
brine (2 x 50 mL), dried (MgSOs), and evaporsted 10 a
syrup which was purified by column chromatography 53
{silica; CH;OH/CHC1x(20:1)) 10 give 2.7 g (70% of
the desired producs: mp 115°-117° C.

Swep F:
(+)3.4-Dihydro-4-hydroxy-2<(3-methoxy)propyl-2H-
thieno(3.2-e}-1.2-thiazine-6-sulfonamide- 1. 1 -dioxide

To a solution of the product of Step E (2.6 g. 7.34
mmol) in THF (30 mL) at —78° C. was added s soluuion
of (+)-B8-chlorodiisopinocampheyiborane (11.8 g. 36.7

mmol) in THF (10 mL). The reaction mixture was al- 65

lowed 10 warm 1o —20° C. and kept at this itemperature
for 4 days. Diethanolamine (4.2 mL. 44 mmo!) was
added to the reaction mixture and the solution stirred

36
for 30 min. diluted with EtOAc (150 mL). washed with
water (2%S0 mL) and brine (2x50 mL). dned
(MgSO04). and evaporated 10'a syrup which was punified
by column chromatography " [silica:
CHIOH/CH:CIx(20:1)] to give 2.4 g (92%) of the de-
sired compound as a colorless foam.

, Step G:
- ):4-Elhyllmino-3 4-dihydro-2-(3-methoxy)propyl-
2H-th:eno[3 2-¢]-1.2-thiazine-6-sulfonamide-1,1-dioxide
hydrochloride

To a solution of the product from Step F (2.4 g, 6.74
mmol) and tricthylamine (3.8 mL. 27 mmol) in anhy-
drous:tetrahydrofuran. (20 mL) cooled to0 .~20° C. - was
_added tosyl chiorid (2.6 g, 13:5-mmol); this mixture
was allowed to warm to room temperature and stirred
for 18 hr. The reaction mixture was cooled to —60° C.
and ethylamine (10 mL) was added and the mixture was
again allowed to warm 10 room temperature. After 18
hr the reaction mixture was diluted with ethyl acetate
(200 mL), washed with a saturated aqueous solution of
sodium bicarbonate ¢¥'50: mL:), dried (MgSO,). and
evaporated to give the crude produét which was puri-
fied by column chromatography [silica:
CHyOH/CH1Clx20:1)).t0 give 1.3 g (52%) of the de-
sired amine. The free base was dissolved in ethanol ($
mL) and treated with a 2M solution of hydrochlonc
acid in ethanol (4 mL) at room temperature. Evapora-
tion of the solvent provided a solid which was recrystal-
lized from methanol: methylene chlonde to give 950 mg
(349) of the desired product: mp 175°-177° C.; [a]p-
17.1° (C=1.00. H;O). Analysis. Calculated for

40 C3H,3CIN)O:S:: C. 34.32; H. 5.28: N. 10.00 Found: C.

34.26: H. 5.23. N, 9.92.
EXAMPLE 26

" CH:

Mol :
'/jl\/\_sogm:
H"c/\o/\/h\ s

s
7N
o o

(+)>2<2-Ethoxy)ethyl-4-ethylamino-3.4-dihydro-2H-
thieno[3.2-e]-1.2-thiazine-6-suifonamide-1,1-dioxide
hydrochloride

By following essentislly the same procedure as used
for the preparation of Example 25 but using instead
2-bromoethylethy! ether for the alkylation reaction in
Step A, and omitting step C, the c.sired compound was
prepared;, mp 211°-213° C.[a]p+94° (C=1.00,
CH1OH). Analysis. Calculated for C12H2:CIN3O4S;: C.
34.32; H. 5.28; N, 10.00. Found: C, 34.27: H. 5.28: N\,
9.92. :
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a blanke1 of nitrogen was added imidazoie (300 mg. 4.4
mmol) and teri-butyldimethylsilyl chloride (904 mg. 6 -
mmol). The reaction mixture was surred at room tem-
perature for S hr and the solvent removed by evapora-
tion to give a reiidue. The residue was dissolved in 3
ethyl acetate (150 mL) and the solution washed with
water {(2x50 mL) and brine (2x5 mL). dned
(MgSQ,). and evapomed to a syrup which was purified
by a column - - chromatography silica;
CH:OH/CH;C1x(10:1)] 10 give 1.05 g (589¢) of product
as an oil.

Step E:
2-[3(tert-Butyldimethylsilyloxy)propyl}-4-ethylamino-
3.4-dihydro-2H-thieno[3.2-¢]-1.2-thiazine-6-sulfona- 15
mide-1,1-dioxide

To a solution of the product of Step D (1.4 g . 3
mmo!) and triethylamine (1.7 mL, 12 mmol) in THF (10
mL) at —20° C. was added “p-!omenesurfonyl chloride
(1.2 g. 6 mmol) and the reaction mixture was stirred at
0° C. for $ hr. The reaction mixture was ccoled 1o —78°
C. at which point ethylamine (10 mL) was added: this
mixture was allowed to warm to reflux temperature for
2 hr and then'maintained at room temperature for 40 hr. 54
After-removing the solvent the crude product was di-
luted with ethyl acetate (150 mL). washed with water
(2 x 50 mL) and brine (2 x 50 mL). dried (MgSOu). and
evaporated 10 a syrup which was purified by column
chromatography [silica: CH1OH/CHCl13(20:1)] to give 30
900 mg (64%) as a colorless foam.

Step F:
4-Ethylamino-2-(3-hydroxy)propyi-3.4-dihydro-2H-
thieno{3.2-¢)-1.2-thiazine-6-sulfonamide-1. l-d|ox|de 3¢

- hydrochionde :

The product from Step E (900 mg. 1.86 mmol) was
dissolved 1n a IM solution of tetrabutylammonium fluo-
ride in THF (10 mL) and stirred at room temperature
for 20 hr under a nitrogen atmosphere. After removal of 40
the solvent. the residue was dissolved in ethyl acetate
(100 mL) and this solution was washed with a saturated
aqueous solution of sodium bicarbonate (2x S0 mL).
water (3x2¢ mL) and brine (3x2% mlL). dned
(MgSOs4). and evaporated 10 a syrup which was purified 45
by column chromatography (silica:
CH:OH/CH:Clix(10:1)} 10 give 600 mg (87%) of free
base as a syrup. This syrup was dissolved in ethanol (3
mL). and a 2M solution of hydrochlonc acid in ethanol
(2 mL) was added followed by evaporation to provide
a solid which was dissolved in water (5 mL) and evapo-
rated. Recrysuallization from methanol/methylene
chiloride gave 480 mg of the desired product: mp
203°-20%" C. Analysis Calculated for C; H20CIN3OsSx:

20

C.32.55. H. 4.96; N. 10.35. Found C, 32.43; H. 492: N, %
10.28.
EXAMPLE 30
60
HSACH_X
HC!
SO:NH: |
uo/\/‘\s s 63
N
o] [0}

923
40

4-Ethylamino-3.4-dihydro-2<(2-hydroxy)ethyl-2H-
thieno[3.2-e]-1.2-thiazine-6-sulfonamide-1.1-dioxide
hydrochloride

By following the same procedure as that described in
Example 29, but substituting 2-bromoethanol for 3-
bromopropanol in Step A. the desired compound was
obtained as a crystalline solid: mp 228°-230° C. Analysis
o Calculated for CioH1sCIN;OsS;: C, 30.65; H, 4.63. N,
I072 Found C, 30.78; H, 4.68, N. 10.59.

EXAMILE 31

o™
. \/ ﬁ;'/;;_h'\ .

SOINH;

2.3-Dihydro-3-methyl-2-[244-morpholinyDethyl}-
thieno13,.2-disothiazole-S-suifonamide- 1, 1-dioxide

Step A: 3-Methylthieno[3.2-d)isothiazole

The product from Example 2, Step A (10.37 g. 48.8
mmol) was dissolved in anhydrous ether (100 mL).
cooled to —20° C. and a 2.5M solution of n-butyllithium
in hexanes (21.5 mL. 49 mmol) was slowly added. The
mixture was allowed to warm 10 0° C. and stirred at this
temperature for two hours, again cooled to —20° C.
which point sulfur (1.56 g. 48.8 mmol) was added in .
small portions. The cooling bath was removed and the
mixture was allowed to warm to roow: temperature
over a two hour period followed by the addition of 2 N
HC1 (10 mL). The ether layer was separated, washed
with brine (3x25 mL) and evaporated to a residue
which was mixed with THF (100 mL) and 2N HCI (10
mL) and heated at 45° C. for 45 min followed by the
addition of solid sodium bicarbonate to neutralize the
mixture. The organic layer was separated, washed with
brine (3 X 25 mL), dried (MgSQO4). and evaporated t0 a
solid which was recrystatlized from methylene chlon-
de/hexane to give 4.6 g (60%) of a solid (150°-152° C.).
This solid was suspended in dioxane (400 mL), water (5
mL) was added. and the mixture degassed under nitor-

RS X

so gen. Concentrated hydrochloric acid (1 mL) was added

to this mixture followed by triphenylphosphine (18.7 g.
71.2 mmol). This mixture became homogenous after 15
min and was stirred for one additional hour,-diluted
with water (TL, and extracted with ether (4 X 100 mL).
The combined extracts were washed with water
(3100 mL), brine (2% 100 mL). and evaporated to a
residue which was dissolved in aqueous THF (400 mL.,
1:1) 1o which was added hydroxylamine-O-sulfonic acid
(8.1 g. 71.2 mmol). This mixture was stirred for 45 min
followed by the addition of sodium carbonate (18.9 g.
178 mmol) and stirring continued at room temperature
for 18 hr. The reaction mixture was diluted with water
(500 mL) and extracted w 'th ether (3x 150 mL). The
combined extracts were dried (NaxCOj) and evapo-
rated to a residue which was purified by column chro-
matography (silica. hexane/ethy! acetate) to provide
22.1 g (65%) of the desired compound as an amber oil.
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TABLE 1-continued

R:
. SO:\H:
\
- 7/ e 3
R-
G Ry R: ’
SO: n-Pr HNE! N
SO-  +Pr HNE: :
SO: CH>CHCH: HNE!
SO: CH:CCH HNE!
SO:  (CH::OMe . HNEP
SO: TICH:nOMe T T s = e St NCIOOE!
SO: (CH:1;:0Me: .7« cems oo - S EINCEROWH
- SO: (CHOH | - Y HNE:
SO: (CH:1:0E! e oan . HNE_ .
: PRI ,‘.t’{:"ozl A-f‘ . N, L o -._.“. ".:ﬁ.l o
SO: (CHyRpOH =777 77 muiizos g ST T -
SO: "~ (CH:WOH .. "7 HNa-Pr
SO: (CH WOCI(®mOXCH: HNE!:
SO: (CH:10Me HNA-Pr
SO; (CH:0E HNE)
SO: 1CH::OE! HNn-Pr
$O:  (CH:nOMe HNE
SO: (CH:1OMc HNn-Pr -
SO: (CHWOMe H™Nw-Bu
. SO: (CH:1:O(CH;1;:0Me HNE!
- SO 1CHnOICH1:OMe HNa-Pr
- SO; (CH;: 1 O(CH:1:0Me HNi-Bu -
SO: (CH2nOCH:1:0Me HNE!
SO; (CH:1:O0iCH - OM¢ HNn-Pr . .
SO: (CH:nOiCH:1OMe HNW-Bu .
SO CH:CHCHCH:OMe (trans: HNE . RIS b -
SO: CH:CHCHCHOMe i1rans: HNn-Pr LLoy oty e et L s =
SO CH:CHCHCH :OMe rtransi HN-Bu '
- SO; CH:CHCHCH:0Me iuw) HNEY
SO: CH:CHCHCH:OMe (01 : HNn-Pr 4
SO: CH:CHCHCGHOM¢ oy -l B - —
SO Me HNCH:CHCH:
SQ: e - HNC:He
SO Me HNCH:C iHe ,
SO: Me HNn-Pr
SO: Mo . .o HNs-Bu
SOT Mo e e HNICH:1:0M
SO Mo v o e .. RNCH:OMe
SO- A\l OH
SO)- (X - TN L OMe T e
SO Me . Or-Bu
SO: M ' O(CH1NICHCH: 20
SO: \e T O(CH:NICHICH: 1 NCOMe
SO: Me . 4Cl=Ph
$O°  Me N NiMere=Ph
SO: Me . 3CHINICHCH: 0= Ph
SO HCH:1NCHCH ) OMc
- SO: {CH:1NiCH:CH:O OH
SG; OE
SO: CH:OMe
SO: (CHIRN(CH>CH: :NCOMe OE: ;
SO: (CH2nNICHCH: 1 NCOMe OH
SO:; (CH::NCHCH 1O CONHE:
s (CH:nMé HNE!
SO: (CH2nOMe HMNE
.-50: CN:CO.\'H.\':;'_— HNE!
B SO: Ph HNE
; SO 4-C1=Ph HNE!
SO:  4&CONHMe—Ph HNE!
SO: 4.S0:NMe:=Ph HNE
SO: 3.SO:Me~—Ph HNEy
SO: 4-OCF:H=—Ph HNE:
SO; 4&OMe—Ph HNE!
SO; 4-0OH. CH:NMe:=Ph HNE
SO &NHCOMc—Ph MNE:
SO: CH:4-pingdy! HNE:
$O:  ICH:nOH HNE
SO-  (CH:1OE- HNE
SO:  (CH:COM. HNE
SO CR:CONICHCH:1:NICH 10N e OE1
\ SO CH:CO:-Pe HNE!
. SO: ICH:rNICH Mo OCH:CH:OH
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TABLE 2-conunued
‘N G.
= SO:\H
- “R:
G R .- -, R: L. .- o,
SO: (CH:CONHMe s HNEL - - g P Pt
SO: Ph HNEY .. : o e
SO: &4Ci—Fh HNE!:
$O: &CONHMe=—Ph HN\E!:
SO: 4S0NMe:=—Ph HNEr
SO: 1-S0:Me—Ph HNE!:
SO: &OCF;H=—Ph HNE!
SO: 4OMe—Ph S HNE:
SO:  &OH. -CH:NMe:=—Ph HNE!
SO: &NHCOMe=Ph HNE:
SO: (CH:»OH HNE: _
SO: (CH:):OE: HNE!
SO; - {CH;nCOMe HNE - .
SO:  CH:CONICH:CH:1:N(CH21:0Me OE:
SO:  CH:CGL-Pr HNE:
SO:  (CH::NICHXCH: O OCHCH;OH
co H T HNMe
co H - HNE
co Me HNn-Pr
U Ao HNYBu
cO Me HN(CH::OH
co \Me HN(CH 1OMe
co Mo OH
co Me OMe
co Me Oi-Bu
CO  Me OCHz1N1ICH:CHO s
co M. OvCH: 12 NICH:CH: 12 NCOMe? =
cO Mo 4-Cl=Ph .
cn M., LNiMeri:=Ph
CO  Me ‘ CH:NICH:CH21:0—} .
co (CH:1:N-CH:CH: 2O OoMe
co =1:NICH-CH: 20 OE:
co NICH:CH:1:NCOM, CH-OM
co 2:NICH:CH::NCOM, OE:
co SNICHCH 10 CONHE!
coO 1CH e Me HN\LC:
coO (CH:OM HN\E:
CO  CH:CONHM. H\E:
co Ph HN\E
co 4.Ct=Ph HNE!
co 3.CONHMe=Ph HN\E:
co 4-SO:NMe=P* HN\E-
cO 3.S0O:Mc=—Pr. HN\E)
co 4OCF:H=—P" HN\E
co 4-OMe=—Ph HNE!
co 4.0H. .CH:\Me:=Ph HNE
co 4-NHCOMe~=—Pr HNE!:
co (CH::OH . HNE!
co (CH:-OE! HNE!
co (CH ;1 COMe HNE!
co CHYCONICH:CH:1:N(CH: hOMe OE ;
co CHCO-Pr HNE!:
cO (CHyn~MCH:CHO OCH-CH-OH
- TABLE 3}

R: R: R
(ICH>NC* ' :CH:O H H
ICH:NCHXCH O H H
(CH:nNICHCH YO Er M
MCHCH O ’ Me H
(CH:CH: O Me Me:
11NICHCH 0O H Cl
(CH:1:NICHCH O H 8r
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TABLE 4-continued
| (CH:nNCH:CH 20 e CH:CONHE!
| (CH21:NCHCH:1:NCOMe H H
3 {CHynN(CHCH eNCOMe H H .
| (CH:12N(CHCH:1:NCOMe Me H - - .
| (CH2 2 NiICHCH: N Mc Me - R
| (CH3RNICHCH b “H c R
! (CH:=NICHYCH1nNCOMe H Br
| (CH:1N(CH;CHIENCOMe H CH-OE:
| (CH:1:NCHXCH ) :NCOMe ’ H CH:OMe
| - (CH:1NICHICH):NCOMe H CH-On-Pr
| ' (CH: 1 NICH:CH:1:NCOMe H CH:Or-Bu
| - (CH:RN(CHICH:1:NCOMe H CHOM y -
| (CH2hMe H CH:N(CHCH:O0 7 .
| (CH:OMe H CHyN(CHICH:)?0 - -~ ~mom i o
| (CH3:OH ;) CHIN(CHYCH 1O e o Tttt Tums Teee e
(CH:CONHMe H CHINICHICHIRNO . .« oo i .
Ph H CH3N(CH>CH:):NCOM
4Cl=Ph H Me
4-CONHMe=Ph H Me -
4.SO:NMe:=Ph H Me
1.SOsMe=—Ph H Me - -
4OCF:H=Ph"~ H Me
4-OAe—Ph Me Me
— 4-OH. }-CH:NMe:—Ph Me Me
4.NHCOMe=Ph Me Me
- (CH:1-OH Me Me
(CH:+:OF: \Mc \e
CH:CONICH:CH::NiCH:1:0M¢e Me H
CH:CO; P Me e . -
(CH:1:NtCH:CH: O H CH-CH:OH . o .. ) '
(CH:1sN(CH:CH: 1 NCOMe H CH;CH:OH P . .
\_ Riand R: R: ) o
—=(CH:CH:1:NICH:1:0Me H *
=(CH:CH:1:N(CH:1:0Me Me
== (CH:CH1:NCH:1:0Mc C)
= (CHICH:1NICH1:0Me CHyOH
=(CH:CH::N(CH: 1O\ CHOMc
—(CH-CH:1:NCH:CONHAe H
== iCH:CH:1»NICH:1CONHMe H
TABLE § TABLE S$-continued
R: R
45
Rie=N I \ SO:NH: Ri=N SO-\H:
\ .
S S S
VA VA
- o] o o] o
0
R! R: R! R:
Me CHsNHMc CHCH CH:NHE:
Me CH:NHE: 2-4heny! CH;NHE:
Er - CHINHE: 2-thenyi$-SOYCHY) CHNHE!
n-Pr CH:NHE! CH:CH);N(CHCH -0 H
E CH:NHMe 33 CH;CH;N(ICHCH; 10 CH,
n-Pr = CHiNHMe CHyCH:N(CHICH,):0 CHyOH
CH:CH=CH: CH:NHMe CHyCHN(ICHCH O CHYOCH:
Me N CHsNHCHCH,OCH\ CH;CHIN(CHCH O CH:CHOH
Ei CHINHCH:CH-OCH CHYCH:NMCHCH~0 CHIOCHCH;OH
n-Pr CHyNHCHCHIOCH: CHCH)N(CHCHOH): CH:)
E CH:NHCHCH-OH 60 CHCH;N(CHCHOCH)): CH»
CH:CH-OCH: CH:NHMe CH:CHIN(CH3ICH;CHyOCH, CH:
CH-CH-OCH: CHINMHE! CHsCHN(CHYCHnNCOCHH H
CH:CH-CH:OH CHINHMe CH2CH3N(CHCH:nNCOCH; CH,
CH:CH:CH:OM CH:NHE: CHICH3N(CHCH31NCOCH) CHYOM
CHICH:CH:OCH: CHINHE: CH1CH)N(CHyCH 1 NCOCH : CH:CH:OH
CeH- CHINHCH:CH-OH 65 CH:CH;NHCH:CH:F CH:
CaHe : CHINHCHICHOCH:: CH>CHyNHCHICH-F CH:CH:OH
CoHa(3-SOCH CH:NHE: CH:CH3NICHYCH:nNCHO H
! CoHa(1-OH: CH:NHE! CHCH:NMCHYCHRNCHO CH:
CH:NHE: CHYyCH)NICHYCHnNCH:CH:OCH: R

CeH4f3-SO:NICH )
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-continued ~continued
Ingredien Concentranon 1wt %) Ingredrent Concentravon 1wt
Benzalhonium Chlondt . aole thiazine -0-suif de-1.1-hond
Carbopal 3o~ ¢ M drochlonde tCompound)
HC1'NaOH . : pH $0 ©  Hydroaypropyimethyicellulose Yo
Punfied W ater Qs Scdium Acetate tnhydrate o1
= Mannitol (Osmolality = 206 mOwm) B X L)
. . . Benzalkonum Chionde 0015
The mannitol (0.18 g). benzalkonium chloride (0.05 Duodiom Edeate 001%
mL), Compound (0.1 g) and carbopol (0.15 g) can all be Punfied Water “ 9
PO g pol ¢ 28! 10 yeiNsOM - pH 0.8

added to water (4.3 mL) and mixed well. The pH can be

adjusted 1o pH 5.0 and purified water (q.s. to'S mL) can oL

be added and miaed well 10 form a gel. ) The above ingredients were mixed together in sub-
: stantially the same manner as described in E,nrnple 38

EXAMPLE 35 1s to furnish the ophuulmlc solation.
Ophthalmic Solunon _
_ . - . ..-EXAMPLE 38
o e - hth.llllll: Suspension R
Concentration - OP o
ingredient - . - twt %)
R+ = M-Ethviamine-).4-dihvdro-2-methy - 2H. 2.27% 20 Ingredrent Concentrauon (w1 T
thieno{3.2-¢)-1.2-thiazine-o-sulflonamide
1.1-dwaide hrdrochionde (Compound) t = M-Ethylammo-).4-dihydro-2- 204
Hydroavproprimeths Leellulone . . : N LA ."_'MM'?'Wmﬂyl'zu-lwl.Zel- )
Sodium Acetate Dihvdraie .- 014 ;Zlhmmmfmv’l'l-daq‘m .
Mannuol (Osmalality - 282 mOwm) 1447 yd -{Compound)::
- 2% _H.Jdroaypropvimethyicsiiviose = - - . 0w
Benzalhomum Chlonde . on = Dibaw Sods 01
- Dnodium Edetste 0017 . ¢ um Phosphate . . 2%
- . Dnodium Edetste 0017
Punfied Water q» e e ©a- pa
HCl "NaOH pH 0 -Sodium Cw - 0.4%
- Punfied-Water. == ~~ = Q-
Benalkossum Chionde (X114
The sodium acetate (0.2 g). disodium ed1a (0.02 g), 30 m&w ' °H"}, <
benzylalkontum chioride (2.1 g of a 1% solunon) and LA ~

mannitol (5.32 g) were dissolved in water for injection ) ) )
(115 mL). The pH was adjusted to 5.0 with IN sodium The above.ingredients can be lmxﬂﬂ together in substan- .
hydroxide and the final volume was adjusted 10 117 mL  tially the same manner.as described in Example 32 o0

with water for injection. Hvdroxypropyimethvicel- 3¢ furnish.the ophthalmic suspension.

lulose (83.0 g of an 8% solution) was mixed with the 117 We claim:

mL of the acetate buffer solution 10 furnish the vehicle. 1. A compound selected fromthe group consisting of:
To prepare the final formulavon. 0.068 g of the Com- 3.4-Dihydro-2-(2-methoxy)ethyl-4-propylamino-2H-
pound was diluted with vehicle to make 3.0 mL total .- -.thieno[3.2-¢]-1.2-thiazine-6-sulfonamide  1,1-diox-

volume and the pH was adjusted 10 5.0 with IN sodium 40 ide: "
hydroxide (S uL). 242- Ethoxyexhyl-)—‘-ﬂhyhmmo—l! 4-dihvdro-2H-

. thieno[3.2-¢)-1.2-thiazine-6-sulfonamide  1.1-diox-
EXAMPLE 3¢ Wde:
Ophthalmic Solution 2-(2-Ethoxy)ethyl-3.4-dihydro-4-propylamino-2H-
48 thieno(3. 2-e]-l.2-thunne-6-sulfommnde 1.1-diox-

ide: T
Ingregicn: Concemiranion w1 770 /¢ 4-Ethylamino-.4-dihydro-2<(3-methoxy)propyl-2H- ) 3
Rt s8.Ethy lamino- . 4-diha dro-2- 1 007 thieno[3.2-¢)-1.2-thiazine-6-suifonamide 1.l-diox. ! Ko
- (2-methory tethy |- 2H-thienof 3.2¢)- e T,
1.2-1hiazine-o-sulfonamde- 1.1 -dinade . .
50  3.4-Dihydro-2<(3-methoxy)propyl-4-propylamino- .
Bt ayorom e kone yor 2H-thieno{3.2¢]-1.2-thiazine6-sulfonamide ~ 1,1-
Sadium Acewie inhyvdrate 0.1% dioxide; ’ -
Mannitol (Owsmolaisny = 317 mOwm) 2 4"«'_ 3,4-Dihydro-2-{2(methoxyethoxy)ethyl}-4-
BD":::::"’E"::':""" g'g: - propylamino-2H-thieno[3.2-¢}-1.2-thiazine-6-syul-
Punfed W ater - P s fonamide 1,1-dioxide:
HCI/NaOH pH & 4 4 Ethylamino-3.4-dihydro-2-{2(methoxyethoxy)e-
- thyl}-2H-thieno{3.2-e}-1.2-thiszine-6-sulfonamide
. . 1.1-dioxide;
The above ingredients were mixed together in sub- N .
stantially the n::c manner as described if\ Example 38 "E"hyl'l?'z’;g'i."d"g‘;miz; g":"’.““zf;h;“)'
. s propy -thieno{3.2-¢}-1.2-thiszine-6-sulfona-
to furnish the ophthalmic solution. mide 1.1-dioxide: and
EXAMPLE 7 3.4-Dihydro-2-{3(methoayethoxy)propyl}-4-

propylamino-2H-thieno(3.2-¢}-1.2-thiazine-6-sul-
- fonamide 1,1-dioxide.
65 2. The compound of claim 10 which is

Ophthalmic Solution

. Ingredien: Concentranon tw: 7 1 3.4-Dihydro-2(2-methoxy)ethyl-4-propylamino-2H-
‘ Rt = v 5.3-Dihadroe 24 S-methos rethy I+ 119m - -thieno{3. 2-c]-l.24buzme~6-sulfommsde 1.1-dioa-
4-propy lamino- 2 H-theeno[ 3.2 ¢ 1.2- ide. .
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3 4
Prqvidedd_m‘vhenGuSOundR;isinme4pod- or fully substituted with halogen atoms, which may be
Emlmﬂﬁwmk;lﬂdmgzgﬂnﬂ%u the same or different.
14 substituted optionally 16 Structure 1 includes isomers, ‘vherein
alkoxy, Cy alkoxycarbonyl, C4 alkenyl, phenyl,  GNR|R; are antached to the 4 and 5 po'iﬁoukrsap.:{
phepaxy, pyridyl. tetrahydrofuryl, a4 alkanoyl. 3 gvety or R; is anached to the § position and GNRIR3 i
Ca¢alkenyl, por are they joined to form a 5, 6 or 7 3 10 the © post s
member ring, saturated or unsaturated, comptised artached to the 4 posiion. Many of the novel com-
T e scred optioually from C, O, S N ip  Poundsof Structure [ posaess one or more chiry ceniems
whnhnldmogen.whmumnwd.umb@mwd andt.hsmmcludﬁdlmnnom diastereo-
wymumcm@nwmww-ww’m,mwg :
bon is substituted optiopally with C alkyl, Ci . In addition: to the following teaching, U.S. Pat. Nos.
alkoxy or OH; and when R is in the § positionand 5,153,192 and U.S: Pst No.-5240,923, the parents of
is H, C1, Br, or Cy.; alkyl then neither R;nor R;  this case which are commonly .assigned, are incorpo-
can be H or Ci4alkyl; and when G is C(=0) and rated berein by reference, particularly for their synthe-
' in the 5- position and R3is H, then Ry and Racannot 13 sis teaching and their many specific examples.
* " both be CH3; . T Campounds of the. present invention can be prepared
Rs&Rcmthequlﬂ'mt_mdml‘i:Cna using a variety of procedures, 8 number of which are
alkyl; Cuc alky! snbmne& :E,o):nné with OH,  described below.
halogen, Cj4 -alkoxy or C 7 Cis alkoxy; Many of the novel compounds of Structure I can be
Cz alkoxy substituted optionally with OH, balo- 20 prenared from S-sulfamoyl-thiophene-2-sulfonyl chio-
gen, Ciealkoxy or C(=OJR7, Cyr alkenyl umsub-  riqes or 3qubstituted S-sulfamoyl-thiophene-2-silfonyl
stituted os substituted optionally with OH, NRsR&  (p1onu o ooy i pars 4 .d"”“‘ ony
or Cisalkoxy; Cy.7alkynyl unsubstituted or substi- “ i ‘ My VAtageons for
e optionatly with OH, NRsRs. or Ci alkaxy, | ibsequent Teactions &va pecific preparion that the
e v iCascycioalkyl; C{—O)R7or R and Rycan 35 Sulfonamide group be prosecied. 3-uberinned S-(N-t-
be joined to form a ring of 5 or 6 atoms selected butybtdfmoyl)—wwonylchioﬁdambe
from O , S, C or N, such as, pyrrolidine, oxazoli-_. Mmmmﬂww be
dine, thiomorpholine, thiomorpholine_1,1 dioxide, . readily prepared ¥y fvariety-of procedures known m
morpholine, piperazine or thiazolidine 1,1-dioxide,  the art, for eximipie 3¢ Gronowitz et al in Thiophene
which can be unsubstituted or substituted option- 30 and its Derivatives, Vol: 44, Pt 3, p135. The preparative
allyonenrboqwthl-L(:O),habgﬂ.Cullk- sequence for -aovel compounds of Structure I using a
oxy, C(=O)Rj, Ce1 alkyl. Ci alkyl substimted  prc :cted sulfSnamide is illustrated in Equation 1. In
optionally with OH, .halogen, Cis alkoxy,  general, N-i-butyl-thiopbene-2-sulfonamides can be
C(=O)R7 or ‘oo nitrogen with Ci4 alkoxy, sejectively metailated at C5 using a strong organometal-
C(:0)R7, S(=O)mRs, C14alkyl or C34alkyl substi- 35 1c base such as p-butyllithium, subsequent condensation
tuted optionally with OH, halogen, Ci4 alkoxy,  yiep guifur dioxide gas produces the intermediate lith-
C(OVR?or on sulfus by (=O)m Whereio ms 02 L' Ui iy (Equason 14), The imtermedinte sul
Ry is Ci.s alkyl; Ci.g alkyl substituted optionally. with ¢ cx be Tead - ::e ‘dh'
e NRaRe halogen, Cra alkory or C—O)Rg;  Daie saft can be readily converted 1o the Comeepone '™
C 1.2 alkony: alkoxy substifuted optionally with OH, 40 Sfonyl. chioride with- an appropriate chlorinatng
R ogen o Cra alkoxy, NRsRg or phenyl  ecat such ss N-chlorosuccinimide, amination of e
or Ro either of which can be unsubstituted or "“f“ﬂm“’““..‘mmmm
substituted optionally with OH, halogen, C;.3 al- arylamine, or secondary alkylamine, bearing the desired
kyl, Ci.3 haloalkoxy, (CH2)»NRsRs S(=O)mRs OF R, and R; substituents, provides, following deprotec-
SO;NRngwhera'nnisOorlndmiso—l 45 don.thewvdconpmdsofStmcnuel(Eqmﬁonlb).
R.isCualkyl;Cudkylmbsﬁuudopdouﬂywi!h In many cases it is more advantageous initially to
OH, NRsR¢. 'balogen, Cy4 alkoxy or C(=O)Ry. prepare simplified primary or secondary sulfonamides
RqCunl.koxy.mo.Cl-;dkymo.wd:-Cl-s as described above, but then append the more complex
alkylamino; and " Rjor Ry substituents using standard alkylation reactioos
Rloﬂnwommgﬂémm 50 (Equation Ic). This sequence can furnish directly ces-
posed X or as fursn, in novel compounds of Structure I; bowever
phene, pyrrole, pyrazole, imidazole, Tiazole, tet- :ul:ntmdiﬁadonofg'smbaﬁméﬁtk; kz.':db:;
-razole, ozarole. woxazcle, isothiazole, thiazole, " - : -
o * . dazine. and anfmmhyaothernovdcompoundsofStmcml
M. pyridine, pyrimidine, pyridazinc, 58 including novel fused bicyclic compounds; all of which
Gm)“soz‘ : mummwmmmdﬁnxm
In the above definitions, the total anmber of carbon them?nmrywlfomdambeprepuedﬁ'omthe
atoms in a substituent group is indicated by the G,y m“”ﬁ“ﬂwm“,b?m“m
i ; monmordmactlyhuthehthxmaﬂﬁmtenln
ple. This C.; definition inclodes both the straight and 60 using hydroxylamine-O-sulfonic acid (HOSA) (Equa-
branched c'.ain isomers. For example, Ci4 alkyl would tion 1d). Equation 1 .
ddgnaxemahylmrm:ghmebuylmmcu

alkoxy would designate ma.boxx_'thmgh the butoxy ", "
The term “halogen,” either alobe or in compound 65 - 4 S

wordsmhu“hdodkyl."mﬂw'be.cuoﬁne. .

bromine or iodine Further, when used in compound ] Sozﬂﬂmnméz)so‘ >

words such as “haloalkyl,” said alkyl may be partially
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_ -continued -continved
oR;
- O [ SO;NH;
CHy N
”~ \s s
- - P N
ory’ ' 5]
X s SRR 10 1. R'CN/H S04
Conversion of these acyclic sulfonsmides into the N SoNHa TR /BMS
.~ desired thienothiazine compounds can be sccomplished ~ R;” S S
- using a variety of procedures well known in the art; e.g. o~ ©
acid hydrolysis.of the ketal followed by bromination of 5 ,
the ketone and subsequent base-catalyzed-cyclization of HER
the e-bromoketone (Equation 4).
Equstion ¢ - - - B SO:NH
. . ¢ —Ti T /N\ ’
e zzT2Te 20 — TR oosso $
) ° | uo+ ‘ Yet other desirable compounds of Structure I are
_ — 1. HyO .
— CHy 2PBE_s oH better prepared according to Equation 6 where the
3. NaBH4 cydmmm&wﬁqmluadfmymed
- (see Equation 5b) at position six (Equation 6s) followed
N X by conversion of the hydroxyl group to a sulfonate ester
X s SO~NHR;  R;” ; S s (e.g. R” is p-toluyl or methyl) and reaction of this inter- =
0®No = mediate with the desired alkylamine (Equation 6b). -
- - - - w N N
- Cerumdenredbacychccompoundsomeel Equaticn 6 .
can be readily prepared by a sequence which involves
initial alkylstion with an appropriate alkyl Balide in the - OH »
presence of a suitable bese (Equation 5a) followed by
introduction of the sulfamoy! group by procedures anal- 35 x Lo-Bali/SO;
ogous to Equations 1a-d, that is metallation of the alkyl- N THGSA >
ated product of Equation 4 with a strong organometal-  R;” S S
o (o]

lic base such as p-butyllithium, followed by treatment
with sulfur dioxide to give the intermediate sulfinate salt oM
which is aminated, e.g. by reaction with hydroxyla- 40

mme-o-mlfomc acid (Equation 5b). Treatment of this

intermediate with an sppropriate alkyl nitrile in the SO;NH;
presence of sulfuric acid provides an amide which npon NO

redmmgvutbeduredm[rqmnonsc;l" R o¢s§° s

lower alkyl (Ci4 )] .48 oH 5
. R"SOYQ
0N, Y= ’
Y S s
P o” v
HN=—Rs
55

SONH
P - NS :

R S s

o” %o
X

o s s 60  Still other desirable compounds of Structure I can be
o % T ... prepared (Equation 7) from an appropriate thienyle-
OoRy . ) thtnol.thuemmhl:ahohobmbemdﬂym
pared by procednres well known in the art, e.g. reaction
1. »-BuLi/SO; of thayl-wy&wnhnwcnmrd
XTHoGA 2 65 reagent. Sulfamoylation of such alcobols by the proce-
ey s dures described in Equations 1a and 1d provide exclu-
! o” ™o sively the desired thiophene-2-sulfonamide intermedi-

uaoqumnonh.Cydmmmedesuedhcychc
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11
blpyridine [Hemuocyds 27, 1637 (1988)] with the
requisite '

primary amine can be selectively transformed to more §

of reductive amination, that is treatment with. the de-
sired aldehyde and a suitable reducing agent, or reduc-
tive alkylation, that is reaction with the requisite car-

, ; 12
to Equation Sb. Oxidation and subsequent reduction of
the thienoisothiazole by procedures well known in the
art provides the intermediste cyclic sulfonamides
shown in Equation 10c. These cyclic sulfonamides can
be substituted on gitrogen utilizing standard alkylation
proednmnchudmnudbysqum 10d.
hcorporuonoftk-pmrymlfoumdemwponuan
five of these examples of Structure I can be accom-

boxylic acid and a suitable reducing agent [Equation ;10 pjished under the basic conditions

G is H or lowenalkyl (Ciu )} Introduction of the pri- £ = ‘'€ ©° o demonstrated by
mary sulfonamide can be accomplished as previously Equaz d. Equation = .

" described in Equations la, 1b, and 1d, but prefefibly T e

using t-butyllithiuny as the base (Equation 5¢). — -

a)

”~
R2 ] S R

Re ;
e
\
s s
A
o o
d)
Certain cyclic compounds of Structure I, such as the R
. 2,3-dihydrothiencisothiazoles, can be obtained through
{ the modification of an existing cyclic compound (Equs-
tion 10). The metallated ketals of Equation 3 can be 65 ’ lz—N\
s

. readily converted to the desired intermediate mercap- s
toketooes as shown in Equation 10a, and the oxime . VAY
O-esters of such compounds can be cyclized according ' o o
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Chilorosulfonation of this starting material followed by
smination using methods similar to thrse jescribed in
Equation 2 will provide the desired tiicphene-3-sul-
fonamide (Equation 12a). Subsequent trestment of this ¢
intermediate with o-butyllithium at low temperature
followed by quenching with acetic anhydride will give
rise to the ketone of Equation 12b. This key intermedi-

16
-continued .
TRy

Hﬂ
N .
N s SO;NH;

i
.’ o

ate can then be converted into the desired novel com-
pomdsomemelmgwhnnmﬂythemgen !
eral methods described in Equations 4-6.

Equation 12

aQa it TN

-

13

‘ so,a ¥
B} Q,[:g\c
s - b 25
A 1) RjR;NH
a s QT—W; 5 l’ .
30
- SO;NR 1Ry
CHj
a
s ¥ 3
o

Still other desirable compounds of Structure I, such
as S-sulfamoyl-thiophene-2-carboxamides, can be pre-
pared according to Equation 13. Treaunent of the 40
readily prepared S-bromo-thiopbene-2-sulfonamides
under palladium mediated amidation reaction condi-
tions {see for example J. Org. Chem., 39, 3327 (1974)] in
the presence of the desired amine component provides 44
the novel compounds of Structure 1. Alternately, 5-
bromo-thiophene-2-sulfonamides can be initislly pro-
tected, such a3 with the formamidine group, followed
by treatment with a strong organometallic base, such as
n-butyllithium or LDA. and carboun dioxide to give the
intermediate carboxylic acid. Trestment of this interme-
diate acid with an activiating.agent, such as dicyclobex-
ylcarbodiimide or tripbenyipbosphine triflate, followed
by reaction with the desired amine component pro- 55
vxdesfonowmgdepromlhedmedcompomds
of Structure L

Equation 13

The compounds of-Stracture T can be incorporated ~

0 into various types of ophthalmic formulatons for deliv-

ery to the eye. These compounds may be combined
with ophthalmoiogically acceptable preservatives, sur-
factants, viscosity enhancers, penetration enhancers,
buffers, sodium chloride and water to form «n aqueous,
sterile ophthalmic suspensions or solutions. In order to
prepare sterile ophthalmic cintment formulations, the
active ingredient is combined with a preservative in an
or white petrolatum. Sterile ophthalmic gel formula-
tions may be prepared by suspending the active ingredi-
ent in a hydrophilic base prepared from the combinstion
of, for example, carbopal-940 or the like according to
preparations; preservatives and tonicity agents can be
incorporated. Ophthalmic solution formulations may be
prepared by dissolving the active ingredient in a physio- <
logically acceptable isotonic aqueous buffer. Further,
the ophthalmic solution may include an ophthalmologi-
cally acceptable surfactant to assist in dissolving the .
active ingredient. Furthermore, the ophthalmic solution
may contain a thickener such as hydroxymethylcel-
lulcse, hydroxyethyicellulose, hydroxypropylmethyl-
cellulose, methyicellulose, polyvinyipyrrolidone, or the
like to improve the retention of the medicament in the
conjunctival sac.
The compounds are prefersbly formulated as topical
ophthalmic suspensions or solutions, with pH of about
4.5 10 7.8. The compounds will normally be contained
in these formulations in an amount of 0.1% to 10% by
weight, but preferably in an amount of 0.25% to 5.0%
by weight Thus, for topical presentation 1 to 3 drops of
theae formulations would be delivered to the surface of
the eye 1 to 4 tmes a day according to the routine
discretion of a skilled clinician.
The following examples, which are in no way limit- ’
ing, illustrate thz preparation of selected examples of
the novel compounds of Structure I. The compounds
set forth in Examples 1, 44, 4-5, 4-8, 4-9, 5-2, 54, 7,
and 8 represent the preferred thiophene sulfonamides of
this invention. The compounds represented i n Exam-
ples 1, 7, and 8 are most preferred.

Example 1

KT-EI HQ

T e
HyCO—(CHI—N .

S
o” Yo

(+)4-Exhyiamino- 3 4-disydso-2(3-methoxy Jpropyl-2H
thiena(3.2-¢}- 1 2<thiarine-6-cuifonsmide- |, -dioxide hm
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Step - tracted with ethyl acetate (4X30 mL). The extracts
were combined, washed with water (100 mL), dried

(S)-3,4-Dibydro-4-hydroxy-2-(3-methozy)propyl-2H-
thieno{3,2-¢} 1;2-thiazine-6-salfonamidle:1, 1:di oxide W(thhommm eatraed ander pmmeolm
To a solution of the product of Step H{26 8, 734 5 chromatography (silica, gradient: bexane 1o ethyl ace-
mol)mm(ﬂ_ml-‘)a-n’c.\vuldded"dm tate) to give 1.7 g (63%) of s clear oil which was not
of (+ )-B-chlorodiisopinocampheyiborane (11.8 & 36.7  purified further.
mmol) in THF (10 mL). The reaction mixture was al-
lowed to warm to —20° C. and kept at this temperature e -~ Step B: ™
for 4 days. Diethanolamine (4.2 mL, 44 mmol) was 19 3,4-Dihydro-2<(3-methoxypropyi)-4-O-phenoxythi-
added 0 the reaction mixture and the solution stirred ocarbonyl-2H-thieno{3,2-¢}-1,2-thiazine 1,1-dioxide
. for ”%‘;&gﬁ‘;“:ﬁmx”g%w’m! The product from Step A (1.68 g, 6.06 mmol) and
: (MgmeQ).md ich-was park DMAP (1.48 g 1211 mmol) were dissolved in 1,2-
- o ndmm- to s syrep "hd’y ____._._"’d.u_ s dichloroethane (er'mL) and cooled in an ice bath. Phe-
: oy d"{ omatogapby - noxythiocarbonyl chloride (1.26 mL., 9.09 mmol) was
CHI. ”olm?m&‘ (2%) of the -added-slawly and the reacaon mixture was suned at
' : room temperature overnight, then quenched with water
] Step J: (40 mL). The mixture was extracted with dichlorometh-
(+)4-Ethylamino-3,4-dibydro-2-(3-methoxy)propyl- ane (3%10 mL) and the extracts were combined,
2H-thieno{3,2-¢}-1,2-thiazine-6-sulfonamide- 1,1 -dioxide 2 washed-with-satarsted-sodiam-chloride solution, dried
. bydrochloride (MgSOs) and concentrated under reduced pressure.
To.a _solution of the product from Step 1 (2.4 g, 6.74 The residue was purified by column chromatography
-~ mmol) and triethylamine (3.8 mL, 27 mmol) in anhy-  (silics, gradient: pexane to 3:1 bexane/ethyl acetate) to
drous tetrabydrofuran (20 mL).cooled 10 —20* C..was ,, Bive 1.75 g (70%) the desired product as an oil which
= added tosyl chloride (2.6 g, 13.5 mmol); this mixture was used in the pext step.
wmowdwmwmwm-med&c Step C:
for 18 hr. The reaction mixture was cooled to —60"- . y .
and ethylamine (10 mL) was added and the mixture was  3:4-Dibydro-2-(3-methoxypropyl)-2H-thieno[3 2} 12- T -
again allowed to warm to room temperamure. After 18 .:m— ... thiazine 1,1-dioxide
- hr the reaction mixture was diluted with etbyl acetate .The prodct from Step B (1.75 g, 4.23 mmol) and
(Zme).wubeduﬁthanmlmdm:olnﬁond AIBN (100 mg) were mixed with dry benzene (12 mL)
sodium bicarbonate (3X 50 mL), dried (MgSO4), and  and degassed under nitrogen. The mixture was heated
evaporated 1o give the crude product which was puri- 1o reflux and tributyltin hydride (12 mL, 4.44 mmol)
fied by column chromatography [silica; ., was added rapidly dropwise to maintain a gentle reflux.
CH;O0H/CHClx(20:1)) to give 1.3 g (52%) of the de- ™" Heating was continued for 30 min and the reaction
m!.) :nd treated with a 2M solution of hydrochloric residue was purified by column chromatography (silica,
acid in ethanol (4 mL) at room temperature. Evapora-  cradient: bexane 1o 3:1 hexane/ethyl acetate) to provide
qonofthesolvemprovzdeduohdwh.whwas_recryuﬂ- © the desired product (1.06 g, 95%) as a clear oil.
lized from methanol: methylene chloride to give 950 mg

(34%) of the desired product mp 175°-177" C; Step D:
[« 1p+10.35° (C=1.00, H;0). Analyss Calculsted for 3,4-Dihydro-2<(3-methozypropyl)-2H-thieno{3,2-¢]-1.2-
C12HCIN3OsS;: C, 34.32; H, 5.28; N, 10.00 Found: C, thiarine-6-sulfonamide 1,1-dioxide sodium salt
34.26; K, 5.23; N, 9.92. ¢s The product form Step C.(1.03 g, 3.54 mmol) was
- .  EXAMPLE 2 dissolved in dry THF (20 mL) and cooled (—65° C.)
under nitrogen. n-Butyllithium (2.1 mL of a 2.1M solu-
tion in bexanes) was added dropwise and the mixture ;
was stirred for 45 min, then excess sulfur dioxide was
- SO;NHNs s0 introduced into the flask until the solution tested acidic
No to moist litmus paper. The reaction mixture was con-
. HCOo—(Chan ~,3\ s centrated under reduced pressure and the residue was
Pa) o dissolved in water (25 mL) and sodium acetate trihy-

N drate (2.68 g, 19.7 mmol) then hydroxylamine-O-sul-
- ® fonic acid (1.34 g, 11.8 mmol) were added and the mix-
1.1-dioxide sodims Wl tare was stirred at room temperature for 16 hr followed

. by extraction with ethyl acetate (X5 mL). The ex-

3.4.Dib N mk 28 chloride solution, dried (MgSOs) and concentrated.
X ydro-4-hydroxy-2-<(3-methoxypropy - & The residue was purified by column chromatography
thieno{3,2-¢}-1,2-thiazine- 1,1-dioxide (silica, gradient: 3:1 bexane/ethyl acetate to 7:3 methy-

| The product from Example 1, Step C (2.0 g, 9.74 lene chloride/methanol) which gave the desired prod-
| , mol)wsddedwumuﬁa:d-odimhydﬁde uct (1.21 g, 69%) as an amber syrup which was con-
R (0.4 g. 10.0 mmol, of 3 0% suspension in mineral oil) in verted 1o the sodium salt as follows: The residue was
| - DMF (30 mL) and the mixture was stirred for 1 hr. thep 63 dissolved in 2N Na2OH (1.78 mL, 3.5 mmol), then

cooled to 20° C. 3-Bromopropyl methyl ether (1.5 g, mized with ethanol (1.8 mL) and cooled. Ethyl ether

9.74 mmol) was added and the mixture was stirred over- was added to the cloud point and the product precipi-
| night then quenched with water (200 mL), and ex- tated from e solution. The solids were collected and
|
\
|
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Byfdbwjngmcmmwwdmbutqﬁng tracts were washed with IN HCl and then Jried
the sppropriate arylalkyl halide in Step B and either (MgSOy), filtered, and evaporated to a syrup which was
o-propylamine or ethylamine in Step C the following  purified by column chromatography (silica, gradient:
eo?pgtamm »4 propylamino- $ 3% to 5% ethanol/methylene chioride) to provide a

o Dibydro- T2t nytpropyl y hml.l- yellow solid (11.6 g. 56%): mp 112°-116° C.
ioxide hydrochloride, Step C:

dioxide ide, mp 124°-127" C. - . p 2
2. 3,4-Dihydro-2<(4-phenylbatyl )-4-propylamino- 6-Chloro-3;4-dihydro-2-{4-{2(1-butyldiphenylsiloxy)e-
2H-thieno[3,2-¢}-1,2-thiarine-6-sulfonamide - 1,1- thyllphenyi}4-hydroxy-2H-thieno{3,2-¢}- 1,2-thiazine
diozide hydrochloride, mp 120°-125° C. 10 . © 1,)<dioxide
3. _4-Ethylamino-3,4-dihydro-2(2-thieny! )methyl- The product from Step B (11.5 g 0.032 mol) was
added to DMF (100 mL) containing imidazole (5.44 g,

) 2H.thienof3.2-¢}-1.2-thiazine-6-mlfonamide - 1,1-
' dioxide hydrochloride, mp 182°-184° C. 0.08 mol) and t-butyldiphenyisilyl chloride (9.34 mL.

EXAMPLE 4 - lso.msw)nﬁsdxmdnmcmmpenmforlsm.
N _The reaction mixture was evaporated to dryness and the

" CH/CH, residue was suspended in methylene chloride and fil-
HN” tered. The filtrate was concentrated and chromato-

graphed (silica, methylene chloride) to provide a solid
2 Which was dizsolved in THF (200 mL) and cooled to 5°
C. A solution of pyridinium bromide perbromide (11.23

' N 2 i T B 8, 0.035 molyin THF (50 mE) was added dropwise and
) — -o, _\o' e - this mixture was stirred at 5° C. for ‘| hr, at ambient
— HO ? . . temperature for 1<hr, and then evaporated to dryness.

: veeis 25 The residur wiks ‘suspended-in ethanol (150 mL) and

- ‘-mrhz:i&’-m -2-Aydrosypaeaylphenyi} cooled to 5° C. followed-by ‘the addition of sodium
Ml'.w " borohydride (3.59 g, 95 mmol). The reaction mixture -
was maintained at room-temperature for | hr and then ' -
beated at reflux temperature for 1.5 hr. Water was care-
Step A: 3-Acetyl-2<(phenylmethyl 30 fully added and the ethanol evaporated. The aqueous
- Jthio-5-chlorothiophene mixture was neutralized and extracted with ethyl ace-  °

j tate (2X200 mL). The combined extracts were dried
benzyl bromide (1,930 g, 11.28 mol), THF (9000 ml), (MgSQOq) and evaporated 10 a residue which was puri-
and water (3000 ml) was heated at reflux fied by column chromatography (silica, 15% ethyl
for 2 hr followed by cooling to 50° C. To this solution 35 acetate/hexane) to provide an amber syrup (8.2 g,
was added 3-acetyl-2,S-dichiorothiophene (2000 g,  44%).
10.25 mol) and an aqueous solution of sodinm hydroxide , _
(2.200 g of 50% NaOH diluted to 3000 ml); this mixture . StepD: )
was heated at reflux temperature for 4 hr, cooled to 2-{4-{2(t-Butyidiphenylsiloxy)ethyljphenyi}-3,4-dihy-
room temperature, and the two layers scparated. The 40 dro-4-hydroxy-2H-thieno(3,2-¢}-1.2-thiazine-6-sulfona-
organic layer was diluted with ethyl acetate (6000 ml) mide 1,1-dioxide .
lndwuhd.wnhmﬂ?(MBﬂ)Mmld The product from Step C (8.2 g, 14 mmol) was dis-
squeous sodium chioride, dried (MgSOu), and the 30} g)ved in dry THF (S0 mL) along with p-toluenesul-
with bexane. This solid was collected by filtration and 45 45 ice bath Ethyl vinyl ether (2.62 mL, 27 mmol) was
dried to give the desired product (2,530 g, 88%): MP  ,44ed and the reaction mixture was stirred for 0.5 hr.
86°-88° C. : Saturated oqueous sodium bicarbonate (75 mL) was ;
Step B: 3-Acetyl -Schloro-N- - added to the reaction mixture followed extraction with
[4-Q2-bydroxyethy)pbenyl}-thiopbene-2-sulfonamide  ,,, ctbyl acetate (250 mL) The combined extracts were
The product from Step A (15 g, 0.058 mol) was dis- “W'?“mbyw‘)“‘“"““‘”"zl‘:%”ﬁ
solved in glacial acetic_acid (150 mL), water (15 mlL) umn chromatography Y
was added and the solution cooled to 3° C. Chlorine gas W’”m"“(’-‘z‘-”*"m
was siowly passed through the solution uatil the tem- mmalwudaolvedmdrymmﬂ)mnmo-
perature reached 15° C. at which point the mixtre was 55 8¢8 and cooled to 65" C. o-BuLi (15 mL of a 1.76M
cooled to 5° C. before the addition of chiorine was  %0iution, 26 mmol) was added dropwise, after 0.5 hr the
the dark solution turned yeilow, stirring continued for
0.5 hr at room temperature. Evaporation of the solvent

A :mxtnreeonnmg of thiourea (858.4 g, 11.28 mol),

rated aqueous NaHCO3 (2250 ml.), dried (MgSOu),
and evaporated. The sulfonyl chloride obtained from
this procedure was dissolved m THF (50 mL) and
added to a solution of 4(hydroxyethyl)aniline (16 g

mL) containing sodium acetate (7.7 g, 57 mmol) and
hydroxylamine-O-sulfonic acid (3.88 g 34 mmol ). This
mixture wzs stirred at room for 18 hr and
then treated with 6N HQI (S mL) for 3 hr followed by

0.116 mol) in THF (J00 mL); this mixture was stirred 63 extraction with ethyl acetate (2x60 mL). The com-

for 2 days followed by jon of the solvent. The
residue was suspended in 1M HCl and extracted with
methylene chioride (2100 mL). The combined ex-

bined extracts were dried (MgSOy) and evaporated to a
residue which was purified by column chromatography
(silica, gradient: 4% to 5% ethanol/methylene chioride)
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from an additional funnel over 15 minutes, causing the
temperature to rise to 15° C. The mixture was warmed
to 20° C. over 30 minutes and then was stirred vigor-
ously at ambient temperature for 15 hours withoat ex-

ternal temperature control. Water (5 L) was added, and S5

the phases were split The organic phase was washed

jally with saturated aqueous sodium chioride (S
L), 10% aq. sodium bisulfite (5 L), saturated aqueous
sodium chiloride (5 L), 10% aq. sodium bicarbonate (10

L), and saturatec aqueous sodium chloride (10 L) Ict-10

was then dried over sodium sulfate (1 kg), filtered, and
stripped of solvent by rotary ion. The residual
solid was triturated with t-buty] methyl ether (3 L) and
the mixture was chilled for 15 minutes. The solid was

collected by filtration, washed with t-butyl methyl 15 T7%): mp

“ether (1 L), and dried in sir st ambient.temperature to
give the desired product (666 g, 79%): mp 178°-179° C.;
Analysis. for. CéHeCINO3S): C, 30.06; H,
2.52; N, 5.84; S, 26.75.

S. 26.70.

N " Step B: - -— -
3-(2-Bromoacetyl)-S-chloro-thiophene-2-sulfonamide
A SO-L, 5-pecked flask equipped with a mechanical
stirrer, s thermometer, and a 1 L addition funnel was 25
chnxgedwiththeprodnctfrmSupA(l.mk&‘.ss
mol) and ethyl acetate (22 L) . The pale yellow suspen-
sion was cooled to 1° C. over 45 minutes using an ice-
water bath and 90% pyridinium bromide perbromide
(1.305&3.3.67mol)wuaddedinoneporﬁon.8nlfuﬁc 30
ndd(sumL)wuqddedvhtheaddidmfmndoverlO
minutes causing thc temperature to rise to 5° C. The
reaction mixture was stirred and, after 1 hour, TLC
later, water (5 L) was added and the mixture was stirred 35
for $ minutes before the phases were split. The organic
phncwaswuhedwithumntedaqmsodimchlo-
ride until the pH of the wash was 3 (4 X5 L), dried over
sodium sulfate (1 kg), filtered, and stripped of solvent by
rotary evaporation. The residue was triturated with 40
methylene chloride (2 L) and chilled for 15 minutes
before the solid was collected by filtration, washed with
cold methylene chloride (2 L), and dried to give the
desired product (1.041 kg, 72%): mp 147°-148° C. Anal-
ysis. Calculated for C¢HsBrCINO»Ss: C, 22.62; H, 1.38; 43
N, 4.40; S, 20.13. Found: C, 22.66; H, 1.60; N, 4.35; S,
20.12

Step C:
(SMWMMM—MMB,Z-&- 0

{,2-thiazine 1,1-dioxide
A SO-L, S-aecked (ask equipped with a mechanical
stirfer and a thermometer was flushed with nitrogen
overnight Working under pitrogen, the flask was

charged with the product from Step B (855 g, 2.68 mol) 33

and t-butyl methyl ether (MTBE, 12.5 L). The stirred
mmmhdlo—wc.nﬁngadw-beﬂ-

bath and (+)-8-chlorodiisopino-campheylbo-
rane (4.5 L of a 1.2M solution in MTBE, 5.4 mol) was

added via a cannula over 30 minutes, causing the tem- 60

perature to rise o —32° C. The reaction mixture was
maintained between —~25 t0 —20° C. for 3.5 bours. The
mixture was warmed to 0° C. and IM sodium bydroxide
1 L)wnddedﬁomnddiﬁmfmelovulom
utes, causing the temperature to rise to 22°

ic mi was stirred vigorously st ambient tem-

pa:mfor2bomxaﬁ=whi=hTLCndyshindk

Found: C, 30.19; H,251; N, 5.80;" _
e e mgeraeD

C. The bi- 65 was purified

28
the dark aqueous layer was extracted with t-butyl
methy! ether (3 L), acidified to pH | using concentrated
_ bydrochloric acid, and extracted with ethyl acetate
(2x4 L)

The combined ethyl acetate extracts were washed
with satursted aqueous sodium chloride (3 L), dried
over sodinnysulfate (1 kg), filtered, and concentrated to
nvolmng»bf;bomllizabymryevwnﬁon.n
whichpointmluene(ZL)wuadded.AsthemMer
of the ethyl acetate was retsoved, the product crystal-
lized from toluene. It was collected by filtration,
washed with toluene (2 L) and methylene chloride (2
L), and dried in air at ambient temperature (498 grams
126°-127° C; [a]5p—5.9" (c=1, CH;OH).
) ysis. Calculated for C¢HgCINO3S;: C, 30.06; H,
2.52; N, 5.84. Found: C,-30.14; H, 2.56; N, 5.80.

(S)-6-Chicro-3,4-dihydro-4-hydroxy-2-(2-pbenylethyl)-
2H-thieno[3,2-e}-1,2-thiazine 1,1-dioxide

The product from Step C (1.5 g, 6.2 mmol) was added
1o a suspension of potassium carbonate (2.14 g, 15.5
mmol) in ethanol (25 mL) and phenethyl bromide (2.1
ml., 15.4 mmol) was added in three equal portions over
a 24 hr period; stirring cootinued for 64 hr. The reaction
mixture was evsporated and the residue suspended in
water which was extracted with ethyl acetate (30 mL).
ﬁeorgnichyetwudried(Ms&)mdevapomed
to a residue which was partially purified by co'xmn
chromatography (silica, 3% ethanol/methylene chlo-
ride) to give 2.16 g of crude product (consisting of a 1:2
mixture of phenethyl bromide and the desired product)
as a yellow oil; this material was used in the next step

) Step E:

(S)-3,4-Dihydro-4-hydroxy-2-2-pbenylethyl)-2H-

thieno{3,2-¢}-1,2thiazine-6-sulfonamide 1,1-dioxide

The product from Step D (1.36 g, 3.96 mmol) was
dinolvcdindry‘l'i{!"(ﬁmL)donswithp-tolnenead-
fonicacid(o.llg.o.émol)mdthesoludoncooledw
§* C. at which point ethyl vinyl ether (1.16 mL, 12.1
mmol) was added. After stirring this mixture for 40 min,
satursted aqueous sodium bicarbonate (15 mL) was
nddedfonowedbymwﬁouwithethylm(w
mL). The organic layer was dried (N22SOq4), evapo-
rated, and the residue dissolved in THF (40 mL) under
ni The solution was cooled to 60° C. and n-BuLi
(4.1 mL of a 1.76M solution, 7.2 mmol) was added drop-
wise followed by stirring for 30 min and the introduc-
tion of sulfur dioxide until the grees solution turned
mixture stirred for | hr.

Evaponﬁonoﬂhemlvarovideduu'duwhich
wmﬂeﬂhmmﬁhgw&mm(&w
8. 36 mmol) and hydroxylamine-O-sulfonic acid (738,
24mmol);:hisnimewusdﬂedfot5hr.‘rhemdon
mixture was acidified to pH 1 with 6N HCl and stirred
at room for 13 hr followed by extraction
with e!hylmﬁxﬁn!.).'l‘heoomhhedm
mdﬁed(MgSO‘)andevatourddnewhich
by column chromatography (silica, 5%
et.hnol/mahyuechloride)wgivetheddredprod-
uct as an oil which crysallized upon standing (1.14 g,
75%): mp 117°-1'v" C.
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2 34-Dihydro-2<(2-methoxyethyl )-3-methyl-2H-  (2X20 1L), dried (MgSQs), and evaporated 10 a resi-
thieno3,2-e}- 1.2-thiazine-6-sulfonamide 1,1-diox- 4o which was purified by column chromatography

ide, mp 106°-108° C. ‘silica, 60% ethyl acetate/hexane) to give an oil (6.4 g,

; EXAMPLE 7 ; 26%)
Step D:
HQ CHCRCH) R<+ )»3,4-Dihydro-2(4-methoxybutyl)4-
"’; pmpyhmmo-lﬁ-thmop.z-e]-l.z thiazine-6-sulfona-
mide 1,1-dioxide hydrochloride

‘/T\—&Nﬂz 10 To a solution of the product from Step C (5.4 g,0.013

HyCO—(CHas—N ~g s oL mol) in THF (40 mL) at 0° C. was added triethylamine

, \ o (5.38 g, 0.053 mol) followed by p-toluenesulfonyl chlo-

’ . . ride (5.07 £,0.027 mol) and the mixture was stirred for 2

- br. The reaction mixture was divided into two equal
. R Dihydro-2-{4-methoxybuty)-4-propyismino-7H-

@wwnmwﬁu 1 --volumes, one of which' was treated with propylamine

(15mL) at 0° C. for 15 hr. The excess propylamine was

evaporated and the solution diluted with water (SO mL).

Step A: N<(1,1-Dimethylethyl ‘ The organic layer was separated and the aqueous [=yer

& thienof3 ) -!hnzz;(nez&snlfmamde 20 Was extracted with ethyl R Ly gom:
)-2H- J-‘}jfhonde bined extracts were washed with (20 mL), dried
. (MgSQy), and evaporated to s crude product which

The product from Example 3, Step A (8.75 g. 0.26 was purified by column chromatography (silica, gradi-
- mol) was dissolved in DMF (25 mL) and the solution  ent: 50% to 70% ethyl acetate/hexane). The free base
was cooled to —0° C. Sodium hydride (1.56 g of an il . was dissolved in ethanol (10-mL) and treated with etha-
B dispersion, 0.03 mol) was added, stirred for 30 min, and nolic hydrogen chloride. Evaporation gave a solid
then 4-methoxybutyl bromide (8.6 £.0.052 mol) in DMF ... which was recrysuallized from isopropanol to give the ‘
L5 ml) was added: (s Mixture was warmed (0 FOOM - desired product as 3 white solid (14 g, 26%) mp . -
by stirred for | m*m_"m') ““"““”m‘: 183°-185° C.; [alp+27.2° (c=0.43, CH3;OH). Analysis:
g ammonium chloride was added Calculated for C14H26CINyOsS30.5 H10: C, 36.79; H,

. ' ' ‘ »
- :"L)‘“‘T’g" e ued vuh eyl ceate (3X30 ™ 595, N, 9.19. Found: C, 37.08; H, 6.34; N, 8.82 .

(10 mL), dried (MgSO4) and evaporated to an oil which EXAMPLE 8

was purified by column chromatography (silica, gradi-

ent: 50% to 60% ethyl acetate/hexane) to give the de- HO CHyCH,

sired product (9.5 g, 86%) as a yellow oil 35 m‘e’

Step B:
N<(1,1-Dimethylethyl)-3,4-dihydro-2-(4-methox- . SO;NH;
ybutyl)-‘-oxo-ZH-thieno[S.Z-e}-l.z-thMHom- HyO0—~(CH—N
mide 1,1-dioxide «© ;s\ s
To a solution of the product from Step A (9.5 g, 0.022 o o

mol) in acetone (20 mL) at —10° C. was added freshly

prepared Jones reagent (10 mL) and the mixture was l**“w}f:ﬁm“w*m
stirred at room temperature for 2 hr. The solvent was %um” e oamde

evaporated and saturated aqueous sodium bicarbonate 45
was added until the pH of the solution was 6. The aque- second ; intermediate
ous mixture was extracted with ethyl acetate (450 m- p:ngnsonh:)m mw:::t:':"l: ;
mL). The combined extracts were washed with brine ~ Pooc =8 Example 7, Step D was 2 ety
(2% 10 mL), dried (MgSO4) and © . me(llmL)nO’C.forlShr.ByMgmn
s yellow solid (7.5 g, 78%). evaporated ’“"d‘,o muubqowmthnahudydaqﬂ:dmﬁnmple
7, Step D the title compound was obtained (2.4 g, 46%):
- Step C: mp 129°-130° C;; [a]lp+23.6" (c=0.49, CH30H). Anal-
(S)>-N<(1,1-Dimethylethy))-3,4-dihydro<4-hydroxy-2<4- ysis. Calculated for C3H24CIN304S;3: C, 35.97; H, 5.57;
metboxybutyl)-2H-thieno(3.2-c}- 1.2-thiazine-6-sulfona- N, 9.68. Found: C, 35.80; H, 5.84; N, 9.41.
mide 1,1-diozide ss Using modifications of the procedures described
To a solution of (+)-~chlorodiisopinocampbenylbo- ~ above and in Ezamples 7 but substituting the appropri-
rane (28.01 g 0.087 mol) in THF (60 mL) at —20° C.  Ate alkyl halide in Step A and the desired alkylamine in
was added a solution of the product from Step B (7.4 5,  Step D the following compounds were prepared:
0.017 mol) in THF (50 mL}; this mixture was stirred for 1. Re(+)4-Ethylamino-3,4-dihydro-2(6-bydrox-
40 hr while msintaining this temperature. Diethanol- 60 ybexyl)-2H-thieno(3,2-¢}-1.2-thiazine-6-sulfons-
amine (9.13 g, 0.037 mol) was added to the reaction mide 1,]-dioxide hydrochloride, mp 200°-201° C;
mixture which was allowed to warm to room tempera- 2 R<«(+)-4-Allylamino-3,4-dihydro-2-(2-methyl-

ture and stirred at this temperature for 2 hr. Evapors- P'PPY‘)'“‘!MJ*}IJ-W{M
{ tion of tbe THF gave a residue which was dissolved in mide 1,1-diozide hydrochloride, 202°-205* C.;
ethyl acetate (100 mL); this solution was washed with 63 3. R<(+)-3,4-Dibydro-2{(4-hydroxybutyl)-4-
. water (100 mL). The aquecus layer was separated and propylamino-2H-thieno{3,2-¢}- 1,2-thiazine-6-sul-
extracted with ethyl acetate (350 mL). The ethyl fonamide 1,1-dioxide hydrochloride, mp 197°-198°

scetate extracts were combined, washed with brine C,;
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mmmnm
- 1,1<iozide hydrochlonide

. Step A:
R)-3 LD:hydroJ-hydroxy-Z-(B—mahoxypmpyl)-ZH-
thieno{3,2-¢}-1,2-thiazine-6-sulfonamide 1,1-dioxide

To a solution of (—)-8-chlorodiisopinocampheylbo-
rane (20.4 g, 63.5 mmol) in THF (20 mL) at —20° C.
was added a solution of the product from Example I,

36
EXAMPLE 11
f
e m
X J-actrabydro-7.0z0-
thisno(2.3-bjpyTidine-2-sulfonamide hydrochloride
Step A: 6-Ethyl-4,5,6,7-tetrahydro-4-(tri-

Step H (4.5 g, 12.7 mmol) in THF (60 mL) at ~20° C; ;5 Qluoroscetamino)-7-0x0-waicnof2,3-blpyridine

this mixture was stirred for 48 hr maintaining this tem-

perature. Diethanolamine (6,6 g, 63.5 mmol) was-added-

and the solution allowed to warm to room temperature.
The solvent was evaporated and the residue suspended
in water (50 mL). This mixture was extracted with ethyl
acetate (5X5Q mL), and the combined extracts were
washed with brine (15 mL), dried (MgSOs), and evapo-
rated to a syrup which was purified by column chroma-

tography (silica, gradient: 50% to 60% ethyl acetate/- 25

hexane) to give a white solid (3.9 g, 85%); mp 109°-111°
C. Analysis: Calculated for CigH1sN20¢S3: C, 33.69; H,
4.53; N, 7.86. Found: C, 33.74; H, 4.48; N, 7.85.

Step B:
R<«(—)4-Ethoxy-3,4-dihydro-2(3-methoxypropyl)-2H-
thieno{3,2-e}-1,2-thiazine-6-sulfonamide 1,]-dioxide
bydrochloride

To a solution of the product from Part A (2.81 g, 7.9 >

mmol) in acetonitrile (10 mL) at room temperature was
added dimethylformamide dimethyl acetal (1.16 mL,
8.6 mmol); this solution was stirred for 2 hr and evapo-

rated to dryness. The crude product was purified by 40

chromatography (silica, 50% ethyl acetate/hexane) to
give the desired protected suifonamide derivative. This
compound (2.54 g, 5.6 mmol) was dissolved in DMF (15

mL), cooled to 0° C., and sodium hydride (0.33 9 of 2 45

60% oil dispersion, 8.33 mmol) was added. After stir-
ring for 30 min, ethyl iodide (1.3 g 8.3 mmol) was
added and stirring continved, but at room temperature,
for 2 hr. A ssturated aqueous solution of ammonium
chloride (50 mL) was added and the mixture extracted
with ethyl acetate (3 30 mL). The combined extracts
mmmmmu).mmm).m
evaporated to s residoe which was dimsolved in ethanol

(3 mL), acetic acid (6 mL) and hydrazine (1.4 mL) were 33

added and the mixture was heated at 55° C. for 24 hr.
After cooling to room temperature, saturated agueous
sodium bicarbonate (30 mL) was added and the mixture

was extracted with ethyl acetate (4 X 50 mL) The com- 60

bined extrx :t3 were wasbed with brine (10 mL), dried
(MgSQy), and evaporated to s residue which was puri-
fied by column chromatograpby (silica, gradient: 30%

to 50% ethyl acetate/hexane) to give a syrup (500 mg). .,

[alp—3.91° (c=0.6%, CHyOH). Analysis. Calculated
for Ci13H20N20¢: C. 37.48; H, 524; N, 7.29. Found: C,
37.61; H, 5.25; N, 7.18.

Afier cooling a solution of 4,5,6,7-tetrahydro-4-(tri-
“fluoroacetamino)-7-0xo-thieno{2,3-b]pyridize (1.0 g, 3.8
mmol) in DMF (10 mL) to —20° C,, sodium hydride
(273 mg, 11.4 mmol of a 60% oil dispersion) was added
fol.lowedbyahylbm:de(”ml..nﬂmol) This
mixture was allowed to warm to room temperature.
Stirring continued at this temperature for an additional
bour and then the mixture was poured into ice water
(100 mL). This aqueous mixture was extracted with
ethyl acetate (4100 mL) and the combined extracts
were washed with brine (250 mL), dried (MgSQs),
and concentrated to a crude cil which was purified by
column chromatography (silica, 55 methanol/methy-
lene chloride) to give a yellow solid (0.85 g, 77%): mp
136°-138° C.

Step B:
6-cthyl-4-amino-4,5,6,7-tetrahydro-7-oxo-thieno[2,3-
blpyridi
To a solution of the product from Step A (4.5g, 15.4
mmol) in 50% aqueous methanol (80 mL) was added
potassium carbonste (3.2 g, 23 mmol) and the mixture
stirred at room temperature for 5 hr. The methanol was
and the remaining aqueous mixture was
acidified (pH 3), extracted with ethyl scetate (100 mL),
the pH was adjusted to 9 and again extracted with ethyl
acetate (3 X 200 mL). The combined extracts were evap-
orated to an oil which was purified by column chroma-
tography (silica, 5% methanol/methylene chloride) to
give the desired product as a yellow oil (2.7 g, 70%).

Step C:
6-Ethyl-4-ethylamino-4.,5,6,7-tetrahydro-7-oxo-
hieno{2,3-blpyrid
To a solution of the product from Step B (2.7 g, 13.8
mmol) in methano! (20 mL) at room was
added acetic acid (790 mlL., 13.8 mmol) and sodium
cyanoborohydride (867 mg, 13.8 mmol). After stirring
this mixture for 18 hr concentrated HCl (1 mL) was
added; when the evolution of gas ceased, the pH of the
mixture wes adjusted to 9 with 509% NaOH. The solvent
was and the residue dissolved in ethyl ace-
tate (200 mL); this solution was washed with brine
(2% 50 mL), dried (MgSOy), and evaporated to an oil
which was purified by column chromatography (silica,
5% methanol/methylene chloride) to give the desired
product (1.85 g, 62%).
Step D:
6-Ethyl-4-ethylamino-4,5,6,7tetrahydro-7-oxo~
thieno{2,3-b]pyridine-2-sulfonsmide hydrochloride

After cooling a solution of the product from Step C
(1.7 7.6 mmol) in THF (10mL) to ~78°C.,a 1.TM
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TABLE 1 TABLE |-continued
- Ry R;
| - s
| N SO:NH; N SO;NH;
|
| n” o s &~ o s
| G Ry R G~ 1 . Ry
| SO;  CH00»-Pr NH-e-Pr CO  CeHy=(4-501Me) NHE:
| SO;  CHCOx+-Pr NHE: 10 O CeHy=(4-OH)—(-CHiNMey) OE:
| SO;  (CHYCOr+Pr NHE: CO CHy~(4-OH)~(3-CHNMe3) K
| SO; (CHIRN(CHYCHDPO - ~ o .~ .. H . .. O  CeHy—(4-OH) NHE:
| . SO (CH2N(CHyCHDYO - ~ OCHyCHyOH CO  CeHy—(3.46OMs) NHE!
| SO;  (CHIN(CH;CH2)0 OCHCH1OMe 0  CeH—(4COTHy) NHE:
- g :gg:((g:gg:g gllzCH) co CH;Cells—(3,46-OMe) NHE:
20Me 1s CO  CH;CHy—(4-OHY—(3-CH;NMe;) OE:
SO;  (CHaN(CHyCH»S NHE: 0  CHyCgHy={(4-OMc) ? NHE:
| SO  (CHY2N(CHzCH2250; OH (ool CHCey—(3-OH) NHE:
| SOz  CH;CCH NHE: O  CHy NHE:
. ' SO;  CH2CCCHyOCH) " NHE CO  CH(5-COyiPr)-thieno-2-yl] NHE:
| SO;  CH;CONHMe NHE:
} g (a-lmcouu(;:nmou NHE: 2
| CeH—(-OF1 NHE!
| SO;  Cele—(-OM) NHE: TABLE 2
‘ SO; Cglu—(3-OH) NH-o-Pr Ry
SO . _Ceti=(3-OMe) NHE!
- SO, Cety—(¢-OH) NHE: i
| & Qﬂa—(wlc)z) NHE: 25 _N_
| - CeHs—(3-OCHF: NHE: R
‘ SO7  CeHy—(4-SO7Me) NHE: V6 s S0:NH,
SO;  CgHy—(4-NHOOMe) NHE: G 2
| SO;  CgHy~—(4-CONMe) NHE: L LB )
| SO;  CeHy—(4OH)~(-CHiNMey) OE: SOz  (CHN(CHzCH20 H COCH; -
| SOy  CeHy—(4-OH)y~(3-CHiNMey) H SO;  CHyCHu—(3-OH) CH; H
i SO;  CeHy=—(3.4-OH) NHE: 30 so, —(3-OMe) H H
| - $SO;  CeHy=(3.4-OMe) NHE: SO  CHCgHy—(4OH) H CH) .
| SO;  CgHu—(4COCHjy) NHEz SO;  CHCeliy—~(4-OMe) H H
SO;  CH;CeHy~=(3.4-OMe) NHE: SO;  CHiCeHs—(4OH) H CH;OE:
| $SO;  CHiCeHy3=(4OHy—(3-CH;NMez) OF: SO,  CHiCeHy—(4-CONHMe) H CH,
| SO;  CHyCeHy—(4-OMe) NHE! 507  CHCelly—{(4-SO;NMey) H H
| SO;  CHCéHa—(3-OH) NHE! 35 SO;  CHICPH—(3-SOrMe) H CH,
| SO:  CH2(2-COE1)pyridins-yl] NHE: SO;  CHCeHy—(4-OCHF) CHy; H
| $O;  CHy((S-CO7iPr)thieno-2-yi] NHE: SO  CHCHy—(-OHMMCH;NMex) CHy  CHy
\ SOz - (CHOH OH S0;  CHCgL—(-NHCOMe) H cH,
SO;  (CH«OH OH SO ik H CH)
SO;  (CHpsOH OH SO  CHrl-pyridiayl H CH;
SO;  (CHyeOH OH 40 SOy  CHrl-thicwyl H CH,
SO;  (CHpeOH OEt SO;  CHp~=(5-Me-2<hienyl) H H
SO;  (CHp«OH NH-o-Pr CO  (CHMN(CH;CH O H COCH;)
SO;  (CHpwOH . NH-<-Bu O  CH;CgH—(3-OH) CH; H
SOy  (CHHOCH, oft CO  CHYCEH ~—(3-OMe) H H
SO; (CH2;OCH; OE: <o CHCHy—(4+-OH) H CH,
SO;  CHyl-hieoyl OH 43 O CHCI—(4-OMe) H H
SO; CHi—CeHs OH CO  CHCdL—(4-OH) H CHy
SO; . (CHyxCH(OHICH) NHE: CO  CHyCgH—(4-CONHMe) H CH,
SO;  (CHYYCH(OHNCH) NHE: (e o] CHiCels—(4-SO;NMc) H H
SOy  (CHY7CH(OCH)CH; NHE: o Me) H ) ;
SO; (CH)YOH H <o 4-OCHF2) CHy, H
SO;  (CHpyOCH H 0 O COhCH—(+OH-(CH;NMe) CcHy oy
SOy NHE: CO  CHCeH4—(3-NHCOMe) H cHy
SO;  (CH«OCOCH; NHE: (@ o] idi H h
SOy NHE: Q0  CHrlpyridmyl H CH;
SO; © (CHYYCOBx - NHE: co 2Lienyl H CHy
SO;  (CH)yCOE: NHE: 0 CHy=(3-Me-2-thienyl) H H
SO;  (CH)WCOrs-Pr NHE:
or (@i NHE: *
3
SO;  (CHYCH(CH3) NHE: TABLE S
SO;  CHy2-hixzole OH Ry
SO3 OH
SO;  CHy2-pyrimidise OH R
SO;  CHylpyrdazise OR 60 . ’ SO;NH;
SO; CHyl-pyrazise OH N
SO;  CHyJ-mothiazole OH T e s
SO CHy-3-sozaole OH :
co (CH)yCO--Pr NHE: R R n
CO  CgHs—(3-Of) NHE: ! 2 3
co CHy—(-OH) NH-o-Pr €S CHy H CHIN(CHCH )70
- O  CeHy—(3-OMe) ~ NHE: (CH2yOMe H CHIN(CHCH )10
CO  CgHu—(4-OH) NHE: CHIN(CHCH0 H CHO0H
o T Ry (4-OMe) NHE! CHNCHCH)0 H CH10Me
00  CeH —(3-OCHF) NHE: CHN(CHYCH DO H

CHj
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Theaboveinpedienummixedtogethern:ingn

-continued
' - procedure similar to that described in Example 15 to
Ingredient . . Coucantranon (wt %) furnish the brhalmic .
T op! suspension.
s EXAMPLE 23
The sbove ingredients were mixed together in sub- ,Ophth:lmc' ic Suspension
stantially the same manner as described in Example 18 - - .
i hthalmic solution. -
to furnish the op 30| ‘ . - e (w1 %)
EXAMPLE 20 10 R<(+)-34-Didydro-2{4-eethozyburyi)- 20%
Ophthaimic Solution - ST thiarine-6-saifomamide | 1-&::‘:;1.
Ral (Compound)

- - - Hydroxypropyimethyicellulose 0%
lagrudiom Cosoentragion (wt %) |s Sodiem scemt: (eribydrate) 0%
R{+)3.4-Dikydro-2-2-methoxy wthyl- 219% Marmitol 1%

. 4propylamino-2H-thicno{3 24} 1.2- Disodimm EDTA 0.01%
 thinzine-é-euifonmmide- 1, 1-diczide Benzalkonium Chloride Solutioa 0.01% ~ 5% xs
hydrochloride (Compound) Sodimmn Hydroxide qs pH = 50
Hydroxypropytmethyiceiluiose 0% Hydrochloric Acid qs pH = 50

Sodiam Acetms tribydrate 0.1% 20 Water for Injection Qs 100%
Maxniso! (Ownolality = 238 2Oun) 24%
Benzalkoniwm Qhloride a01% . i .
Disodims Edetate 001% . The above ingredients were mixed together in a man-
- Purifisd Water [T ner similar to the same general procedure described in
HC1/NsOH pH 3.0 2 Exampie 15 to furnish the ophthalmic suspension.
The o ingreds ixed together in sub- EXAMPLE 24
stantially the same manner as described in Example 18 Ophthalmic Suspension &
to furnish the ophthalmic solution. . -
N EXAMPLE 21 30 lagredient Coocentrance (wt %) .
thaimic Suspension R +)-3.4-Dihydro-2(4-methoxyburyl) 20%
Opb 4-propylemiac-ZH-thieno(3.2-¢}-1,2-
i thiarine-6-salforansde 1,1-dioxide
" . (Compound)
Ingrodient Concentration (wt %) 35 Carbomer 4P s
(+ M-Ethylamino-3,¢-dibydro-2- 20% Sodiam Chlorids 0.4%
(3-methoxy Jpropyl-2H-thicao{3.2-¢} Mannisol 24%
1.2-thiarine-6-suifonamide- I, | -dioxide Disodium EDTA 0.01%
bydrochlonde (Compound) Polysorbate 80 0.05%
Hydrorypropykmethyiceilnicse 0s% Benralkoaiom Chloride Solution 001% + S% u
Dibesic Sodinm Phosphate 02% 40 Sodium Hydroxide qQapH = 72
Disodiam Edesate : 001% Hydrochioric Acid qs pH = 7.2
Sodium Chloride 0% " Waer for Injection q+ 100%
Purified Water qs
Beanalkoniwm Chloride 001% i
Polysorbase 30 ol% The above ingredients were mixed together using a
NsOH/HQ pH 1.4 45 method similar to the same general procedure described
. ' - in Exampie 15 to furnish the ophthalmic suspension.
The above ingredients can be mixed together in sub- EXAMP ;
stantially the same manner as described in Example 15 . LEB.
to furnish the ophthalmic suspension. " Ophthalmic Suspension
EXAMPLE 22
s o , Ingredient Concentration (wt %)
Ophthaintic Suspension e - - e Yy
- 5 u. .
. . 55 thinrine-6-suifonamide 1, |-diovide
Iagredient : Coacestration (wt %) ide (C )
R+ )3,4-Dilrydro-2-(4-methaxyburyf)- 2.0% Carbomer 934P 0%

i ; 1.2- Sodiem Chlorid: 4%
thinzine-6-euifonsmide 1, |-dioxide Manaisol 24%
(Compound) Discdiam EDTA 0.01%
Hydroxypropyimetivyicetinione 0% 60 Polysorbess 0 : 0.05%
Dibasic Sodism Phosphate 2% Beaxalkonium Chioride Sotwtion 001% + 5% x
Sodimm Chioride 0.7% Sodium Hydroxide Qs pH = 72
Discdim EDTA 0.01% Hydrochioric Acid QL pH = 72
Polyscrtase 30 ) 008 Waser for Isjection qs 100%
Beazakkosiwm Chioride Solution a0l% + 3% =
Sodiam Hydroxide _ qapH = 72 63 ‘

- Hydrochloric Acid Qs pH = 72 The sbove ingredients can be mixed together using a
Water for [ajection 94 100% method similar to the same greneral procedure described

in Exampie 15 to farish the ophthalmic suspension.
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which can be unsubstituted or substituted opton-
ally with C;=Csikyl, C\-Cibalo alkyl OH,
(CH2)aNRsR¢, halogen, Ciualkoxy, Cj4 haloalk-
oxy, C(=O)R7, S(==0)mR4 0f SO:NRsR¢, wherein
mis 6-2 and o is 0-2.

S. The compound of Claim 4 wherein:

Ry is OH: Ci4 alkoxy; Cy4alkoxy substituted option-
ally with OH, NRsR¢, halogen, Ci4 alkoxy or
C(=O)R7, or NRsRg; phenyl, or R0 unsubstituted

or substituted optionally with OH, (CH2)sNRsRs, 10

balogen, Ci4 alkoxy, Ci+ haloalkoxy, C(=O)R7,
S(=0)mRs or SO2:NRsRs, wherunmnO-Znndn
is 0-2.

6. The compound of Claim 1 wherein:

.- Ry iis OH; C14alkoxy; Ca4alkoxy substituted opaon-
ally with OH. NRsRg¢, balogen, Ci4 alkoxy or
C(=O0)R7, or NRsRg; phenyl, or Rio, unsubstituted
or substituted optionally with OH, (CH2)sNRsRs
halogen, Cj4 alkoxy, Ci4 haloatkoxy, C(=O)R7,
S(=0)mRs or SO2NRsR¢, wherein m is 0-2 and n
is 0-2.

7. A compound selected from the group consisting of:

R<+)4-Ethylamino-3,4-dihydro-2-(3-methoxy)pro-

48

(R)-3,4-Dihydro-2-(3-methoxy-phenyl)-4-
propylamino-2H-thien2-1,2-thiazine-6-sulfonamide
1,1 dioxide;

(R)-3,4-Dihydro-2-(3-hydroxy-phenyl)4-
propylamino-2H-thieno- 1,2-thiazine-6-sulfonamide
1,1 dioxide;

(R)-3,4-Dihydro-2<(3-hydroxy-pheny!)-4-(2-methyl-
“propyllamino-2H-thieno-1,2-thiazine-6-sulfona-
mide 1.1 dioxide;

(R)-J,‘-Dihydro-l-(‘-nezboxybutylw-methyl-

propyhamino-2H-thieno- 1,2-thiazine-6-sulfona-
mide 1.1 dioxide:

R)-3, &D:hydro-l-(J-methoxypmpyl)—‘-(Z-mcthyl-
propyl)amino-2H-thieno- 1,2-thiazine-6-sulfona-
mide 1,1 dioxide;
(R)-4-Cyclopropylmethylamino-3,4-dihydro-2-(2-
propenyl)-2H-thieno- 1,2-thiazine-6-sulfonamide
1,1 dioxide;

(R)4-Cyclopropylmethylamino-3,4-dihydro-2-(4-
methoxybutyl)-2H-thieno-1,2-thiazine-6-sulfona-
mide 1,1 dioxide;

(R)-4-Cyclopropylmethylamino-3,4-dihyro-2(3-
methoxypropyl)-2H-thieno- 1,2-thiazine-6-sulfona-
mide 1,1 dioxide;

pyl-2H-thieno 1,2- wm” 1-diox- 25 (R)4-Cyclopropylmethylamino-3,4-dihydro-2-pro-

ide;

(R)-A-Ethyhnnnod ihydro-2-(3-methoxy-
pbenyl)-2H-thieno-1,2-thiazine-6-sulfonamide 1.1-
dioxide;

(R)-4-Ethylamino-2<4-bydroxy-pbenyl)-3,4-dihydro- .,

2H-thieno-1,2-thiazine-6-sulfonamide 1,1-dioxide;
(R)4-Ethylamino-3,4-dihydro-2-(3-hydroxy-phenyl)-

2H-thieno-1,2-thiazine-6-sulfonamide 1,1-dioxide;
(R)<4-Ethylamino-3 4-dihydro-2(4-hydroxy-phenyl-

metbyl)-lH«th:eno-l.Z-mMomade L1- 34

dioxide;

(R)<4-Ethylamino-3, 4-dshydro-2-(3-mnhoxy-phenyl-
methyl)-2H-thieno-1,2-thiazine-6-sulfonamide 1,1-
dioxide;

R« + )-3,4Dihydro-2<(4-methoxybutyl)-4-
propylamino-2H-thieno- 1,2-thiazin e-6-sulfonamide
1,1-dioxide;

R+ )}4-Ethylamino-3,4-dibydro-2-4-methox-
ybutyl)-2H-thieno-1,2-thiazine-6-sulfonamide  1,1-
dioxide;

R+ )-4-Ethylamino-3,4-dihydro-2-(2-methyl-

propyl)-2H-thieno-1,2-thiazine-6-sulfonamide 11-
dioxide;

R~ + }4-Ethylsmino-3,4-dihydro-2{6-bydroxybex-

pyi-2H-thieno-1,2-thiazine-6-sulfonamide 1,1 diox-

ide;
(R)-3.4-Dihydro-2-2-methylpropyl)-4-(2-methyl-
propyijamino-2H-thieno- | ,2-thiazine-6-sulfona-
mide 1,1 dioxide;
(R)4-Cyclopropyimethylamino-3,4-dihydro-2-(2-
methylpropyl)-2H-thieno-1,2-thiazine-6-sulfona-
mide 1,1 dioxide;
(R)-3.4-Dihydro-4-(2-methylpropyl)amino-2-propyl-
2H-thieno-1,2-thiazine-6-sulfonamide 1,1 dioxide;
(R)-3,4-Dihydro-2<(4-hydroxybutyl)}<4-(2-methyi-
propyl)amino-2H-thieno-1,2-thiazine-6-sulfona-
mide 1,1-dioxide;
(R)-3.4-Dihydro-2<(4-hydroxybutyl)-4-propylamino-
2H-thieno- 1,2-thiazine-6-sulfonamide 1,1-dioxide.
8. A formulation for controlling intraocular pressure

comprising a therapeutically effective amount of the
compound of Claim 1 in a pharmaceutically acceptable
carrier.

9. A formulation for controlling intraocular pressure
a therapeutically effective amount of the

comprising
mpoundofﬂam?maphmmﬂympnblc
carrier.

10. The formulation of Claim 8 wherein the com-

y})-2H-thieno-1,2-thiazine-6-sulfonamide 1,1-diox- 50 pound concentration is between 0.1 and 10% by weight.

ide;

(R)-3.4-Dihydm-2-(3-hydmmyl)4-(2-whyl-
propyijamino-2H -dlicao -1,2-thiazine-6-sulfona-
mide 1.1-dioxide;

(R)-4-Ethylamino-3 4-d.ihydro-2-(3-hydroxy-phenyl- L

methyl)-ZH-thneno-l.Z-zhnme-lemmde 11

(R)-3. #Dihydro-2-(3—methoxy-ph=nyl)4—(2-mahvl-
propyljamino-2H-thieno-1,2-thiazine-6-sulfona-

11. The formulation of Claim 9 wherein the com-

pound concentration is between 0.1 and 10% by weight.

12. The formulation of Claim 10 wherein the com-

pound concentration is between 0.1 and 10% by weight.

13. A method for controlling intraocular

pressure
which comprises topically administering to the affected
cye a therapeutically effective amount of the compound
of Claim 1.

14. A method for coatrolling intraocular

pressure
60 which comprises topically administering to the affected
eye a therapeutically effective amount of the compound

of Claim 7.

mide 1,1 dioxide;

R)-3, A-Dlhydro-z-(4-hydroxy-phcnyl)-4-(2-mahyl-
propyllamino-2H-thieno-1,2-thiszine-6-sulfons-
mide 1,1 dioxide;
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1 2
: TOPICAL OPHTHALMIC drug particles. thus resulting in grester unilormity of drug
PHARMACEUTICAL VEHICLES dosing. In addition 10 an ophthalmic dosage fom. whe
i vehicles and compositions of the present invenuon also
This spplication is a continuation-in-pan of U.t Ser. No. provide for oral, parenteral and topical suspension dosage
08/109.748. filed Aug. 20. 1993. now abandoned. which is 3 forms.
a continuation-in-past of LS. Ser. No. 07/913.110. filed Jul. The vehicles of this in*ention can be used in composition

14, 1992. now abandoned. which is a continuation-in-parrol = with pharm-ceutically active drugs. The term “drug”. as
U.S. Ser. No. 07/414.550. fled Sep. 28. 1989. now aban-  used herein. means any therapeutic ageat thai is desirable 10

doned. . delives 10 the eye There is 0o limitaiion on the type of drug
10 which can ue incorporaied into the composiions diclosed
BACKGROUND OF THE INVENTION herein. The drugs can be charged. uncharged. water solubic
- This invention is direcied to liquid ophthalmic pharma- or insoluble.
- mm&dawmmﬁmmmmingm ,
eye. This invention also relaes 10 wpical mhairmic com- g BRIEF DESCRIPTION OF THE DRAWINGS
puno::mwmu the vehicie and a pharmaceutically HG.lmum:ialmﬁlityonwwmions.
active 3 -
It is known that the addition of viscous or visco-elastic - DETAILED DESCRIPTION OF PREFERRED
’ EMBODIMENTS

B ey o . coponion. Tht s wsly
increase the viscouity composition. This is usually 20 The vehicies disciosed bercin comprise 3 charged poly-
mubkmm::mx:nmqm?}@dc.mw mer and oppositely charyed electrolyies. Without intend:.ig
cnhances J"“l s duration of action: sce, fof 5 he bound by anry theory. it is undersiood that the vehicle's
._ ;*‘l'::‘z" . Pharm. Pharmacol.. Vol. 34, pp. 454466 (Jan.  yipoouity is increased due (0 the decrease in clecuolyle
— 7. 1982). However. it is frequ-mily advaniageous o admil- concentration when the vehicle is adminisiered 10 the eyc. [
ister ophthalmic compasitions a3 a drop, thal is. 20 &qUCOUS 35 e case of a gelling vehicle. the concemirations of the
solution or suspension rather than & thick. viscous gel O pojymer and electrolytes in the vehicle arc optimal when 3
oln.u;n'lvhchmbemnyndpymdmblwumm. small change in electrolyte conceptration will resull in 2
tn ?W‘WW““‘P"”‘W dramasic increase in vehicle viscosity. The small change i
lems with patiens compliance. cspecialiy with the elderly. elecaroiye conoenwration on insillaion is caused by thes
_ mMm.mm,mdmmmum ¥ ciecrrolytes being taken up by the cells in the eye. by,
is their poor physical suability. Many marketed ophthalmic diffusing out of the polymer vehicle or being eliminated in’.
suspension products cusrently use the polymers hydroxypro- wear fluid or by a combination of these mechanisms. What-
py! methyicellulose, hydroxyethyl celiulose. and polyvinyl cver the mechanism, the concentrauon of electrolytes 1n tho
alcohol tznln::‘ln the a;speunsx;:s viscosity and thus vehicie is reduced and the vehicle viscosity increases.
decrease | ing raie ol g particles. These ss- 35 o used herein, “gels™ means the vehicle's viscosity
pensions are not well flocrulaed and. with Ume. the  ncreases sufficiently 1o transform the drop into 3 semnu-solid
insoluble drug particles will compietcly sette forming a or gelatinous sate.

demc”“‘h"yam;m :lium wﬁlm;dwl lly.l'ﬁnsmtummy Polymers which can be used in the vehicle disclosed
’ « herein include any nootoxic charged water soluble polymer.
. These polymers can cither be negatively or positively
Y OF THE NTI
SUMMARY OF INVENTION charged. Typically. negatively charged polymers will

‘ The present invenuon provides for ophthalmic vehicles include. but are not limited o, carboxy vinyl polymers. such
and compositions which can be adminisiered as 3 ctrop, but as Carbopol®. sodium carboxy methyiceliulose. pecun.
whose viscosity increases upon insiillation into the eye so ¢ geiatin (Type B), sodium hyaluronate, acacia. calcium car-
tha: the composition provides for relatively better drug boxy methyicellulose. sodium alginate and polystyrene sul-
delivery and duration of acuion. referred Lo herein as bio- foric acid (PSSA). These polymers are used in the vehicics
avalability, of drug over agueous composilions whose vis- at concentrations from about 0.1 to about 10.0 weight
conity does not increase upon instillation. In one embodi- percent (w. %).
ment’ the vehicle gels upon instillaion. In another o, Electrolytes which are used in conjunction with the
Mmhnﬁ&w&snimﬁdmim wwmﬁlludmm“u;im,w“s
vehicle. on the charged polymer being used. Uf negatively charged
This invention reistes W ophthalmic pharmeceutical polymers are uinguadinmevdiclemeelmly‘zs which
Mﬁmwmﬁmumﬁa mundwmfuu:chngingvimityupmimul-
mnmmmmmm&mm s hﬁmvﬂlbepddvdymd.Mcniomvilllypiwly
s " " a charged polymer and oppositely charged electrolytes or be Na°, K*, Ma™—, Ca—, Mg~ Fe™, Fe™. AT, Lim.
molecules. hereinafier referred o collectively as “elecuro- Zn= and Be—. In addition, positively charged organic ions
lm‘._MmhMua&me mhemed.forulmple.lysimoHCme:HClmd
|nstillation. increase in viscosity. The polymer can be nega- bistadineoHCL. These electrolytes will typically be present
tively charged. such as 3 carboxyvinyl polymer. in which o ata concentration of between 0.01 and .0 w1 %.
case the vehicie will include positively charged elecuoiytes. If a positively charged polymer is used. such as gelaun
such a3 calcium. Converaely, the polymer can be positively (Type A) or polyvinyl amine. the elecuolyte used in con-
wﬁmmvﬂywwﬁﬂnmﬂiﬂ jmmmmmraﬁchhn}nwmu
the vehicle. n amon. These anions will typically be PO,~, HPO,.
The suspension vehicies of the present invention possess 63 HPO,".I". O, F~. SO, HCOy” and negitively charg
improved suspension characterisiics. They exhibit superior organic ions. Again. the polymer concentration will range
physical swability and permit easy resuspension of insoluble from about 0.1-10.0 wt. % and the electrolyies will typically
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6. Steam sterilize the formistion.

5.QS to 100% of the final baich- weight with purified

The vehicles of Examples 2-6 were 2130 prepared accord-

ing (o this compounding procedure.
EXAMPLE 2 -
“Universal” Ophthalmic Vehicle No. 2

>

6
-continued
lagrechent Waghs Pooem
PRunfied Waser qe 100%
’ EXAMPLE 6

“Universal™ Pharmaceutical Vehicle No. 2

ingrediom Wagts Percest
Cartapol © 9342 040 lngrocem Weghs Perces
a_‘ou- :‘l: 15 Cartopel © 934® 0.0
NeOH pH72202 Polysertum 80 005
Purified Waser Qs 100% - Sediom Chlaride 8:1,
Beamiomun Chicride 001 + 3% excess
NaOH pH 72202
EXAMPLE 3 » Panbed wa as 1008
“Universal” Ophthaimic Vehicie No. 3
- EXAMPLE 7
ingrediess Waght Poreem: 2 Preferred Ophthaimic Gelling Solution
Carvapel ® 934 0.40
Calosm Chiands 005
Lymse HQ 0.125 lagrechem Waigie Peroent
Massameni 400 —
NeOH pH 72:02 % Seuazolol WO 3 .
Punfcd Wemy qs. 100% Carsopel ® 9349 |,: s
Massmenl 15 .
. Seazalksmum Chionds 00!
EXAMPLE EDTA [+-] »
4 i NaOH pH 72202
“Universal” Ophthalmic Vehicle No. 4 Punibed Wemer Qs 100%
Carvopol © 93P 100 4 freferred Suspension Composition
Calown Chionde 04
Slammwod 300
KOH pH72:02
Panbed Waaer q.s 100% logredrm Weight Perceot
45 Runesoions 10
Masmmol 180
EXAMPLES 5-6: Carbopol @ :" g;;
Universal ophthalmic pharmaceutical suspension velucies Sosum Chlende :;‘:
which exhibit superior physical suability. I charged drug o “‘"a n“"“"o' 0Ol - $%
mniclanukhdwthaemmnmvehicla.mwo- NeOH pH72:02

m.ﬁwmhvewhemadewu:elwmlm
concentration.

- EXAMPLE $
“Univergal™ Pharmaceutical Vehicie No. |

ngrehen Wagn Pereem

Manmmol 10
Cartbopol © 9349 048
Polysorems 50 003
Soham Chionds 0%
Ednum Drsohern ool
Beaxaliomum Qhlonds 001 - 3% eacmns

NaOH pH22:02

3

'Fh'l“ Weser qs. 100%

The resuits of a sedimemtation/settling study comparning
the physical suability of the Rimexolone sieroid suspension
of Examp.¢ 8 10 the commercially available prednisolone
acetate steroid suspension (1 wt. %), Econopred®, are
shown in FIG. 1. The Econopred® suspension comtains
hydroxypropy! methylcellulose as its poiymetic viscosity
cahancer. As indicated above, Exampie 8 conuins Car-
wcammmmwmwm.ma
Mulwﬁ:mhammrin;guucyhnm.z‘bof
uwwmmmmuam
or sediment. The remaining 98% conmsisted of a single
mmmm.lnmmo(mcmpammof

8 seniled 10 the botto™ 23 a cake or sediment afier
uanding for six months. Subsiantially all of the suspension




ORIGINAL DECLARATION FOR PATENT 5,240,923

The undersigned declares that Patent 5,240,923 covers the formulation,
composition, and/or method of use of Brinzolamide 1% Ophthalmic Suspension.
This product is the subject of thi_s application for which approval is being sought:
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ORIGINAL DECLARATION FOR PATENT 5,378,703

The uridersign'ed declares that Patent 5,378,703 covers the formuiation,
composition, and/or method of use of Brinzolamide 1% Ophthalmic Suspension.
This product is the subject of this application for which approval is being sought:

Sally 5. - Applicant Date , :
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ORIGINAL DECLARATION FOR PATENT 5,461,081

The undersigned declares that Patent 5,461,081 covers the formulation,
composition, and/or method of use of Brinzolamide Ophthaimic Suspension. This
product is the subject of this application for which approval is being sought:

- -
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Exclusivity - Request for Five Year Exclusivity

’The applicant requests a Five year period of market exclusivity based on the

following information:

1. - The active moiety of Brinzotamide ,.1'% Ophthaimic Suspension,
brinzolamide, is a new.chemical entity which has not been previously
approved in other applications -under Section 505(b) of the Act after
September 24, 1984.

2. New clinical investigations (other than bioavailability studies) have
been conducted by the applicant that are essential to approval of the
application. _
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