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{Comglete {oc all ariginal applications and alt efficacy supplements)

.IPLA # IO 9 18 Supplement # _______ Circle one: SE1 SE2 SE3 SE4 SES SE6

HEN =S50 Trade (generic) nameldosage form: /‘g&ggi E 21: ngla%fd f%%’m" . Action: ‘ AE NA
SO‘- 510N 3 b} ' 0700

Apphcant A[ Con /f(?‘x_bﬁm Therapeutic Class

- -

Indication(s} previous!y approved /\{ one ‘
Pediatric labeling of approved indication(s) is adequate . inadequate

Indication in this application __feducdion ,{ T 0¥

(For supplements, answer the following questions in refation to the proposed indication.)

— L~ PEDIATRIC LABEUNG IS ADEQUATE. Appropriate infarmation has been submitted in this or previous
applications and has been adequately summarized in the fabeling to permit satisfactory labeling for alf pediatric
subgroups. Further informatian is not requiced.

2 PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further information is required to )
' . permit adequate fabeling for this use.

a3 A new dosing formation is aeeded, and applicant has agreed ta provide the appropriate formulation.

b. The applicant has committed to doing such studies as will be required.

(1) Studies are ongging,

____ {2) Pratocols were submitted and approved.

___ {3) Protacols were submitted and are under review.

____ {4) i no protacol has been submitted, explain the status of discussions on the back of this form.

c. If the sponsor is not willing to-do pediatric studies, attach copies of FDA's written request that such
studies be dane and of the sponsor's written response te that request.

__\é 3. PEDIATRIC STUDIES ARE NOT NEEDED. The drugfbiologic product has Gttle potential for use in ctﬂdren
Explain, on the back of this form, why pediatric studies are not needed.

4 EXPLAIN. If none of the above apply, explain, as necessary, on the back of this form.
_EXPLAIN, AS I\?S_SARY;ANY-OF--THE FOREGOING fTEMS O THE BACK OF THIS FORRM.™ ~
) ‘ 2|s [y
Signdture of Preparef éi'yf Title (PM, €S0, MO, other) Date

cc: Ong.PLA # 0" gl
HFD =SSO [Div File

NBA/PLA Action Package
HFD-910/GTroendle (plus, for CDER APs and AEs, copy of action letter and fabeling)

TE: A new Pediatric Page must be completed at the time of each action even though one veas
jared at the time of the last action.
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ITEM 15.

" DEBARMENT STATEMENT

Pursuant to section 306(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 use 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.

APPEARS THIS WAY
ON ORIGINAL

15-0001

00024888 001-1



EXCLUSIVITY SUMMARY for NDA # J0-%/{ " SUPPL #

Trade Name [)ch—f— Generic Name bc'chI(m“(/c ¢ Dwdnie \{5'9(
- ' "o,
Applicant Name _/J/con Adhprderies, [nc . HFD-_5%0

.
.

Approval Date, if known

‘PART I CLUSIVITY I EDED?
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.

ay Is it an original NDA?

YES/i»// NO /__/
b) Is it an effectiveness supplement?

YES / / NO /__ /

If yes, what type? (SEl, 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 biocavailability
or bioequivalence 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 bioavailability 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 -5l




d) Did the applicant request exclusivity?

YES / __*_4 NO /__ /

If the answer to (d) is "yes, how many years of
exclusivity did the appllcant request'>
5\1(5

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

2.

Y

" Has a product with the same active -ingredient-{s)-,—doesage form,

strength, zroute of administration, and dosing schedule,
previously been approved by FDA for the same use? (Rx-to-OTC
switches should be answered NO-please indicate as such.)

YES /__/ NO /.~ /

If yes, NDA # Drug Name

IF THE ANSWER TO QUESTION 2 IS "YES,"™ GO DIRECTLY TO THE SIGNATURE

BLOCKS ON PAGE 8.

3.

Is this drug product or indication a DESI upgrade?

Yes /_/  No /_//

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

PART II } -YEAR E IV

(Answer either #1 or #2 as appropriate)

1.

S. 1 g !.V . : I 3 .

Has FDA previously approved under section 505 of the Act any
drug product containing the same active moiety as the drug

under- consideration? 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.

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#

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

PART III EE - USIV !

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
1l or 2 was "yes."
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1. Does the application contain reports of clinical

investigations? (The Agency interprets "clinical
investigations" to mean investigations conducted on humans
other than ‘bicavailability 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 investigation referred to in another
application, do not completé remainder of summary for that
investigation. ' S e R

- YES /___/ NO / [/

IF "NO," GO DIRECTLY TO THE SIGNATURE.ﬂﬂOCKS dﬁMPAGE 8.

2. A clinical investigation is "essential to the approval" if the
Agency could not have approved the application or supplement
without 1relying 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 clini€¢al” 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
s available data that independently would have been sufficient
\ to support approval of the application, without reference to
3 the clinical investigation submitted in the application.

| (a) In 1light 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:
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(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 applicablg, answer NO.

YES /___/ NO /_ /

If yes, explain:

(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 /___/ NOo /__/

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 addition 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. .

Page S




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 approved
drug product? -

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"):

Page 6




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 investigation, 1) the applicant was the sponsor
of the IND named in-the form FDA 1571, filed with the Agency,
or 2) the applicant (or its predecessor in interest) provided
substantial support for the study. Ordinarily, substantial
support will mean providing 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 /___/ "Explain:

Investigation #2

IND # YES /___/ NO /___/ Explain:

G G bam Gt bmn b e Gem G G G

(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

YES / / Explain NO / / Explain

et G Gan ew Gom Gem bae tem fum bem b S G Ve G S
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(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 havé Ssponsored or conducted the
studies sponsored or conducted by its predecessor in
interest.)

YES /___/ NO /___/

If yes, explain:

’ SI . /s/%d

S/gnat

tle:

I%l' 4] av

Signature of,Division Director Date
Depdy
cc: Original NDA Division File HFD-93 Mary Ann Holovac
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PART 13

A.

PATENT AND EXCLUSIVITY INFORMATION

Patent Information

Below are listed all patents known to the applicant that claim the drug or a
method of using the drug and wit_h respect to which a claim of patent
i-t;f-ri.r;uger.nent could reason.ably be asser't/'tlad if a person not licensed by the

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

U.S. Patent No.:

Issue Date:

Expiration Date:

Patent Owner:

Claims For:

U.S. Patent No.:

Issue Date:

Expiration Date:

Patent Owner:

Claims For:

U.S. Patent No.:

Issue Date:

Expiration Date:

Patent Owner:

Claims For:

5,240,923
August 31, 1993

August 31, 2010

“Alcon Laboratories, Inc.

Compbund, Formulations and Methods of

Use - Controlling Intraocular Pressure

5,378,703

January 3, 1995

August 31, 2010

Alcon Laboratories, Inc.

Compound, Formulation and Methods for

Use - Controlling Intraocular Pressure

5,461,081

October 24, 1995
October 24, 2012
Alcon Laboratories, Inc.

Formulation and Method for DeIiVery

13-0001

00024887 00408



AT M 2 &

. _ US005240923A
United States Patent 5 (1) Patent Number: 5,240,923
Dean et al. s5) Date of Patent: Aug. 31, 1993
[54) SULFONAMIDES USEFUL AS CARBONIC
ANHYDRASE INHIBITORS FOREIGN PATENT DOCUMENTS
. 1096916 1/196! Fed. Rep. of Germany .
{75) Inventors: Thomas R. Dean, Weatherford: 197 ;
Hwang-Hsing Chen: Jesse A. May. 1516024 €/1978 United Kingdom .
both of Fort Worth, all of Tex. _ . - OTHER PUBLICATIONS
[73] Assignee: Alcon Laboratories, Inc.. Fort “The Reactions of Somc Thiophene Sulfonyl Denva-
Worth, Tea. . tives.” Cremyln et al., Phosphorus and Sulfur, vol. 10,
21 No.: pp. 111-119, 1981.
21} A‘ppl No.: 715313 ) *Studien in der Thiophenreihe. XXIV.2 Uber Nitrothio-
{22] Filed: Oct. 9, 1991 phene and Thiophensulfochloride.” Steinkopf et al.,
Justus Liebigs Analen Der Chemie, vol. 501, pp. 174186,
Related U.S. Application Data 1933. '

“Heterocyclic Disulphonamides and Their Diuretic

.'[63] Continuation-in-pan of Ser. No. 618,765, Nov. 27,
Properties,” deStevens et al., Journal of Medicinal and

1990. Pat. No. 5.153.192.-which is 8 continuation:in-

part of Ser. No. 506.780. Apr. 9. 1950, abandoned. . Pharmaceutical Chemistry, vol. 1(6), pp. 565-576, 1959.
[51) ll.‘lt. CL e 07D 5!3/@:')\61?(“31/54 Primary Examiner—John M. Ford
[52] US.ClL oo $147226.5; 544/48: Atiorney, Agent. or Firm—James A. Amo; Sally S.
540/552; 548/207. $48/209: 548/212: 514/372 Yeager
- 514/211
(58] Field of Search ................. 544/48: 548/207. 209. [57] ABSTRACT
. 9.
$48/212: 3407552: 514/226.5. 373. 211 Sulfonamides and pharmaceutical compositions con-
[56) References Cited taining the compounds useful in controlling intraocular
U.S. PATENT DOCUMENTS pressure are disclosed. Methods for controlling intraoc-
4730365 171985 Moff ) | 5147301 ular pressure through administration of the composi-
s offman. Jr.etal. ... 2 . :
4736735 $/1985 Maren . . ... ... sag-139  tioms are also disclosed.
4797413 171980 Baldwineral ... 5147422
5147448 14 Clsims. No Drawings

4.R47.280 7/1989 Baldwinetal ... ...

13-0002



5,240,923
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Provided that when G is SO and Ruis in the 4 posi-
tion and is H or halogen then R and R:are not H.
Ci alkyl substituted optionally with OH. Ci.e
alkoxy. Ci.¢ alkoxycarbonyl. Cs., alkenyl, phenyl.
phenoxy. pyridyl. tetrahydrofuryl, Ci.6 alkanoyl. $
Ca.¢ alkenyl, nor are they joined toforma 5. 6 or 7
member ring. saturated or unsaturated, compnsed
of atoms selected optionally from C. O, S. N in
which said nitrogen. when saturated. is substituted
optionally with H or C.6 alkyl or in which said 10
carbon is substituted optionally with C) alkyl,
Ci.salkoxy or OH; and when Rais in the § position
and 1s H. CL Br, or C,.1 alkyl then neither Ry nor .
R; can be H or Cy4 alkyl: and when G is C(=0)
and in the $- position and Riis H. then Rrand R 15
cannot both be CHi:- : :

R« & Ry are the same or different and are H; C)4
alkyl; Ca4 alkyl substituted optionally with OH.
halogen, C;4 alkoxy or C(=O)R1 C,. alkoxy;
C2.4 alkoxy substituted optionally with OH, halo- 20
gen. Cy4 alkoxy or C(=O)R 7 Cj.7 alkeny! unsub-
stituted or substituted optionally with OH. NRsR..
or Cy4alkoxy: Ci.7alkynyl unsubstituted or substi-
tuted optionally with OH, NRsRe. or C) alkoxy;
C;.2alky1 Cy.s-cycloalkyl: C(==O)R1 or Rs and R¢ 25
can be joined to form a ring of S or 6 atoms selected
from O, S. C or N. such as. pyrrolidine, oxazoli-
dine, thiomorpholine. thiomorpholine 1,1 dioxide,
morpholine. piperazine. thiazohdine 1,1-dioxide. or
tetrahydrooxazine. which can be unsubstituted or 30
substituted optionally on carbon with OH. (=0).
halogen. Cj.s alkoxy. C(=O)R:. Cj.s alkyl, Ci.o
alky] substituted optionally with OH, halogen. Ci4
alkoxy. C(=0)R+ oron nitrogen with C;4 alkoxy,
C(=0)R+. S(=0)mRs. Ci.0alkyl or Ci.e alkyl sub- 35
stututed optionally with OH. halogen. C).s alkoxy,
C(=O0O)R- or on sulfur by (=O)m. wherein m 1
0-2. )

R:is Cy.g alkvl: Cj.z alkyl substituted optionally with
OH. NRsR,. halogen. Cj4 alkoxy or C(=O)Ra: 40
C.salkoxy: Cagalkoxy substituted optionally with
OH. NR:R,. halogen or C;4 alkoxy: NR«Rg: or
phenyl or a heteroaromatic group either of which
can be unsubstituted or substituted optionally with
OH. halogen. Cj.1x alkyl. Ci.1 haloalkoxy. (CH:in 45
NR<«Re. S(==O)mR; or SO:NRsR,. wherein nis 0
or | and ms 0-2.

Rz 1s Cyaalkyl: Caualkyl substituted optionally with
OH. NRsR,. halogen. Ci4 alkoxy or C(=O)R=.

Ro C4alkyl; Cj4 alkoxy: amino, C,.3 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 substituent group is indicated by the C,,
prefix where i and j are numbers from | to 8 for exam- 55
ple...This ‘'C,; definition includes both the straight and
branched chain isomers. For example, C,4 alkyl would
designate methyl through the butyl isomers: and C)4

4

such as furan. thiophene, pyrrole, pyrazole. imidazole.
triazole, tetrazole, oxazole, isoxazole, isothiazole, thia-
zole, thiadiazole, pyridine. pyrimidine. pyridazine. and
p) razine. i

Structure (l] includes isomers, wherein R: and
GNR|R: are attached to the 4 and 5 position respec-
tively or Riis attached to the S position and GNR R is
attached to the 4 position. Many of the novel com-
pounds of Structure [I} possess one or more chiral cen-
ters.and this invention includes all enantiomers, diaste-
reomers and mixtures thereof.

SYNTHESIS

Compounds of the present invention can be prepared
using a variety of procedures, a 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
R3 substituents according to the scheme shown in equa-
tion 1.

In general. N-t-Bu thiophene-2-sulfonamides can be
metallated in the 3-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 R; and R sub-
stituents, to furnish the novel compounds of Structure
[I] (equation 1b).

In many cases it is more advantageous to prepare
initially simplified primary or secondary sulfonamides
via the above sequence and then append the more com-
plex R) and/or Rz substituents using standard alkylauon
reactions (equation Ic). This sequence can furish 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).

Equation |
R: . a)

\(\-—sommnu—l—%;, g’_l"

s
Ry
\ SO;NH1Bu
LiO2S S

b}

alkoxy would designate methoxy through the butoxy R) 1) NCS
isomers. 60 or Cl
p—w’NHIBuW

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 “haloalkvl.” said alkyl may be partially

or fully substituted with halogen atoms. which may be 64

the same or different.
The term heteroaromatic means a monocyclic nng
system of 5 or 6 atoms comprised of C. N. O and or

Li0)S S

| \ SO>NHtBu

R1RINO-S 3

13-0004
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-continued
Egquanon 4
OR d)
1) H-SO;,
. RCN
\ /“ B S
N s
H:NO:S S
HNR
. NR
\ /
| s0;
H:NO>S (3
For Z; = CO 3]
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., 1) Protecs .
\ JHINER \
| -co | co
-— S S
OPg fi
Egquannn.
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1 5 1d
4 ang \ /
| co
H:N\NO:S S
Obg Iy
NR Deproiey 9
\ /
)
H-NO:S S
OH
NR
\ /
l co
H:NO:S s

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 converted to the desired intermediate
mercaptoketones as shown in equation 5a, and the
oxime O-esters of such compounds can be cyclized
according 10 equation Sb. Oxidation and subsequent
reduction of the thienoisothiazole by procedures well
known in the art provides the intermediate cyclic sul-
fonamides shown in equation 5c. 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
equanons la-d.

65

8
Equation §
CH: s)
H:C
[o]
\.\ R?
- SH
o R: b
\_ g
1) HNOSOH N
71 Na:CO; > l /'\
S S
s SH
‘R - c)
- ) m-CPBA >
] ) /.h 2) NaBH4 o
s~ s T s, s
2N
...... ) o
R’ . R d)
/ | NH 1 NaH/R'X > /TN—R)
/ /
S H S S
7\ VA
(o) [o] o 6]
R e
/
7 N—R' gu:nnnl ;
/
S S
7N\
(o] [/
RS
H:N.SO: / | - N=R!
/
S S
VAR
[o] [o]

Yet other cyclic compounds of Structure [I). 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 3a 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
equations 3a and 1d. Thiophene acetals can be readily
converted 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 equation
6a can be oxidized to intermediate ketones by a vanety
of procedures well known to the art, and these ketones
can be cyclized upon treatment under basic conditions.
such as sodium carbonate. to the cyclic sulfonamides

13-0006
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N-[Z-(Lmorpholinyl)eth_\'l]-Z.S-Khiophchcdisulfonamide
hvdrochloride

Step A: N-(1.1-Dimethylethyl)-2-thiophenesulfonamide

To a solution of t-butylamine (8.35 g. 0.114 mol) in
dry tetrahydrofuran (THF) (20 mL) cooled to 0° C. was
added dropwise 2-thiophenesulfonyl 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
acetate (3x 80 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 yield
5.62 g (949%) 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
mmol) in THF (10 mL) cooled to —60° C. was added
n-butyllithiumin hexane (2.5 M. 6.0 mL. 15.1 mmol).
The mixture was surred for 15 min at —60° C. and for
30 min at —10° C. Sulfur dioxide gas was passed
through the surface of the mixwure for 10 min. The
cooling bath was removed and the mixture was stirred
for an additional 1 h.

The volatiles were evaporated and the residue was
dissolved in water (30 mL) and sodium acetate trihy-
drate (5.59 g. 41.1 mmol) was added. The mixture was
cooled in an ice-water bath and hyvdroxylamine-O-sul-
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 ethyvl acetate (3 x 50
mL) and the combined extracts were washed with 5%
sodium bicarbonate solution. brine and dried over mo-
lecular sieves. The solvent was evaporated and the
residue was chromatographed on (silica. eluung with
0% ethyl aceiate-hexane) to vield 1.25 g (61%) of a
hquid which sohdified on standing: 1np 116°-120° C.

Step C:
N-(1.1-Dimethylethy})-N'-[2-(4-morpholinyl)ethyl]-2.5-
thiophenedisulfonamide

A solution of the product from Step B (1.05 g. 3.52
mmol). sodium hydnide (60% dispersion in mineral oil.
310 mg. 7.75 mmol) and 4-(2-chloroethyl)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
ethyl acetate (3x 100 mL). washed with brine, dried
over molecular sieves and concentrated. The residue
was chromatographed (silica. elution with 50% ethyl
acetate-hexane) to yield 0.32 g (22%) of the desired
product: -

Step D:
N-[244-Morpholinyl)ethyl]-2.5-thiophenedisulfona-
mide hydrochloride

A solution of the product from Step C (0.31 g, 0.7%
mmol) in trifluoroacetic acid (7 mL) was stirred at am-
bient temperature for 4 h. The trifluoroacetic acid was
evaporated and the residue was chromatographed (sil-
ica, eluting with methyiene chloride-methanol-
ammonium hydroxide (10/1/0.1)) 10 give 230 mg (86 )
of a viscous liquid. The hiquid was dissolved in ethanol
and treated with ethanolic HCl. Evaporation gave a
white solid which was recryvstalhzed from ethanol-

[y

1S

20

"~
w

S0

60

6

3

12
water to afford coloriess crystals (145 mg): mp
219°-220° C.
Anz'vsis calculated for CioH3CIN1OsS:: C, 30.65:
H. 4.63: N, 10.72 Found: C, 30.54;: H. 4.67: N, 10.64.

Example 2
/\NH
'l
, SO:NH;>
'\.\
/ S s HCI
CH) 0:

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

Step A: ..
3+(2.5,5-Trimethyl-1,3-dioxane-2-y!)-2-thiophenesul-
fonamide

To a solution of 3+(2.5.5-Tnmethyl-1,3-dioxane-2-
yDthiophene (2.5 g. 11.7 mmol) in hexane (30 mL)
cooled 10 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 a 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 (30 inL) 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
(3 100 mL) and the combined extracts were washed
with a sodium bicarbonate solution. brine and dried
over molecular sieves. Evaporation to 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 bicarbonate. 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. 33.5 mmol) was added. The mixture was al-
lowed 1o stir at ambient temperature for 1 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 hvdroxylamine-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 (3> 80 s

mL). The combined extracts were washed. dried and
evaporated in a manner analogous 10 Step A 10 furnish
a viscous liquid (2.17 g). This was chromatographed
(silica. methylene chlonde—methanol—ethyl acetate,
20/1/10)) 10 give some recovered starting matenial (1.15
g- 53%) and the desired product (0.82 g, 30%). This
product was treated with ethanolic HC) and crystal-
lized from ethano! to furnish white crystals: mp
172°-173° C.

Analysis calculated for C;1H20CIN3O«Sa: C, 32.55:
H. 4.97: N, 10.35. Found: C. 32.67: H. 4.92: N. 10.28.

This method can be used 10 prepary many of the
novel compounds of Structure [1] wherein the R, and

R substituents are joined to form a ring of 5 to 6 atoms. 20

In many cases the simplified heterocyclic rings used to
couple with sulfonyl chlorides. such as that in Step A or
those described in equations | and 2, are available com-
mercially’ Other exampies can be prepared using meth-
ods known to one skilled in the art. A useful series of
reféfences pertinent to ‘this method are “Comprehen-
sive Heterocyclic Chemistry.” A. R’ Kamtzk\ et al.
Volumes 2-6. and references cited therein.

EXAMPLE 4 30
Ho\/\_\ /\l
\/ N\ D—so;xu; 38
\s
o: s HCi
40

5-[[4-12-Hydroxyethyl)piperazinyl]sulfonyl}-2-thio-
- phenesulfonamide hydrochloride

To a solution of 2-[[4-(2-hydroxyethyl)piperazinyl]-
sulfonyljthophene (2.5 g. 9.0 g mmol) in THF (15 mL)
cooled to —78° C. was added slowly over 5 min n- 4%
butvllithium (2.5M. 8.5 mL. 20.8 mmol). The mixture
was allowed to stir for 40 min at —65° C. and 20 min at
—40° C. when a stream of sulfur dioxide was passed
through the surface for 30 min. The mixture was

warmed to ambient temperature, stirred for 1.5 h then 30

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-suifonic acid (3.39 g. 31.7 mmol)
was added. The mixture 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 a

viscous liquid (3.15 9). This was chromatographed (sil- .,

ica. methylene chloride—methanol 70/1) to give some
recovered starting material (1.24 g. 50%) and the de-
sired product-as a liquid (0.8 g. 259%). The liquid was
dissolved .n ethanol. filtered and treated with ethanolic

HCIl. The mixture was filtered and the solid dried t0 ¢5

give the desired product (0.54 g): mp 206°-207° C.
Analysis calculated for C1oH1eCIN10483: C.30.65: H.
4.65: N. 10.72 Found: C.30.62: H. 4.64: N. 10.68.

s

ss

16
EXAMPLE ¢

E

\\ f\—sowﬂ-

/\ N/\/ \S NMH
0: 5 HC)

(o]

4

.NjEt'hyl-N-[2-(4-morpholinyl)elhyl]-Z.S-thio-
phenedisulfonamide hydrochlonide

Step A:
N-Ethyl-N-[2-(4-morpholinyl)ethyl]-2-thiophenesul-
fonamide

To 8 mixture of sodium hydride (60% dispersion in
mineral oil, 0.606 g, 15.1 mmol) in N,N-dimethyl form-
amide (DMF) (60 mL) cooled to 0° C. was added N-[2-
(4-morpholinyl)ethyl)-2-thiophenesulfonamide (3.8 g.
13.8 mmol). The mixture was stirred for 1 h and then
allowed to warm to ambient temperature overnight.
The mixture was poured onto water, extracted with
ethyl acetate, dried and concentrated to furmsh a vis-

25 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) 10 give the dcsnred product as a liquid
(2.95 g. 70%).

Step B:
N-Ethyl-N-[2-(4-morpholinyl)ethyl]-2.5-thio-
phenedisulfonamide hydrochloride

‘he product from Step A (2.2 g. 7.24 mmol) was
treated sequentially with n-butyllithium, sulfurdioxide.
hydroxylamine-O-sulfonic acid and ethanolic HCl in
much the same way as described in Example 4 to furnish
the desired product as a hygroscopic white solid: mp
80°-85° C.

Analysis calculated for ‘Cj2H22CIN3O«Sa: C. 34.32:
H. 5.28: N, 10.01 Found: C, 34.06: H. 5.20; N. 9.66.

EXAMPLE ¢

\|/\.\'H

I \ SONH:
N ~ s
HCl

3.4-Dihydro-2-m§thyl-4—(2~melhyl)propylnmino-zH-
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-¢)-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)-piperazinyl]sulfonyl}-
2-thiophenesulfonamide hydrochloride

A sample of 4-bromo-S-chlorosulfonyl-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
Exampie 8. Step B, to -furnish the desired hydrochlo-
ride salt. ‘This material-was-recrysialiized-from metha-
nol to give a white solid: mp 212° C.

Analysis calculated for CioH7BrCIN:0<S3;—0.25
H;0:C,25.27: H. 3.71; N, 8.84 Found: C, 25.47; H. 3.51;
N. 8.46 '

5

o

15
EXAMPLE 10
/\.\H 20
N
/ s s
€H: o: HC) 25
R-(+)4-Ethylamino-3.4-dihydro-2-methy)-2H-
thieno[3.2-¢]-1.2-thiazine-6-sulfonamide 1,1-dioxide hy-
drochlonde 30
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-toluoy!-D-tartaric acid (3.27 g. 8.47 mmol) in n-
3s

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 filtrate 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 tartrate (4.30 g). The salt was mixed with a
saturated sodium bicarbonate solution (300 mL) and the 4
resulting suspension was allowed to stir for 1 h and was

extracted with ethy! acetate (3 X 300 mL). The extracts

were dried. filtered and evaporated 1o dryness to afford

40

s

the free base (2.71 g), which was treated with 2N HCl to sp

give 2.71 g of the sak. [a]p +14.7° C. (c¢=0.55. H;O):
mp 261°-263° C.
Analysis calculated for CsH ) CIN3O4S:—0.5 H,0:

C. 29.87: H. 4.46: N. 11.61 Found: C, 29.85. H. 4.28 N, s

11:36
EXAMPLE 11

/\\H

,/T\—SO:.\'H:
AR
S

7 S
O: HCO

CH:

Aliernative preparation of:

s

63

20

R-( + )-4-Ethylamino-3.4-dihydro-2-methyl-2H-
thieno[3,2-¢)-1.2-thiazine-6-sulfonamide 1.1-dioxide
hydrochionde

Step A: 3-(2,5,5-Trimethyl-1,3-dioxan-2-yl)thiophene

Hydrogen chlonde gas was bubbled briefly into a
mixture of 3-acetylthiophene (100 g. 0.794 mol) and
2.2-dimethy!-1,3-npropanediol (1.5 eq, 1.19 mol, 123 g) in
toluene (650 mL) and the mixture was refluxed for 18 h
with water removal using a Dean-Starck trap. Since
only about half of the theoretical amount of water had
been removed after this time, a few drops of concen-
trated sulfuric acid were added to the mixture and re-
flux was continued another 24 h. The mixture was al-
lowed to ccol 10 room temperature under a drying tube
and potassium carbonate (10 g) was added followed by
saturated aqueous sodium bicarbonate (300 mL) and
hexane (1 L) The organic phase was separated and the
aqueous was extracted with hexane (3 x 400 mL). The
combined hexane extracts were washed with brine
(6 X 500 mL), dried over MgSOy, treated with decolor-
izing carbon, filtered through celite and evaporated
under reduced pressure. The residue was distilled
through a 12 inch Vigreux column to provide 120 g
(71%) of the ketal as a colorless liquid that solidified on
standing: bp 88° C./0.] mmHzg).

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 10 —60° C.
under nitrogen. n-Butyllithium (1.3 eq. 120 mL of a 2.5
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 allowed to
warm to room temperature, taking 30 min. After the
mixture had stirred at room temperature for 30 min. it
was again cooled to —60° C.. at which point tetrahy-
drofuran (100 mL) was added. After the mixture had
returned to —60° C., sulfur dioxide gas was bubbled
into the reaction until the mixture was acidic. and the
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 bubbied
into the mixture unti! the sulfonyl chlonde was no
longer present as indicated by TLC. (silica, 30% ethyl
acetate/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 acid (400 mL)
and refluxed for 1 h. The mixture was then cooled.
basified using solid sodium bicarbonate, and parnitioned
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 orgeanic layers were washed with saturated
aq. sodium bicarbonate (4500 mlL), dried over
MgSO,. treated with decolorizing carbon. . filtered
through celite, and so concentrated. The residual oily
solid was leached with diethyl ether (500 mL) resulting
in a solid that was collected by filtration. washing with
ether, t0 provide, after air drying. 31 g (60%) of the
sulfonamide: mp 101°-i103° C.
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over MgSQ,. treated with decolonizing carbon (Norite
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-dihydro-2-methyv]-2H-thieno[3.-
2.e}-1.2-thiazine-6-sulfonamide 1.i-dioxide

The compound from Step F (27.0 g. 83.1 mmol) (94%

24
brine. dried (MgSO4) and evaporated 10 give a crude
product which was purified by column chromatogra-
phy (silica, methylene chlonde:methanol, 20:1) 10 pro-
vide the desired product (4.2 g, 88%) as a syrup.

Step B:
2-Allyl-4«(1-ethoxy)ethoxy-3.4-dihydro-2H-thieno[3.2-
¢])-1.2-thiazine 1.]1-dioxide

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

ec) was dissolved in n-propanol (800 mL) and the solu:_10_dissolued-in, tetrah:. drofuran (75 mL) and cooled 10 0°

tion was filtered through a sintered glass filter. The
filtrate was heated to about 80° C., and an 80° C. solu-
tion of di-p-toluoyl-D-tanaric 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 |5

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-tartrate salt of greater than 98% ee.

Because this material was somewhat colored. it was 39

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

tracted with ethy] acetate (4 X400 mL). and the com- 3¢

bined_extracts were dried over 4A molecular sieves.
filtered. and concentrated on the rotary evaporator at
reduced pressure to 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-e]-1.2-thiazine-6-sulfonamide 1.1-dioxide
hvdrochloride

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 saturated sodium bicarbonate (70 mL) and brine
(70 mL). The organic layer was dried (MgSO4) 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-dihydro-4-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-
solved in anhydrous tetrahydrofuran (125 mL) and
cooled to —60° C., was treated dropwise with n-butyili-.
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
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 trihvdrate
(6.4 g. 47.3 mmol) was added followed by hydroxyla-

The compound from Step G (20.2 g. 62.2 mmol) was 4, mine-O-sulfonic acid (3.2 g. 28.4 mmol). The reaction

treated with 2 M ethanolic hydrogen chloride (40 mL).
and then the mixiure was evaporated to dryness under
reduced pressure. The residue was dissolved in water
(200 mL) and evaporated to dryness 1o provide the

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

hydrochlonde salt which was washed with ethyl ace- ,, tion. dried (MgSOs) and the solvent evaporated to give

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

Example 12
~\H
\ SONH;
AN s s
0: HC)

2-Allyl-4-ethylamino-3.4-dihvdro-2H-thieno[3.2-¢)-1.2-

“thiazine-6-sulfonamide-1.1-dioxide-hydrochlornide—--

Step A:
2-Allv]-3.4-dihydro-4-hydroxy-2H-thieno[3.2-¢])-1,2-
thiazine 1,1-dioxide

The product from Step C of Example 2 (4.0 g. 19.5
mmol) was dissolved in anhydrous DMF (70 mlL)
cooled to - 10° C. and sodium hydride (21.5 mmol) was
added. After stirnng for five minutes allyl bromide (2.53

55

60

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

4s and the solution was neutralized with saturated sodium

bicarbonate solution. The product was extracted into
ethy! acetate and the combined extracts were dried
(MgSO4) and evaporated 1o a residue which was pun-
fied by chromatography (silica. 5% methanol:methy-

so lene chloride) to give a syrup (1.2 g).

StepD: 2 -
Allyl-4-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_tetrshydrofuran (50 mL) containing triethylamine
(1.7 mL, 12.0 mmol) and the solution was cooled to
—~16° C. Tosy! chioride (1.1 g. 6.0 mmol) was added
and the mixture stirred for 18 h at room temperature
after which time it was cooled to 0° C. and ethylamine
(10 mL) was added. After heaung at reflux for 1 h the
solvent was evaporated and the residue dissolved in
ethyl acetate (50 mL) and washed with IN HCL (320
mL). The combined aqueous washes were basified (so-

mL. 29.25 mmol) was added and this mixture stirred for 6% dium bicarbonate) and extracted with ethyl acetate. The

2 h at 0° C. The reaction mixture was poured onto ice
water (100 mL) and this solution was extracted with
ethyvi acetate. The combined extracts were washed with

combined extracts were washed with saturated sodium
bicarbonate solution (3 15 mL) and brine (3> 15 mL).
dried (MgSO,) and evaporated to give the desired free
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3: Ri=(CH:):CH:: R:=(CH)>O(CH:)OCH:x: 1.4-
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: R;=CH:CHj;: R:=(CH)\XCd;)OCH: 4
Ethylamino-3.4-dihydro-2-{3-(2-metnoxy)ethoxy}-
propyl-2H-thieno[3.2-¢)-1,2-thiazine-6-sulfona-
mide-l.i-dioxide hydrochioride: mp 209°-211° C..

5: Ry=(CH1)2CHj; R;=(CH1)30(CH);0CH3: 3.4-
Dihydro-4-propylamino-2-[3-(2-methoxy)ethoxy)-
propyl]-2H-thieno{3.2-¢]- 1,2-thiazine-6-sulfona-
mide-1.1-dioxide maleate: mp 150°-152° C.

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

6: Rj=(CH;3);CHi: Ry =(CH;);OCH:CHax 2-(2-
Ethoxy)ethyl-3,4-dihydro-4-propyl amino-2H-
thieno[3.2-¢)-1.2-thiazine-6-sulfonamide-1, ] -diox-
ide hydrochlonde;

7: Ry=CHCH2: R2=(CH2):OCH;CH3: 2(3-Ethox-
y)propyl-4-ethylamino-3.4-dihydro-2H-thieno{3.2-
e)-1.2-thiazine-6-sulfonamide-1.)-dioxide  hydro-

chioride.
8. Rj=(CH:):CHj:R:=(CH2):0OCH;: 3.4-Dihydro-
-—2-(3-methoxy)propyl-4-propyl amino-2H-

thieno[3.2-¢]-1.2-thiazine-6-sulfonamide-1.1-diox-
ide hyvdrochloride.

EXAMPLE 17
\/\NH . -
CH:()/\/\\S S
0: HC!

R-(=)-3.4-Dihydro-2-(2-methoxy)ethyl-4-
propy lamino-2H-thieno[3.2-¢]-1.2-thiazine-6-sulfona-
mide 1.1-dioxide hvdrochloride

Step A:
3.4.Dihydro-2-(2-methoxylethyl-4-0x0-2H-thieno{3.2-
¢}-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
residue was triturated with ethyl acetate (3x80 mL)
and the combined organics were washed with brine and
dried over molecular sieves. Concentration gave the
desired product (0.92 g).

_ Step ' B:  (~)-3.4-Dihydro-4-hydroxy-2-(2-methox-
y)ethyl-2H-thieno[3.2-¢}-1.2-thiazine-6-sulfonamide 1.1-
dioxide

To a solution of the product from Step A (550 mg.
16.2 mmol) in tetrahydrofuran (200 mL ) cooled 10 —65°
C. was added dropwise a solution of (+)-8-
chlorodiisopinocampheyl borane (25.6 g. 79.8 mmol) in
anhydrous tetrahydrofuran (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 acetate (3x 150 mL).

<

10

15

28

Concentration of the organics gave a viscous liquid
which was chromatographed (silica. hexane to 50%
hexane:ethyl acetate to 10% methanol:methviene chlo-
ride) to give the desired subject (5.23 g. 95%): mp
131°-133° C.: [a)p —3.31° (C- 1.18. MeOH).

Step C:
(=+)3. 4—Dlhydro-2-(2-melhoxy)ethyl-4-prop) lamino-
2H-thieno|3.2-¢}-1,2-thiazine-6-sulfonamide 1.1-dioxide
- s hydrochloride

To a-solution of the product form Step B (2.68 g, 784
mmol) and triethylamine (3.19 g, 31.3 mmol) in anhy-
drous tetrahydrofuran (100 mL) cooled to —20° C. was
added tosy! chloride (2.99 g. 15.7 mmol) over 5 min.
This mixture was placed in an ice bath for 18 h and after
which time an excess of propylamine (10.C 2, 169 mmol)
was added. The mixture was stirred at ambient tempera-
ture for | h followed by heating at reflux for an addi-

o tional 2 h. Evaporation of the mixture gave a crude

25

30

3s

40

45

50

ss

6%

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:-
methylene chloride) to give the free base (1.7 g, 57%%).
The free base was dissolved in ethyl acetate (20 mL)
and treated with a solution of 1.5 N ethanolic HCI in
ethanol (4.5 mL). The solution was evaporated to dry-
ness and the residue dissolved in methanol (2 mL) and
methylene chloride (80 mL) was added. After crystalli-
zation was complete the solid was collected and dned
_ (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).
Analysis calculated for C3H2;CIN3OsS3: C. 34.31:

H. 5.27: N, 10.0! Found: C, 33.99; H, 5.12; N. 9.81
Example 18
/\NH
CH_‘O/\/'\\S s
0> HQ)

R-(+ »4-Ethylamino-3.4-dihydro-2-(2-methoxy)ethyl.
2H-thieno(3,2-¢}- 1.2-thiazine-6-sulfonamide 1,1-dioxide
hydrochlonde

Using essentislly 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:0).

Analysis calculeted for C, 31.84; H, 5.10; N, 10.13
Found: C, 31.97; H, 497; N, 10.15
EXAMPLE 19
R
'\
.\:JH
N
7/ s s
R: 0: HCI
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k)|
added a solution of n-butyllithium in pentane (20.6 mL
of a 2.0 M solution) at —-78" C. over a period of 20
minutes. After stirring this solution for 45 min, a stream
of SO; gas was passed over the surface of the solution

(20 min). The reaction mixture was allowed to warmto $

room temperature and stirred at this temperature for 2
hr. The reaction mixture was allowed to warm 10 roo1
temperature and stirred at this temperature for 2 hr. The
solvent was evaporated to give a residue which was

dissolved in methylene chloride (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 to warm to room temperature: stirring
continued for two more hours, at which point the meth-

ylene chloride was removed by evaporation and the 15

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 excess-amine-by evaporation,~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 ethy! acetate (3100 mL) and the ¢ m-

bined organi'c layers were washed with brine (30 mL). 25

dried€MgSQO.). and evaporated to provide crude prod-
uct which was purified by column chromatography
(silica; 5% CHiOH/CH;:Cl») 1o give the desired prod-
uct as a yeliow syrup (7.3 g. 72%). o

Step B:
2-(2-Bromoethy!)-3.4-dihydro-4-hydroxy-2H-thieno3.2-
e]-1.2-thiazine-6-(N-t-butyl)-sulfonamide- 1.1-dioxide

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

30

(10 mL) was added a solution of the product from Step 35

A (8.3 g. 24.4 mmol) in DMF (20 mL) at 0° C. This
mixture was stirred for 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 at room

terhperature. A saturated aqueous solution of ammo- 40

mum chloride (20 mL) was added and the mixture ex-
tracted with ethyl acetate (3 x 100 mL). The combined
extracts were washed with brine (50 ml). dried
{MgSQy) and evaporaied to give an oil which was puri-

fied by chromatography (silica: 50% ethyl acetate/hex- 45

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

Step C:
2-[144-Acetyi-piperazinyl)ethvi-3.4-dihydro-4-

hydroxy-2H-thieno-{3.2-¢]-1,2-thiazine-6-sulfonamide- 50

I.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 35

mixture was heated at 95° C. for 4 hr. The solvent was
evaporated -and: a-saturated-aqueous-solution of ammo-
nium chioride (30 mL) was added to the residue. This
solution was extracted with ethyl acetate (3 x50 mL)

and the combined extracts were washed with brine (30 60

mL). dned (MgSQO4). and evaporated to give an oil
which was. dissolved in trifluoroacetic acid (20 mL).
After stirnng at room temperature for 24 hr, the trifluo-
roacetic acid was removed by evaporation and the resi-

due dissolved in a saturated aqueous solution of sodium 63

bicarbonate (30 mL) which was extracted with ethyl
acetate (3x50 mL). The combined extracts were
“washed with brine (30 mL). dried (MgSQ,). and evap>-

32

tated to givé an oil which was purified by column chro-
matography (silica: 10% CHyOH/CH:Cl;)togive 1.2 ¢
(60%) of free base. The free base (500 mg. 1.12 mmol)
was dissolved in THF (10 mL) 2nd added to a solution
of malewc acid (172 mg. 1.48 mmol) in ether (10 mL).
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
CisH26N«O10S3H0: C,37.75; H, 4.93; N,9.78. Found:
C37.77; H,4.88; N,9.74.

~“The-2:bromoethyl-derivative described in Step B or
analogous compounds such as that described in Exam-
ple 25, Step A. or their corresponding acetals (repre-
sented by the compound in Example 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 Rs and
R¢ fo-m a 5 or 6 member ring can be obtained commer-
cially. In other cases the desired heterocyclic compo-
nent can be prepared from flies€ simplified rings or by
other methods which are. known to one skilled in the
art. Important lead references which disclose the syn-
thesis of these heterocyclic rings are: “Comprehensive
Heterocyclic Chemistry,” A. R. Katritzky et al.,, Vol-
umes 2-6, and references cited therein.

EXAMPLE 22

OH

KiC 0\/\~/\/N\s
o/ \o

H.C—0

3.4-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, Part B
(1.70 g. 4.0 mmol) in 3-methyl-2-butanone (10 mL) was
added bis(2-methoxyethyljamine (2.2 mL. 11.0 mmol).
sodium 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 (3 X 50 mL) and-the combined ex-
tracts were washed with brine (30 mL), dried (MgSO,).
and evaporated to give an oil which was dissolved in
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 (50 mL) which was
extracted with ethyl acetate (3 X 50 mL). The combined
extracts were washed with brine (30 mL), dried
(MgSOy). and evaporated to give ar oil which was
purified by column chromatography (silica; 10%
CHyOH/CHCly) to give 1.1 g (58%) of free base. The
free base (460 mg. 1.04 mmol) was dissolved in ethanol
(10 mL) 1o which a solution of hydrochlonc acid in
ethanol (5 mL) was added; this solution was stirred for
30 min and evaporated. The solid was recrystallized
(CH3;0H/E;0) 10 give the desired salt; mp 205° C.

13-0018




5,240,923 o

35

Step B:
2-(3-Bromo)propyi-4-(1-ethoay)ethoxy-3.4-dihydro-
-2H-thieno-[3.2-e)-1.2-thiazine

The product from Step A (10.1 g. 30.I mmol) and &
p-toluenesulfonic acid (1.1 g) were dissolved in THF
(100 mL) and cooled 10 — 20° C. at which point ethylvi-
nyl 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 ethyl 10
acetate (200 mL). The organic layer was separated,
washed with saturated sodium bicarbonate (3 50 mL) .
and brine (50 mL), dried (MgSQa). and evaporated to
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_ethy!
acetate (300 mL). This solution was washed with water 25
(3%x56'mL) and brine (3 x 35.mL), dried (MgSO4):and
evaporated 1o provide the curde product which was

purified by column chromatography [silica:

CHxOH/CH:Clx(20:1)] 10 give 6.5 g (789) of product

as a syrup. 30
Slep D:

3.4-Dihydro-4-hvdroxy-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 35
dissolved in THF (40 mL). cooled to —78* C. and
treated sequentially with n-butyllithium. sulfur dioxide.
and hydroxylamine-O-sulfonic acid in a manner essen-
tially identical to that described in Example 2. Step D to
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-thienof3. 2- ,
¢]-1.2-thiazine-6-sulfonamide-1,1-dioxide

To a solution of the product from Step D (3.8 g. 10.7
mmol) in acetone (40 mL) at room temperature was
added Jones reagent (9.7 mL (prepared by dissolving
CrO3(7 g) in H>O (50 mL) and adding H:SO4(6.1 mL)). 50
This mixture was stirred at room temperature for one
hour. diluted with ethyl acetate (200 mL) and washed
with a 5% solution of sodium bisulfite (2 x 100 mL) and
brine (2 50 mL), dried (MgSQO,). and evaporated 1o a
syrup which was purified by column chromatography $$
[stllca CH3;OH/CH;C13(20:1)] 10 give 2.7 g (710%) of
the desired product: mp 115°-117° C.

Step F:
(+)-3.4-Dihydro-4-hydroxy-2-3-methoxy)propyl-2H-
thieno{3.2-¢)-1.2-thiazine-6-sulfonamide- 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 a solution
of (+)»B-chlorodiisopinocampheyiborane (11.8 g. 36.7
mmol) in THF (10 mL). The reaction mixture was al- 65
lowed to warm 1o ~20° C. and kept at this temperature
for 4 days. Diethanolamine (4.2 mL. 44 mmol) was
added to the reaction mixture and the solution stirred

36
for 30 min. diluted with EtOAc (150 mL). washed with
water (2%X50 mL) and brine (2x50 ml), dred
(MgSO4). and evaporated toa syrup which was punfied
by column chromatography [silica;
CHOH/CH:ClIx(20:1)) 10 give 2.4 g (92%) of the de-
sired compound as a colorless foam.

. Step G:
(- ):*E}hylamino-l#dihydrO-Z{ 3-methoxy)propyl-
2H-thieno[3,2-e]-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 to —20° C. 'was
added tosyl chloride (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 to room temperature. After 18

‘hr the reaction mixture was diluted with ethyl acetate

(200 mL), washed with a saturated aqueous solution of
sodium ‘bicarbonate: (3x50 mL). dried (MgSO,), and
evaporated to give the crude product which was puri-
fied by column chromatography [silica:
CH3:OH/CH)Cl3(20:1))- to.give 1.3 g (52%) of the de-
sired amine. The free base was dissolved in ethanol (5
mL) and treated with a 2M solution of hydrochloric
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
(34%) of the desired product; mp 175°-177° C.; [a]p
17.1° (C=1.00. H;0). Analysis. Calculated for

40 C|3H,:CIN;OsS3: C. 34.32; H. 5.28: N. 10.00 Found: C,

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

HNT NCH;

HCI :
’/T\‘SO:NH:
N
H;CAO/\/ \S s

7\
o o

(+)2<(2-Ethoxy)ethyl-4-ethylamino-3,4-dihydro-2H-
thieno{3,2-¢}-1.2-thiazine-6-sulfonamide- 1, I-dioxide
hydrochloride

By following essentially the same procedure as used
for the preparation of Example 25 but using instead
2-bromoethylethyl 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,
CH,OH). Analysis. Calculated for Cy2H2:CIN3OsS3: C.
34,32: H, 5.28; N, 10.00. Found: C, 34.27: H, 5.28; N,
9.92,
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a blanket of nitrogen was added imidazole (300 ing. 4.4
mmol) and teri-butyldimethvisilyl chloride (904 mg. 6
mmol). The reaction mixture was stirred at room tem-
perature for S hr and the solvent removed by evapora-
tion to give a residue. The residue was dissoived in 3
ethy! acetate (150 mL) and the solution washed with
water {2x50 mL) and brine (2x50 mL). dned
(MgS0.). and evaporated to a syrup which was purified
by a column - - chromatography - -silica;

CH:10H/CH CIx(10: 1)] 1o give 1.05 g (38%) of product 10

as an oil.

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

- To a solution of the product of Step D (1.4 g . 3

) mmol) and triethylamine (1.7 mL, 12 mmol) in THF (10

mL) at —20° C. was added p-!oluencsulfonyl chloride 20
(1.2 g. 6 mmol) and the reaction mixtdfe was stirréd at

0° C. for § hr. The reaction mixture was ccoled to —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
Aftes-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 (MgSO4). and
evaporated to a syrup which was purified by column
chromatography [silica: CHiOH/CH;Cl:(20:1)] to give 30
900 mg (64 ) as a colorless foam.

Step F:
4.Ethylamino-2-(3-hydroxy)propyi-3.4-dihydro-2H-
thlcno[3 2-¢]-1.2-thiazine-6-sulfonamide- 1. l-dxoxldc 3%

hydrochloride )

The product from Step E (900 mg. 1.86 mmol) was
dissolved in a 1M 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 50 mL).
water (3x25 mL) and brine (3x25 mL). dned
{MgSO.). and evaporated to a syrup which was purified 43
by column chromatography {silica:
CH:OH/CH:Cl13(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 hydrochloric 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
chloride gave 480 mg of the desired product: mp
203°-205" C. Analysis Calculated for C)1H20CIN1OsSx:

C.-32.55' H. 4.96; N. 10.35. Found C, 32.43; H. 492: N, 3*
10.28.
EXAMPLE 30
60
HNACH_
HCI
I \ SO:NH
HOT NN s o6
7\
(o] o}

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
Calculated for C1oH13CIN;OsS3: C, 30.65; H, 4.63; N,
10.72. Found C, 30.78; H. 4.68, N, 10.59.

EXAMILE 31

- 2.3 Dlhydro-3 mcthyl 2 [2-(4-morpholmyl)eth\l}
thieno13,2-d}isothiazole- $-sulfonamide-1, I-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 siowly added. The
mixture was allowed to warm 10 0° C. and stirred at this
temperature for two hours, again cooled to —20° C. at
which point sulfur (1.56 g. 48.8 mmol) was added in
smal) portions. The cooling bath was removed and the
mixture was allowed to warm to roous temperature
over a two hour period followed by the addition of 2 N
HCI (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 10 neutralize the
mixture. The organic layer was separated. washed with
brine (3 x 25 mL), dried (MgSQOy). and evaporated to a
solid which was recrystallized from methylene chlori-
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-
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 (IL, and extracted with ether (4 100 mL).
The combined extracts were washed with water
(3% 160 mL), brine (2 x 100 mL), and evaporated to a
residue which was dissolved in aqueous THF (400 mL,
1:1) to 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 (3150 mL). The
combined exntracts were dried (NayCOj) and evapo-
rated to a residue which was purified by column chro-
matography (silica. hexane/ethyl acetate) to provide
22.1 g (65%) of the desired compound as an amber oil.

13-0022




5,240.923

43 44
TABLE I-continued
R:
I \ SO:NH;
hY
s s
R:

G R: R: ,
SO: n-Pr HNE: o
SO: 1Pt HNE
SO: CH;CHCH: HNE!

SO: CH:CCH HNE!
SO: (CH>):0Me LJHNED
SO: “ICH:;nOMe T EINCI=OWE!
: (CH2:0Me™ Wi L 07 Tl LT D ICEINC(S=S0CH:
(CHOM. . _ - R
ICH:1:OEr . ..
JICHOE TR
(CH:pOH ™77 7
SO: (CHaNOH "t o
S0; (CH: WOC(=0XH:
SO: (CH;)1,0Me
50: (CH>1:0E«
SO: (CH:»»OE!
SO: (CH:nOMe
SO: 1CH - 1nOMc
SO: iCH:1OMe
SO~ (CH 1 OCH: 1 OMe
SO: (CH:nOICH:0Me
SO: (CH:130(CH1:0Me
SO: {CH:1nOICH:1:0Mce .
SO: (CH:1O0iCH:0Me -
SO: (CH:nOCH: nOMe B
SO: CH:CHCHCH:OMe tranvy (NN
SO: CH:CHCHCH OMe itran~: -
SOy CH:CHCHCH:OMc t1ransy
SO:- CH:CHCHCH:0OMe s
SO: CH:CHCHCH:OMe (v
SO: CH:CHCHCH:OMe o - ~-HN1EBy - —~
SO Me : HNCH-CHCH:
SO: Me HNC:H
SO: Mo HNCH:C:iH« B
SO- M HNn-Pr
SO:  Me o . -HNI-Bu
SO: Mo R H.\'IC.H:):OH
SO Mo . HNCH:1OMe
SO- Mo OH
SO« Mot om- - e IITIIZIZIN LoMeS LIl
SO): Me .Onr-Bu-
SO: Mo O(CH:1:NICH:CH::0
SO: M T O(CH:1N(CHICH:1:NCOMe
S0 e ‘4-Cl==Ph-
SO: Me LN(Mehr=Ph
SO: Me . CHINICHCH 20— Ph
SO: tCH: 1 NCH:CH O OMc
SO: (CH:3N1ICH:CH 20 OH
SG- (CH::NICH:CH: -0 OE!
SO; (CH:1NICHCH2 1 NCOMe CHOMe
SO: (CHynN(CHCH:1:NCOMe OE!
SO: (CH2NN(CH:CH> 11 NCOMe OH
SO:; (CH:1:NCHCHO CONHE!
SO:; (CHanMe HNE
SO: (CHINOMe HME:
.-80;  CH:CONHMe - HNE!
SO: Ph HNE!
SO- 4-Cl=Ph HNE
SO: 4.CONHMe—Ph HNE!
SO: 4.S0:NMe:=—Ph HNE
SO: 3.SO:\Me=—Ph HNE(
SO: 4-OCF:H=—Ph HNE!
SO: 4-OMc=—Ph HN\Ey
SO: 4-OH. :-CH:NMe-=—Ph HN\E!
SO°  4&.NHCOMe—Ph HNE
$O: CH:<4.prnidy! HNE
$O:  ICH:1i:0H HN\E!
SO: tCH::0F" HN\E
SO: (CH::COMY HNE:
SO; CH:CONICH:CH:i:NtCH: 120Me OE:
SO CH-CO:-Pr ) HNE
SO ICH: 1 NICH:CH o OCH>CH:0H .
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G . . .
SO:; (CH}CONRMe R HNE1 —~ - P
SO: Ph HXNE ——
SO:  4Cl=Ph _HNE!

SO:  4CONHMe=—Ph HN\E!
SO:  4-S0:NMc:~—Ph HNET
SO: 3.80:Me—Ph HNEr -
SO: -4-OCF:H=—Ph HNE!
SO: 4.0Me—Ph - HNE:
SO- 4-OH. }-CH:NMe:-—Ph HNE!
SO: 4-NHCOMe=~Ph HNE
SO- (CH>);0H HNE:
SO:; (CH;)OFE! HNE!
SO;. - (CHnCOMe HNE
SO: CH>CONICH:-CH:1:N(CH21:0Me OE:
SO; CH:CL-Pr HNE:
SO- (CH>1:NiCH-CH: O OCH:CH:OH
co H L HNMe
Co H - HNEt
co Mo HN\n-Pr
i 9 ¢) Me HN-Bu
cO Mce HN(CH2-0R
Cco Me HNICH: 1:0Me
co Mo OH
cO Mo OMe
coO Mo Oi-Bu
cO Mo OtCH-1:N«CH:CH:0O
CcO Mo OWCH:NICH:CH:1:NCOMe2
CcO M +.Cl=Ph
cnH oA 3NtMe):=Ph
CcO Mo SCH:NICH;CH:);0=1
co ICH>1:NCH:CH: -0 O\
cO tCH:i:NICH:CH: OE:
coO (CH::NICHCH: i NCOMe CH:OMu
co tCH: - NICH:CH:NCOM. OE:
co (CH::NiCHYCH::O CONHE!:
cO 1CH:wMe HN\L:
co (CH::OM. HNE:
co CH:CONHMC H\E:
CO Ph HN\EY
cO 4.Cl=Ph H\E!
(48] 3.CONHMe=Ph HN\E:
CcO 4-SO:NMe:=pr HNE:
CO  3SOMc— Pt HA\E:
(44} 4.0CF:H=PL HXE!:
co 4-O\e—Ph HNE!
coO 4-0OH. }-CH:N\NMe:=Ph HNE
CO 4+-NHCOMe~Pr HNE!:
co tCH>1OH HNE:
co ICH:-OE1 HN\E!
<o {CH1COMe HNE!
Cco CH;CONICH:CH:1N(CH:):0Me OE:
Co CH>CO-Pr HNE1
CO ({CH2):NCHCH: O OCH:CH:OH
> TABLE }
R: R:
\N l \ SO-NH:
/7 N\
: S
O:
R; R: R-
(CH2iNIC' " :CH 20 H H
(CH:1:NICH:CH O H H
(CH31N(CH:CH: ;0. Ei H
(CH:2NICH:CH::0O Me T H ™ "
(CH: :NICH:CH O Me Me
ACH:1:NICH:CH20 H Cl
H Br

(CH: 1 NICHCH 0O
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51 52
TABLE 4-continued
O:
Rit. . BnEl._g B
N\
N SO:NH:
/
R. s
(CH:1NtCH:CH:xO Me CH:CONHE!
{CH21NMCH>CH:1:NCOMe H H
(CH21:NCH:CH22NCOMe H H
(CH2N(CH>CH:)1:NCOMe Me H - - .
(CH;):N(CH>CH=1-NCOM¢e Mc Me A B
(CH2)2NCHCH “H Cl o T
(CH:1:NICH:CH . H Br -
(CH21N(CHCH Me H CH:OE:
{CH:1;NICH2CH:):NCOMe ' H CHyOMe
(CH:13N(CH:CH31:NCOMe H CH10:-Pr
(CH:12NICH:CH:):NCOMe H CH:0n-Bu
(CH:1NICHICH: 1:NCOMe H CH:OH
- (CH)sMe H CHiIN(CH-CH:0 ) h .
(CH3:30Me H CHIN(CHsCH:1;Q - - -
(CH21OH H CHINICH:CH::0 _. . .
(CH;CONHMe H CHaN(CH:;CH 0 PR - -
Ph H' CHaN(CH2CH;):NCOM
4.Cl=—Ph H Me )
+CONHMe—Ph H Me -
4.SO:NMe:—Ph H Me . _
1.S0O-Me=—Ph H Me = - -
4OCF:H~Ph~ H Me
4-OMe—Ph Me Me
4-OH. 3.CH:NMe:=—Ph Me Me
4.NHCOMe=—Ph Me Me
(CH:»OH Me Me
(CH:OE: M Me
CH:CONICH:CH: 1 NiCH:=OMe Me H
CH:CO:-Pr Me Me -
(CH1:N1CH:CH:1-0 H CH:CH:OH . L N
tCH::NICH:CH:1:NCOMe H CH:CH:OH e - -
Rjand R: R: e —
=tCH:CH;1:NiCH:1:0Me H
= (CH>CH:NICH1:0Me Me
=(CH:CH:>»:N1CH:»:0Mc C)
=(CH:CH:1NICH;1:0M¢ CH:OH
—(CH:CH:1:N(CH;:)OM CH:O\Me
—(CH:CH:1:NCH:CONHM¢ H
==1CH>CH 1Nt CH »CONHM e H
TABLE § TABLE S-continued
R: ) R-
45
Ri=N I SO:NH: Ri=N SO:N\NH:
\
S S
VA 7N\
o o (o] (o}
50
R R* R LY
Me CH>NHMe CHCoH¢ CH3NHE!
Me CH:NHE: 2-thenyl) CH)NHE!
Et CH;NHE! 2-thenyl(5-SO2CH)y) CH;;NHE!
n-Pr CH:NHE! CH:CH;N(CH)CHO H
Et. CH:NHMe 535 CH3;CHiNICH3;CHIn0 CH:
n-Pr CH:NHMe CHsCH:N(CH,CH;):0 CHyOH
CH:CH=CH: CH:NHMe CH;CHN(CHCH YO CH,OCH:
Me CHsNHCH:CH)OCH) CHCHaN(CH2CH 20 CH:CH,;OH
Et CH NHCH:CH>OCH) CHICHyN(CHCH O CHYOCH;CH:OH
n-Pr CH:NHCH:CH:OCH: CH;CHIN(CHCHOH ) CH:
Et CH:NHCH:CH:OH 60 CH:CH3N(CH;CH7OCH;): CH:
CH:CH:OCH: CHINHMe CH>CH)N(CH3)CHCHOCH:) CH:
CH>CH:OCH: CH:N\HE! CH>CHIN(CHYCH h)NCOCH: H
CH>CH:CH:OH CH-NHMe CHICHaN(CH2CH;))NCOCH: CH;
CH-CH-CH-OH CH:NHE CH>CHIN(CH;CH31NCOCH CH>OH
CH>CH:CH:OCH: CH:NHE CHCHIN(CHYCH2):NCOCH:: CH:CH:OH
CeH: CH:;NHCH:CHOH 65 CH:CH;NHCH:CH:F CH:
CoaHe : CH2NHCH:CH-OCH: CHYCHINHCHCH:F CH:CH:OH
CeHu(3-SO:CH CH:NHE) CHCHINICHYCH1):NCHO H
CrH4(}-OH: CH:NHE CH>CH:N(CHyCHanNCHO CH:
CoH4[}-SONICH 1) CH:;NHEL CHyCHINICHYCH;hNCH-CH:OCH: H
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-continued -continued
Ingredien: Concentranion (wt & Ingredient Concentranon (w1 %
Benzalhonmum Chionde 0014 thiazine-o-suif de-1.1-diond ’
Carbopal 30~ ¢ hydrochionde (Compound)
HC1/'NaOH pH 0 " Hydroavpropyimethyicellulose yo~
Punfied W aier q> Sodium Acetate tnhydrate 017
= Manniol (Osmolahty = 285 mOwsm) - 4%
) ) R Benzalkontum Chiende 0.01%
The mannitol (0.18 g). benzalkonium chloride (0.05 Disodium Edetate 0.01%
mL), Compound (0.1 g) and carbopol (0.15 g) can all be Punfied Water ~ 9.8
Po & po = B) 10 yeiMNsOH - pH 0.

added to water (4.3 mL) and mixed well. The pH can be
adjusted to pH 5.0 and purified water (q.s. t0'$ mL)can .
be added and mixed well to form a gel.

- EXAMPLE 35
Ophthalmic Solution

X Concentranon-
Ingredient - - - . twt %)

The above ihgred_i;r;t's'\.u;:;e mixed iogexher in sub-
stantially the same manner as described in Eumple s
to furnish the oph!ha.lmlc solution. :

- .=, .. .EXAMPLE 38
oI Ophthalmxc Suspensxon -

R = »4-Ethylaminoe-3.4-dihvdro-2-methy|-2H- 227% 20 Ingredient Concentrstion (w1 ¢}

thieno{3.2-¢}-1.2-thiazine-o-sulfonamide ~

1.1-dwnide hydrochionde {Compound ) { = ¥-Ethylamino-3.4-dihy dro-2- 207

Hydroaypropyimethy leellulone. . .o .o R L {3-methoxy jpropyl-2H-thieno{J.2<]- .

Sodium Acetate Dihsdrate T 01e 1.2-thiazine-6ssulfonamide-1. I-dnonde -

Mannnol (Osmolabty - 282 mOxm» 1447, hydrochionde-(Compound):: o ~

Benzalhonium Chlonde * S e 00t 25 H: Jronypropvlnmb\lcclhalov oot . 0s%

Disodiom Edetate - - - . 001 . Dibasic Sodum, Phosphate . 0%

Purified W arer : as T Disodium Edetate e 0017

HCl NaOM “ Rt " ‘Sodwm Chlonde - - - s 0.8%

LAht Punfied~Water: =~ =~ e 'XS
Lo Benzatkonum Chlonde 001%

The sodium acetate (0.2 g). disodium edia (0.02 g), 30 Polysorbate 80 01%

benzylalkontum chloride (2.1 g of a 1% solution) and
mannitol (5.32 g) were dissolved in water for injection.
(115 mL). The pH was adjusted 10 5.0 with IN sodium
hvdroxide and the final volume was adjusted to 117 mL
with water for injection. Hvdroxypropylmethvlicel-
lulose (8§3.0 g of an 8%¢ solution) was mixed with the 117
mL of the acetate buffer solunon to furnish the vehicle.
To prepare the final formulation. 0.068 g of the Com-
pound was diluted with vehicle 1o make 3.0 mL total
volume and the pH was adjusted 10 5.0 with IN sodium 40
hvdroaide (5 uL)

EXAMPLE 36
Ophthalmic Solution

[

s

NaOH 'HCI - pH "}

The above.ingredients can be mixed together in substan-
tially the same manner. as described in Example 32 10
furnish_the ophthalmic suspension.

We claim:

1. A compound selected from the group consisting of:

3.4-Dihydro-2-(2-methoxy)ethyl-4-propylamino-2H-
—..thieno[3.2-¢]-1,2-thiazine-6-sulfonamide  1.1-diox-
ide: . L. .

2-(2- Ethoxyelhyl )-4-ethylammo-3 4-d|hvdro 2H-
thieno[3.2-¢]-1.2-thiazine-6-sulfonamide  1.1-diox-
ide:

2-(2-Ethoxy)ethyl-3.4-dihydro-4-propylamino-2H-

4% thieno[3.2-¢]-1.2- lhlazme-b-sulfonamlde 1.1-diox-
ide: TTT T

Ingredien: : Conceniration 1wt %1 /3¢ 4-Ethylamino-3.4-dihydro-2-(3-methoxy)propyl-2H-
R-i— W-Ethy lamino-3.3-dihvdro-2- 1007 thieno|[3,2-e]-1.2-thiazine-6-suifonamide  1,l-diox- ;
(2-methony kethy - 2H-thieno]3.2-¢)- ide- e
:;:::::;;:;"f:‘:‘g:’:;‘:;l,‘""'"“d‘ 50 3.4-Dihydro-2-(3-methoxy)propyl-4-propylamino-
Hy droxypropy imethylceltulone 30~ 2H-thieno[3.2-¢)-1:2-thiazine-6-sulfonamide  1.1-
Sadium Acetate inhydrate 0.1% dioxide:
Mannitol (Osmolality = 17 mOsm) 240 3,4-Dihydro-2-[2(methoxyethoxy)ethyl]-4-
g":::::“'é‘;"ﬂf:w‘ g'g: - propylamino-2H-thieno[3.2-¢)-1.2-thiazine-6-syul-
Punfied Water qs 55 fonamide 1.1-dioxide:
HCI/NaOH pH e 4 4  Ethylamino-3.4-dihydro-2-[2(methoxyethoxy)e-

The above ingredients were-mlxed"logelher in sub-
stantially the same manner as described in Example 3% 60
to furnish the ophthalmic solution.

EXAMPLE 37
Ophthalmic Solution
65

Ingredren: Concentrauen w5 r

Rt = »3.4-Dihvdre-I42-methovy sethy - 219%
d-propy lamino-2H-thieno[ 2.2-¢}-1.2-

thyl}-2H-thieno{3,2-¢])-1,2-thiazine-6-sulfonamide
1.1-dioxide;
4-Ethylamino-3.4-dihydro-2-{3{methoxyethoxy)-
propyl}-2H-thieno[3.2-¢]-1.2-thiazine-6-sulfona-
mide 1.1-dioxide: and
3.4-Dihydro-2-{3(methoxayethoxy)propyl}-4-
propylamino-2H-thieno[3.2-¢}-1.2-thiazine-6-sul-
~fonamide 1,]1-dioxide.
2. The compound of claim 10 which is
3.4-Dihydro-2-(2-methoxy)ethyl-4-propylamino-2H-
..thieno[3.2-e}-1.2-thiazine-6-sulfonamide  1.1-dioa-
ide. .
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Rs & R are the same or different and ‘are H: Cj
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3

Provided that when G is SO; and R3j is in the 4 posi-
tion and is H or halogen then R and R are not H,
Ci alkyl substituted optionally with OH, C;4
alkoxy, Cy.¢ alkoxycarbonyl, Ca.¢ alkenyl, phenyl,
pbepoxy, pyridyl, tetrahydrofuryl, C;.4 alkanoyl, §
C2.¢ 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 C alkyl or in. which said car-
bon is substituted optionally with C alkyl, .Cis .
alkoxy or OH; and when R3is in the § position.and , .
is H, C1, Br, or C).; alkyl then neither R} nor R,
can be H or Cj4 alkyl; and when G is C(=O) and
in the 5- position and R3is H, then R and Rz cannot 15
both be CHy; ' i e
alkyl; C24 alkyl substituted optionally with OH,
halogen, Cj4-alkoxy or C(=O)R7; Ci4 alkoxy;
C24 alkoxy substituted optionally with OH, balo- 20
gen, Ci4 alkoxy or C(=O)R7, Ci.7 alkeny! unsub-
stituted o5 substituted optionally with OH, NRsRg,
or Cisalkoxy; Ci.7 alkynyl unsubstituted or substi-..
tuted optionally with OH, NRsRs, or C4 alkoxy, ..
Ci.2alkylCiscycloalkyl; C(=O)R7or Rsand Rgcan 238
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 or thiazolidine 1,1-dioxide,
which can be unsubstituted or substituted option-. 30
ally on carbon with OH, (=0), halogen, C;.4 alk-
oxy, C(=0)R3, C¢. alkyl. C alkyl substituted
optionally with OH,  halogen, C .4 alkoxy,
C(=O)R7 or on nitrogen with C)4 alkoxy, ~
C(:0O)R7, S(=0O)mRs, Ci1salkyl or Cy4alkyl substi- 35
tuted optionally with OH, halogen, C)4 alkoxy,
C(:O)R7 or on sulfur by (=O)m, wherein mis 0-2.

R7is Cis alkyl; Ci.g alkyl substituted optionally. with
OH. NRsRg, halogen, Ci4 alkoxy or C(=O)Rg;
Cjsalkoxy; alkoxy substituted optionally with OH, 40
NR;sRg, halogen or Ci4 alkoxy; NRsRg; or phenyi
or Rjg cither of which can be unsubstituted or .
substituted optionally with OH, halogen, C,.3; al-
kyl, Ci.3 balcalkoxy, (CH2)aNRsRs, S(=O)mRs or
SO2NRsRg, wherein n is 0 or 1 and m is 0-2. 43

Ry is Ca4 alkyl; C14 alkyl substituted optionally with
OH, NRsRg, halogen, Cj4 alkoxy or C(=O)R.

Ry Ci+ alkoxy; amino, C,.; alkylamino, or di-Cy.3

4
or fully substituted with halogen atoms, which may be
the same or different.

Structure 1 includes isomers, -wherein.-R3 and
GNR;R; are anached to the 4 and 5 porition respec-
tively or R is attached to the 5 position and GNR R is
attached to the 4 position. Many of the novel com-
pounds of Structure I possess one or more chiral centers
and this invention-includes all enantiomers, diastereo-

jo mers and mixtures thereof. - :

In addition to the following teaching, U.S. Pat. Nos.
5,153,192 and U.S:-Pat. No:-5,240,923, the parents of
this case- which are commonly .assigned, are incorpo-
rated herein by reference, particularly:for their synthe-.. .
sis teaching and their many specific examples.

Caompounds of the present invention can be prepared
using a variety of procedures, a number of which are
described below.

Many of the novel compounds of Structure I can be
prepared from_S-sulfamoyl-thiophene-2-sulfonyl chlo-
rides or 3-substituted S-sulfamoyl:thiophene-2-sulfonyl
chlorides,.or wheré-iris particularly advantageous for -
subsequent resctions in- & specific preparation that the
sulfonamide group ‘be. protected, 3-substituted S-(N-t-
butylsulfamoyl)-thiophene-2:sulfonyl chlorides can be
used. These - thiophetie-2-sulfony! - chlorides can be
readily " prepared: b3/-4 vatiety-of- procedures known‘in
the art;:for examplé se¢ Gronowitz- et al-in' Thiophene
and its Derivatives,"Vol>44,"Pt.3,'p135. The preparative
‘sequence for -novel-compounds of Structure I using a
pre .zcted” sulfonamide is illustrated in Equation 1. In
general, “N-t-butyl-thiophene-2-silfonamides can be
selectively metallated st CS using a strong organometal-
lic base such as n-butyllithium, subsequent condensation
with sulfur dioxide gas produces the intermediate lith-
ijum sulfinate salts (Equation 1a). The intermediate sulfi-
nate sait can be readily converted. to the corresponding
sulfonyl- chloride -with- an appropriate : chlorinating
agent such as N-chlorosuccinimide; amination of the
sulfonyl chiloride withi a primary alkylamine, primary
arylamine, or secondary alkylamine, bearing the desired’
R; and R; substituents, provides, following deprotec-
don, the novel compounds of Structure I (Equation 1b).

In many cases it is more advantageous initially to
prepare simplified primary or secondary sulfonamides
as described above, but then append the more complex
R or R; substituents using standard alkylation reactions

alkylamino; and
Riois a monocyclic ring system of 5 or 6 atoms com-
posed of C, N, O, and/or S, such as furan, thio-
phene, pyrrole, pyrazole, imidazole, triazole, tet-
. -razole, oxazole, isoxazole, isothiazole, thiazole,
hiadis le, pyridine, pyrimidine, pyridazine, and

pyrazine.
G is C(=0) or SO;.
In the above definitions, the total number of

30 (Equation 1c). This sequence can furnish directly cer-

tain novel compounds of Structure I; however, subse-

.- quent modification of the substituents R;,.Rz, and R3
- can furnish yet other novel compounds of Structure I

ss including novel fused bicyclic compounds; all of which

can be prepared using methods known to one skilled in

carbon  the art. Primary sulfonamides can be prepared from the

corresponding sulfonyl chlorides by amination with

atoms in a substituent group is indicated by the C,; X . > ©

prefix where i and j are numbers from 1 to 8 for exam-  ammonia or directly from the lithium sulfinate salts

ple. This C;;j definition includes both the straight and 60 using hydroxylamine-O-sulfonic acid (HOSA) (Equa-

branched c!ain isomers. For example, C4 alkyl would tion 1d). Equation 1

designate methyl through the butyl isomers; and Ci4

alkoxy would designate methoxy through the butoxy Ry ) 2
The term “halogen,” either aloné or in compound 65 . o .

words such as “haloalkyl, " means fluorine, chlorine, ' . . .

bromine or iodine Further, when used in compound’ s 501""*&12'}%—,&‘”9_

words such as “haloalkyl,” said alkyl may be partially :
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7 8
.. OR;
- O s . NH
CcH, N SO;NH;
, | Nl ;s s
- - ;i o (o)
ORy ) ¢)
X 3 SO;NH--R; 10 o 1. RCN/H;504
Conversion of these acyclic sulfonamides into the N_ 22 BAy/DMS
desired thienothiazine compounds can be accomplished Ry 25% s
using a variety of procedures well known in the art; e.g. o o
acid hydrolysis.of the ketal followed by:bromination of ;s HN—R"
the ketone and subsequent base-catalyzed-cyclization of
the e-bromoketone (Equation 4).
Equation'4 - - - - ' N | SO;NH;
. TR . e e . L . / \
S e ot dele 20 R O" \0
) 1. H;0+ S Yet other desirable compounds of Structure I are -
CH, &EBP ‘O *  better prepared according to Equation 6 where-the .
) S TaBHL > : 25 cyclic intermediate from Equation 4.is-sulfamoylated
(see Equation 5b) at position six (Equation 6a) followed
by conversion of the hydroxyl group to a sulfonate ester
s SO;~NHR; -’ N S (e.g. R" is p-toluyl or methyl) and reaction of this inter-
o‘" So  ° mediste with the desired alkylamine (Equation 6b).
“. s 30 ]
Certain desired bncychc compounds of Structure [ Equation 6
can be readily prepared by a sequence which involves
initial alkylation with an appropriate alkyl halide in thé OH 3
presence of a suitable base (Equation”5a) followed by
mtroduction of the sulfamoy] group by procedures anal- 35 x L o-Buli/SO,
Z HOSA >

ogous to Equations 1a-d, that is metallation of the alkyi- N

ated product of Equation 4 with a strong organometal-  Ry” S s

lic base such as n-butyllithium, followed by treatment ° o

with sulfur dioxide to give the intermediate sulfinate salt OH
which is aminated, e.g. by reaction with hydroxyla- 40

mine-O-sulfonic acid (Equation 5b). Treatment of this

intermediate with an approprinte alkyl nitrile in the SO;NH;
prsaceofsnlfmicacidprovidaanamidewhichnpon NO
reduction gives .the desired amine [Fquanon 5¢c; R’ i R o¢s§o s
lower alkyl (Ci4 )] : _ 'f‘s OH b)
1. R"SOQ S
0 SO;NH; 2. Rs—NH2
”~ N
S0 R; S S
! 07"
T HN—Rjs
55 SO;NH;
R OR; .. .. N
Ry O¢S§° S
X
R’N\s s . 6o Still other desirable compounds of Structure I can be
? o®.&o .~ . _... prepared (Equation 7) from an appropriate thienyle-
OR; . (%) thanol; these intermediate alcohols can be readily pre-

pared by procedures well known in the art, e.g. reaction
of thienyl-3-acetaldehyde with an appropriate Grignard

x ;_""m—>’ 65 reagent. Sulfamoylation of such alcobols by the proce-
e N s dures described in Equations 1a and 1d provide exclu- -
? 0% o sively the desired thiophene-2-sulfonamide intermedi-

ates of Equation 7a. Cyclization to the desired bicyclic
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11
blpyridine [Heterocycles, 27, 1637 (1988)] with the
requisite R group using standard alkylation procedures
followed by hydrolysis of the amide provides the pri-
mary amine as shown in Equation 9a. This intermediate
primary amine can be selectively transformed to more
desirable secondary amines using well known methods
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-

boxylic acid and a suitable reducing agent [Equation 9b;-

G is H or loweralkyl (Ci4 )]. Introduction of the pri-
mary sulfonamide can be accomplished as previously

described in Equations la, 1b, and 1d, but prefefably’
using t-butyllithium as the base (Equation 9c). - -

. .. Equation9

12 '
to Equation Sb. Oxidation and subsequent reduction of -
the thienoisothiazole by procedures well known in the
art provides the intermediate cyclic sulfonamides
shown in Equation 10c. These cyclic sulfonamides can
be substituted on nitrogen utilizing standard alkylation
procedures such as demonstrated by Equation 10d.
Incorporation of ths primary sulfonamide into position
five of these examples of Structure I can be accom-
10 plished under the basic conditions demonstrated by

Equations 1a-d. Equation 10

5

s)

- - o
M
Re
— _— e - s SH
-t o b)
. DH
NH; R4 2) Na2C05
DG—coH
N 2) NaCNBH, SH
Rz/ S
1 Re
o
N
- \
s 3
- c)
1) m-CPBA »,
2) NoBH,
s
Ry
"
HN
\
S s
- CHiG o %
- — - - L o
55 . ..
X Yo ) Y Yo
Ry s s s
o o
Centain cyclic compounds of Structure L, such as the Re
2,3-dihydrothienocisothiazoles, can be obtained through
the modification of an existing cyclic compound (Equa- }
tion 10). The metallated ketals of Equation 3 can be 65 Rz—N
readily converted to the ‘desired intermediate mercap- - S s
toketones as shown in Equation 10w, and the oxime VAN
o o

O-esters of such compounds can be cyclized according
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Chlorosulfonation of this starting material followed by

amination using methods similar to thrie jescribed in -

Equation 2 will provide the desired tiicphene-3-sul-
fonamide (Equation 122). Subsequent treatment of this
intermediate with p-butyllithium at low temperature
followed by quenching with acetic anhydride will give
rise to the ketone of Equation 12b. This key intermedi-

S

16
-continued .
. = Ry
N .
Rz’ S SO;NH;

o
o

’

- -

ate can then be converted into the desired novel com-

pounds of Structure I using substantially the same gen- !

eral methods described in Equations 4-6.

Equation 12
A o "
H
Qa s qQ ————>
RN
T a s a
sOxC1 b)
[&\ 1) RiR;NH
a S a T—é Bl ASO
SO2NR iRy
. o,
a
s 1
o

Still other desirable compounds of Structure I, such
as S-suifamoyl-thiophene-2-carboxamides, can be pre-
pared according to Equation 13. Treatment of the
readily prepared S5-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
the novel compounds of Structure I. Alternately, 5-
bromo-thiophene-2-sulfonamides can be initially pro-
tected, such as with the formamidine group, followed
by treatment with a strong organometallic base, such as
o-butyllithium or LDA. and carbon dioxide to give the
intermediate carboxylic acid. Treatment of this interme-
diate acid with an activiating agent, such as dicyclohex-
ylcarbodiimide or tripbenylphosphire triflate, followed
by reaction with the desired amine component pro-
vides, following deprotection, the desired compounds
of Structure L .

Equation 13

Ry
,Z_X * o
Q0, R3NH;
S SO:NH; or B. Protection
o-Buli/COy
DCC/smine/HQ

Br

15

35

40

43

The compounds of Structure [ can be incorporated™

0 into various types of ophthalmic formulations for deliv-

ery to the eye. These compounds may be combined
with ophthalmologically acceptable preservatives, sur-
factants, viscosity enhancers, penetration enhancers,
buffers, sodium chloride and water to form an aqueous,
sterile ophthalmic suspensions or solutions. In order to
prepare sterile ophthalmic ointment formulations, the
active ingredient is combined with a preservative in an

appropriate vehicle, such as, mineral oil, liquid lanolin,—

or white petrolatum. Sterile ophthalmic gel formula-
tions may be prepared by suspending the active ingredi-
ent in a hydrophilic base prepared from the combination
of, for example, carbopol-940 or the like according to
the published formulations for analogous ophthalmic
preparations; preservatives and tonicity agents can be
incorporated. Ophthaimic 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-
lulose, hydroxyethylcellulose, hydroxypropylmethyl-
cellulose, methylcelluiose, polyvinylpyrrolidone, or the
like to improve the retention of the medicament in the
conjunctival sac.

The compounds are preferably formulated as topical
ophthalmic suspensions or solutions, with pH of about
4.5 to 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
these formulations would be delivered to the surface of

. the eye 1 t0 4 times a day according to the routine

35

65

discretion of s skilled clinician.

The following examples, which are in no way limit-
ing, illustrate the preparation of selected examples of
the novel compounds of Structure I. The compounds
set forth in Examples 1, 4-4, 4-5, 4-8, 4-9, 5-2, 5-4, 7,
and 8 represent the preferred thiophene sulfonamides of
this invention. The compounds represented i p Exam-
ples 1, 7, and 8 are most preferred.

. Example 1
mil—a HQ
Y Yo
HyCO—(CHahy—N . s .
o% .. —
(+)-Ethylsmino-3,4-dibydro-2<(3-methoxy)propyl-.
thizeo(3,2-c}- 1 2-thiszine-6-sulfonsmide-1, |-dionide hyao:hhtﬂe
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Step I - tracted with ethy] acetate (430 mL). The extracts
(53,4 Dibydio4-hydrosy.2-iiboryypropsiat:  AER SARERS, SR N8 O UL S e
thleno[JJ-e']-l.Z-thnnne-&ul_fomn_t_!e-ltl-c?x o?de which provided an oil which was purified by column
To a solution of the product of Step H (2.6 g, 7.34 5 chromatography (silica, gradient: hexane to ethyl ace-
mmol) in THF(JQ.mL)at —78° C. was added a solution tate) to give 1.7 g (63%) of a clear oil which was not
of (+)-B~chlorodiisopinocampheyiborane (11.8 g; 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 T T TTStep BT :
for 4 days. Diethanolamine (4.2 mL, 44 mmol) was 1o 3,4-Dihydro-2-(3-methoxypropyl)-4-O-phenoxythi-
added 0 the reaction mixture and the solution stirred ocarbot_:yl-Z_}!-u_tignq[Z_!_,Z-e]-l.Z-thia.n’ne 1,1-dioxide

for 30 min, diluted with EtOAc (150 mL), washed wph The product from Step A (1.68 g, 6.06 mmol) and
water (2X50 mL) and brine (2X50 mL), dried . .
’ . . » o DMAP (1.48 g, 12.11 mmol) were dissolved in 1,2-
(MgSOy), and evaporated-to a syrup which-was-purified . > - N
e e dichloroethane (16 ml.) and cooled in an ice bath. Phe-
by ~column ... chromatography —-—-[silica; s g et
- ) . noxythiocarbonyl chloride (1.26 mL, 9.09 mmol) was
2 -1)] ‘to -give 2.4 g %) of the added-s] 1 . . irred
desired compound as a colorless foam. -slowly reaction mixture was s at
) room t~mperature overnight, then quenched with water

Step J: (40 mL). The mixture was extracted with dichlorometh-
(+)4-Ethylamino-3,4-dihydro-2-(3-methoxy)propyl- ane (3X10 mL) nnd the extracts were combined,
2H-thieno{3,2-¢}-1,2-thiazine-6-sulfonamide- 1, I -dioxide 20 \aghed-with-saturated-sodium-chioride solution, dried
hydrochiloride (MgSO4) and concentrated under reduced pressure.

To.a: solﬁtio;: of the product from Step I (2.4 g, 6.7¢  The residue was purified by column chromatography
mmol) and triethylamine (3.8 mL, 27 mmol) in anhy-  (silica, gradient: pexane to 3:1 hexane/ethyl acetate) to
drous tetrahydrofuran (20 mL).cooled to —20° C.-was 25 give 1.75 g (:;)e%) the desired product as an oil which
added tosy! chloride (2.6 g, 13.5 mmol); this mixture was used in next step.
was allowed to warm to room temperature and stirred Step C:
for 18 hr. The reaction mixture was cooled to — 60*-C. . P .
and ethylamine (10 mL) was sdded and the mixture was  3+4-Dihydro-2-(3-methoxypropyl)-2H-thieno{3,2-c]-1,2-
again allowed to warm to room temperature. After 18 ., . _._.thiazine 1,1-dioxide ,
hr the reaction mixture was diluted with ethyl acetate .The product from Step B_(1.75 g, 4.23 mmol) and
(2(1? rnL). washed with a saturated aqueous solution of AIBN:-(100 mg) were mixed with dry benzene (12 mL)
sodium bicarbonate (3% 50 mL), dried (MgSO4), and  and degassed under nitrogen. The mixture was heated
;\;pow:d to SW;e the crude prodwt,wh;ch wafi sﬁ;m- to reflux and tributyltin hydride (1.2 mL, 4.-:|4 m:tx;ol)

Y column chromatography ca; was added rapidly dropwise to maintain a gentle reflux.
. 35
CHSOWCHIT?:(%::)L‘;?V: 1.3 81‘(,:592 of th:’ ]d(e; Heating was continued &::d 30 :x: ;n: the racti_l:n
sired amine. " disso! ethanol ( mixture was concentrated under reduced pressure. The
:Ji-g i:“d "‘:‘f‘:“‘;’l‘l‘s :t 2M solation of hydgchlo:c residue w;s puriﬁed3bly column c:l;n;matopzphy (si.lic;n.
. ethan at room temperature. Evapora-  gradient: hexane to 3:1 hexane/ethyl acetate) to provide
o o e P s onlorite o 55 reenyrial 4o the desired product (1.06 g, 95%) as a clear ol
(34%) of the desired product; mp 175°-177° C; o Step D:
[ < 1p+ 10.35° (C=1.00, H;O). Analysis. Caiculated for 3.4-Di!lydm-2-(3—meth0xypropyl)—2]-!-thieno[3.2—e]-!.2-

C12H22CIN305S3: C, 34.32; H, 5.28; N, 10.00 Found: C, thinzine-6-sulfonamide 1,1-dioxide sodium salt
34.26; H, 5.23; N, 9.92. : 4s The product form Step C,(1.03 g, 3.94 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 hexanes) wos added dropwise and the mixture
was gtirred for 45 min, then excess sulfur dioxide was
SO;NHNa 5o introduced into the flask until the solution tested acidic
No to moist lithus paper. The reaction mixture was con-
_ HCo=—(CHs ,s\ S centrated under reduced pressure and the residue was
o o dissolved in water (25 mL) and sodium acetate trihy-
drate (2.68 g, 19.7 mmol) then hydroxylamine-O-sul-
34 T i -— - .- —- ¢s fonic acid (1.34 g, 11.8 mmol) were added and the mix-
thicnol l::h&mﬁhﬁm———»—- . ture was stirred at room temperature for 16 hr followed
by extraction with ethyl acetate (5X5 mL). The ex-
tracts were combined, washed with saturated sodium
Step A: chloride solution, dried (MgSOs) and concentrated.
3,4-Dibydro-4-hydroxy-2-(3-methoxypropyl)-2H- ¢ The residue was purified by column chromatography
thieno{3,2-¢}-1,2-thiazine- 1,1-dioxide (silica, gradient: 3:1 hexane/ethyl acetate to 7:3 methy-

The product from Example 1, Step C (2.0 g, 9.74 lene chioride/methanol) which gave the desired prod-
mmol) was added to s suspension of sodium hydride uct (1.21 g, 69%) as an amber syrup which was con-
(QAg.l0.0mmol,ohéO%mspa:ﬂonhminaﬂoﬂ)in verted .to the sodium salt as follows: The residue was
DMF (30 mL) and the mixture was stirred for 1 hr. then 65 dissolved in 2N N2OH (1.78 mL, 3.56 mmol), then
cooled to 20° C. 3-Bromopropyl methyl ether (1.5 g, mixed 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 ibe solution. The solids were collected and
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By following the above general procedure but using
the sppropriate arylalkyl halide in Step B and either
n-propylamine or ethylamine in Step C the following
compounds were prepared:

1. 3,4Dihydro-2<3-phenylpropyl )<4-propylamino-
2H-thieno[3,2-¢}-1,2-thiazine-6-sulfonamide  1,1-
dioxide bydrochloride, mp 124°-127"C. -

2. 3,4-Dihydro-2-(4-phenylbutyl )4-propylamino-
2H-thieno[3,2-¢]-1,2-thiazine-6-sulfonamide
dioxide hydrochloride, mp 120°-125° C.

3. 4-Ethylamino-3,4-dihydro-2<(2-thienyl )methyl-
.- l’]_

2H-thieno[3,2-¢}-1,2-thiazine-6-sulfonamide
dioxide hydrochioride, mp 182°-184° C.

" EXAMPLE4 ~*

HO . .
4Ethylamino-3,4-dihydro-2-{4-(2-bydronyphenyl)pbenyl}-
2H-thieno{3,2-c}- 1 2-thiarine-6-suifonamide

1.1-dioxide bydrochloride :

Step ‘A:"3-Acetyl-2-(phenylmethyl
Jthio-S-chlorothiophene
A mixture consisting of thiourea (858.4 g, 11.28 mol),

benzyl bromide (1,930 g, 11.28 mol), THF (3000 ml),
and water (3000 ml) was heated at reflux temperature

L1-

25

24
tracts were washed with IN HC] and then Jried
(MgSO0y), filtered, and evaporated to a syrup which was
purified by column chromatography (silica, gradient:
3% to 5% ethanol/methylene chloride) to provide a
yellow solid (11.6 g, 56%): mp 112°-116° C.

- . Step C:
6-Chloro-3;4-dihydro-2-{4-{2-(t-butyldiphenyisiloxy)e-
thyljphenyl}-4-bydroxy-2H-thieno(3,2-¢}-1,2-thiazine

) 1,1-dioxide
The product from Step B (11.5 g, 0.032 mol) was

added 1o DMF (100 mlL.) containing imidazole (5.44 g,

0.08 mol) and t-butyldiphenylsilyl chloride (9.34 mL,

0.035 mol) and stirred at room temperature for 18 hr.

The reaction mixture was evaporated to dryness and the

residue was suspended in methylene chloride-and fil-

tered. The filtrate was concentrated and chromato-
graphed (silica, methylene chioride) to provide a solid
which was dissolved in THF (200 mL) and cooled to 5°

C. A solution of pyridinium bromide perbromide (11.23

8. 0.035 mol) in THF (50 mL) was added dropwise and

“ this mixture was stirred at $° C. for | hr, at ambient

temperature for 1°hr, and then evaporated to dryness.
The residue wis - 2d-in ethanol (150 mL) and
cooled to 5°'C. followed-by ‘the-addition of sodium
borohydride (3.59 g8, 95 mmol). The reaction mixture
was maintained at room-temperature for | hr and then
heated at reflux temperature for 1.5 hr. Water was care-

30 fully added and the ethanol evaporated. The aqueous

mixture was neutralized and extracted with ethyl ace-
tate (2200 mL). The combined extracts were dried
(MgSQy4) and evaporated to a residue which was puri-
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-2,5-dichlorothiorhene (2000 g,
10.25 mol) and an aqueous solution of sodium hydroxide
(2,200 g of 50% NaOH diluted to 3000 ml); this mixture
was heated at reflux temperature for 4 hr, cooled to

44%). ‘ o

o ©  Step D:
2-[4-[2«t-Butyldiphenylsiloxy)ethyl]phenyl]-3,4-dihy-

room temperature, and the two layers separated. The 40 dro-4-hydroxy-2H-thieno[3,2-¢]-1.2-thiazine-6-sulfona-

organic layer was diluted with ethyl acetate (6000 ml)
and washed with water (32000 ril) and saturated
aqueous sodium chloride, dried (MgSQy), and the sol-
vent evaporated to give a residue which was triturated

mide 1,1-dioxide .
The product from Step C (8.2 g, 14 mmol) was dis-
soived in dry THF (50 mlL) along with p-toluenesul-
fonic acid (0.5 g) and the solution cooled to 5° C. with

dried to give the.desired product (2,550 g, 88%): mp
86°-88° C. .

Step B: 3-Acetyl -5-chloro-N-

added and the reaction mixture was stirred for 0.5 hr.
Saturated aqueous sodium bicarbonate (75 ml) was
added to the reaction mixture followed extraction with

[4-(2-bydroxyethyl)pbenyl}-thiopbene-2-sulfonamide 0 ethyl acetate (250 mL). The combined extracts were

The product from Step A (15 g, 0.058 mol) was dis-
solved in glacial acetic acid (150 mL), water (15 ml)
was added and the solution cooled to 3° C. Chlorine gas
was slowly passed through the solution until the tem-

reached 15° C. at which point the mixture was §

perature

cooled to 5° C. before the addition of chlorine was
continued; this sequence was repeated four times. The
reaction mixture was poured into ice water (400 mL)
and extracted with methylene chloride (3 X200 L)

dried (MgSQOy) and evaporated to a residue which was
purified by-column. chromatography (silica, 20% ethyl
acetate/hexane) to provide an oil (7.62 g, 83%). This
material was dissoived in dry THF (70 mL) under nitro-

s gen and cooled to ~63* C. n-BuLi (15 mL of a 1.76M

solution, 26 mmol) was added dropwise, after 0.5 hr the
resction mixture was treated with sulfur dioxide until
the dark solution turned yellow, stirring continued for
0.5 hr at room temperature. Evaporation of the soivent

The combined extracts were washed with cold satu- 60 Provided a residue which was suspended in water (50

rated aqueous NaHCO3 (2X 250 ml.), dried (MgSOy4),
and evaporated. The sulfonyl chloride cbtaired from
this procedure was dissolved in 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 was stirred at room temperature for 18 hr and
then treated with 6N HCI (5 mL) for 3 hr followed by

. 0.116 mol) in THF (100 mL); this mixture was stirred 65 extraction with ethyl acetate (2x60 mL). The com-
for 2 days followed by evaporation of the solvent. The  bined extracts were dried (MgSQy4) and evaporated to a
residue was in 1M HCIl and extracted with residue which was purified by column chromatography
methylene chloride (2100 mL). The combined ex- (silica, gradient: 4% 10 5% ethanol/methylene chloride)
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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 bours without ex-
ternal temperature control. Water (5 L) was added, and
the phases were split. The organic phase was washed
sequentially with saturated aqueous sodium chloride (5 .
L), 109 aq. sodium bisulfite (5 L), saturated aqueous

sodium chloride (5 L), 10% aq. sodium bicarbonate (10

L), and saturatec aqueous sodium chloride (10 L). It.-
was then dried over sodium sulfate (1 kg), filtered, and
stripped of solvent by rotary evaporation. The residual
solid was triturated with t-butyl methyl ether (3 L) and
the mixture was chilled for 15 minutes. The solid was
collected by filtration, washed with t-butyl methyl
ether (1 L), and dried in air at ambient temperature to
give the desired product (666 g, 79%): mp 178°-179° C.;
Analysis. Calculsted for. CsHsCINO;S;: C, 30.06; H,

2.52; N, 5.84; S, 26.75. Found: C.3O 19-!'1.2.51 ‘N.,.5.80; .
S, 26.70. : e a0

Step B:--- ;

3-(2-Bromoocetyl)-s-chloro-thnopm:-2-szﬂfonamde

ASO-L.S-neckedﬂnkeqmppedwnhamechamcd
stirrer, a thermometer, and a 1 L addition funnel was 25
charged with the product from Step A (1.087 kg, 4.55
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 kg, 3.67 mol) was added in one portion. Sulfuric
acid (544 mL) was added via the addition funnel over 10
minutes causing thc temperature to rise to 5° C. The
reaction mixture was stirred and, after | hour, TLC
analysis indicated complete reaction. Thirty minutes
later, water (5 L) was added and the mixture was stirred
for 5 minutes before the phases were split. The organic
phase was washed with saturated aqueous sodium chlo-
ride until the pH of the wash was 3 (45 L), dried over
sodium sulfate (1 kg), filtered, and stripped of solvent by
rotary evaporation. IThe residue was triturated with
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 CéHsBrCINOsS:: C, 22.62; H, 1.58;
N, 4.40; S, 20.13. Found: C, 22.66; H, 1.60; N, 4.35; S,
20.12

30
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Step C
(S)-6-Chloro-3, 4-dihydro-4-hydxoxy-21!‘l-thmo[3,2—c]
1,2-thiarine 1,1-dioxide

A 50-L, S-necked flask equipped with a mechanical
stiffer and a thermometer was flushed with nitrogen
overnight. Working under nitrogen, the flask was
charged with the product from Step B (855 g, 2.68 mol)
andt-bmylmahylether(M’l'BB. 12.5 L). The stirred

suspension was cooled to —40° C. using a dry-ice/2-
propanolhn!hand(+)—B-chlomdmopno—amphcylbo-
rane (4.5 L of a 1.2M solution imn MTBE, 5.4 mol) was
sdded via a cannula over 30 minutes, causing the tem-
perature to rise to —32° C. The reaction mixture was
maintained between —25 to —20° C. for 3.5 hours. The
mixture was warmed to 0° C. and 1M sodium hydroxide
(11 L) was added from an addition funnel over 10 min-
utes, causing the temperature to rise to 22° C. The bi- 65
phasic mixrure was stirred vigorously at ambient tem-
perature for 2 bours, after which TLC analysis indi-
cated complete cyclization. The phases were split, and

0

ss

€0

the dark aqueous layer was extracted with t-butyl
methyl ether (3 L), acidified to pH 1 using concentrated

. bydrochloric acid, and extracted with ethyl acetate

(2x4 L).

The combined ethyl acetate extracts were washed
with saturated aqueous sodium chloride (3 L), dried
oyer spdiumysulfate (1 kg), filtered, and concentrated to
a volume,-of asbout 1 Liter by rotary evaporation, at
which point toluene (2 L) was added. As the remainder
of the ethyl acetate was rer.oved, 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
77%): mp 126°~127° C,; [a]p—5.9° (c=1, CH3;OH).
Analysis. Calculated for CSHsCINO;S;: C, 30.06; H,
2.52; N, 5.84. Found: C,-30.14; H, 2.56; N, 5.80.

: oo ez Step D
(S)-6-Chioro-3;4-dihydro-4-hydroxy-2-(2-phenylethyl)-
_ 2H-thieno[3,2-¢]-1,2-thiazine 1,1-dioxide

The product from Step C (1.5 g, 6.2 mmol) was added
to 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 continued for 64 hr. The reaction
mixture was evaporated and the residue suspended in
water which was extracted with ethyl acetate (30 mL).
The organic layer was dried (MgSO¢) and evaporated
to a residue which was partially purified by co'umn
chromatogrephy (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 de<ired product)
as a yellow oil; this material was used in the next step
without further purification.

Step E:
(S)-3,4-Dihydro-4-hydroxy-2-2-phenylethyl)-2H-
thieno[3,2-e}-1,2thiazine-6-sulfonamide 1,1-dioxide

The product from Step D (1.36 g, 3.96 mmol) was
dissolved in dry THF (25 mL) along with p-toluenesul-
fonic acid (0.11 g, 0.6 mmol) and the solution cooled to
5° C. at which point ethyl vinyl ether (1.16 mL, 12.1
mmol) was added. After stirring this mixture for 40 min,
saturated aqueous sodium bicarbonate (15 mL) was
added followed by extraction with ethyl acetate (40
mL). The organic layer was dried (N21SOy), evapo-
rated, and the residue dissolved in THF (40 mL) under
nitrogen. 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 green solution turned
yellow. The cooling bath was removed and the reaction
mixture stirred for 1 hr.

Evaporation of the solvent provided a residue which
was suspended in water containing sodium acetate (4.89
& 36 mmol) and bydroxylamine-O-sulfonic acid (2.73 g,
24 mmol); this mixture was stirred for 5 hr. The reaction
mixture was acidified to pH 1 with 6N HCl and stirred
at room temperature for 18 hr followed by extraction
with ethyl acetate (250 mL). The combined extracts
were dried (MgSOy) and evaporated to a residue which
was purified by column chromatography (silica, 5%
ethanol/methylene chloride) to give the desired prod-
uct as an oil which crystallized upon standing (1.14 g,

75%): mp 117°-1'v" C.
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2. 3,4-Dibydro-2(2-methoxyethyl )-3-methyl-2H-
thieno(3,2-e}-1,2-thiazine-6-sulfonamide  1,1-diox-

ide, mp 106°-108° C.
- EXAMPLE 7

HQ ,CH2CH;CH)

T e
HICO—(CHD—N A

S
o '_6'{_"\0

. R{+))4-Dibydro-24
thieno{3,2-¢}- 1 2-thiari
Step A: N1, 1-Dimethylethyl

)-3,4-dihydro4-hydroxy-2-(4-methoxybutyl

)-2H-thieno[3,2-¢}-1,2-thiazine-6-sulfonamide - 20

l,1dioxide -~ .. -

The product from Example 3, Step A (8.75 g, 0.26
mol) was dissolved in DMF (25 mL) and the solution
was cooled to —0° C. Sodium hydride (1.56 g of an oil
dispersion, 0.03 mol) was added, stirred for 30 min, and
then 4-methoxybutyl bromide (8.6 g,0.052 mol) in DMF._...

(15 mL) was added; this mixture was warmed to room -.-

temperature and stirred for 15 br. A saturated aqueous

-4-propylacnino-2H- 13
fonamide 1;1-dioxide bydrochioride - - -

32

(2x20 4L), dried MgSOs), and evaporated to a resi-
due which was purified by column chromatography
‘silica, 60% ethyl acetate/hexane) to give an oil (6.4 g,

86%).
5

Step D:
R+ »»3,4-Dihydro-2-(4-methoxybutyl)<4-
propylamino-2H-thieno(3,2-¢}-1,2-thiazine-6-sulfona-
- mide 1,1-dioxide hydrochloride

10 To a solution of the product from Step C (5.4 g,0.013

mol) in THF (40 mL) at 0° C. was added triethylamine
(5.38 g, 0.053 mol) followed by p-toluenesulfony! chlo-
ride (5.07 g,0.027 mol) and the mixture was stirred for 2
hr. The reaction mixture was divided into two equal

--volumes, one of which was-treated with propylamine

(15 mL) at 0° C. for 15 hr. The excess propylamine was
evaporated and the solution diluted with water (50 mL).
The organic layer was separated and the aqueous lzyer
was extracted with ethyl acetate (3 X 50 mL). The com-
‘bined extracts were washed with brine (20 mL), dried
(MgSO,4), and evaporated to a crude product which
.was purified by column chromatography (silica, gradi-
ent: 50% to 70% ethyl acetate/hexane). The free base
was dissolved in ethanol (10 mL) and treated with etha-
nolic hydrogen chloride. Evaporation gave a solid
which was recrystallized from isopropanol to give the
desired product as a white solid (1.4 g, 26%): mp
183°-185° C,; [alp+27.2° (c=0.43, CH3OH). Analysis:

solution of ammonium chloride (20 mL) was added and 30 Calculated for C14H26CIN3OsS3-0.5 H70: C, 36.79; H,

the mixture was extracted with ethyl acetate (550
mL). The combined extracts were washed with brine
(10 mL), dried (MgSO4) and evaporated to an oil which
was purified by column chromatography (silica, gradi-

ent: 50% to 60% cthyl acetate/hexane) to give the de- 35

sired product (9.5 g, 86%) as a yellow oil
Step B:
N-(1,1-Dimethylethyl)-3,4-dihydro-2-(4-methox-
ybutyl)-4-0x0-2H-thienof3,2-e}-1,2-thiazine-6-sulfona-

mide 1,1-dioxide 40

To a solution of the product from Step A (9.5 g, 0.022
moi) in acetone (20 mL) at — 10° C. was added freshly
prepared Jones reagent (10 mL) and the mixture was
stirred at room temperature for 2 hr. The solvent was
evaporated and saturated aqueous
was added until the pH of the solution was 6. The aque-
ous mixture was extracted with ethyl acetate (4 X350
mL). The combined extracts were washed with brine
(2% 10 mL), dried (MgSQO,4) and evaporated to provide
a yellow solid (7.5 g, 78%).

Step C:

(SyR<1,1-Dimethylethyl) 3, 4<tibydro-4-hydrozy-2-(4-
methoxybutyi)-lﬂ-tﬁeno[3,2-e}-}.1—thiaa’ne-6-sulfm-

sodium bicarbonate 43

5.95; N, 9.19. Found: C, 37.08; H, 6.34; N, 8.82.
EXAMPLE 8

HQ CHyCH;

HN"

HICO—(CHI—N

s
A
o o

R-(+)4Ethylamiro-3 4-dihydro-2(4-methoxybaryl)- 2H-
thieno{3.2-¢}- i 2-thiarine-6-sulfonamide
1,1-dioxide bydrochloride

The second portion of the intermediate tosylate pre-
in Example 7, Step D was treated with ethyl-
amine (18 mL) at 0° C. for 15 hr. By proceeding in a
manner analogous to that already described in Example
7, Step D the title compound was obtained (2.4 g, 46%):
mp 129°-130° C.; [a]p+23.6° (c=0.49, CH3;OH). Anal-
ysis. Calculsted for C13H24CIN3OsS3: C, 35.97; H, 5.57;
N, 9.68. Found: C, 35.80; H, 5.84; N, 9.41.
Using modifications of the procedures described

mide 1,1-dioxide 55

; R sbove and in Examples 7 but substituting the appropri-
To a solution of ( + )-8-chlorodiisopinocamphenylbo- s . e
rane (28.01 g, 0.087 mol) in THF (60 mL) at ~20° C. ate alky] halide in Step A and the desired alkylamine in

was added a solution of the product from Step B (7.4 g,
0.017 mol) in THF (90 mL); this mixture was stirred for

40 hr while maintaining this temperature. Diethanol- 60

amine (9.13 g, 0.087 mol) was added t0 the reaction
mixture which was allowed to warm to rcom tempera-
ture and stirred at this temperature for 2 hr. Evapora-
tion of the THF gave a residue which was dissolved in

ethyl acetate (100 mL); this solution was washed with 65 3.

water (100 mL). The aqueous layer was separsted and
extracted with ethyl acetate (3X50 mL). The ethyl
acetate extracts were combined, washed with brine

Step D the following compounds were prepared:

1. R<«(+ )-4-Ethylamino-3,4-dihydro-2-(6-hydrox-
ybexyl)-2H-thieno{3,2-¢}-1,2-thiazine-6-sulfona-
mide 1,1-dioxide hydrochloride, mp 200°-201° C;

2. R<+)4-Allylamino-3,4-dihydro-2-(2-methyl-

propyl)-2H-thieno[3,2-¢]-1,2-thiazine-6-sulfona-
mide 1,]1-dioxide hydrochloride, 202°-205° C.;

R«(+)-3,4-Dihydro-2-(4-hydroxybutyl)4-
propylamino-2H-thieno(3,2-€}-1,2-thiazine-6-sul- -
fonamide 1,1-dioxide hydrochloride, mp 197°-198°
C;
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-continued EXAMPLE 11
R~ )4-Ezthozy-3,4-dihydro-2-(3-methoxypropyl)-2H-
thieno(3.2-¢}- 1.2-thiazine-6-culfonamide HO
. 1,1-dioxide hydrochioride s N “CcH
Step A: - -
(R)-3,4-Dihydro4-hydroxy-2<(3-methoxypropyl)-2H- ’HJCv

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

To a solution of (—)-B8-chlorodiisopinocampheylbo-
rane (20.4 g, 63.5 mmol) in THF (20 mL) at —20° C.
was added a solution of the product from Example 1,
Step H (4.5 g, 12.7 mmol) in THF (60 mL) at —20° C,;
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 (MgSQs), and evapo-
rated to a syrup which was purified by column chroma-
tography (silica, gradient: 50% to 60% ethyl acetate/-
bexane) to give a white solid (3.9 g, 85%); mp 109°-111°
C. Analysis: Calculated for CioH16N206S3: C, 33.69; H,
4.53; N, 7.86. Found: C, 33.74; H, 448; N, 7.85.

Step B:
R+ —)4-Ethoxy-3,4-dihydro-2-(3-methoxypropyl)-2H-
thieno3,2-¢}-1,2-thiazine-6-sulfonamide 1,1-dioxide
hydrochloride

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
chromatography (silica, 50% ethyl acetate/hexane)-to
give the desired protected sulfonamide derivative. This
compound (2.54 g, 5.6 mmol) was dissolved in DMF (15
mlL), cooled to 0* C., and sodium hydride (0.33 9 of 2
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 continued, but at room temperature,
for 2 hr. A saturated aqueous solution of smmonium
chloride (50 mL) was added and the mixture extracted
with ethyl acetate (350 mL). The combined extracts
werewuhedwuhlmne(lOmL),dned(MgSO.).
evaporated to s residue which was dissolved in ethanol
(3 mL), acetic acid (6 mL) and hydrazine (1.4 mL) were
added and the mixture was heated at 55° C. for 24 hr.
After cooling to room temperature, saturated aqueous
sodium bicarbonate (30 mL) was added and the mixture
was extracted with ethyl acetate (4 X 50 mL) The com-
bined extru :ts were washed with brine (10 mL), dried
(MgSOy), and evaporated to 2 residue which was puri-
fied by column chromatography (silica, gradient: 30%
to 509 ethy! acetate/hexane) to give a syrup (500 mg).
falp—3.91° (¢=0.67, CH;OH). Analyss Calculated
for C12H20N2063: C, 37.48; H, 5.24; N 7.29. Found: C,
37.61; H, 5.25; N, 7.18.

10

25

ss

65

6-Ethyl4-ethylamino-4.5,6, 7-tetrahydro-7-0x0-
thieno{2,3-blpyridine-2-sulfonamide hydrochloride

Step A: 6-Ethyl4,5,6,7-tetrahydro-4-(tri-
fluoroacetamino)-7-oxo-waicno{2,3-blpyridine .

After cooling a solution of 4,5,6,7-tetrahydro4-(tri-
fluoroacetamino)-7-oxo-thieno[2,3-b]pyridine (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
followed by ethy! bromide (1.7 mL, 22.7 mmol). This
mixture was allowed to warm to rcom temperature.
Stirring continued at this temperature for an additional
hour and then the mixture was poured into ice water
(100 mL). This aqueous mixture was extracted with
ethyl acetate (4 X 100 mL) and the combined extracts
were washed with brine (250 mL), dried (MgSQy),
and concentrated to a crude oil which was purified by
column chromatography (silica, $% 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-tetrabydro-7-oxo-thieno([2, 3-
b]pyridine

To a solution of the product from Step A (4.5g, 154
mmol) in 50% aqueous methanol (80 mL) was added
potassium carbonate (3.2 g, 23 mmol) and the mixture
stirred at room temperature for 5 hr. The methanol was
evaporated and the remaining agqueous mixture was
acidified (pH 3), extracted with ethyl acetate (100 mL),
the pH was adjusted to 9 and again extracted with ethyl
acetate (3200 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-7-0xo0-
thieno{2,3-blpyridine

To a solution of the product from Step B (2.7 g, 13.8
mmol) in methanol (20 mL) at room temperature was
added acetic acid (790 mL, 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 gns ceased, the pH of the

-mixture was adjusted to 9 with 50% NaOH. The solvent

was evaporated and the residue dissolved in ethyl ace-
tate (200 mlL); this solution was washéd with brine
(2% 50 mL), dried (MgSO4), and evaporated to an oil
which was purified by column chromatography (silica,
5% methanol/methylene chioride) to give the desired

-product (1.85 g, 62%).

Step D:
6-Ethyl-4-ethylamino-4,5,6,7-tetrahydro-7-oxo-
thieno{2,3-b]pyridine-2-sulfonamide hydrochloride

After cooling a solution of the product from Step C
(1.7 g, 7.6 mmol) in THF (10 mL) to —78°C., 2 1.7TM
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CeHy—(4-NHCOMe)
CgHy~(4-CONMe)
CeHy—(4-OH)—(3-CH;NMe)
CeHy—(4-OH)—(3-CH;NMe2)
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CeHy—(4-COCHj)
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TABLE 1 TABLE l-coatinued
Ry R2
SO;NH; 5 SO;NH,
/N\ /N\
Ry G 3 Ry G S
Rt Rz G~ R R2
CH2C0--Pr NH-o-Pr ©o CeHy—(4-SO7Me) NHE!
CHCO4-Pr NHE: 10 co CeHy=(4OH)—(3-CH;NMe)) OE:
(CH2)3QO-+-Pr NHE: co CeHy—(4-OH)—~(3-CH)NMep) ]
(CH27N(CH2CH2,0 H ‘ [e0) CeHy—(3,4-OH) NHE:
(CH)aN(CHCH2),0 -OCH;CH,0H oo CeH3—(3,6OMe) NHE:
(CH22N(CH2CH2),0 OCH;CHOMe o CeHy—(4-COCTH3) NHE:
(CH22N(CHCH 22O CH2CH) o CH2CeHs—(3,4-OMe) NHE!t
(CHN(CHCH2)20 CH20Me 1§ €O CHCeH3—(4-OH)—(3-CH;NMe2)  OEt
(CH2N(CH2CH2)»2S NHE: Co CH2CsHy—(4-OMc) NHE!
(CH2):N(CHCH 250, OH Cco CH2CsH4—(3-OH) NHE:
CHzCCH ‘ o CH3{(2-00;Es)-pyridin-4-yl) NHE!
CH2CCCH0CH; co CH;[(5-C03iPr)-thieno-2-yl] NHE!
CH;OONHMe =
v 2
CeHa—(-OH) TABLE 2
CgHy—(3-OH) Pr Ry
. CeHu—(3-OMe) R

CeHy=(4-OH) lz
CgHy—(4-OMe) 25 N
CeHy—(-OCHF») Ry G s SO;NH;
CeHy—(4-SO2Me)

G
SO,  (CH21N(CH2CH20 H COCH;
SO, CHCsHy—(3-OH) CHj H
SO;  CH2CsHy—(3-OMe) H H
SO, CHCeHy—(4-OH) H CH;
SO;  CHCsHy=—(4-OMe) H H
SO, CHCcHs~(4-OH) H CHOE:
SO; -  CHCgHs—(4-OONHMe) H CH;
SO CHCgHy—(4-SO2NMe2) H H
SO CH2CHy=—(3-SO;Me) H CH;
SO, CHCsHy—(4-OCHFY) CH; H
SOz CHCgHy—(4-OH)-3(CH;NMey) CH; CH;
SO, CHCiy—(3-NHCOMe) H CH;
SOz  CHy4-pyridinyl H CH,
SOy CHz-2-pyridinyl H CH;
SOy CHjy-2-thienyl H CH,
SO,y CH==(3-Me-2-thienyl) H H
Co (CH2N(CH2CHO H COCH;
Cco CHCgHy—(3-OH) CHj H
Cco CH7CgHy=(3-OMe) H H
co CH2CHy—(4-OH) H CH;
[eo] CHCsHy~—(4-OMe) H H
o CHCgHy—(4-OH) H CH,
Cco CHCsH4—(4-CONHMe) H CH;
OO0  CHyCelly—(4-SO;NMey) H H
<0 CHCgHy—(3-SO;Me) H CHy
(o] CHCsHy—(4-OCHF?) CHy H
(o] CH2CsHy—(4-OH)-3(CH;NMey) CHy CH;
co CHyCeHy—(3-NHCOMe) H CH;
co CHy-4-pyridinyl H CH;
(e o) CHz-2-pyridinyl H CH3
CO CH-2-thienyl H CHy
CO  CHy~—(5-Me-2-thienyl) H H
TABLE
R2 .
R
N SO,NH;
n” e, s

Ry R2 R3

CHy H CH3;N(CHCH)20

(CH2)yOMe H CH2N(CHCHZO

CH;N(CHyCH))70 H CHOH

CH;N(CH;CH )0 H CH;O0Me

CH3N(CH CH2)20 H CH;
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The above ingredients were mixed together using a

NoOH/HQ

The above ingredients can be mixed together in sub- -
stantially the same manner as described in Example 15

to furnish the ophthalmic suspension.

_ EXAMPLE 22
s Ovhthalmic S .
Ingredient Concentration (wt %)
R<(+)-3.4-Dibydro-2<4-methoxybutyi)- - 20%

4-propylamino-2H-thieno{3 2-¢}-1.2-
thinrine-6-sulfoasmide 1,1-dioxide

(Compound)

Hydrozypropytmethyicellniose 3.0%
Dibesic Sodium Phosphate 02%
Sodium Chiloride 0.7%
Disodimn EDTA 001%
Polysorbete 30 0.03
Beazalkonimm Chioride Solution 00156 4+ $% xs
Sodiam Hydroxide Qs pH = 72
Hydrochioric Acid Qs pH = 72
Water for Injection Qs 1060%

continued rocedure similar (o that described in Example 15

- - 5 P! ure to in ple 15 to

Ingrodien: %) furnish the ophthalmic suspension.

HCWV/NaOH pH 6.4

~ s EXAMPLE 23
The above ingredients were mized together in sub- . Ophthalmic Suspension

stantially the same manner as described in Example 18 - -

to furnish the ophthaimic solution. - . -
Ingredient Concentration (wt %)

EXAMPLE 20 10 Riers: 4-Dibydro-2(4-methoxyburyl- 20%
. . T 4-propylamino-2H-thiena[3.2-¢}-1.2-
Ophthaimic Solution thiazine-6-ealfonamide 1,1-dioxide

;‘Compound)

- - ydroxypropylmethyicellulase 3.0%
Iagredient Concentration (wt %) s Sadi (crihydrate) 0.1%
R<(+)3,4Dibydro-2-2-methoxy)ethy- 2.19% Mannitol 4.1%
4-propylamino-2H-thirno{3.2-¢}-1.2- Disodium EDTA 0.01%

) thiazine-6-sulfonamide- |, 1 <thoxide Benzalkonium Chioride Solution 001% ~ 5% xs
hydrochloride (Compound) Sodium Hydroxide gs. pH = 50
Hydroxypropyimeth 3.0% Hydrochloric Acid qs pH = 5.0
Sodium Acetste trihydrate 0.1% 20 Water for Injection qs 100%
Mannitol (Oemolality = 288 :Osm) 24%

Benzalkonium Chioride 0.01% . . .
Disodiom Edetate 0.01% The above ingredients were mixed together in a man-
Purified Water ner similar to the same general procedure described in
HC1/NaOH pH 30 2 Example 15 to furnish the ophthalmic suspension.
The above ingredients were mixed together in sub- EXAMPLE 24
stantially the same manner as described in Example 18 Cphthalmic Suspension
to furnish the ophthalmic solution.
EXAMPLE 21 30 ingredient Concentranon (w1 %)
bthaimic Suspension R«(+)-3,4-Dibydro-2-(4-methoxybutyl)- 20%
OP 4-propylamino-ZH-thieno{3,2-¢}-1,2-
thiazine-6-gulfcoamide 1.}-dioxide

- 3 (Conapound)

Ingredicat Concentration (wt %) s Carbomer 934P 05%

(+ M-Ethylamino-3,4-dibydro-2- 20% Sodium Chiorids 0.4%
(3-methoxy)propyt-2H-thieno{3,2-¢}- Mannito] 4%
1.2-thiazine-6-sulfonamide- 1, 1 -dioxide Dbodium EDTA 0.01%
hydrochloride (Compound) Polyscrbete 80 0.05%
Hydroxypropytmethyicellalose 0.55% Benzalksaium Chioride Solution 0.01% + 3% x5
Didasic Sodium Phosphate 02% 40 Sodium Hydroxide qa pH = 72
Disodium Edetate : 0.01% Hydrochloric Acid qs pH = 72
Scdium Chloride 0.8% ' Water for Injection qs. 100%

Purified Water qs

Benzalkonium Chioride 0.01% .

Polysorbete %0 ' 0.1% The sbove ingredients were mixed together using a
pH 7.1 45 method similar to the same general procedure described

in Example 15 to furnish the ophthalmic suspension.

EXAMPLE 25
s Ophthaimic Suspension
Ingredient Coccentration (wt %)
R« + )4-Etbylamino-3,4-dibydro-2- 2.0%
(2-methyipropyl)-2H-thieno[3,.2-¢}-1.2-
S5 thiaznize-6-sulfonxmide 1, 1-dioxide
hydrochloride (Compound)
Carbomer 4P 0.5%
Sodium Chloride 0.4%
Mxnritol 245%
Disodium EDTA 0.01%
60 Polysorbete 30 0.05%
Benmlkoniurn Chloride Solution 0.01% + 3% xs
Sodium Hydrozide qs pH = 72
Hydrochloric Acid qs pH = 72
Water for lojectica qs 100%
63

The above ingredients can be mixed together using a

method similar to the same general procedure described
in Example 15 to furmish the ophthalmic suspension.
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which can be unsubstituted or substituted option-
ally with Ci-Csalkyl, C;-Cshalo alkyl OH,
(CH3).NRsRg, halogen, Cj4 alkoxy, Ci4 haloalk-
oxy, C(=0O)R 7, S(=0O)mRs 0of SO2NRsRs, wherein
m is 6-2 and o is 0-2. ]

5. The compound of Claim 4 wherein:
R4 is OH; Ci4alkoxy; Ca4alkoxy substituted option-

ally with OH, NRsRg, halogen, Ci4 alkoxy or
C(==O)RT, or NRsRg; phenyl, or Rjo unsubstituted -
or substituted optionally with OH, (CH3):NRsRs, 10
halogen, Ci4 alkoxy, Ci4 baloalkoxy, C(=O)R37,
S(=0)mRs or SO2NRsR¢, wherein m is 0-2 and n

is 0-2.

6. The compound of Claim 1 wherein:
—Rais OH; Ci4alkoxy; Ca alkoxy substituted option- !5

ally with OH, NRsRg, halogen, Cj4 alkoxy or
C(=0)R 7, or NRsRg; phenyl, or R0, unsubstituted
or substituted optionally with OH, (CH2)»NRsRs,
halogen, Ci4 alkoxy, Ci« haloalkoxy, C(=O)R7,
S(=0)mRs or SO2NRsRs, wherein m is 0-2 and n

48

(R)-3,4-Dihydro-2<3-methoxy-phenyl)-4-
propylamino-2H-thierc- 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-bydroxy-phenyl)}4-(2-methyi-
“propyl)amino-2H-thieno- 1,2-thiazine-6-sulfona-
mide 1;] dioxide;

(R)-3,4-Dihydro-2<(4-methoxybutyl)-4-(2-methy!-
propyljamino-2H-thieno- 1,2-thiazine-6-sulfona-
mide 1,1 dioxide;

(R)-3, 4-D1hydro-2-(3-mcthoxypropyl)—4—(2-mcthyl-
propyljamino-2H-thieno-1,2-thiazine-6-sulfona-
mide 1,1 dioxide;

(R)4-Cyclopropyimethylamino-3,4-dihydro-2<2-
propenyl)-2H-thieno-1,2-thiazine-6-sulfonamide
1,1 dioxide;

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

is 0-2. . . .
7. A compound selected from the group consisting of: (R)—t-Cyclopropylmethy!nmmo—S,fdﬂ_:yro-Z-(B-
R- ;MghyMO-S 4-d.ihydro-2-(3~l:nethoxy)pgro- mg;hc)lxyl pdll' opY ;)'2! 1-thieno-1,2-thiazine-6-sulfona-

mide 1,1 dioxide;

pyl-2H-thieno 1,2-thiagine-6-sulfonamide-1,1-diox- 25 (R)}4-Cyclopropylmethylamino-3,4-dihydro-2-pro-

(1
(R!::-Ethyl oot 21 yr0-2.(-methoxy- pyl-2H.thieno-1,2-thiazine-6-sulfonamide 1,1 diox-
. e . ide;
;P“‘.z'*m"h‘““u'm“"“mm‘“ Ll- (R)-3.4-Dihydro-22-methylpropyl)4-(2-methyl-
oxde; propyl)amino-2H-thieno-1,2-thiazine-6-sulfona-

(R)4-Ethylamino-2-(4-hydroxy-phenyi)-3,4-dihydro- 30
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,!-dioxide;
(R)4-Ethylamino-3,4-dihydro-2<(4-hydroxy-phenyl- (R)-3.4-Dihydro-4-(2-methyl Dami . R
. .. : . propyl)amino-2-propyl
:!Cﬂ!z'*zﬂ"hm‘*u’mm&m“m‘ic L1- 35 2H-thieno-1,2-thiazine-6-sulfonamide 1,1 dioxide;
loxde; . . (R)-3,4-Dihydro-2-(4-hydroxybutyl)<4-(2-methyl-
(R)4-Ethylamino-3,4-dihydro-2-(3-mcthoxy-phenyl- propyl)amino-2H-thieno- 1,2-thiazine-6-sulfona-.

mide 1,1 dioxide;

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

methyl)-2H-thieno-1,2-thiazine-6-sulfonamide 1,1- mide 1,]1-dioxide;

dioxide; (R)-3,4-Dihydro-2<(4-hydroxybutyl)}4-propylamino-
R-(+)-3,4-Qihydro-2-.(4-methox_yb|.xtyl)-4- .4 2H-thieno-1,2-thiazine-6-sulfonamide 1,1-dioxide.

propylamino-2H-thieno-1,2-thiazine-6-sulfonamide 8. A formulation for controlling intraocular pressure

1, 1-dioxide; comprising a therapeutically effective amount of the

R-(+)-4-Ethylamino-3,4-dihydro-244-methox- compound of Claim 1 in a pharmaceutically acceptable
ybutyl)-2H-thieno-1,2-thiazine-6-sulfonamide 1,1- carrier.
dioxide; 45 9. A formulation for controlling intraocular pressure

R-(+)-4-Ethylamino-3,4-dihydro-2<(2-methyl- comprising a therapeutically effective amount of the
propyl)-2H-thieno-1,2-thiazine-6-sulfonamide 1,1-  compound of Claim 7 in a pharmaceutically acceptable
dioxide; carrier.

R« +)4-Ethylamino-3,4-dihydro-2<(6-hydroxyhex- 10. The formulation of Claim 8 wherein the com-
yl)-2H-thieno-1,2-thiazine-6-sulfonamide 1,1-diox- 50 pound concentration is between 0.1 and 109 by weight.
ide; 11. The formulation of Claim 9 wherein the com-

(R)-3,4-Dihydro-2-(3-hydroxypropyl)}-4-(2-methyl- pound concentration is between 0.1 and 109 by weight.
‘propyllamino-2H-thieno  -1,2-thiazine-6-sulfona- 12. The formulation of Claim 10 wherein the com-
mide 1,1-dioxide; : pound concentration is between 0.1 and 109, by weight.

(R)4-Ethylamino-3,4-dihydro-2-(3-hydroxy-phenyl- $5 13. A methed for controlling intraocular pressure
methyl)-2H-thieno-1,2-thiazine-6-sulfonamide 1,1  which comprises topically administering to the affected
dioxide; eye a therapeutically effective amount of the compound

(R)-3,4-Dihydro-2-(3-methoxy-phenyl)4-(2-methyl- of Claim 1.
propyljamino-2H-thieno-1,2-thiazine-6-sulfona- 14. A method for controlling intraocular pressure
mide 1,1 dioxide; 60 which comprises topically administering to the affected

(R)-3,4-Dihydro-2-(4-hydroxy-pheayl)4-(2-methyl- eye a therapeutically effective amount of the compound
propyl)amino-2H-thieno-1,2-this zine-6-sulfona- of Claim 7.
mide 1,] dioxide;
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{57) ABSTRACT

Universal ophthalmic pharmaceutical vehicles which
increase in viscosity upon instillation in the eye are dis-
closed. Ophthalmic compositions of the universal vehicle
and a pharmaceutically active drug are aiso disciosed. In one
embodiment, the vehicle gels upon instillation in the eye. In
another embodiment, suspension vehicles having supenor
~hysical stability are provided.
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1

TOPICAL OPHTHALMIC
PHARMACEUTICAL VEHICLES

This application is a continuation-in-part of U.¢ Ser. No.

08/109.748, filed Aug. 20, 1993, now abandoned. which is $

a continuation-in-part of U.S. Ser. No. 07813.110. filed Jul.

14, 1992, now abandoned. which is 2 continuation-in-parrof ~

U.S. Ser. No. 07/414,550, filed Sep. 28. 1989. now aban-

BACKGROUND OF THE INVENTION
This invention is directed to liquid ophthalmic pharma-
ceutical vehicies which become viscous on contacting the
eye. This invention also relates io topical ophthalinic com- |
positions comprising the vehicle and a pharmaceutically
active drug.

It is known that the addition of viscous or visco-elastic
polymers to an eye drop pharmaceulical composition will
increase the viscosity of the composition. This is usually 29
desirabic on the premise that an increased vehicle viscosity
cnhances drug delivery and duration of action: see, for
exampie, J. Pharm. Pharmacol., Vol. 34, pp. 4A4-466 (Jan.

7. 1982). Howevey, it is frequ.ntly advantageous o admin-
ister ophthalmic compositions as a drop, that is, an aqueous 3
solution or suspension rather than a thick. viscous gel or
ointment which can be messy and may tend to blur vision.

In addition, non-droppabie compositions can present prob-
lems with patient compliance, especial,y with the elderly.

Another problem. in the case of suspension compositions, 30

is their poor physical stability. Many marketed ophthalmic
suspension products currently use the polymers hydroxypro-

pyl methylcellulose. hydroxyethyl cellulose. and polyvinyl
alcohol o increase the suspension’s viscosity and thus
decrease the settling rale of the drug panicles. These sus- 35
pensions are not well flocculated and, with ume, the
insoluble drug particles will completely settle forming a
dense layer which will not resuspend easily. This in wwm may
undesireably lead 10 vanable drug dosages.

SUMMARY OF THE INVENTION

The present invention provides for ophthalmic vehicles
and compositions which can be adminisiered as a drop. but
whose viscosily increases upom instillation into the eye so
tha: the composition provides for relatively better drug
delivery and duration of action. referred Lo- herein as bio-
availability, of drug over aquecus compositions whose vis-
cosily does not increase upon instillation. In one embaali-
ment” the vehicle gels upon instillation. In another
embodiment. the vehicle provides an improved suspension
vehicle.

This invention relates to ophthaimic pharmaceutical
vehicles and compositions comprising the vehicle and a
pharmaceutically active drug in which the vehicle comprises ¢4

"'a charged polymer and oppositely charged electrolytes or
molecules. hereinafter referred to collectively as “elecuro-
iytes™, which can be admimistered as a drop and upon
instillation, increase in viscosity. The polymer can be nega-
tively charged. such as a carboxyvinyl polymer. in which o
case the velicle will include positively charged elecurolytes,
such as calcium. Conversely, the polymer can be positively
charged and then negatively charged clectrolytes are used in
the vehicle. .

The suspension vehicies of the present invention possess 63
improved suspension characteristics. They exhibit superior
-physical stability and permit easy resuspension of insoluble

43

2

drug particles, thus resulting in greater unilormity of drug
dosing. In addition to an ophthalmic dosage fo:m. the
vehicles and compositions of the present invenuon also
provide for oral, parenteral and topical suspension dosage
forms.

The vehicles of this in“ention can be used in composition
with pharmrceutically active drugs. The term “drug”, as
used herein. means any therapeutic agent thai is desirable to
delives to the eye There is no limitation on the type of drug
which can ue incorporated into the composiuons diiclosed
herein. The drugs can be charged, uncharged. water solubic
or insoluble.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 compares the physical stability of (wo suspensions.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The vehicles disclosed herein comprise a charged poly-
mer and oppositely charyed elecuolytes. Without intendi.ig
to be bound by any theory. it is undersiood tha: the vehicle's
viscosity is increased duc 0 the decrcase in elecuolyle
concentration when the vehicle is administered 10 the eye. In
the case of a gelling vehicle, the concentrations of the
polymer and electrolytes in the vehicle are optimal when a
small change in electrolyic concentration will result in a
dramatic increase in vehicle viscosity. The small change in
eiecurolyte concentration on instillation is caused by the
electrolytes being taken up by the celis in the eye. by
diffusing out of the polymer vehicle or being eliminated in
tear fluid or by 2 combination of these mechanisms. What-
ever the mechanism, the concentration of electrolytes in the
vehicle is reduced and the vehicle viscosity increases.

As used herein. “gels™ means the vehicle's viscosily
increases sufficiently to transform the drop into a semi-solid
or gelatinous sate.

Polymers which can be used in the vehicle disciosed
herein include any nontoxic charged water soluble polymer.
These polymers can cither be negatively or positively
charged. Typically, negatively charged polymers will
include. but are not limited to, carboxy vinyl polymers. such
as Carbopol®. sodium carboxy methylcellulose. pecun.
gelatin (Type B). sodium hyaluronate, acacia. calcium car-
boxy methyicellulose. sodium alginate and polystyrenc sul-
fonic acid (PSSA). These polymers are used in the vehicics
ar concenutions from about 0.1 to about 10.0 weight
percent (wt. %).

Electrolytes which are used in conjuncton with the
charged polymers will be cither cations or anions depending
on the charged polymer being used. If negatively charged
polymers are being used in the vehicle the eiecuoiytes which
are used 10 provide for the changing viscosity upon instil-
lation will be positively charged. These cations will typically
be Na°, K*, Mn™™, Ca™, Mg™, Fe™, Fe™—, Al . Li".
Zn™ and Be™ . In addition, positively charged organic ions
can be used, for example. lysineoHCl. argininecHCl and
histadineoHC). These clectrolytes will typically be present
& 2 concentration of between 0.01 and .0 w1. %.

If a positively charged polymer is used. such as gelatn
(Type A) or polyvinyl amine, the electrolyte used in con-
junction therewith to provide for viscosity chan§es will be
an amon. These anions will typically be PO, HPO,™2.
H,PO, . I",CI", F~, SO,7%, HCO," and negatively charged
organic ions. Again, the polymer concentration will range

from about 0.1-10.0 wi. % and the electroiytes will typically

13-0059
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5

5. QS 10 100% of the final-batch- weight with purified

watey, .
6. Steam sierilize the formlation.

The vehicles of Exampies 2-6 were 1lso prepared accord-

ing o this compounding procedure.

EXAMPLE 2 -

“Universal” Ophthalmic Vehicle No. 2

6
lagredien Weight Percent
> Punfied Water " qs 100%
L EXAMPLE 6

10 “Universal” Pharmaceutical Vehicle No. 2

ingrodient Weight Percent
Cartopol @ 934P 0.40
Caicm Chiaride 0.10
Mammicn: 400
NaOH pH 72202
Purificd Watey Q.. 100%

EXAMPLE 3
“Universal” Ophthalmic Vehicle No. 3

Ingrediens Weight Percent
Carbopol @ 934P 0.40
Calcum Chionde 003
Lymne HQ 0225
Manmiio! 4.00
NsOH pH7.2:02
Purifcd Waaey qs. 100%
EXAMPLE 4

“Universal” Ophthalmic Vehicle No. 4

Ingredicm Wagty Paces
Carbopol @ 934P 1.00
Calcium Chionde 040
Marmniol oo
KOH pH12:02
Punfied Water - q.s 100%
EXAMPLES 5-6:

Universal ophthaimic pharmaceutical suspension vehicles
which exhibit supenor physical stability. If charged drug
particles are added (0 these suspension vehicies. an appro-
priate adjustment may have 10 be made to the elecuoivie
concentration.

EXAMPLE §
“Universal™ Pharmaceutical Vehicle No. |

lngrecaent Weagh Percent
Manmiol 1 80
Cartopol @ 934P 048
Polysorbaic 80 005
Sodiurn Chionde 050
Edewse Dyveodium 00l
Beazalkomum Chionde 001 - 5% excess
NsOH pH12:02

3s

lagrediem Weight Percent
Cerbopol @ 934 070
Folysarhme 80 0.05
Sodimm Chiorids 0.8
Edetase Disodium o0t
Bearaliomum Chlonde 0.0t + 5% cxcess
NsOH pH 172202
Purified waer q.s. 100%

EXAMPLE 7
Preferred Ophthaimic Gelling Solution

45

35

[}]

logrechent Weigh Perceat
Betaxolol HO 28
Carbopol @ 9P 1.00
Calaum Qhloride 75
Manritol {5
Bemanikorom Chlonde 001
EDTA 05
NsOH pH72:02
Purifind Water q.s 100%
EXAMPLE 8

Freferred Suspension Composition
Ingredhem Weight Pereent
RAimexolone 1.0
Manmiwol |1 80
Carbopol @ 934P 04s
Polytorbaxe 80 0.05
Sodium Chionde 050
Edetze Disocium 00!
Benzalkosum Chionde 001 + 5% excens
NaOH pH72:02
Punfed Weeer q.s. 100%

The results of a sedimentation/settling study comparing
the physical stability of the Rimexolone steroid suspension
of Exampie 8 10 the commercially available prednisolone
acctate steroid suspension (1 wi. %), Econopred®, are
shown in FIG. 1. The Econopred® suspeasion contains
hydroxypropyl methylcellulose as its polymeric viscosity
cahancer. As indicated above, Exampie 8 contains Car-
bopol® as its siearic stabilizer and viscosity enhancer. After
standing for sin months in 2 measuring glass cylinder, 2% of
the Econopred® suspension scttled 10 the botiom as a cake
or sedimeni. The remanining 98% consisied of a single
supernatam phase. In contrast, none of the suspension of
Exampie 8 senled 10 the botto™ as a cake or sediment after
standing for six months. Subsiantially ail of the suspension
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ORIGINAL DECLARATION FOR PATENT 5,240,923

The undersigned declares that Patent 5,240,923 covers tke 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:

VA - -
-4\pplicant Dgte
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ORIGINAL DECLARATION FOR PATENT 5,378,703

The undersigned declares that Patent 5,378,703 covers the formulation,
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:

| A . 772 z; (294
Sally 5. - &‘b’plicant 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 Ophthalmic Suspension. This
product is the subject of this application for which approval is being sought:

e [8/92l
b Da{e. '
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Exclusivity - Request for Five Year Exclusivity

The applicant requests a Five vear period of market exclusivity based on the
following information: '

1. The active moiety of Brinzotamide ,.1'% Ophthalmic 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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