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PRODRUGS OF ANTIINFLAMMATORY
S-ACYL-2-OXINDOLE-1-CARBOXAMIDES

The present invention is concerned with antiinflammatory and analgesic agents
and, in particular, with enol esters and ether prodrugs of 3-acyl-2-oxindole-1-
carboxamides, a class of known nonsteroidal antinflammatory agents.

Background of the Invention

The use of oxindoles as antiinflammatory agents has been reported in U.S,
3,634,453, and consisted of 1-substituted-2-oxindole-3—carboxamides. Recently, a
series of 3-acyl-2-oxindole-1-carboxamides was disclosed in U.S. 4,556,672 to be
inhibitors of the cyclooxygenase (CO) and lipoxygenase (LO) enzymes and to be useful
as analgesic and antiinflammatory agents in mammalian subjects. Certain prodrugs of

3-acyl-2-oxindoles-1-carboxamides are described in commonly owned U.S. 5,118,703
which are of the formula:

Rl
§
OR

(A

£

wherein X and Y are each hydrogen, fluoro or chioro: R' is 2-thienyl or benzyl; and R
is alkanoyl of two to ten carbon atoms, cycloalkylcarbonyl of five to seven carbon
atoms, phenylalkanoyl of seven to ten carbon atoms, chlorobenzoyl, methoxybenzoyl,
thenoyi, omega—alkoxycarbonylalkanoyl said alkoxy having one to three carbon atoms
and said alkanoyl having three to five carbon atoms; alkoxy carbonyl of two to ten
carbon atoms; phenoxycarbonyl; 1-(acyloxy)alkyl said acyl having one to four carbon
atoms and said alkyl having two to four carbon atoms; 1-(alkoxycarbonyloxy)alkyl said
alkoxy having two to five carbon atoms and said alkyl having one to four carbon atoms;
alkyl of orie to three carbon atoms; alkylsulfonyl of one to three carbon atoms;

methylphenylsulfonyi or dialkylphosphonate said alkyl each having one to three carbon
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atoms. United States Patent 5,118,703 and United States Patent No. 4,556,672 are
hereby incorporated by reference.

SUMMARY OF THE INVENTION

The present invention provides antiinflammatory ether and ester prodrugs of the
formula

OR

wherein R is

R 0 o0 0 0
(J\o)x‘u\a)]\ogl ’ (/l\())x'U\Q/U\NR""R3

[ 111

R® 0 S
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wherein x is O or 1;

Ais

Bis

R!is

a C,-C; alkylene or C,-C, alkenyl chain, optionally substituted with up to
two substituents independently selected from C,-C, alkyl or C,-C,
cycloalkyl; or

(CH,),O(CH,),,, where the methylene groups may be optionally
substituted with up to two substituents independently selected from C,-
C, alkyl or C,-C, cycloalkytl; or

a C,-C, cycloalkyl or cycloalkenyl group optionally substituted with up
to two C,-C, alkyl groups; or

a 4 - 7 membered hetero-alicyclic group containing an O, S or NR® link:
or

a phenylene group optionally substituted with up to two substituents
independently selected from C,-C, alkyl, C,-C, alkyloxy, halogen or CF;;
a C,-C, alkenyl phenyl, 2, 3 or 4-pyridyl, 2, 3 or 4-piperidinyl, 2 or 3-
pyrrolidyl, OCH,CO,R' or OCH,CONR’R?;

H, C,-C, akyl, C;-C, cycloalkyl, phenyl(C,-C,)alkyl, (CH,),CO,R? or
(CH,),CONRR?;

or R' may form with A a 5, 6 or 7 membered lactone ring optionally substituted

with a C,-C, alkyl group;

R? and R® are independently H, C,-C, alkyl, C;-C, cycloalkyl, phenyl(C,-C,)alkyl;

or

R? and R*, when taken together with the attached nitrogen, may represent a

pyrrolidine, piperidine, morpholine or homopiperidine group optionally
substituted with up to two C,-C, alkyl groups; or

R? or R* may form with A, a 5, 6 or 7 membered lactam ring, optionally

substituted with up to two C,-C, alkyl groups;
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R* and R® are independently H, C,-C; alkyl C,-C, cycloalkyl, phenyl(C,-
C.alkyl, (CH,),CO,R?, (CH,),CONR’R?, (CH,),NR’R®, (CH,),OR® or
(CH,),SR®; or

R* and R® when taken together represent a C,-C, cycloalkyl ring, optionally
substituted with up to two C,-C, alkyl groups;

R%is H, C,-C, alkyl, (CH,),CO0R?, C,-C, cycloalkyl optionally substituted with
up to two C,-C, alky! groups, phenyl(C,-C,)alky! optionally substituted
on the phenyl ring with up to two substituents independently selected
from C,-C, alkyl, C,-C, alkoyloxy, halogen or CF;, COR?, CONR?R?, or
a phenyl group optionally substituted with up to two substituents
independently selected from C,-C, alkyl, C,-C, alkyloxy, halogen or CF;;
or

when taken with R* and the attached oxygen, may represent an oxetan,
tetrahydrofuran, tetrahydropyran or oxepan ring optionally substituted
with up to two C,-C, alky! groups;

R” and R® are independently H, C,-C, alkyl, C,-C, cycloalkyl, phenyl(C,-
C,)alkyl, COR?, COOR?; or

independently C,-C, alkanoyl, C,-C, cycloalkanoyl, optionally substituted
with up to two substituents independently selected from C,-C, alkyl, C,-
C, cycloalkyl, phenyl(C,-C,)alkyl, C,-C, branched alkyl; or

R’ and R® when taken together with the attached nitrogen may represent a
pymelidine, piperidine or homopiperidine group optionally substituted
with up to two substituents independently selected from C,-Cq alkyl, C,-
C, cycloalkyl, C,-C, branched alkyl, or oxo;

R® is H or methyl;

R'®, R',R'?and R'? are independently selected from hydrogen, C,-C, elkyl and
halogen;

m and n are independently 0, 1 or 2 where either m or n must be at least
1, and

pis 1to 3.

Particularly preferred are compounds of formula | wherein one of R and R is

5-lucro and the other is 6-chloro.
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A second preferred group of compounds are those of formula | wherein one of
R'® and R"' is 5-flucro and the other is 6-chloro and R is formula If, wherein x is 0, A
is a C,-C, alkenyl chain and R' is hydrogen. Especially preferred within this group are
compounds where A is -CH=CH- with E geometry and R'? and R'*® are hydrogen. Also
preferred within this group are compounds where x is 1, A is alkylene and R' is benzyl.

A third preferred group of compounds are those of formula | where one of R'°
and R'" is 5-flucro and the other is 6-chloro and R is formula IV and x is 1. Especially
preferred within this group are compounds where R*, R, R'2 and R'? are hydrogen, R®
is hydrogen, methyl or ethyl and R® is hydrogen, methyl, benzyl or CH,COOR?,

A fourth preferred group of compounds are those of formula | where one of R'®
and R"' is 5-fluoro and the other is 6-chloro, x is 1 and Ris formula V. Preferred within
this group are compounds where R*, R?, R, R®, R'? and R'® are hydrogen, and R® is
(CH,),NR’R®, methyl or benzyl. Also preferred within this group are compounds where
R’ is COR?.

A fifth preferred group of compounds are those of formula | where one of R'®
and R"' is 5-fluoro and the other is 6-chloro, x is 1, R is formula VI and B is 2- or 3-
pyrrolidine.

The present invention also comprises a method for treating inflammation in a
mammal which comprises administering to said mammal an antiinflammatory effective
amount of a compound selected from those of formula (l).

The present invention further comprises a method for treating pain in a mammal
which comprises administering to said mammal an analgesic effective amount of a
compound selected from those of formula (1).

DETAILED DESCRIPTION OF THE INVENTION

The enol ethers and esters of the present invention are not enolic acids as are

the parent compounds and have the potential {o show reduced gastric iritation when
compared 1o said parent compounds,

The term "prodrug® refers to compounds which are drug precursors which,
following administration and absorption, release the drug in vivo via some metabolic
process.

While all of the usual routes of administration are useful with the invention

compounds, the preferred route of administration is oral. After gastrointestinal
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absorption the present compounds are hydrolyzed in vivo to the corresponding
compounds of formula (1) where R is hydrogen, or a salt thereof. Since the prodrugs
of the invention are not enclic acids, exposure of the gastrointestinal tract to the acidic
parent compound is thereby minimized. Further, since gastrointestinal complications
have been noted as a major adverse reaction of acid non-steroidal antiinflammatory
drugs [see e.g., DelFavero in *Side Effects of Drugs Annual 7*, Dukes and Elis, Eds.
Excerpta Medica, Amsterdam, 1983, P- 104-115], the invention compounds (1) are likely
to have a distinct advantage over the parent enolic compounds.

In converting the 3-acyl-2-oxindole-1-carboxamides tothe compounds of formula
l, the substituents on the exocyclic double bond at the 3-position can by syn, anti or
a mixture of both. Thus, the compounds of the structures

RY OR
| I
OR R1

and

or mixtures thereof are depicted as

All forms of these isomers are considered part of the present invention.
The3-acyl-2-oxindole-1-carboxamides required as starting materials are available

by methods well known in the art, see, for example, U.S, patents 3,634,453 and

4,556,672. The other starting reagents noted above are available commercially, or are
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prepared by well known methods, or are described in the preparation section
hereinbelow.

The preparation of the compounds of the present invention is readily achieved.
A salt of the appropriate 3-acyl-2-oxindole-1-carboxamide is formed in a reaction inert
solvent and used with or without isolation in a subsequent reaction with an acid halide
or e« haloalkyl ester. Conditions of these reactions are not critical; temperature may
vary from about 0°C to about 50°C with a preferred range being about. 0°C to about
20°C. The reaction time will vary with the selected reactants and temperature, but
ranges from about 8 to 80 hours with the preferred time being about 20 hours.

The salt of the 3-acyl-2-oxindole-1-carboxamide may be alkali metal, tertiary
amine or quaternary ammonium. Alkali metals include lithium, sodium and potassium.
Tertiary amines are generally low molecular weight aliphatic amines such as
trimethylamine, triethylamine, tributylamine and mixed animes such as
diisopropylethylamine, diethyl aminopyridine; and heterocyclic amines such as pyridine
and N-methylmorpholine. Quaternary ammonium compounds may be symmetrical or
mixed alkyl amines of straight or branched chains. Sodium, diisopropylethylamine,
triethylamines and tetrabutylammonium salts are preferred.

The acid halide may be the chloride or bromide, the chloride is preferred. Alpha

halo esters may be chloro, bromo or iodo esters with chloro and iodo being preferred.

The chloro ester is preferably used with sodium icdide, thus generating the iodo ester

in situ.

Bioavailability of the prodrugs of the present invention was determined by
comparison of the prodrug to the parent compound.

For example 3-[hydroxy-2(thienyl)methylene]-6-chloro-6-fluoro-2,3-dihydro-2-oxo-
1H-indole-1-carboxamide and selected prodrugs were orally administered to fasted male
Sprague-Dawleyrats at dose levels of 3 mg equivalents 3-[hydroxy-2(thienyl)methylene]-
6-chloro-5-fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide/kg as a solution or
suspension in 0.1% methylcellulose. Dosing volumes of each drug formulation were
maintained at 1 mL per 1 kg bodyweight. Following oral administration, blood samples
were obtained by retroorbital sinus bleeding into heparinized tubes at 1,3 and 6 hours
post-dose and immediately chilled. Plasma was stored at -20°C until analysis.

Plasma concentrations of 3-[hydroxy-2(thienyl)methylene]-6-chloro-5-flucro-2,3-

dihydro-2-oxo-1H-indole-1-carboxamide following administration of 3-[hydroxy-



10

16

20

25

30

WO 94/17061 PCT/US93/09813

8- 010563

2(thienyl)methylene]-6-chIoro-5—ﬂuoro-2,3-dihydro-2-oxo-1 H-indole-1-carboxamide and
prodrugs were determined by high pressure liquid chromatography with ultraviolet
detection at 360 nm. The lower limit of quantitation for 3—[hydroxy-2(thienyl)methylene]-
6-chloro-5-ﬂuoro-2,3—dihydro-2—oxo-1 H-indole-1-carboxamide was 0.2 Hg/mlL

Area under the concentration vs. time curve [AUC(0-6 hr)] were determined by
the linear trapezoidal method for 3-[hydroxy-2(thienyl)methylene]—8-ch{oro-5-ﬂuoro-2,3-
dihydro-2-oxo-1H-indole-1-carboxamide following oral administration of 3-[hydroxy-
2(thienyl)methylene]—8—ch!oro-5—ﬂuoro-2,3—dihydro-2-oxo-1 H-indole-1-carboxamide and
each prodrug. Relative bioavailability for 3-[hydroxy-2(thienyl)methylene]-6-chloro-5-
ﬂuoro-2,3-dihydro-2-oxo-1H—indole-1-carboxamide following administration of each
prodrug was assessed by determining the ratio of the 3 [hydroxy-2(thienyl)methylene]-s-
chloro-s-ﬂuoro-z,3-dihydro-2~oxo-1H-indole-1-carboxamide AUC(0-6) value following
administration of prodrug to the 3-[hydroxy-z(thienyl)methylene]-6-ch!oro-5—ﬂuoro-2,3-
dihydro-2—oxo-1H-indole-1—carboxamide AUC(0-6) value following administration of 3-
[hydroxy-2(thienyl)methylene]-S-chloro-S-fluoro-Z,3-cihydro-2-oxo-1H-indole-‘l-
carboxamide.

The prodrugs of formula () are evalualed for their antinflammatory and
analgesic activity according to known methods such as the rat foot edema test, rat
adjuvant-induced arthritis test or phenylbenzoquinone-induced writhing test in mice, as
previously used in the evaluation of the parent compounds and described in the
references cited above and elsewhere in the literature; see eg., C. A. Winter, in
*Progress in Drug Research* edited by E. Jucker, Birkhauser Verlag, Basel, Vol. 10, pp.
139-192 (19686).

On a molar basis, the present prodrugs are generally dosed at the same level

and frequency as the known 3-acyl-2-oxindole-1-carboxamides from which they are

“derived. However, the non-enolic nature of the present compounds should generally

permit higher tolerated oral doses, when such higher dosage is required in the control
of pain and inflammation.

The present prodrugs are also formulated inthe same manrner, and administered
by the same routes as the known parent compounds, as described in the above cited
references. The preferred route of administration is oral, thus taking particular
advantage of the non-enolic nature of the present compounds.
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The present invention is illustrated by the following examples, but is not limited

to the specific details of these examples.

Example 1

6—Chloro—5—ﬂuoro-2,3-dihydro-3[(4-methovaenzoy!)oxv-(Z-thienvI)methvlene]-2-oxo-1 -H-
indole-1-carboxamide

3-[Hydroxy-2(-thienyl)methylene]-6—chloro-5-ﬁuoro-2,3—dihydr<>2<>xo—1 H-indole-1-
carboxamide (5.08 g, 15.0 mmole) was slurried in CH,Cl, and treated with triéthylamine
(1.67 g, 16.5 mmole). This yellow solution was chilled in an ice water bath and treated
with 4-methoxybenzoyl chloride (12.8 g, 75.0 mmole) in one portion. After 18 hr. the
reaction mixture was filtered to remove a yellow precipitate. The filtrate was diluted with
additional CH,Cl, and washed with 1N HCI (2X) and saturated NaHCO,/brine mixture.
After drying with MgSO,, filtration, concentration and chasing with ethanol (2X), a solid
was obtained which was triturated with EtOAc/hexane. This was collected, combined
with the solid that was directly removed from the reaction mixture and the whole
recrystallized from EtOAc/hexane (4/1) and some acetone yielding 1.81 g (26%) of the
desired product as yellow crystals: mp 220-221°C; Anal. calculated for
C,,HCIFN,0,S: C, 55.88; H, 2.98: N, 5.92. Found: C, 56.04: H, 2.82; N, 5.88,

Example 2

6-Chloro-5-fluoro-2,3-dihyd ro-3[{cinnamoylioxy-(2-thienyl)methylene]-2-oxo-1 -H-indole-1-
carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that cinnamoyl chloride was used: mp 214-215°C; Anal. calculated for
C,sH,,CIFN,O,S: C, 88.91; H, 3.01; N, 5.97. Found: C, 58.52: H, 2.89; N, 6.91.

&Chloro-&ﬂuoro-2,3dihydro~3—I(&methoxybenzoyl)oxv-(z-thienvl)me1hylene]-2-oxo-1 H-
indole-1-carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that 3-methoxybenzoyl chloride (4 equiv.) was used and chloroform was the
solvent. The product was recrystallized from isopropyl alcohol: mp 186-220°. The 'H

NMR spectrum indicated the sample containd both the E and Z geometrical isomers
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of the title compound in a ratio of 17:83. Anal. calculated for C,.H\,CIFN,O,S: C,
55.88; H, 2.98; N, 5.92. Found: C, 56.00; H, 2.82: N, 5.78.

Example 4

8—Chloro-5—ﬂuoro-2,3-dihydro&l (2-methoxybenzovl)oxy-(z-thienyl)methvlene]-2-oxo-1 H-
indole-1-carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that 2-methoxybenzoyl! chioride was used and chloroform was the solvent.
The crude product was purified by flash chromatography on silica gel (eluting with 95:5
CHCI,/MeOH) followed by recrystallization from isopropyl alcohol: mp 219-221°, The
"H NMR spectrum indicated the sample contained only the E geometrical isomer of the
title compound. Anal. calculated for C,.H,.CIFN,0O,S: C, 55.88; H, 2.98; N, 5.92.
Found: C, 55.32; H, 3.01; N, 5.66.

Example 5

6-Chloro-5-ﬂuoro-2,3—dihvdro-3-[nicotinovloxy-(2-thienvl)methvlene]2~oxo~1 H-indole-1-
carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that nicotinoy! chloride (2.5 equiv.) and 3.4 equiv. of triethylamine were used
and chloroform was the solvent. The crude product was purified by flash
chromatography (using 83:17 CHCI,/MeOH as eluant) followed by recrystallization from
isopropyl alcohol: mp 201-202.5°, Anal. caleulated for C.0H,,CIFN,0,S: C, 54.12; H,
2.50; N, 8.47, Found: C, 54.01; H, 2.46; N, 9.30.

Example 6

6-Chloro-5-fi uoro-2,3-dihvdro-&ﬁsonicoﬁnoy!oxv-(2-thieny|)methv1ene]-2-oxo—1 H-indole-1-
carboxamide

The tille compound was prepaied by the procedure of Example 1 with the
exception that isonicotinoy! chloride (1.1 equiv.) and diisopropylethylamine (2 equiv.)
were used. The product, obtained directly by filtration of the reaction mixture, was
recrystallized from isopropyl alcohol: mp 219.5-221°,  Anal. calculated for
CooHi CIFN,O,S: C, 54.12; H, 2.50; N, 8.47. Found: C, S4.11; H, 2.43; N, 9.32.
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Example 7

6-Chloro-5-fluoro-2,3-dihydro-3-[picolinoyloxy-(2-thienyl)methylene]-2-oxo-1H-indole-1-
carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that picolinoyl chloride (1.1 equiv.) and diisopropyl-ethylamine (2 equiv.) were
used. The product, obtained directly by filtration of the reaction mixture, was
recrysiallized from isopropyl alcchol: mp 184-185°, Anal. calculated for
C,H,,CIFN,Q,S: C, 54.12; H, 2.50; N, 9.47. Found: C, §3.73; H, 2.34; N, 9.31.

Example 8

6-Chloro-5-Fluoro-2-3-dihydro-3-{3-(ethyloxycarbonyl)propenoyloxy-(2-
thienylmethylenel-2-oxo-1H-indole-1carboxamide

a) 3-(Ethyloxycarbonyl)propenoyl chloride was prepared according to the
procedure of Lutz (J. Am. Chem. Soc., 1930, 52, 3430).

b) The title compound was prepared by the procedure of Example 1 with the
exception that 3-(ethyloxycarbonyl)propenoyl chloride (2 equiv.)) and
diisopropylethylamine were used. The crude product was purified by flash
chromatography (eluting with CHCI, and then 98:2 CHCI,/MeOH) followed by
recrystallization from isopropanol: mp 165.5-168°. The 'H NMR spectrum indicated the
sample to contain both the E and Z geometrical isomers of the title compound in a ratio
of 22:78. Anal calculated for C, H,,CIFN,O,S: C, 51.68: H, 3.04; N, 6.03. Found: C,
51.42; H, 3.08; N, 5.86.

Example 9

6-Chloro-5-fluoro-2,3-dihydro-3-[3-(methyloxycarbonyl)propenoyloxy-(2-
thienyl)methylene]-2-oxo-1H-indole-1-carboxamide

a) 3-(Methyloxycarbonyl)propenoyl chloride was prepared according to the
procedure of Lutz (J. Am. Chem. Soc., 1830, 52, 3430).

b) The title compound was prepared by the procedure of Example 1 with the
exception 1that 3-(methyloxycarbonyl)propencyl chloride (2 equiv.)) and
diisopropylethylamine were used. The crude product was purified by flash
chromatography (eluting with 95:5 CH,CI,/iPrOH) followed by recrystallization from
isopropanol: mp 183.5-186°. The 'H NMR spectrum indicated the sample to contain

both the E and Z geometrical isomers of the title compound in a ratio of 34:66. Anal.



10

15

20

25

30

WO 94/17061 PCT/US93/09813

12 010563

calculated for C,;H,,CIFN,0,S: C, 50.62; H, 2.68; N, 6.21. Found: C, 50.56: H, 2.84;
N, 6.04.

Example 10

6-ChIoro-S-ﬂuoro-Q,S—dihvdro-3-[benzyloxyacetyloxv-{2-thienyl)methvlen e]-2-oxo-1H-
indole-1-carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that benzyloxyacetyl chloride (2 equiv.) and diisopropylethylamine (2 equiv.)
were used. The crude product was purified by flash chromatography (eluting with
CHCI,) and followed by recrystallization from isopropyl alcohol: mp 150-175°. Anal.

calculated for C,,H,,CIFN,O,S: C, 56.74; H, 3.31; N, 5.75. Found: C, 568.41; H, 3.17;
N, 56.00.

Example 11

S—Chloro-s-ﬂuoro-2.3—dihvdro<5-j4~(benzyloxvcarbonvl)benzovloxy-(z-thienvl)methvlene]-
2-oxo-1H-indole-1-carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that 4-(benzyloxycarbonyl)benzoyl chioride (1.5 equiv) and
diisopropylethylamine (1.5 equiv.) were used. The erude product was purified by
trituration with CHCI;: mp 212-218°. Anal. calculated for CH1sCIFN,O,S: C, 60.37; H,
3.14; N, 4.85. Found: C, 60.94; H, 3.00; N, 4.27.

Example 12

6—Chloro-5ﬁuoro-2,3—dihydro-erj?»-carboxvpropenovloxy-(2-thienvl)methylene]-2-0x0-1 H-
indole-1-carboxamide

a) 3-(2-Trimethylsilylethyloxycarbonyl)propenoy! chioride was prepared according
to a modification of the procedure of Lutz (J. Am. Chem., Secc., 1930, 52, 3430) in which
remaining fumaryl chloride and unwanted diester are removed by distillation under
vacuum leaving the desired acid chloride behind in the pot.

b) The title compound was prepared by the procedure of Example 1 with the
exception that 3—(2-trimethy!si!y!ethyl~oxycarbonyl)propenoyl chloride (1.3 equiv.) and
diisopropylethylamine were used. The crude product was purified by flash
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chromatography (using CH,Cl,, 99:1 CH,CI,/MeOH and then 98:2 CH,Ci,/MeOH as
eluants) followed by recrystallization from acetonitrile.

c) Hydrogen fluoride/pyridine complex (500 g) was cooled in an ice bath in a
polysthylene botte. The 3-(2-trimethylsilylethyloxycarbonyl)propenoyl derivative (33.84
g, 63 mmol) was then added 2-3 g portions. When the addition was complete, the
resulting slurry was agitated in the cold for 0.5 hr. The reaction was then quenched by
addition of H,0. Afier drying in vacuo, the product was purified by trituration with hot
ethyl acetate. The yield was 19.8 g. An analytical sample was obtained by
recrystallization of a small sample from acetic acid: mp 229-232°, The 'H NMR
spectrum indicated the sample to contain only the E geometrical isomer of the title

compound. Anal. calculated for C,H,,CIFN,0,S: C, 49.50; H, 2.31: N, 6.41. Found:
C, 49.23; H, 2.23; N, 6.37.

Exarnple 13

6-Chloro-s-ﬂuoro-2,S-dihydro~3-[3-carboxybenzoyloxv-(2-thienvl)methvlene]-2-oxo-1 H-
indole-1-carboxamide

a) A solution of isophthaloyl dichloride (40.6 g, 200 mmol) and 2,2,2-
trichloroethancl (30.8 g, 207 mmol) in toluene was heated at reflux for 24 hr. The
solvent was evaporated and the remaining material was distilled under vacuum. The
desired product distilled over along with some of the unwanted bis(2,2,2-
trichloroethyl)ester between 125° and 170° at 0.2 mm Hg. On standing, this unwanted
side product separated out as a solid. The desired product, 3-(2,2,2-trichloro-
ethyloxycarbonyl)benzoyl chloride (19.0 g) was decanted off for use in the next step.
b) The title compound was prepared by the procedure of Example 1 with the
exception that 3-(2,2,2-trichloroethyloxycarbonyl)benzoyl chloride (2 equiv.) and
diisopropylethylamine (2 equiv.) were used. The product, obtained directly by filtration
of the reaction mixture, was triturated with CHCI,.

c) A solution of the 3-(2,2,2-trichloroethyloxycarbonyl)benzoyl derivative (1.0 g,1.6
mmol) in acetic acid (50 mL) was treated with zinc dust (1.0 g, 16 mmol). The mixture
was warmed in an oil bath at 50° for 18 hr. While still warm, the mixture was filtered
(washing with acetic acid) and, after cooling to room temperature, the filtrate was
poured into H,0 (250 mL). The precipitated yellow solid, 6-chloro-5-fluore-2,3-dihydro-

3-[3-carboxybenzoyloxy-(2-thienyl)methylene]-2-oxo-1H-indole-1-carboxamide  was
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collected by filtration and recrystallized from acetic acid: mp 244-248°. The yield was
130 mg. Anal. calculated for C,sH,4CIFN,O,S: C, 50.40; H, 3.12; N, 6.19. Found: C,
51.21, H, 2.96; N, 5.99.

Example 14
G-Chloro-s-ﬂuoro-&&dihvdr<>3-[bu’rvloxvcarbonvl)propenoyloxv-)Z-thienyl)methv!enej-z-

ox0-1H-indole-1-carboxamide

a) 3-(Butyloxycarbonyl)propenoyl chloride was prepared according to the
procedure of Lutz (J. Am. Chem. Soc., 1930, 52, 3430).

b) The title compound was prepared by the procedure of Example 1 with the
exception that 3-(butyloxycarbonyl)propenoy!  chloride (2 equiv.) and
diisopropylethylamine were used. The crude product was purified by flash
chromatography (using CH,Cl,, 95:5 CH,Cl,/MeOH and then 90:10 CH,CI,/MeOH as
eluants) followed by recrystallization from acelonitrile: mp 196-197°. The 'H NMR
spectrum indicated the sample to contain only the E geometrical isomer of the title

compound. Anal. calculated for C2.H16CIFN,O,S: C, 53.61: H, 3.68; N, 5.68. Found:
C, 53.53; H, 355; N, 5.78.

Example 15
6-Ch|oro-5~ﬂuoro-2,3-dihvdro-3-[3-(ocMoxvcarbonW)propenovioxv-(z-thienvl)methvlene]-

2-oxo-1H-indole-1-carboxamide

a) 3-(Octyloxycarbonyl)propenoyl chloride was prepared according to the
procedure of Lutz (J. Am. Chem. Soc., 1930, 52, 3430).

b) The title compound was prepared by the procedure of Example 1 with the

exception that 3-(octy!oxycarbonyl)propenoy% chloride (2 equiv.) and

- diisopropylethylamine were used. The crude product was purified by flash

chromatography (using 99:1 CH,Cl,/MeOH as eluani) followed by recrystaliization from
acetonitrile: mp 140-148°, The 'H NMR spectrum indicated the sample contained both
the E and Z geometrical isomers of the title compound in a ratio of 33:67. Anal.

caleulated for C,¢H,,CIFN,0,S: C, 56.88; H, 4.77; N, 5.10. Found: C, 56.81; H, 4.62;
N, 56.07.
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Example 16

6-Chloro-5-ﬂuoro-2.3-dihvdro-3-[3-(4-phenylbutvloxycarbonvl)propenovloxv-(2-
thienylimethylene]-2-oxo-1H-indole-1-carboxamide

a) 3-(4-Phenylbutyloxycarbonyl)propenoyl chloride was prepared according to the
procedure of Lutz (J. Am. Chem. Soc., 1930, 52, 3430).

b) The title compound was prepared by the procedure of Example 1 with the
exception that 3-(4-phenylbutyloxycarbonyl)propenoyl chloride (2 equiv.) and
diisopropylethylamine were used. The crude product was purified by flash
chromatography (using 88:2 CH,Cl,/MeOH as eluant) followed by recrystallization from
acetonitrile: mp 159-161°. The 'H NMR spectrum indicated the sample contained both
the E and Z geometrical isomers of the title compound in a ration of 27:73. Anal.
calculated for C,,H,,CIFN,O,S: C, £9.10; H, 3.90; N, 4.92. Found: C, 58.89; H, 3.71;
N, 4.72.

Example 17

6-Ch|oro-5-fluoro-2.3—dihydro-3-[octanovloxv-(z-thienvl)methvlene]-2-oxo-1 H-indole-1-
carboxamide

The title compound was prepared by the procedure of Example 1 with the exception
that octanoyl chloride (2 equiv.) was used and diisopropylethylamine was the base.
The crude product was purified by flash chromatography on silica gel (eluting with
CH,Cl,) followed by recrystallization from acetonitrile: mp 149-150°, The 'H NMR
spectrum indicated the sample contained only the Z geometrical isomer of the title

compound. Anal caled for C,,H,,CIFN,0,S: C, 56.83; H, 4.77; N, 6.03. Found: C,
56.85; H, 4.49; N, 6.03.

Example 18

6-Chloro-5-ﬂuoro-2.3-dihvdro—3-[3-(1-methylpropy!oxycarbonyl)propenoyloxy-z-
thienylimethylenel-2-oxo-1H-indole-1-carboxamide

a) 3-(1-Methyipropyloxycarbonyl)propenoy! chloride was prepared accordingtothe
procedure of Lutz (J. Am. Chem. Soc., 1830, 52, 3430).

b) The title compound was prepared by the procedure of Example 1 with the
exception that 3-(1-methylpropyloxycarbonyl)propenoyl chloride (1.2 equiv.) and
diisopropylethylamine were used. The crude product was purified by flash

chromatography (eluting with CH,Cl,) followed by recrystallization from acetonitrile: mp
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180-186°. The 'H NMR spectrum indicated the sample contained both the E and 7
geometrical isomers of the title compound in a ratio of 60:40. Anal. calcd for
C;;H\(CIFN,O,S: C, 53.61; H, 3.68; N, 5.68. Found: C, 53.60; H, 3.57; N, 5.67.

Example 19

6-Ch|oro-5—fluoro-2.3-dihvdro-3-[3-(methvloxvcarbonyl)propanovloxv-{Z-
thienylmethylene]-2-oxo-1 H-indole-1-carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that 3-(methyloxycarbonyl)propanoyl chloride (2 equiv.) and
diisopropylethylamine were used. The crude product was purified by flash
chromatography (eluting with 96:4 CH,Cl,/MeOH) followed by recrystaliization from
toluene: mp 179-183°. The 'H NMR spectrum indicated the sample contained both the
E and Z geometrical isomers of the title compound in a ratio of 31:69. Anal. caled for
C2,H,;CIFN,0,S: C, 54.27; H, 2.48; N, 6.75. Found: C, 53.80; H, 2.18; N, 5.71.

Example 20

S-Chloro-5-ﬂuoro-2.3—dihvdro-3-IS-(ethyloxvcarbonvi)propanoyloxv—(2-thienvl)methviene]—
2-0x0-1H-indole-1 -carboxamide

The title compound was prepared by the procedure of Example 1 with the
exception that 3-(ethyloxycarbonyl)propanoyl chloride (2 equiv.) and
diisopropylethylamine (2.2 equiv.) were used. The crude product was purified by flash
chromatography (eluting with 97.5:2.5 CH,Cl,/MeOH) followed by trituration with CH,Cl,
and recrystallization from acetonitrile: m; 182-183°. The 'H NMR spectrum indicated
the sample contained only the E geometrical isomer of the title compound. Anal, caled
for C,H,4CIFN,O,S: C, 51.45; H, 3.45; N, 6.00. Found: C, 51 .38; H, 3.27; N, 5.97.

Example 21

G-ChIoro-5-ﬂuoro-213-dihvdro-3-13-(N,N-diethvlcarboxamidomethyl)oxycar-
bonvl]propanovloxy-(2-1hienyl)methviene1-2-0x0-1 H-indole-1-carboxamide

a) A solution of succinic anhydride (16.0 g, 160 mmol) and benzyl alcohol (17.1 g
1568 mmol) in toluene (200 mL) was heated at reflux for 3.5 hr, At this time, the solvent
was removed in vacuo to leave 3-(benzy!oxycarbonyl)propanoic acid as a white solid.
b) A solution of 3-(benzyloxycarbonyl)propanoic acid (15.0¢g, 72 mmol), 2-chloro-
N.N-diethylacetamide {11.9 9, 79.5 mmol), triethylamine (11.2 mL, 80.4 mmol) and
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sodium iodide (1.1 g, 7.4 mmol) in ethyl acetate (280 mL) was heated at reflux for 3 hr,
The resulting mixture was filtered to remove triethylamine hydrochloride which was
washed with more ethyl acetate. The filtrate was washed with 1N HCI solution,
saturated NaHCO, solution and brine. After drying and filtering, the solvent was
removed in vacuo to leave benzyl 3-[(N,N-diethylcarboxamidomethyloxycar-
bonyl}propanoate as a vixcous oil (22.2 g).

c) To a solution of benzyl 3-[(N,N-diethylcarboxamidomethyl)oxycarbonyl]pro-
panoate (22.2 g, 62.9 mmol) in ethanol (250 mL) was added 10% palladium on carbon
(1.0 g). The mixture was shaken under an atmosphere of hydrogen (3 atmospheres
pressure) at 25° for 18 hr. After removal of the catalyst by filtration through
diatomaceous earth, the solvent was evaporated to leave 3-[(N,N-diethylcarboxamido-
methyl)oxycarbonyl)propanoic acid as a white solid (10.47 g).

d) A solutionof3-[(N,N-diethylcarboxamidomethyl)oxycarbonyl]propanoic acid (5.0
g, 21.6 mmol) and oxalyl chloride (2.0 mL, 23.5 mmol) in benzene (100 mb) was heated
at reflux for 1 hr. The solvent was removed in vacuo to leave 3-[(N,N-
diethylcarboxamidomethyl)oxycarbonyl]propanoy! chloride as an oil,

e) The title compound was prepared by the procedure of Example 1 with the
exception that 3-[(N,N-diethylcarboxamidomeihyl)oxycarbonyl]propanoyl chloride (2.2
equiv.) and diisopropylethylamine {2.2 equiv.) were used. The crude product was
purified by flash chromatography (eluting with CH,Cl, and then 97.5:2.5 CH,Cl,/MeOH)
followed by trituration with 1:1 ether/CH,Cl, and recrystallization from toluene: mp 165-
167°. The 'H NMR spectrum indicated the sample contained only the E geometrical
isomer of the title compound. Anal. caled for C,H,,CIFN,0,S: C, 52.22; H, 4.20; N,

+7.61. Found: C, 62.17; H, 4.06; N, 7.50,

Example 22

S-Ch!oro-zj3—dihydro-3-[3-carboxypropenoyloxy-(2-thien\n)methy1ene]-20xo-1 H-indole-1-
carboxamide

a) 3-(2-Trimethylsilylethyloxycarbonyl)propenoyl chloride was prepared according
to a modification of the procedure of Lutz (J. Am. Chem,. Soc., 1930, 52, 3430) in which
remaining fumaryl chloride and unwanted diester are removed by distillation under

vacuum leaving the desired acid chioride behind in the pot.
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b) The title compound was Prepared by the procedure of Example 1 with the
exception the 3-(2-tn'methylsilylethyloxycarbonyl)propenoyl chloride (1.3 equiv.), 5.
chloro—2,3—dihydro-S-[hydroxy-(Z-thienyl)methylene] -2-0x0-1H-indole-1 -carboxamidand
diisopropylethylamine were used. The crude product was purified by flash
chromatography (using 98:2‘CH20I,/EtOAc as eluant) followed by recrystallization from
acetonitrile,

c) Hydrogen fluoride/pyridine complex (20 mL) was cooled in an ice bath in a
polyethylene bottle. The 3—(2—tn'methylsilylethyloxycarbonyl)propenoyl derivative (0.89
g, 1.71 mmol) was then added, The resulting slurry was agitated in the cold for 0.5 hr,
The reaction was then quenched by addition of H,0. The product was collected by
filtration, washing with H,0 and dried in vacuo. The yield was 0.60 g, mp 198-200°,
The 'H NMR spectrum indicaled the sample contained only the E geometrical isomer

of the title compound. Anal. caled for C,sHi,CIN,0,S: C, $1.62; H, 2.65; N, 6.69.
Found: C, 51.18; H, 2.62; N, 6.51,

Example 23

6—Chloro-5ﬁuoro-2,3—dihydro{3-[ 3—carboxpropenov1oxv-{4-chloro-2-thienyl)methylene1-2-
oxo-1H-indole-1 -carboxamide

a) 3-(2-Tn'methylsi!y!ethyloxycarbonyl)propenoyl chloride was prepared according
to a modification of the procedure of Lutz (J. Am. Chem, Soc., 1930, 52, 3430) in which
remaining fumaryl chioride and unwanted diester are removed by distillation under
vacuum leaving the desired acid chloride behind in the pot.

b) The title compound was prepared by the procedure of Example 1 with the

exception that 3-(2-trimethy!silylethyloxycarbonyl)propenoyl chloride (1.3 equiv.), 6-

chloro-&ﬂuoro-2,3—dihydro<§-[hydroxy-(4-chloro-2-thienyl)methylene]—2-0x0-1_ij-indole-1 -
carboxamide and diisopropylethyl-amine were used. The crude product was purified
by flash chromatography (Using 60:40 hexane/EtOAc as eluant) followed by
recrystallization from acetonitrile.

c) Hydrogen fluoride/pyridine complex (20 mL) was cooled in an ice bath in a
polyethylene bottle. The 3-(2-trimethyisi!ylethyloxycarbonyt)propenoyl derivative (0.82
g, 1.43 mmol) was then added. The resulting slurry was agitated in the cold for 0.5 hr.
The reaction was then quenched by addition of H,0. The product was collected by

filtration, washing with H,0 and dried in vacuo. The yield was 0.50 g, mp 158°, The
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'H NMR spectrum indicated the sample contained only the E geometrical isomer of the
title compound. Anal. Caled for C,,H,CI,FN,0,S: C, 45.88; H, 1.92; N, 594, Found:
C, 45.24; H, 1.98; N, 5.84.

Example 24

S-Chloro-s-fluoro-243-dihydro-3-Iethoxycarbonvlmethoxyacetoxvmethoxy—(Z-
thienyl)methylenel-2-oxo-1H-indole-1-carboxamide

a) A solution of diglycolic anhydride (12 g, 0.103 mol) and ethanol (4.74 g, 0.103
mol) in toluene (100 ml) was heated at reflux for 16 hr. The solution was cooled and
evaporated and the residue distilled under reduced pressure. The product, monoethyl
diglycolate (9.2 g, 55%), was collected over the range 109-135°C at 5 torr.

b) Solid NaHCO, (12.2 g, 0.145 mol) was added, in portions. to a solution of
tetrabutylammonium bisulphate (24.6 g, 0.0725 mol) in water (250 ml), followed by a
solution of monoethyl diglycolate (11.75 g, 0.0725 mol). The mixture was stirred for 16
hr. and then extracted with methylene chloride (8 x 500 ml). The combined organic
extracts were dried, filtered and evaporated to leave the salt (21.1 g, 72%) which was
used without further purification,

c) A solution of the tetrabutylammonium salt of monoethyl diglycolale (16 g, 0.04
mol) in methylene chloride (125 ml) was added to bromochloromethane (200 ml) over
1.5 hr. The resulting solution was stirred at room temperature overnight and then
evaporated to dryness. The residue was chromalographed on silica eluting with ethyl
acelate/hexane, 40/60 and the fractions containing product combined and evaporated
to give ethyl dichloromethy! diglycolate (0.836 g, 10%) as a colorless oil. NMR analysis

showed the material to be approximalely 70% pure, but was used directly in the next

" step.

'd) The chloromethyl ester (0.836 g, 3.98 mmol) from slep c¢) was dissoived in

acetone (10 ml) and then sodium iodide (1.8 g, 11.9 mmol) was added and the mixture
stimed for 16 hr. at room temperature. The mixture was filtered and the filtrate
evaporated to dryness, redissclved in methylene chloride (25 ml) and then washed with
water (10 ml), sodium thiosulphate solution (10 ml), and saturated sodium chloride
solution (10 ml). The organic phase was separated, dried and evaporated to give crude

ethyl iodomethyl ester diglycolate (1 g) which was used directly in the final step,
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e) To a stirred suspension of sodio-6-chloro-5—ﬂuoro-2,3—dihydro-3—[oxy-(2-thienyl)-
methylene)-2-oxo-1H-indole-1-carboxamide (1.2 g, 3.3 mmol) in acetone (30 ml) was
added a solution of the iodomethyl ester from step d) in acetone (10 ml) over §
minutes. The mixture was stired for 16 hr. at room temperature. The resulting
suspension was diluted with acetone until solution was obtained, silica (2 g) was added
and the mixture evaporated to dryness. The resulting dry silica slurry was loaded onto
a silica chromatography column and then eluted with ethyl acetate/hexane, 40/60. The
fractions containing product were combined and evaporated to give the crude product
which was recrystallized from ethanol to afford the title compound as a yellow
crystalline solid (136 mg, mp 129-130°C).

Example 25

6-Chloro-5-f|uoro-2,3-dihydro-3-lbenzyloxvcarbonylmethoxvacetoxvmethoxv-{2-
thienylimethylenel-2-oxo-1 H-indole-1-carboxamide

The title compound was prepared using the same methodology as Example 24
with the exception of using benzyl alcohol instead of ethanol in step a) to give
monobenzy! diglycolate which was carried through the remaining procedures. The title

compound was a yellow crystalline solid with a mp of 122°C

Example 26

6-Ch|oro-5-ﬂuoro-2,3-dihvdro-3-[1 -(benzvloxycarbonvlmethoxvacetoxv)ethoxy-(z-
thienvl)methylene]-2-oxo-1.H-indole-1—carboxamide

a) To a solution of monobenzyl diglycolate (7.87 g, 0.035 mmol) in methylene
chloride (75 ml) was added thionyl chloride (42 g, 0.35 mol) and the mixture stirred at

roomtemperature for 72 hr. The mixture was evaporated to dryness and the crude acid

* chioride used directly in the next step.

b) To a mixture of the acid chloride (2.6 g, 0.011 mol) from step a) and a catalytic
quantity of fused zinc chloride was added acetaldehyde (0.96 g, 0.022 mol) and the
mixture stirred at room temperature for 2 hr. The mixture was then evaporated to
dryness and the residue chromatographed on silica, eluling with ethyl acetale/hexane,
30/70. The fractions containing product were combined and évaporated to give a
colorless oil (1.1 g, 35%).

c) To a stirred suspension of sodio-s-chforo-s-ﬂuoro-Q,3—dihydro-3-[oxy-(2-thienyl)-

methylene)-2-0xo0-1H-indole-1-carboxamide (0.95 g, 2.62 mmol) in acetone (20 ml) was
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added a solution of the chloroethyl ester from step b) in acetone (10 ml) over §
minutes. Sodium iodide (0.13 g, 0.87 mmol) was then added and the mixture heated
at reflux for 7 hr. The resulting suspension was cooled, diluted with acetone until
solution was obtained, silica (2 g) was added and the mixture evaporated to dryness.
The resulting dry silica slurry was loaded onto a silica chromatography column and
then eluted with ethyl acetate/hexane, 40/60. The fractions containing product were
combined and evaporated to give the crude product. Recrystallization from ether

afforded the title compound as a yellow crystalline solid (20 mg, mp 89-91 °C).

Example 27

G-Chloro-5-fluoro-2,3-dihydro-S-[benzy!oxvcarbonylmethoxyacetoxv-(2-thienyl)-
methylenel-2-oxo-1H-indole-1-carboxamide

To a cooled (0°C), stirred solution of 6-chloro-5-fluoro-2,3-dihydro-3-[oxy-(2-
thienyl)-methylene)-2-oxo-1H-indole-1-carboxamide (1 g, 3 mmol) and triethylamine
(0.33 g, 3.3 mmol) in methylene chloride (10 ml) was added a solution of monobenzyl
diglycolate acid chloride (0.79 g, 3.3 mmol) (see Example 26, step a) in methylene
chloride (10 ml) over § minutes. The mixture was stirred at room temperature for 2 hr.
and then absorbed on silica and chromatographed, eluting with methylene
chloride/methanol, 15/1. Fractions containing product were combined and evaporated,
and the crude product recrystallized from acetonitrile to afford the title compound as
a yellow crystalline solid (40 mg, mp 189-190°C),

Example 28

6-Chloro-5-f|uoro—2,3—dihvdro-3~[N,N-diethylcarbamov!methoxvacetoxy-(Q-ihienyl)-
methylene]-2-oxo-1H-indole-1-carboxamide

. a) To a stirred solution of diglycolic anhydride (1 g, 8.6 mmol) in toluene (10 ml)

was added diethylamine (0.628 g, 8.6 mmol) over 10 min. A mild exotherm resulted
and the mixture was allowed to stir at room temperature for 16 hr, Evaporation of the
solvent afforded the product as a colorless, viscous oil (1.7 g, 100%).

b) To a solution of N,N-diethylcarbamoylimethoxy acetic acid (1.5 g, 7.3 mmol) in
methylene chloride (15 ml) was added thiony! chloride (8.7 g, 73 mmol) and the mixture
stirred at room temperature for 16 hr. Evaporation of the solvent furnished the crude

acid chloride which was used directly in the next step.
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c) To a stired solution of deloros-ﬂuoro-z,adihydroe-[oxy-(z-mienyl)methyiene)-
2-oxo-1H-indole-2-carboxamide (2.7 g, 8.2 mmol) and triethylamine (1g,9.8mmol)in
methylene chloride (20 ml) was added a solution of N,N-diethylcarbamoylmethoxy
acetyl chloride (1.7 g, 8.2 mmol) in methylene chloride (10 ml) over 5 minutes. The
mixture was stired at room temperature for 72 hr. and then absorbed on silica and
chromatographed, eluting with methylene chloride/methanol, 25/1. Fractions containing
product were combined and evaporated, and the crude product recrystallized from
acetone to afford the title compound as a yellow crystalline solid (126 mg, mp 205-
208°C), ’

Example 29

6-Ch|oro-5-fluoro-2,3-dihydro-3-[{2-(1.1-dimethy|ethoxv

carbonvamino)propanoyloxy)methoxy-(z-thienvl)methvlene1-2-oxo-1 H-indole-1-
carboxamide

The tetrabutylammonium (TBA®) salt of N--BOC alanine (50 mmole) (prepared
by titration with TBA* hydroxide in ethanol or by treatment with an equivalent of TBA*
HSO,- and 2 equivalents NaHCO, in water and extraction with a chlorocarbon) was
dissolved in BrCH,CI (200 ml) and stirred for 48 hr. in the dark. The concentrated
mixture was taken up in CHCI;, washed with water, dried with MgSO,, filtered and
concentrated o an oil, This was chromatographed (CH,Cl)) to give 6.25 g (62%) of N-t-

BOC alanine chloromethyl ester which contained a trace of the corresponding
bromomethyl ester.

N-t-BOC Alanine chloromethy! ester (6.20 g, 26.1 mmole) and sodium jodide
(19.5. g, 130 mmole) were combined in acetone (150 ml) and stired at room
temperature for 18 hr. The mixture was then filtered and the filtrate concentrated to an
oil. This was taken up in EtOAc and washed with 10% sodium thiosulfate solution and

- water. Drying with MgSO,, filtration and concentration yielded 7.40 g (86%) of N-t-BOC

alanine iodomethyl ester as an oil.

N-t-BOC alanine iodomethyl ester (7.30 g, 22.2 mmole) and the sodium salt of
3-[hydroxy—(2-1hienyl)methylene]-e-cl\loro~5-ﬂuoro-2,3-dihydro-2-oxo-1H-indole-1-
carboxamide (2.67 g, 7.4 mmole) were combined in acetone (75 ml) and refluxed for
B hr. The reaction mixture was concentrated and the residue preabsorbed onto silica
gel, charged onto a column and chromatographed (CH,Cl, to 5:95 - CH,OH:CH,CL,).
Combination and concentration of the appropriate fractions gave the crude product
which was recrystallized (EtOAc/hexane) to give 1.16 g (29%) of the title compound:
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mp 165-170°C; Anal. caled for C,;H,,CIFN,0,S: C, §1.16; H, 4.29; N, 7.78. Found: -
C, 51.26; H, 4.10; N, 7.70

Examples 30-40 were prepared by the procedure of Example 29.

The general structure of these compounds is

5 Somacarme
O
F
y JOR
|
10 Cl NS \N 0
Physical properties and the values of *R* are shown in the Table below.
Example Starting Calculated R
15 Number Acid mp
Found
C H N
Example 30 O- 184- | 49.04  3.20 | 6.35
trimethyl- 187°C | 49.19 | 2.97 | 6.33 0
C,sH,,CIFN,O¢s | silylethyl- OH
20 lactic \0/\0)\'/
acid*
Example 31 O-benzyl 108- | 66.55 | 3.80 | 5.28
lactic acid | 112°C | 56.44 | 3.62 | 5.33
CasHeCIFN,OS A
25
Example 32 N-t-BOC i71- | 5024 | 402 | 7.99
glycine 174°C | 5040 | 353 | 7.81
022H21C|FN3OSS \O/\O)O'\/NMEO(
Example 33 tetrahydro | 184- | 51456 | 3.45 | 6.00
furoic acid | 185°C | 51.37 | 3.37 | 5.96 o
30 || C,oH:sCIFN,O¢S ~ 0
)
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Example 34 O-methyl 149- [ 8017 | 355 | 6.16
lactic acid | 151°C | 50.21 | 3.38 6.17 6
C,,H,,CIFN,OGS \OAO)\ro\
Example 35 O-benzyl 121- |1 68.01 | 4.33 | 5.01
2-hydroxy- | 123°C | 57.91 4.00 | 499
C,HCIFN,0,S | valeric
acid \%
t Example 36 O-benzyl 111- 15730 | 407 | 5.14
butyric 113° [ 5730 | 3.80 5.15
C26H,,CIFN,0,S | acid .
Example 37 O-benzyl 138- 16801 | 4.33 | 501
isovaleric | 142°C | 58.05 411 | 5.02
C,,H,.CIFN,0,S | acid .
Example 38 O-benzyl 130- | 85.76 | 3.51 5.42
glycolic 131°C | 5585 | 3.48 | 538
C,.H\sCIFN,0,S | acid \of\c/o\/“v@
Example 39 O-methyl | 144- | 49.04 | 320 | 6.5
k glycolic 147°C | 49.00 | 3.04 | 6.5 "
CieH1CIFN,O,S | acid N N
Example 40 O-methyl 134- 15123 | 3.87 | 5.97
butyric 135°C | 56152 | 3.98 5.83
C,oH,6CIFN,0,S | acid 0

\V\o’“\ﬂo\

*- A sepaiate step for removing the SEM

group was not necessary as it cleaved
during the final step of the reaction sequence,
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Example 41
General Procedures

N-t-BOC Protected amino acid derivatives of 3-[hydroxy-(2-thienyl)methylene}-6-chloro-
5-fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide were converted to the
corresponding deprotected compounds by two methods:

Method A: The N-t-BOC protected amino acid derivative was dissolved in chilled (ice-
water bath) TFA (0.1 M) and allowed to stir at that temperature for 1 hr. One equivalent
of p-TsOHeH,0 was added to this solution and then the TFA was removed in vacuo.
After chasing with toluene (2X) to further remove TFA, the residual solid was
recrystallized from CH,OH/EtOAc to give the desired deprotected compound.
Method B: The N+4-BOC protected amino acid derivative was dissolved in 2/1
dioxane/EtOAc (0.1 M) and this solution saturated with HCl gas while keeping the
{emperature below 10°C. After 3 hr, the precipitated product was collected, washed
with EtOAc and recrystallized from EtOAc/EtOH to give the desired deprotected

compound.

Examples 42-45-5 were prepared by method A or B of Example 41.

Example Method mp Calculated R
Number
Found
c H N
Example 42 A 210- | 4820 | 3.51 | 7.03
211°C | 48.19 | 3.56 | 6.85 0
C,,H;;CIFN,O,S ~ NH,
eC.H.0,S 0NN
Gly
Example 43 A 210- 43.06 | 3.79 | 6.87
214°C | 4895 | 367 | 6.84 0
C,gH,sCIFN,O.,S - NH,
«C,H.0.S 00N
L-Ala
Example 44 A 150°C | 54.10 | 3.96 | 6.11
gec. 53.85 | 3.97 | 685 0
C4H;sCIFN,O.S Ph
eC,H,0,S SN0
L-Phe quz
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Example 45 B 135°C [ 42.98 | 4.29 | 955
dec. | 4269 | 462 | 949
C,H,,CIFN,0,S 0 .
02HC|0H20 \g/\o)\r\/\) 2
L-Lys e
Example 45-1 A 168- | 50.66 | 425 | 658
CoH1CIFN,O,S 173°C | 50.44 | 4.36 | 6.24 .
¢C,H,0,S NH
L-Val \O/\D’E: :
Example 45-2 A 210- 51.41 | 447 | 6.42
C,H,,CIFN,O,S 211°C | 5152 | 4.73 | 6.04
¢C,H,0,8 0 un
L-Leu SN ¢
Example 45-3 B 105dc | 4494 | 354 | 7.5
C,sHsCIFN,0,S c 4450 | 3.91 | 6.86
[ ] 0 NH
HCl0.4C.H;0; \0/\02\( 2
L-Asp CO,H
| Example 454 A 190- | 48.24 | 4.05 | 6.5
C,oH1sCIFN,0,S 196° | 48,15 | 3.90 | 5.85
2. \0/'\ : NHZ
C,H,0,S e
'LL—Met 2
Example 45-5 A 202- | 49.06 | 3.79 | 6.87
C,eH,sCIFN,0,S 205 | 4882 | 358 | 6.79 0
. dce ~ NH,
C,H,0,8 NN
D-Ala
‘ Example 46 T

S-Chloro-&ﬁuoro-&S«iihydro-S_—yM( 1 ~(4-phenvlmethoxycarbonylbenzov?oxy)-1 -ethyloxy-

(2-thienylimethylene]-2-oxo-1 H-indole-1-carboxamide

Zinc chloride (524 mg) was fused in yacuo and, after cooling, treated with 4-
(benzy!oxycarbonyl)benzoyl chloride (21.48 g, 782 mrnole).  After 30 min.,
Acetaldehyde (3.44 g, 78 mmole) was added at 0°C. The reaction mixture was stirred
at room terperature for 30 min. and then diluted with CH,Cl,. The mixture was stirred
for another 30 min. and then washed with water (3X). After drying with MgSo,,

filtration, and concentration in vacuo, a green/brown solid was oblained that was
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chromatographed (25:75 - CH,Cl:hexane) to give 7.65 (31%) of 1-chloroethy! 4-
(benzyloxycarbonyl)benzoate as a white solid: mp 79-82°C; Anal. caled for C,;H,sCIO,:
C, 64.06; H, 4.74. Found: C, 63.88; H, 4.44. This chloroethyl ester (4.00 g, 12,5
mmole) was combined with the sodium salt of 3-[hydroxy-(2-thienyl)methylene]-6-chloro-
5-fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (4.51 g, 12.5 mmole) and sodium
iodide (644 mg, 4.3 mmole) in acetone (40 ml) and refluxed for 12 hr. The reaction
mixture was fitered and the filtrate concentrated in vacuo. The orange/brown gum was
chromatographed (25:75 - E{OAc: hexane, then 1:89 - EtOAc:CH,Cl,) 1o give 1.947 g
(25%) of an orange foam: Anal. calcd. for C;,H,,CIFN,0,582/3 H,0: C, £8.81; H, 3.72;
N, 4.43. Found: C, 58.74; H, 3.38; N, 4.38.

Example 47 was prepared by the same sequence of reactions:

Example Starting mp Calculated R
Number Acid Chloride Found
C H N
Example 47 3-(benzyloxy- 185- | 59.95 | 3.57 | 4.51
carbonyl)- 188°C | 53.79 | 3.46 | 4.45
C,,H,,CIFN,0,S | benzoyil . )
chloride A
Example 493

3-[[(5-benzyloxy)alutarylimethyleneloxy-(2-thienyl)methylene]-6-chloro-5-fluoro-2,3-
dihydro-2-oxo-1H-indole-1-carboxamide

A mixture of 114 g (0.24 mol) of tetrabutylammonium benzylglutarate (A. R.
English, D. Girard, V.J. Jasys, R. J. Martingano, and M. S. Kellogg, J. Med. Chem.,
1990, 33, 344), and 600 ml of bromochloromethane was slirred at 0°C in an ice bath
with slow warming to room temperature over 16 hr. The excess bromochloromethane
was removed Lr_\ vacuo and the residue was dissolved in EtOAc, washed successively
with aqueous 1N hydrochloric acid solution (2s 1L) and satd. aqueous sodium
bicarbonate solution {1x2L), dried over sodium sulfate, and evaporated to 35 g of an
oil. A mixture of the oil, 55.2 g (0.368 mol) of sodium iodide, and 150 ml of acetone
was stirred ovemight at room temperature. The residue was paritioned between EtOAc
(500 ml) and water (500 ml). The organic layer was separaled, washed with satd.
aqueous sodium thiosulfate solution (2 x 500 mi), dried over sodium sulfate, and

evaporated 1o give 34.7 g of a yellow oil which was purified by flash chromatography
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with an EtOAc-hexane (4:6) eluant to provide 10.7 g (32%) of {[[5-
(benzyloxy)glutaryt]oxy]methyl iodide as an oil (R, 0.55, EtOAc-hexane (1:1)). 'HNMR
(CDCl,) 8 1.92-2.20 (2H, m), 2.41 (2H, 1, J=7), 2.45 (2H, t, J=7), 5.16 (s, 2H), 5.88 (2H,
s), 7.30-7.40 (5H, m).

A mixture of 20.0 g (0.059 mol) of 3-[hydroxy-(z-thienyl)methylene]-6—chloro—5-
fluoro-2,3-dihydro-2-oxo-1 H-indole-1-carboxamide, 590 m| (0.059 mol) of aqueous 1N
sodium hydroxide solution, and 300 m| of methanol was concentrated in vacuo. The
residue was washed well with ether to provide 20.5 g (95%) of the orange-yellow
sodium salt,

A suspension of 10.1 g (0.028 mol) of the salt above, 10.0 g (0.028 mol) of [[5-
(benzyloxy)glutaryl]oxy]methyi iodide, and 300 ml of the acetone was stirred for 16 hr.
at room temperature. The mixture became homogeneous and was concentrated in
vacuo, and the residue was paritioned between 350 ml of EtOAc and 350 m! of satd.
aqueous sodium thiosulfate solution. The organic layer was separated, washed again
with 350 ml of satd. aqueous sodium thiosulfate solution, dried over sodium sulfate,
and concentrated in vacuo. Purification of the 15.6 g of the residual yellow solid by
flash chromatography with an EtOAc-hexane (3:7) eluant provided 1.8 g (11%) of the
title compound as a yellow solid (R 0.3, EtOAc-hexane (1:1). 'H NMR (CDCly) 3 1.90-
2.06 (2H, m), 2.32-2.56 (4H, m), 5.12 (2H, s), 5.54 (1H, bd s), 5.72 (2H, s), 7.24-7.27
(1H, m), 7.28-7.41 (5H, m), 7.50-7.53 (1H, m), 7.75-7.78 (2H, m), 8.37-8.41 (2H, m).

Example 50

S«Chloro-sﬂuoro-&ﬂ(qlutaM)methvtene]oxv-(z-thienvl)methylene]-6-chloro-5»ﬂuoro-2,3-
dihydro-2-oxo0-1H-indole-1 -carboxamide .

A solution of 175 g of 3-[[(S-benzyloxy)glutaryl)methylene]oxy-(2-
1hienyl)methylene]—S-Ch!oro—s-ﬁuoro-2,3~dihydro-2-oxo-1ﬂ-indole-1-carboxamide in 200
ml of EtOAc was hydrogenated at 45 psiinthe presence of 900 mg Pd(OH), for 2.5 hr.
An additional 900 mg of calalyst was added followed by another 900 mg several hours
later. Hydrogenation then was continued overnight. The catalyst was filtered and the
fitrate was concentrated jn vacuo 1o 2.2 g of an orange semi-solid. Purification by flash
chromatography with a methanol-chloroform (2-88to 10-90) eluant was performed, and
the fractions containing the material with R,0.3 (methanol-ch!oroform, 1:9) were pooled
and concentraled. The residue was triturated with ether to provide 66 mg (4%) of the

litte compound as a yellow solid, mp 184-186°C. 'H NMR (DMSO-d,) 3 1.62-1.80 (2H,
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m), 2.20 (2H, t, J=7), 2.40 (2H, t, J=7), .76 (2H, s), 7.30 (1H, t, J=3), 7.65 (1H, d,
J=2), 7.76-7.85 (2H, m), 7.95 (1H, s), 8.05 (1H, d, J=3), 8.25 (1R, d, J=7), 8.32 (1H,
s). MS (m/e) 337 and 339, 295 and 297, 211 and 213 (base).

Example 51

6-Chloro-5-fluoro-2.3-dihydro-3-[{2-furoyiloxy-(2-thienylimethylenel-2-oxo-1 H-indole-1-
carboxamide

To a stired suspension of (Z)- 6-chloro-5-fluoro-2,3-dihydro-3-(hydroxy-2-
thienylmethylene)-2-oxo-1H indole-1-carboxamide sodium salt (1.4 gm., 3.88 mmole)
and sodium iodide (20 mg, 0.12 mmole) in 30 ml of dichloromethane was added 2-
furoyl chloride (380 mg, 3.88 mmole). The resulting suspension was then stirred for 20
hr. at room temperature. The reaction suspension was filtered and washed with
dichloromethane to remove unreacled 6-chloro-5-fluoro-2,3-dihydro-3-(hydroxy-2-
thienylmethylene)-2-oxo-1H indole-1-carboxamide sodium salt. The filtrate was
evaporated in vacuo to an orange solid which was chromatographed on a silica gel
column (100 gm. silica gel) and eluted with dichloromethane to yield the crude titled
compound as a solid. The solid was crystallized {rom dichloromethane and hexane to
yield a yellow solid, 210 mg (12.6%): mp 216-216°C. Anal. calcd. for C, H, ,CIFN,O,S:
C, 52.73; H, 2.33; N, 6.47. Found: C, 52.66; H, 2.21; N, 6.46.

Example 52

6-Chloro-5-fluoro-2,3-dihydro-3-[{acetoxyacetoyl)oxy-(2-thienylimethylenel-2-oxo-1 H-
indole-2-carboxamide

To a slired suspension of (Z)-6-chloro-5-fluoro-2,3-dihydro-3-(hydroxy-2-
thienylmethylene)-2-oxo-1H indole-1-carboxamide sodium salt (2.0 gm., 5.6 mmole) and
sodium iodide (200 mg, 1.33 mmole) in 26 ml of acetone was added acetoxyacetyl
chloride (770 mg, 5.6 mmole) and the mixture was heated to reflux for 18 hr. The
suspension was cooled to room tfemperature and filtered to remove unreacted 6-
chloro-5-fluoro-2,3-dihydro-3-(hydroxymethylene)-2-oxo-1H indole-2-carboxamide

sodium salt. The filtrate was evaporated in vacuo to a yellow solid which was

chromatographed on a silica gel column (silica gel, 75 gm) and eluted with hexane and
ethyl acetate (9:1) to yield the crude titled compound as a solid, which was crystallized
from acetonilrile to yield a yellow solid, 500 mg (20%): mp 188-183°C. Anal. caled. for
C,eH,,CIFN,O.S: C, 49.27; H, 2.76; N, 6.38. Found: C, 49.14; H, 2.54; N, 6.17.

Example 53
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6-Ch|oro-5-fluoro-2.3-dihydro-3-[(methoxyacetoy!)oxy-(z-thienmmethvlene]-2-oxo-1 H-
indole-1-carboxamide

The title compound was prepared using methoxyacetyl chloride using the
procedure described in Example 52 with the exception that the crude product was
purified by chromatography (florasil) and eluted with ethyl acetate. Crystallization from
acetonitrile gave a yellow solid, 5650 mg (24.2%): mp 199-200.5°C Anal. caled. for
C,,H,,CIFN,O,S: C, 49.70; H, 2.94; N, 6.82. Found: C,49.51, H, 2.66; n, 6.92.

Example 54

6—Chloro-5-fluoro-2,3-dihydro-B-Itrans-(2-trimeﬂwlsilvethvloxycarbonvl)-Z-
(cyclobutanoyl)oxy-(2-thieny|)methylene]-2-oxo-1 H-indo!e-1-carboxamide

To a stirred solution of 6-chloro-5-ﬂuoro-2,3-dihydro-3-(hydroxy-2~
thienylmethy!ene)-z-oxo-1H-indole—1-carboxamide (14.1 gm, 0.0416 mmole) in 120 ml
of dichloromethane and diisopropylethylamine (6.89 gm, 0.053 mole) was added trans-
1-(2-trimethylsily!ethyloxycarbonyl)2-cyclobu1ylcarbonyl chloride (14.0 gm, 0.053 mole),
After stirring for 18 hr. at room temperature and filtering the solid that formed, the filtrate
was evaporated in vacuo to a yellow solid. The solid was chromatographed on a silica
gel column and eluted with hexane and ethyl acetate (3:1) to yield a crude solid,
crystallization from acetone gave a yellow solid 1.0 g (4.3%): mp 183-184°C. Anal.

caled. for C2sH,6CIFN,0,SSi: C, $3.14; H, 4.64; N, 4.96; Found: C,53.08; H, 4.45: N,
4.86.

Example §5

6-Chloro-5-ﬂuoro-2,3-dihvdro-3-Jtrans-1-(2—tn'methvisiMethydoxycarbonvl)—2-{cvclopropan-
le)oxy-(2-thienyl)methvlene}2-oxo-1 H-indole-1-carboxamide Zisomer

The title compound was prepared using appropriate starting materials by the
procedure of Example 54, with the exception that it was separated on a silica gel pad

and eluted with hexane and ethyl acetale {4:1) to give the crude product,
Crystallization from chloroform and hexanes gave a yellew solid, 140 mg (3.7%); mp
181-182°C. Anal. Caled. for C4H2CIFN,O,SSi: C, 52.31; H, 4.39; N, 5.08. Found:
C, 52.32; H, 4.36; N, 5.12.

Example 56

G-ChIoro-5-ﬂuoro-2,3-dihv,dro-3-[h ansij-trimethylsilylethy!oggcarbonyl)-2-(cvc!o-
p_ropanovl)oxy-2-1hierM)methvlene]-Q-oxo-1H-indole-1-carboxamine E isomer

The title compound was Prepared using appropriate starting materials by the
procedure of Example 54. Crystallization from chloroform and hexanes gave a yellow
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solid, 160 mg (4.2%); mp 175-176. Anal. caled. for C,,H,,CIFN,0,SSi: C, 52.31; H,
4.39; N, 5.08, Found: C, 52.45; H, 4.28; N, 4,92,

Example 57

6-Chloro-5-fluoro-2,3-dihydro-3[(cyclopentanoyl)oxy-(2-thienyllmethylenel-2-oxo-1H-
indole-1-carboxamide

The title compound was prepared using appropriate starting materials by the
procedure of Example 54, with the exception of the elution of the silica gel
chromatography with hexanes and ethyl acetate (7:3) to give a crude solid.
Crystallization from acetone and hexanes gave a yellow solid, 260 mg (3.3%): mp
184°C dec. Anal. caled. for C,0H,,CIFN,0,S: C, 55.24; H, 3.71; N, 6.44. Found: C,
56.31, H, 3.47; N, 6.37.

Example 68
S-Chloro-s-ﬂuoro-2,3-dihydro-3[(2,2,3,3—tetramethvicyclopropanoyi)oxy-(Z-thienvl)me’(hy!-

enel-2-oxo-1H-indole-1-carboxamide

The title compound was prepared using appropriate starting materials by the
procedure of Example 54 with the exception of purification by silica gel pad and elution
with hexane and ethyl acetate (7:3) to give a crude solid. Crystallization from acetone
gave a yellow solid 230 mg (2.5%): mp 202°. Anal. caled. for C,,H,,CIFN,0,S: C,
57.08; H, 4.35; N, 6.05. Found: C, 57.02; H, 4.36; N, 5.87.

Example 69

{1-[(1-Carbamoyl-6-chloro-5-flucro-2-oxo-1,2-dihydro-indol-3-ylidene)-thiophen-2-yl-
methoxyl-ethoxycarbonyloxy}-acetic acid methyl ester

The tetrabutylammonium salt of 3-[hydroxy-(2-thienyl)methylene]-6-chloro-5-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (298 g) and methyl (1-
iodcethoxy)carbonyloxyacetate (2.18 g) were combined in acetone, and the solution
stirred for 20 hr. at 20°C. Solvent was evaporated in vacuo, and the residue exiracted
with ethyl ether. The ether solution was evaporated in vacuo, 1o leave a partially
crystallized residual oil upon standing. After filtering off the remaining oil, residual
solids wvere sluitied in a small amount of ethyl elher and filtered 1o give 435 mg of
yellow solid. An additional 295 mg of comparable quality title product was obtained by
chromatography on silica gel (elution with chloroform with 2% acetone) of the combined
ether soluble residues. The product was identified by NMR. NMR data for Examples
59-70 are shown in the Table following Example 70.
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Example 60

{1-I(1 -Carbamovl-s-chloro-s-ﬂuoro-2-oxo-LZ-dihvdro-indol-S-ylidene)-thiophen-2-yl-
methoxv]-ethoxycarbonyloxy}-NLN-dimethylacetamide

The tetrabutylammonium salt of 3—[hydroxy-(2-thienyl)methylene]-S-chloro-s-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (6.25 g) and N, N-dimethyl-(1-
iodoethoxy)carbonyloxyacetamide (5.55 g) were combined in 60 mL of acetone, and
the solution stirred for 90 hr. &t 20°C. The precipitate present was removed by filtration
and dried in vacuo. The solids were chromatographed on silica gel, eluting with 90:10
chloroform:acetone.  Fractions containing the title product were combined and
evaporated. The residue was slurried with a small amount of ethyl ether and filtered to

give 820 mg of yellow solid, mp 194.5-195.5°C.

Example 61

ﬂ-ﬂ-Carbamovl-s-chloro-S-ﬂuoro-2-oxo-1 .2-dihydro-indol-3-vlidene)-thiophen-Z-vI-
methoxy]~ethoxycarbonyloxv}-N,N-diethv!acetamide

The tetrabutylammonium salt of 3-[hydroxy-('z-thienyl)methylene]-Gchloro-s-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (13.85 g) and N,N-diethyl-(1-
iodoethyoxy)carbonyloxyacetamide (13.6 g) were combined in 100 mL of acetone, and
the solution stirred for 42 hr. at 20°C. Insolubles were removed by filtration, and stirred
with chloroform. Remaining solids were fitered off, and the chloroform solution
evaporated in vacuo. The residue was chromatographed on silica gel, with 80:10
chloroform:acetone elution. Fractions containing the desired material were combined
and evaporated. The residue was slurried with a small amount of ethyl ether and
filtered to give 2.37 g of yellow solid, mp 172-174°C,

Example 62

{1-[1-Carbamoyl-6-chloro-5-flucro-2-oxo-1 ,2-dihvdro-indol-S-ylidene)-thiophen-z-yl-
methoxyl-methyl} ester of N,N-dimethylsuccinamic acid '

The tetrabutylammonium salt of 3-[hydroxy-(2-thienyl)methylene]-S-chloro-s-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (6.65 g) and iodomethyl N,N-
dimethylsuccinamate (3.27 g) were combined in 100 mL of acetone, and the solution
stirred for 65 hr. at 20°C. Afler evaporation of the solvent jn vacuo, the residue was
extracted 3 times with chloroform. The chloroform extracts were combined and

evaporated in vacuo. The residue was chromatographed on silica gel eluted with 75:25

-
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chloroform:acetone. Fractions richin the title product were combined and evaporated
to give 189 mg of orange oil. Other fractions containing the title product were
combined, evaporated, and rechromatographed on silica gel with 90:10
chloroform:acetone. Fractions rich in title product were combined with the 189 mg of
oif indicated above and evaporated to give 490 mg of an orange solid. This solid was
slurried in a small amount of ethyl ether, and filtered to give 180 mg of orange solid
melting at 183-187°C.

Example 63

{[(1-Carbamoyl-6-chloro-5-fluoro-2-oxo-1,2-dihydro-indol-3-ylidene)-thiophen-2-yl-
methoxy]-methyl} ester of N .N-diethylsuccinamic acid

The tetrabutylammonium salt of 3-[hydroxy-(2-thienyl)methylene]-6-chloro-5-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (4.36 g) and iodomethyl N,N-
diethylsuccinamate (2.36 g) were combined in 30 mL of acetone, and the solution
stirred for 87 hr. at 20°C. After evaporation of the solvent in vacuo, the residue was
chromatographed on silica gel with 90:10 chloroform:acetone elution. Fractions
containing the title product were combined and concentrated to an oil containing some
solids. Ethyl ether was added to the oily solids, and insolubles filtered off. (The solids
contained both TBA iodide and C-alkylated product.) The ether fillrate was evaporated,
and the residue chromatographed on silica gel with 80:10 chloroform:acetone elution.
Fractions rich in title product were combined and evaporated in vacuo to an orange oil.
The oil was dissolved in ethyl ether and allowed to stand overnight. A precipitate of
yellow solids was removed by filtration and dried in vacuo to give 265 mg, melting at
151-152.5°C.

Example 64

| {I{1-Carbamoyl-6-chloro-5-fluoro-2-oxo-1 ,2-dihydro-indol-3-ylidene)-thiophen-2-yl-

methoxy]-methvl} ester of N.N-dipropylsuccinamic acid

The tetrabutylammonium salt of 3-[hydroxy-(2-thienyl)methylene]-6-chloro-5-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (6.07 g) and iodomethyl N,N-
dipropylsuccinamate (2.6 g) were combined in 50 ml of acetone, and the solution
stired for 18 hr. at 20°C. The solvent was evaporated in vacuo, and the residue stirred
with ethyl ether. A precipitale formed, and was removed by filtration. The ether

solution was evaporated in vacuo to give 6.5 g of orange oil. The oil was
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chromatographed on silica gel with 85:5 chloroform:acetone elution. Fractions rich in
the title product were combined and concentrated in vacuo. Ethyl ether was added to
the residue and the solution was allowed to stand. The yellow precipitate which formed
was filtered off to give 210 mg. Other fractions that contained the title product were
combined and evaporated, and the residue chromatographed on silica gel with 50:50
ethyl acetate:hexane elution. Fractions rich in the title Product were combined and
concentrated to an oil, which was dissolved in ethyl ether and allowed to stand for 18

hr. The yellow precipitate which formed was filtered off to give an additional 220 mg,
mp 131.5-133.5¢°C,

Example 65

{I(1 -Carbamovl-s-chloro-S-ﬂuoro-2-oxo-1 .2-dihvdro-indo!-3-vlidene)-thiophen-z-y!-
methoxyl-methyl} ester of N,N-hexamethylenesuccinamic acid

The tetrabutylammonium satt of 3-[hydroxy-(2-thienyl)methyiene]-6-chloro-5-
ﬂuoro-2,3—dihydro-2-oxo-1H-indo!e-1-carboxamide (44 g) and iodomethyt 4-
homopiperidino-4-oxobutyrate (11.98 g) were combined in 30 mL of acetone, and the

solution stirred for 17 hr, at 20°C. The mixture was fitered, and the filtrate

concentrated in vacuo. The residue was chromatographed on silica gel with 93:7
chloroform:acetone elution. Fractions rich in title product were combined and
concentrated to an orange oil. This oil was chromatographed on silica gel using the
same elution solvent, Fraction rich in the title product were combined and evaporated.
Ethyl ether was added to the residue and the solution allowed to stand. The yellow

Precipitate which formed was removed by filtration to give 250 mg of material, mp 149-
161°C,

Example 66

_{|(1-Qgrbamgy!-s-ch!oro-s-ﬂuoro-2-oxo-1,2-dihvdro-indol-&ylidene)-1hioghen—2_—yj;
methoxyl-methyl} ester of l\LN-dimethvlcarbamoyloxyacetic acid

The tetrabutylammonium salt of 3-[hydroxy-(2-1hienyl)methylene]-s-chloro~5-
ﬂuoro-2,3-dihydro-2-oxo-1H-indote—1-carboxamide (3.28 g) and iodomethyl N,N-
dimethy!aminocarbonyloxyacetate (1.18 g) were combined in 15 mlL of acetone and the

solution stirred for 17 hr. at 20°C. The mixture was filtered, and the fillrate

concentrated in vacuo. The residue was chromatographed on silica gel with 95:5

chloroform:acetone elution. Fractions rich in title product were combined and



10

15

20

25

30

WO 94/17061 PCT/US93/09813

-35- 010563

concentrated to a yellow oil. Ethyl ether was added to the oil, and the solution allowed
to stand. A yellow precipitate formed, was removed by filtration and dried to give 240
mg, mp 185.5-187°C.

Example 67

{1(1 -Carbamoy!-B-chloro-5-fluoro-2-oxo-L2-dihvdro-indo|~3-vlidene)-thiophen-z-vl-
methoxyl-methyl} ester of N N-diethylcarbamoyloxyacetic acid

The tetrabutylammonium salt of 3-[hydroxy-(2-thienyl)methylene]-6-chloro-5-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (11.66 g) and iodomethyl N,N-
diethylaminocarboryloxyacetate (6.36 g) were combined in 100 mL of acetone, and the
mixture stirred for 17 hr. at 20°C. Afler filtration, the filtrate was concentrated in vacuo
to a semi-solid. Ethyl ether was added, and the ether insolubles filtered off. The ether
solution was allowed to stand for several hours. The white precipitate which formed
was filtered off (C-alkylated product). Upon further standing, the ether filtrate deposited

a precipitate of yellow solids. The yellow solid was filtered and dried to give 890 mg
of crystals melting at 156.8-157.8°C.

Example 68

{[{1-Carbamoyl-6-chloro-5-fluoro-2-oxo-1 ,2-dihydro-indol-3-ylidene)-thiophen-2-yl-
methoxy]-methyl} ester of N-pivaloylalycine

The tetrabutylammonium salt of 3-[hydroxy-(2-thienyl)methylene}-6-chloro-5-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide  (2.80 g) and iodomethyl N-
pivaloylglycinate (1.45 g) were combined in 20 mL of acetone, and the mixture stirred
for 17 hr. a1 20°C. After evaporation of the solvent in vacuo, the yellow-orange residue
was slurried with ethyl ether and filtered. The ether filtrate was evaporated, and the
residue stirred with a small amount of ethyl ether, An insoluble precipitate was
removed by filtration, and dissolved in ethyl acetate for chromatography on silica gel
with ethyl acetate elulion. Fractions containing the title product were combined, and
evaporated to a yellow solid. This solid was slurried in a small amount of ethyl ether
and filtered to give 140 mg, mp 200-204°C.,
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Example 69

{{(1-Carbamoyl-6-chloro-5-fluoro-2-o0xo-1 ,2-dihvdro-indol-s-vlideneHhiophen-2-vl-
methoxy]-methyl} ester of N-(2-ethylbutyryl)alycine

The tetrabutylammonium salt of 3~[hydroxy-(2-thienyl)methylene]-6-ch|oro-5-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (5.13 g) and iodomethyl N-(2-ethyl-
butyryl)glycinate (2.78 g) were combined in 35 mL of acetone, and the mixture stirred

for 17 hr. at 20°C. After evaporation of the solvent in vacuo, the orange residue was

slurried with ethyl ether and filtered. The ether filtrate was evaporated, and the residue
stired with a small amount of ethyl ether. A yellow precipitate (200 mg) was removed
by filtration, and dissolved in ethyl acetate for chromatography on silica gel with ethyl
acetate elution, Fractions containing the title product were combined, and evaporated
to give 40 mg of yellow solid. An additional 256 mg of the same ftitle product was

obtained by chromatography of the initial acetone insoluble fraction on silica gel with
ethyl acetate elution.

Example 70

{1-[(1-Carbamoyi-6-chloro-6-flucro-2-oxo-1 2-dihydro-indol-3-ylidene)-thiophen-2-yl-
methoxy]-ethyl} ester of isopropylcarbonic acid

The tetrabutylammonium salt of 3-[hydroxy-(2-thienyl)methylene]-6-chloro-5-
fluoro-2,3-dihydro-2-oxo-1H-indole-1-carboxamide (13.62 g) and 1-iodoethy! isopropyl
carbonate' (6.08 g) were combined in 90 mL of acetone, and the mixture stirred for 17
hr. at 20°C. Insolubles were filtered off, sluried in chloroform, and filtered. The
chloroform filtrate was combined with the acetone soluble reaction fraction, and
solvents evaporated in vacuo. The residue was chromatographed on silica gel with
98:2 chloroform:acetone elution. Fractions containing the title product were combined,
and evaporated to give an orange oil. Ethyl ether was added with stiring, and a yellow

solid crystallized out. Filtration and drying gave 1.10 g, mp 183-184°C.

'Wan-Joo Kim, et al., The Journal of Antibiotics, (1991), 44, 10885.
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NMR Data for Compounds of Examples §9 - 70

Example | R’ R? 'H NMR Data (CDCI,)
No. .
59 | Me | OCH,COMe | 1.75(d, 3H); 3.68 (s, 3H); 4.54 (s, 2H);
5.15 (br. s, 1H); 6.22 (g, 1H); 7.22 (dd,
1H); 7.52 (dd, 1H); 7.68 (dd,1H); 7.77
(d, 1H); 8.36 (d, 1H); 8.38 (br. s, 1H).
60 Me | OCH,CONMe, | 1.75 (d, 3H); 2.86 (s, 3H); 2.90 (s, 3H);

462 (ABqg, 2H); 5.14 (br. s, 1H); 6.22
(q, 1H); 7.20 (dd, 1H); 7.54 (dd, 1H);
7.66 (dd, 1H); 7.78 (d, 1H); 8.34 (d,
1H); 8.38 (br. s, 1H).
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61 Me OCH,CONEt, 1.11 (t, 3H); 2.28 (t, 3H); 1.78 (d, 3H);
3.16 (q, 2H); 3.35 (m, 2H); 4.66 (ABgq,
2H); 5.18 (br. s, 1H); 6.26 (q, 1H); 7.23
(dd, 1H); 7.58 (dd, 1H); 7.70 (dd, 1H);
: 7.82 (d, 1H); 8.38 (d, 1H); 8.42 (br. s
5 1H).

62 H | CH,CH,CONMe, | 2.63 (m, 4H); 2.90 (s, 3H); 3.00 (s, 3H);
5.16 (br. s, 1H); 5.74 (s, 2H); 7.26 (dd,
1H); 7.54 (dd, 1H); 7.73 (dd, 1H); 7.78
(d, 1H), 8.40 (d, 1H); 8.45 (br. s, 1H).

63 H | CH,CH,CONEt, | 1.04 (t, 3H); 1.16 (t, 3H); 2.62 (m, 4H):

3.28 (m, 4H); 5.22 (br.s, 1H); 6.70 (s,
10 2H); 7.22 (dd, 1H); 7.50 (dd, 1H); 7.69
(dd, 1H); 7.74 (d, 1H); 8.34 (d, 1H);
8.37 (br. s, 1H).

64 H | CH,CH,CONPr, | 0.80 (t, 3H): 0.88 {t, 3H); 1.44 (m, 2H);
1.56 (m, 2H); 2.60 (m, 4H); 3.16 (q,
4H); 56.15 (br. s, 1H); 5.69 (s, 2H); 7.20

15 (dd, 1H); 7.46 (dd, 1H); 7.68 (dd, 1H);
7.74 (d, 1H); 8.34 (d, 1H); 8.38 (br. s,
1H).

65 H | (CH,),CON(CH,) | 1.44-1.74 (m, 8H); 2.60 (m, 4H); 3.32-
6 3.46 (m, 4H); 5.22 (br. s, 1H); 5.70 (s,

2H); 7.20 (dd, 1H); 7.47 (dd, 1H); 7.68
(dd, 1H); 7.73 (d, 1H); 8.34 (d, 1H)
20 8.36 (bf. S, 1H).

66 H CH,O0CONMe, | 2.86 (s, 3H); 2.90 (s, 3H); 4.56 (s, 2H);
5.14 (br. s, 1H); 5.74 (s, 2H); 7.20 (dd,

1H); 7.45 (dd, 1h); 7.68(dd, 1h); 7.72

(d, 1H); 8.33 (br. s, 1H); 8.34 (d, 1H).

67 H CH,OCONEt, 1.08 (t, 3H); 1.11 (t, 3H); 3.26 (q, 4H);
o5 4.59 (s, 2H); 5.24 (br. s, 1H); 5.74 (s,

‘ 2H); 7.20 (dd, 1H); 7.44 (dd, 1H); 7.68
(dd, 1H); 7.72 (d, 1H); 8.32 (br. s, 1H);
8.234 (d, 1H).

68 H [ CH,NHCOCMe, | 1.20 (s, SH); 4.04 (d, 2H): 5.15 (br.s,
1H); 6.75 (s, 2H); 6.08 (br. s, 1H); 7.27
(dd, 1H); 7.50 (dd, 1H); 7.75 (m, 2H)
30 - .40 (br. s, 1H); 8.42 (d, 1H).

69 H | CH,NHCOCHEt, | 0.88 {t, 6H); 1.43-1.68 (m, 4H); 1.05 (m,
1H); 4.08 (d, 2H); 5.18 (br. s, 1H); 56.77
(s, 2H); 6.88 (br. 5, 1H); 7.27 (dd, 1H);

7.50 (dd, 1H); 7.75 (m, 2H); 8.39 (br.s,
1H); 8.41 (d, 1H).

.
?
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70 Me OCHMe, 1.13 (d, 3H); 1.35 (d, 3H); 1.74 (d, 3H);
4.74 (m, 1H); 56.20 (br. s, 1H); 6.18 (q,
1H); 7.24 (dd, 1H); 7.56 (dd, 1H); 7.72
(dd, 1H); 7.80 (d, 1h); 8.40 (d, 1H);
8.45 (br. s, 1H).

Example 71

6-Chloro-5-fluoro-2.3-dihydro-3-[1-{1-(methoxyacetoxy)-ethoxy-(2-thienyl i methyleneloxo-
1H-indole-1-carboxamide

a) To a mixture of methoxyacetyl chloride (10.0 g, 0.092 mole) and a catalytic quantity
of fused zinc chloride was &dded, cooled the solution 1o (-20°C) and added the
acetaldehyde (4.06 g, 0.092 mole). Removed cooling and stirred for 1 hr at room
temperature, Distilled at 30 torr and collected fractions coming over at 50-80°C to yield
an oil 3.3 g (22.9%).

To a stirred suspension of sodium-6-chloro-5-fluoro-2,3-dihydro-3-(hydroxy-2-
thienylmethylene)-2-oxo-1H-indole-1-carboxamide (3.5 gm, 9.7 mmole) and sodium
iodide (500 mg, 3.3 mmole) in 30 ml of acetons was added 1-chloroethylmethoxyacetyl
(1.8 gm, 9.7 mmole). The resultant suspension was refluxed for 7 hr, cooled and
evaporated in vacuo to yield an orange solid. The solid was chromatographed on a
silica gel column (125 mi silica gel) and eluted with hexane and ethy! acetate (9:1) to
give the crude product. Crystallization from acetonitrile yielded a yellow solid, 1.1 gm
(25%): M.P. 175-176°C.

Anal. calc'd for C,gH,,CIFN,O,S: C, 60.17; H, 3.55; N, 6.16
Found: C, 50.31; H, 3.32; N, 6.32

Example 72

6-Chloro-5-flucro-2,3-dihydro-3-[1-(morpholinnecarbamoyt)-ethoxy-(2-thienyl)methylene}-
2-oxo-1H-indole-1-carboxamide

a) To a solution of morpholine (8.7 g, 0.1 mole) and triethylamine (10.1 g, 0.1 mole)
in dichloromethane (120 ml) was added 1-chloroethylchloroformate (14.3 g, 0.1 mole)
&t a rate to keep the solution from refluxing. After stirring for 10 min. the solution was
poured into water (200 mi). The organic layer was separated and dried with
magnesium sulfate and evaporated to a light brown oil 17.8 g (82%).

To a stimed suspension of sodium-6-chloro-5-flucro-2,3-dihydro-3-(hydroxy-2-

thienylmethylene)-2-oxe-1H-indole-1-carboxamide (10.g,0.028 mole) and sodium iodide
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(300 mg, 0.0017 mole) in acetone (45 ml) was added the morpholinecarbamoyl ester
from step a) (5.36 g, 0.028 mole) and the mixture refluxed for 5.5 hr. The suspension
was cooled and evaporated to a solid, which was chromatographed on a silica gel
column (4.5 cm x 42 c¢m) and eluted with hexane and ethyl acetate (7:3) to give the
crude product. Crystallization from acetonitrile gave a yellow solid, 2.37 gm (17.3%):
M.P 124-126°C.

Anal. cal'd for C,,H,,CIFN,O.S: C, 50.86; H, 3.86; N, 8.47

Found: C, 60.91; H, 3.78; N, 8.54

Example 73

6-Chloro-5-fluoro-2,3-dihydro-3-{1 -(amino-cyclopentovloxvmethoxv-(z-thienyl)-
methylene]-2-oxo-1H-indole-1-carboxamide-methanesulionic acid salt

a) 1-N-t-BOC-amino-1-cyclopentanecarboxylic acid

To a solution of 1-amino-1-cyclopentane carboxylic acid (10.0 g, 0.0774 mole)
triethylamine (11.75 g, 0.1161 mole), water (45 ml) and 1,4-dioxane (45 ml) was added
BOC-ON (20.9 g, 0.085 mole) with stirring for 7 hr at room temperature. The mixture
was extracted with ethyl acetate and the ethy! acetate layer was washed with water (50
mi). The aqueous layer was acidified with citric acid to a pH of 3.5 and extracted with
ethyl acetate (2 x 100 ml). The ethyl acetate layer was dried with magnesium sulfate
and evaporated to yield the product as an oil, 14 g (79%).

b) 1-N--BOC-amino-1-chloromethylcyclopentanoate

To tetrabutylammonium hydrogen sulfate (22.5 g, 0.066 mole) in water (125 ml)
was added slowly sodium bicarbonate (11.1 g, 0.132 mole) and stirred for 15 min.
Compound &) in chloroform (250 ml) was added and stirred for 3 hrs. The organic
layer was separated and dried with magnesium sulfate and evaporated to an oil. To
this oil was added bromochloromethane (225 ml) and the solution was stirred overnight
atroomtemperature. The mixiure was evaporated to a viscous oil, which was triturated
with ether and filtered. The filtrate was evaporated to yield the crude product as an oil
9.2 g (50%).
c) To a slimed suspension of B-chloro-5-fiuoro-2,3-dihydro-3-(hydroxy-2-
thienylmethylene)-2-oxo-1H-indole-1-carboxamide sodium salt (2.85 gm, 7.92 mmole)

and sodium iodide (285 mg, 1.9 mmole) in 70 ml of acetone was added 1-N-t-BOC-
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amino-1-chloromethylenecyclopentanocate (2.2 gm, 7.92 mmole). The resultant
suspension was refluxed for 7 hr. The reaction suspension was cooled to room
temperature andfilteredtoremove unreacted 6-chloro-5-fluoro-2,3-dihydro-3-(hydroxy-2-
thienylmethylene)-2-oxo-1H-indole-1-carboxamide sodium salt. The filtrate was

evaporated in vacuo to an orange solid which was chromatographed on a silica gel pad

(75 gm) and eluted with hexane and ethyl acetate (7:3) to yield a solid which was
crystallized from acelonitrile to yield a yellow solid, 320 mg (7.1%): M.P. 204°C dec.
Anal, cale'd for C,H,,CIFN,0,S: C, 53.84; H, 4.69; N, 7.24, Found: C,53.83; H, 4.42;
N, 7.29

d) Asolution of the 1-N-t-BOC-amino-1-cyclopentanoyl derivative from step c) (410 mg,
0.7 mmole), in 10 mi of trifluoroacetic acid was stirred for 20 min at room temperature.
The mixture was evaporated in vacuo to yield an oily solid, added 25 ml of
dichloromethane and methanesulfonic acid (67.9 mg, 0.7 mmole) and evaporated in
vacuo to a yellow solid. The yellow solid was stirred in 25 ml of dichloromethane for
15 min, filtered to yield a yellow solid, 400 mg (93%): M.P. 230°C dec.

Anal. calc'd for C,,H,;CIFN,0,S,: C, 45.87; H, 4.02; N, 7.30. Found: C, 45.63; H,
3.95; N, 7.19.

Example 74

8-Chloro-5-fluoro-2,3-dihydro-3-[acetoxymethoxycarbonyimethoxy-(2-thienylimethyiene]-
2-0x0-1H-indole-1-carboxamide

a) To a mixture of acetoxyacetyl chloride (20 g, 0.146 mole and a catalytic quantity of
fused zinc chloride was added paraformaldehyde (6.2 g, 0.206 mole); and the mixture
was heated on a steam bath for 3.5 hr. After cooling the reaction was distilled and
fractions collected from 72-82°C and 1.2-1.9 torr to yield 3.2 g as an oil (13%).

b) The iitle product was prepared using the intermeciate from Step &) in the same

- manner as described for Example 73, with the exception of the ratio of the eluant

hexane and ethyl acetate (3.1). Crystallization from acetonitrile gave a yellow solid, 900
mg (8.9%): M.P. 176-177°C.

Anal. cale'd for C,;H,,CIFN,0,S: C, 48.68; H, 3.01; N, 5.98. Found: C, 48.60; H, 3.02;
N, 6.00.

Example 75

6-Chloro-5-fluror-2,3-dihydro-3-[benzylmethoxy-(2-thieny)methylene]2-oxo-1H-indole-1-
carboxamide
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a) The chloromethylbenzoate was prepared in the same manner as in Step a), Example
74. The reaction product was distilled at 74-76°C at 2.0 torr to yield the crude product
as an oil 16.42 g (50%).

b) The title product was prepared using the Intermediate from step a) in the same
manner as described for Example 73. Crystallization from ethyl acetate gave a yellow
solid, 130 mg (5.5%): M.P. 202-203°C,

Anal. cale'd for C,,H, ,CIFN,O,S: C, 55.88; H, 2.98; N, 5.82. Found: C,55.69; H, 2.69;
N, 5.86.

Example 76

6-Chloro-5-fluoro-2,3-dihydro-3-[1-acetic acid-1 -cyclopentylacetoxymethoxy-(2-
thienyl)methylenel-2-oxo-1H-indole-1-carboxamide

1-(4-Methoxybenzyloxycarbonylmethyl)-1 -cyclopentaneacetic acid.

a) A mixture of 3,3-tetramethyleneglutaric anhydride (10.0 gm, 5.95 mmole), 4-
methoxybenzyl alcohol (8.2 gm, 5.95 mmole) and pyridine (4.7 gm, 5.95 mmole) were
combined and heated on a steam bath for 1.5 hr. Cooled, acidified with EN- HCI
dropwise and extracted with ether and ethyl acetate 1/1 (3 x 150 ml), washed the
combined organic layers with a saturated solution of sodium bicarbonate (3 x 150 ml).
The aqueous basic layer was acidified with 6N HCI, extracted with ethyl acetate and
ether (200 ml) and dried with magnesium sulfate, evaporated in vacuo to yield a crude
oil, 11.6 gm (64%).

b) 1-(4‘methoxybenzyloxyca1bony1met]‘xyi)—chloromethyioxycarbonylmethyicyclo-pentane
was prepared as described in Example 73, Step b). Evaporation gave the crude
product as an oil 6.5 g (48%), which was used in Step c)

¢) The 4-methoxybenzyloxy derivative of the title compound was prepared in the same
manner as described in Example 73 (¢). Yield, 300 mg (1.6%) as a red viscous oil.
Anal. cale'd for C,,H,,CIFN,0,S: C, 58.49; H, 4.60; N, 4.26. Found: C, 58.89; H, 4.32;
N, 4.33

d) The 4-methoxybenzyl derivative from Step c), (400 mg, 0.61 mmole), in 15 ml
trifluoroacetic acid was stirred for 45 min, evaporated in vacuo to yield a yellow solid.
Added 60 ml of dichloromethane and evaporated. The resuliant yellow solid was

crystallized from methanol to yield the product 600 mg (15%): M.P. 187-188°C.
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Anal. calc'd for C,,H,,CIFN,O,S: C, §3.68; H, 4.13; N, 5.22. Found: C, 53.94; N, 4.04;
N, 5.02.

Example 77

6-Chloro-5-fluoro-2,3-dihydro-3-[L -prolyimethoxy-(2-thienylimethvienel-2-oxo-1H-indole-1-
carboxamide methane sulfonic acid salt

a) The chloromethyl ester of N-t-BOC-L-proline was prepared as described in Example
73, Step b). The crude product was isolated as an oil, 35.4 g (83%).

b) The N-+-BOC-L-proloyl derivative was prepared in the same manner as described in
Example 73, Step ¢). Crystallization from ether and hexane gave a yellow solid, 2.65
g (9.36%): M.P. 168-169°C,

Anal. calc'd for C,4H,,CIFN,0,S: C, 62.96; H, 4.62; N, 7.41. Found: C, 52.85; H, 4.46;
N, 7.43.

¢) The title compound was prepared in the same manner as described in the Example 7
73, Step d). Crystallization from 2-propancl gave a yellow solid, 333 mg (34%): M.P.
80-120°C amorphous solid.

Anal. cale'd for C, H,,CIFN;O,SCH,SO,H1/4H,0: C, 44.52; H, 3.83; N, 7.42.
Found: C, 44.35; H, 3.92; N, 7.23.

Example 78

6-Chloro-5-fluoro-2,3-dihydro-3-[1-carboxylic acid-3-piperidylcarbonylmethoxy-(2-
thienylmethylene]-2-oxo0-1H-indole-1-carboxamide methane sulfonic acid salt

a) The preparation of N-+-BOC-piperidine-3-carboxylic acid is as described in Example
73, Step a). Yielded a crude solid 19 g. Crystallization from ethyl acetate gave a white
solid, 11.1 g (48%): M.P 162-163°C.

b) The 1-N-t-BOC-piperidine-3-chloromethyl ester was prepared in the same manner
as described in Example 73, Step b). Evaporation yield a white moist solid 135 g
(78%) end was used directly in the next step.

¢) The 3-chloromethylester-1-N-t-BOC-piperidine was used to prepare the BOC
derivative of the title compound in the same manner as described in Example 73.
Crystallization from ether and hexane gave a yellow solid, 580 mg (2.5%): M.P. 145-
146°C.

Anal. cale'd for C,¢H,,CIFN,O,S: C, 53.84; H, 4.69; N, 7.24. Found: C,53.82; H, 4.57:
N, 7.16
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d) The title compound was prepared in the same manner as described in Example 73,
Step d). Crystallization from acetone gave & yellow solid, 280 mg (68.7%): M.P. 184-
185°C.

Anal. cale'd for C,,H,,CIFN,O,S,: C, 45.87; H, 4.02; N, 7.30. Found: C, 45.75: H,
3.85; N, 7.17. CP-156,011.

Example 79

6-Chloro-5-fluoro-2 3-dihydro-3-11 -carboxv—s-ethyl-s-methylpentanovlmethoxv-(z-
thienylimethylenel-2-oxo-1H-indole-1-carboxamide

The title compound was prepared in the same manner as Example 76.
Crystallization from acetone and hexane gave a yellow solid, 380 mg (27%): M.P 124-
125°C.

Anal. calc'd for C,3H,,CIFN,0,S: C, 52.62; H, 4.22; N, 5.34. Found: C, 52.83; H, 3.99;
N, 6.20.

Example 80

6-Chloro-5-fluoro-2,3-dihydro-3-[trans-1 -carboxy-2-cyclohexylcarbonylmethoxy(2-
thienylimethylene]-2-oxo-1H-indole-1-carboxamide

The title compound was prepared in the same manner as Example 76.
Crystallization from acetone gave a yellew solid, 590 mg (28.3%): M.P. 214-215°C.
Anal. calc'd for C,,H,,CIFN,0,S: C, 52.83; H, 3.85; N, 5.26, Found: C, 53.17; H 3.72;
N, 5.10.

Example 81

6-Chloro-5-ﬂuoro-2,3—dihvdro-3-[1rans-1-carboxv~2-cyclopropylcarbonv!methoxv-(2-
thienylimethylene]2-oxo-1H-indole-1-carboxamide methane sulfonic acid salt

- a) The 1-N-t-BOC-cyclopropanoyl derivative of the title compound was prepared in the

same manner as described in Exemple 73, Step ¢). Crystallization from ether gave a
yellow solid, 780 mg (4.4%): M.P. 172-180°C.

Anal. cale'd for C,H,;CIFN,0,8: C, 52.22; H, 4.20; N, 7.61. Found: C, 52.30; H, 4.03;
N, 7.67.

b) The tille compound was prepared in the same ranner as described in Example 73.
Crystallization from methanol gave a yellow solid, 235 mg (78%): M.P. 175-182°C.
Amorphous solid.

Anal. calc'd for C,gH,;CIFN,0,S€CH,SO,He 1/2H,0: C, 43.13; H, 3.62; N, 7.54.
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Found: C, 43.17; H, 3.33; N, 7.46.

Example 82

6-Chloro-5-fluoro-2,3-dihydro-3-[trans-1 -carboxy-2-cyclopropylcarbonylmethoxy-(2-
thienylimethylenel-2-oxo-1H-indole-1-carboxamide

a) To a solution of sodium hydroxide (12.0 g, 0.3 mole) and water (200 ml) was added
diethyl-1-2-cyclopanedicarboxylate (18.6 g, 0.10 mole) and stirred at 80°C for & hr. The
solution was evaporated to a solid with cooling (0-5°C). Concentrated hydrochloric
acid (50 ml), was added slowly with cooling then heated on a steam bath, filtered the
insolubles, and cooled in an ice-water bath. The resullant crystals were collected and
dissolved in acetone and evaporated to afford the trans-1 2-cyclopanedicarboxylic acid,
6.2 g (47.6%): M.P. 176-177°C. Lit. Ref.: JACS 4994-4999 (1957) M.P. 176-177°C.
b) A mixture of trans-1,2-cyclopropanedicarboxylic acid (3.0 g, 0.0231 mole) and
thionyl chloride (20 ml) was refluxed for 1.5 hr, then cooléd and evaporated to yield an
cil. The oil was dissolved in benzene (20 ml) and 2-(timethylsilyl) ethanol (.13 g,
0.018 mole), was added slowly and then stirred overnight at room temperature. The
reaction mixture was filtered and evaporated to yield the crude product as a light brown
oil 3.96 g (42%).

c) The 6-ch|oro-s-ﬂuoro-2,3-dihydro-2-[trans-1-(2-trimethylsilyoxycarbonyl)-2-
(cyclopanoyl)-oxy-(2-thienyl)methylene]-2-ox0-1H-indole-1-carboxamide (Z)isomerwas
prepared in the same manner as described in Example 54 with the exception that it was
separated on a silica gel pad and eluted with hexane and ethyl acetate (4:1) to give the
crude product. Crystallization from chloroform and hexane gave a yellow solid, 140 mg
(3.7%): M.P. 181-182°C.

Anal. cal'd for C,,H,,CIFN,O.SSi: C, 52.31; H, 4.39; N, 5.08. Found: C, 52.32: H,

- 4.36; N, 5.12.

d) The E isomer was isolated as in the same manner as described in Step c).
Crystaliization from chloroform and hexane gave a yellow solid, 160 mg (4.2%): M.P,
175-176°C. CP-152,775.

Anal. cale'd for C,,H,,CIFN,OSSi: C, §2.31; H, 4.39; N, 5.08. Found: C, 52.45; H,
4.28; N, 4.92,

e) Asuspension of the trimethylsiloxycyclopropy! derivative of the title compound (800

mg, 1.45 mmole), in hydrogen fluoride-pyridine complex (5 mi) at (-20°C) was stirred
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for 30 min, added 20 ml of water and filtered the crude solids. Crystallization from ether
gave a yellow solid, 412 mg (61.7%): M.P. 195°C dec.

Anal. Calc'd for C,,H,,CIFN,0,Se1/2H,0: C, 49.63; H, 2.85; N, 6.09. Found: C, 49.81;
H, 2.62; N, 6.06.

Example 83

6-Chloro-5-fluoro-2 3-dihydro-3-[1 13—dioxane-5-carbony!methoxv-(2-thienyl)methvlene]-z-
oxo-1H-indole-1-carboxamide

a) The 1,3-dioxane-5-carboxylic acid was synthesized as described in Synthesis
Communications 23 (1974).

b) The chloromethyl ester was prepared in the same manner as described in Example
73, Step ¢). Yielded a light yellow oil, 4.3 g (48%).

¢) The 1,3-dioxane derivative, was prepared in the same manner as for the preparation
of Example 73. Isolation from a silica gel column (42 x 5.5 cm) that was eluted with
hexane and ethyl acetate (7:1) was evaporated in vacuo to yield the product as a yellow
solid, 150 mg (1.3%): M.P. 199-200°C.

Anal. calc'd for C,H,,CIFN,0,S: C, 49.75; H, 3.34; N, 5.80. Found: C,49.84; H, 3.17;
N, 6.8.

Example 84

6-Chloro-5-fluoro-2 3-dihydro-3-[1 -(4-methoxybenzyloxycarbonyl)-5-(3-methyl)-
pentoylmethoxy-(2-thienylimethylene]-2-oxo-1H-indole-1-carboxamide

a) The chloromethyl ester was prepared in the same manner as described in the
synthesis of Example 73, Step b). The product was isolated as an oil 9.92 g (26%).
Used directly in the next step.

The title compound was prepared in the same manner as Example 76.
Crystallization from ether gave an orange solid, 150 mg (7.6%): M.P. 113-114¢°C.

~ Anal. calc'd for C,sH6CIFN,O S: C, 56.45; H, 4.25; N, 4.54. Found: C, 56.32; H,

4.13; N, 4.56.

Preparation 1 - Methy! (1-chloroethoxy)carbonyloxyacetate

To an ice-water bath cooled solution of methyl glycolate (13.5 mL) and N,N-
diisopropylethylamine (30.46 mL) in tetrahydroturan (180 mL) was added dropwise with
stirring 25.0 g of 1-chloroethyl chloroformate. The 0°C bath was removed, and the
mixiure stirred for an additional 3 hr. After filtration to remove insoluble amine
hydrochloride, the THF solution was evaporated under reduced pressure, The residue

was dissolved in a mixture of ethyl acetate and water. The ethyl acetate layer was
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separated, dried over anh. sodium sulfate, and evaporated under reduced pressure to
give 31.1 g of reddish oil. NMR.

Preparation 2 - Methyl {1-iodoethoxy)carbonyloxyacetate

Sodium iodide (13.19 g), acetone (35 mL), and methyl (1-chloroethoxy)-
carbonyloxyacetate (8.65 g) were heated to reflux for 2.5 hr. After cooling, the mixture
was fillered, and the filirate evaporated in vacuo to a brownish oil. N-methylmorpholine
(1.2 mL) and 5.8 mL of the brownish oil were dissolved in 50 mL of methylene chloride,
and the mixture stirred at room temperature for 45 min. After filtration, the methylene
chloride solution was evaporated, and ethyl acetate and water added to the residue,
The ethyl acetate phase was separaled, dried over anh. sodium sulfate, and evaporated
to provide 2.18 g of crude product, containing about 68% methyl (1-iodoethoxy)-
carbonyloxyacetate and about 32% methy! (1 ~chloroethoxy)carbonyloxyacetate. This
crude product was used without further purification.

Preparation 3 - N,N-Dimethylalycolamide

To a solution of dimethylamine (25.52 g) in 150 mL of methanol was added 14.8
g of methyl glycolate, and the mixture allowed to stand at 20°C for 18 hr. Excess
dimethylamine and methanol were evaporated under reduced pressure, and ethyl ether
added to the residue to cause crystallization. White crystals (13.15 g) melting at 44-
46°C were obtained after filtration and drying.

Preparation 4 - N,N-Dimethyl-(1-chloroethoxy)carbonyloxyacetamide

To an ice-water bath cooled solution of N,N-dimethylglycolamide (15.64 g) and
N.N-diisopropylethylamine (26.4 mL) in tetrahydrofuran (100 mL) was added dropwise
with stirring 16.37 mL of 1-chloroethyl chloroformate. The 0°C bath was removed, and
the mixture stirred for an additional 4 hr. After filtration to remove insoluble amine
hydrochloride, the THF solution was evaporated under reducted pressure to leave 25.5
g of brown solids. The crude product was slurried in petroleum ether, filtered, and
dried in vacuo to give 19.98 g of uif-white solids, mp 53-60.8°C.

Preparation § - N.N-Dimethyl-(1-iodoethoxy)carbonyloxyacetamide

Sodium iodide (17.16 g), acetone (35 mLl), and N,N-dimethyl-(1-
chloroethoxy)carbonyloxyacetamide (12.0 g) were heated to reflux for 1.5 hr. After
cooling, the mixture was filtered, and the filtrale evaporated. Ethyl acetate was added
to the residue and insolubles filtered off. After eveporation of the ethyl acetate,

chloroform was added and insolubles filtered off. Evaporation of the chloroform
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solution gave 13.0 g of reddish oil. Ethyl ether was added to the residue and the ether
soluble portion was decanted from the ether insolubles. Evaporation of the ether
solution gave 4.0 g of a yellow-orange oil. Methylene chioride (30 mL) and 0.42 mL of
N-methylmorpholine were added to the yellow-orange oil, and the mixture stirred at
room temperature for 45 min., then concentrated in vacuo. The residue was distributed
between ethyl acetate and water, and the ethyl acetate layer separated, dried over
sodium sulfate, and evaporated under reduced pressure to give 2.55 g of yellow solid,
shown by nmr to be about 66% N,N-dimethyl-(1-iodoethoxy)carbonyloxyacetamide and
about 33% N,N-dimethyl-(1-chloroethoxy)carbonyloxyacetamide. This crude material

was used without further purification.

Preparation 6 - N, N-Diethylalycolamide

To a 0°C solution of diethylamine (1819 mL) and triethylamine (25.5 mL) in 500
mL of methylene chloride was added dropwise, with stirring, 25 g of acetoxyacetyl
chloride. The ice bath was removed, and the mixture allowed to warm to 20°C while
stirring for an additional 2 hr. After filtration to remove amine hydrochloride salts, the
methylene chloride solution was evaporated under reduced pressure to provide 29.1
g of crude, N,N-diethylacetoxyacetamide, as a yellow oil. The yellow oil was dissolved
in125 mL of methanol and 168 mL of 1N sodium hydroxide added with stiring. A slight
exotherm was noted, and the mixture was allowed to stir for 2 hr. without further
warming. Solvents were removed under reduced pressure to 1/4 volume, and the
remaining aqueous solution extracted with ethyl acetate (200 ml). The ethyl acetate
extract was dried over anh. sodium sulfate, and evaporated under reduced presssure
to provide 14.0 g of N,N-diethylglycolamide as a yellow oil.

Preparation 7 - N,N-Diethyl-(1-chloroethoxy)carbonyloxyacetamide

To an ice-water bath cooled solution of N,N-diethylglycolamide (19.25 g) and
N,N-diisopropylethylamine (26.2 mL) in tetrahydrofuran (100 mL) was added dropwise
with stirring 15.8 mL of 1-chloroethyl chloroformate. The ice bath was removed, and
the mixture stirred for an additional 4 hr. After filtration to remove insoluble amine
hydrochloride, the THF solution was evaporated under reduced pressure. The solid
residue was dissolved in ethyl acetate and the solution washed with water, dried over

anh. sodium sulfate, and evaporated to a solid residue. After slurrying in ethyl ether,
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the solid was filtered and dried to give 18.4 g of off-white crystals melting at 76-78°C.
Preparation 8 - N, N-Diethyl-(1-iodoethoxy)carbonyloxyacetamide

Sodium iodide (15.14 g), acetone (35 mL), and N,N-diethyl-(1-chloroethoxy)-
carbonyloxyacetamide (12.0 g) were heated to reflux for 1.5 hr. After cooling, the

mixture was fitered, and the filtrate evaporated. Ethyl acetate and water were added
to the residue with stirring. The ethyl acetate layer was separated, dried over anh.
sodium sulfate, and evaporated in vacuo 1o give 13.6 g of reddish solid, which was
shown by nmr to be about 58% N,N-diethyl-(1-iodoethoxy)carbonyloxy-acetamide and
about 42% N,N-diethyl-(1-chloroethoxy)carbonyloxyacetamide. The material was used
without further purification.

Preparation 9 - Dimethylammonium N N-dimethyisuccinamate

Dimethylamine gas was bubbled slowly for 1 hr. into a precooled (0°C) mixture
of succinic anhydride (10 g) and tetahydrofuran (75 mL). The cooling bath was
removed, and the reaction mixture stirred an additional 30 min., then evaporated under
reduced pressure to give 17.57 g of clear oil.

Preparation 10 - Chloromethyl N ,N-dimethylsuccinamate

To 50 mL of methylene chloride was added, with stiring, 10 mi of water, 31.4
g of tetrabutylammonium hydrogen sulfate, 92.5 mL of 1N sodium hydroxide, and 17.57
g of dimethylammonium N,N-dimethylsuccinamate dissolved in 50 mL of methylene
chloride. After stirring for 2.25 hr., the methylene chloride layer was separated, dried
over anh. sodium sulfate, and evaporated in vacuo to give 26.8 g of oil. The oil was
dissolved in 100 mL of bromochloromethane and stirred at 20°C for 17 hr. After
evaporation of the bromochloromethane in vacuo, the residual oil was extracted with
ethyl ether several times. The ether extracts were combined and evaporated to give 5.4
g of oil. The crude product was purified by chromatography on silica gel using 70:30
chloroiorm-ethyl acetate. Fractions containing the desired product were combined and
concentrated to give 2.3 g of clear oil.

Preparation 11 - lodomethy! N,N-dimethylsuccinamate

Sodium iodide (3.57 g) was added to a solution of chloromethyl N,N-
dimethylsuccinamate (2.3 g) in 10 mL acetone, and the mixture stirred at 20°C for 2 hr.

After evaporation of the solvent in vacuo, the residue was dissolved in a mixture of
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methylene chloride and water. The methylene chloride layer was separated, dried over
anh. sodium sulfate, and evaporated to give 3.27 g of a brownish oil, which was used
without further purification.
Preparation 12 - Chloromethvi N.N-diethylsuccinamate
Tetrabutylammonium hydrogen sulfate (19.6 g), N,N-diethyl succinamic acid
(10.0 g), sodium bicarbonate (4.85 g) and 1N sodium hydroxide (58 mL) were
combined in 400 mL methylene chloride and 80 mL water with stiring. After 1.5 hr., the

phases were separated. The methylene chloride layer was dried over anh, sodium
sulfate and evaporated under reduced pressure to give 9.6 g of oil. The aqueous layer
was exiracted with additional methylene chloride, and an additional 4.2 g of oil was
obtained after solvent drying and evaporation. A portion (4.2 g) of this oily
tetrabutylammonium salt was dissolved in 100 mL of bromochloromethane and the
solution was allowed to stir at 20°C for 40 hr.  After evaporation of the
bromochloromethane in vacuo, the residue was repeatedly extracted with ethyl ether.
The combined ethyl ether extracts were evaporated to 2.3 g of clear oil. The oil was
purified by chromatography on silica gel, with elution by 80:20 chloroform-ethyl acetate
to give 1.62 g of oil.
Preparation 13 - lodomethyl N,N-diethylsuccinamate

Sodium iodide (2.19 g) and chloromethyl N,N-diethylsuccinamate (1.62 g) were

combined with 15 mL acetone, and the mixture stirred at 20°C for 3 hr. Solvent was

evaporated in vacuo, and the residue distributed between methylene chloride and
water. The methylene chloride layer was separated, dried over anh. sodium sulfate,
and evaporated under reduced pressure to give 1.81 g of oil which was used without
further purification.

Preparation 14 - Dipropylammonium N.N-dipropylsuccinamate

Succinic anhydride (15.0 g) was added fo a precooled (0°C) solution of
dipropylamine (41 mL) in 200 mL methanol. The cooling bath was removed and the
mixture stirred for 30 min. before solvent evaporation to give 42.8 g of pale yellow oil.

Preparation 15 - Chloromethyi N,N-dipropylsuccinamate

A mixture containing dipropylammonium N,N-dipropylsuccinamate (41.8 @),
tetrabutylammonium hydrogen sulfate (48.05 g), methylene chloride (250 mL), water (80
mL), and 1N sodium hydroxide (142 mL) was stirred for 1.5 hr. The methylene chioride

layer was separated, dried over anh. sodium sulfate, and evaporated in vacuo to give
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44.12 g of oil. Twenty grams of this oil was dissolved in 100 mL of bromochloro-
methane, and the solution stirred for 4.5 hr. Bromochloromethane was evaporated in
vacuo. The residue was extracted several times with ethyl ether, and the ether extracts

combined and evaporated to give 6.5 g of yellow oil, which was used without further
purification.

Preparation 16 - lodomethyl N,N-dipropylsuccinamate
Sodium iodide (7.8 g) was added to a solution of chloromethyi N,N-dipropyl-
succinamate (6.5 g) in 30 mL acetone, and the mixture stired for 2.5 hr.  After

evaporation of the solvent in vacuo, the residue was dissolved in a mixture of

methylene chloride and water. The methylene chloride layer was separated, dried over
anh. sodium sulfate, and evaporated to give 8.8 g of orange oil, which was used
without further purification.
Preparation 17 - Homopiperidinium 4-homopiperidino-4-oxobutyrate
Succinic anhydride (15.0 g) was added carefully to a solution of homopiperidine
(33.78 mL) in tetrahydrofuran (100 mL), and the mixture allowed to stir for 30 min. The
solvent was evaporated in vacuo to give 33.16 g of oil.

Preparation 18 - Chloromethyl 4—homopipeﬁdino-4—oxobutvrate

A mixture of homopiperidinium 4-homopiperidino4-oxobu'ryrate (33.16 g),
tetrabutylammonium hydrogen sulfate (49.74 g), methylene chioride (200 mL), water (50
mL), and 1N sodium hydroxide (146 mL) was stimed for 1.5 hr. The methylene chloride
phase was separated, dried over anh. sodium sulfate, and evaporated jn vacuo to give
22.0 g of a clear oil. The oil was dissolved in 100 mL of bromochloromethane and
stirred for 17 hr. at 20°C. Afler in vacuo evaporation of the bromochloromethane, the
residue was extracted with ethyl ether. The ether solution was dried over sodium

sulfate and evaporated in vacuo to give 10.5 g of cil. This oil was purified by

~chromatography on silica gel using 85:15 chioroform-ethyl acetate as eluant. Fractions

containing the desired chloromethyl ester were combined and evaporated to give 4.36
g of clear oil.

Preparation 19 - lodomethyl 4-homopiperidino-4-oxobutyrate

Sodium iodide (5.28 g) was added to a solution of chioromethyl 4-homopiper-
idino-4-oxobutyrate (4.36 g) in 20 mL of acetone, and the mixture stirred for 3 hr, The
solvent was evaporated in vacuo, and the residue distributed between water and

methylene chloride. The methylene chloride layer was separated, dried over anh.
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sodium sulfate, and evaporated in vacuo to give 4.4 g of yellow oil, which was used
without further purification.

Preparation 20 - Methyl N,N-dimethylaminocarbonyloxyacetate

Pyridine (67 mL), methy! glycolate (12.85 mL), and dimethylcarbamy! chloride
(15.33 mL) were combined at 0°C, then the cooling bath removed, and the solution

allowed to stir at 20°C for 17 hr. The reaction mixture was then heated at 65°C for 4
hr. cooled, ethyl acetate and water added, and the mixture was made acidic by the
addition of 1N HCIL. The ethyl acetale layer was separated, washed with brine, dried
over anh. sodium sulfate, and concentrated in vacuo to give 7.1 g of yellow cil. The
residue was chromatographed on silica gel with chloroform as eluant. Collection tubes
determined to contain the desired product were combined and concentrated to give 2.5
g of oil.

Preparation 21 - N.N-dimethylaminocarbonyloxyacetic acid. sodium salt

The ester described above (2.5 g) was dissolved in 10 mL methanol, 1N sodium
hydroxide (15.5 mL) added, and the solution allowed to stir at 20°C for 1 hr.
Evaporation of the reaction mixture under reduced pressure provided a white soid that

was used without further purification.

Preparation 22 - Chloromethyl N N-dimethylaminocarbonyloxyacetate

The N,N-dimethylaminocarbonyloxyacetic acid sodium salt (2.62 g) was
combined with 100 mL methylene chloride, 30 mL water, 5.27 g of tetrabutylammonium
hydrogen sulfate and 1.3 g of sodium becarbonate and stimed for 1.5 hr. The
methylene chioride layer was removed, dried over anh. sodium sulfate, and evaporated
in vacuo to provide 2.8 g of oil. The oil was dissolved in 80 mL of bromochloro-

methane and stired at 20°C for 18 hr.. The methylene chloride was evaporated in

- vacuo and the residue exiracted several times with ethyl ether. The exiracts were

combined and evaporaled to give 0.85 g of oil, which was used without further
purification.

Preparation 23 - lodomethyl N.N-dimethylaminocarbonyloxyacetate

Sodium iodide (1.46 g) and chloromethyl N,N-dimethylaminocarbonyloxyacetate
(0.95 g) were combined with 30 mL of acetone, and stirred at 20°C for 19 hr. The

acelone was evaporaled In vacuo to give 1.18 g of oil, which was used without further

purification.
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Preparation 24 - Methyl N N-diethylaminocarbonyloxyacetate
Pyridine (54 mL), methyl glycolate (10.3 mL), and diethylcarbamyl chloride (16.9
mL) were combined, heated for 40 hr. at 65°C, for an additional 24 hr. at 85°C, and

an additional 24 hr. at 95°C. After cooling, the reaction mixture was distributed
between ethyl acetate and water. The ethyl acetate layer was separated, washed with
1N HCI, water, and brine, dried over anh. sodium sulfate, and concentrated in vacuo
to give 15.0 g of oil which was used without further purification.

Preparation 25 - N,N-Diethylaminocarbonyloxyacetic acid, sodium salt

The ester described above (15 g) was dissolved in 100 mL methanol, 1N sodium
hydroxide (79.3 ml) added, and the solution allowed to stir at 20°C for 1.5 hr.
Evaporation of the reaction mixture under reduced pressure provided a white solid, 15.3
g after drying of P,0;, that was used without further purification.

Preparation 26 - lodomethyi N.N-diethylaminocarbonyloxyacetate

N,N-Diethylaminocarbonyloxyacetic acid sodium salt (15.3 g) was combined with
800 mL methylene chloride, 240 mL water, 26.35 g of tetrabutylammonium hydrogen
sulfate and 6.52 g of sodium bicarbonate and stirred for 1.5 hr. The methylene chloride
layer was removed, dried over anh. sodium sulfate, and evaporated in vacuo and the
residue extracted several times with ethyl ether. The extracts were combined and
evaporated to give 10.63 g of oil. This crude chloromethy! ester was combined with
sodium iodide (14.25 g) in 100 mL of acetone and stirred at 20°C for 3.5 hr, Solvent
was evaporated in vacuo, and the residue distributed between chloroform and water.
The chloroform layer was dried over anh. sodium sulfate and evaporated in vacuo to
give 11.56 g of light yellow oil that was used without further purification.

Preparation 27 - Ethyl N-pivaloylglycinate

To a stirred, ice-bath cooled flack containing 150 mL of methylene chloride were
added ethyl glycinate hydrochloride (25.0 g), pivaloyl chloride (20.9 mL) and, slowly,
€2.4 L of N,N-diisopropylethylamine. After removal of the ice bath, the reaction
solution was stirred for 4 hr. Solvent was evaporated in vacuo and the residual oil
distributed between added ethyl acetate and water. The ethyl acetate layer was
washed with a 1:1 mixiure of sat. aq. sodium bicarbonate and water, dried over anh.

sodium sulfate, and evaporated in vacuo to give 11.3 g of oil.
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Preparation 28 - Sodium N-pivaloylalycinate

To a solution of ethyl N-pivaloylglycinate (11.3 g) in 50 mL of methanol was
added 69.2 mL of 1N sodium hydroxide, and the solution stirred for 2 hr. Solvents were

evaporated in vacuo. Fresh methanol was added and reevaporated to give 12.45 g of
off-white solid.

Preparation 29 - Chloromethyl N-pivaloviglycinate

To a stired solution of sodium N-pivaloylglycinate (12.45 g) and
tetrabutylammonium hydrogen suliate (21.8 g) in 100 mL methylene chloride and 50 mL
water was added 64.3 mL 1N sodium hydroxide, and the mixture stirred for 3 hr. The
methylene chioride layer was separated, dried over sodium sulfate, and evaporated in
vacuo to give 20.9 g of oil. The oil was dissolved in 50 mL of bromochloromethane and
stirred for 17 hr. at 20°C. After evaporation of the bromochloromethane, the residue
was repeatedly extracted with ethyl ether. The combined extracts were evaporated in |

vacuo to give 2.2 g of oil. Chromatography on silica gel with chloroform-ethyl acetate
elution gave 1.2 g of the chloromethyl ester.

Preparation 30 - lodomethy! N-pivaloylglycinate
A mixture of sodium iodide (1.71 g), chloromethyl N-pivaloyiglycinate (1.2 g) and

acetone (20 mL) was stirred at 20°C for 18 hr. The solvent was evaporated in vacuo

and the residue distributed between added chloroform and water. The phases were
separated and the water layer reextracted with chloroform. The chloroform layers were
combined, dried over anh. sodium sulfate, and evaporated in vacuo to give 1.45 g of

oil. This material was used without further purification.

Preparation 31 - Ethyl N-(2-ethylbutyryllalycinate

To astired, ice-bath cooled flask containing 200 mL of methylene chloride were

. added ethyl glycinate hydrochloride (25.0), 2-ethylbutyric anhydride (39.3 mL) and,

slowly, 54.8 mL of triethylamine. After removal of the ice bath, the reaction solution was

stirred for 17 hr. Solvent was evaporated in vacuo and the residue distributed between

added ethyl acetate and water. The ethyl acetate layer was washed with a 1:1 mixture
of saturated aqueous sodium bicarbonate and water, dried over anh. sodium sulfate,
and evaporated in vacuo to give 33.73 g of white fluffy solid.
Preparation 32 - Sodium N-(2-ethylbutyryl)glycinate
To a solution of ethyl N-(2-ethylbutyryl)glycinate (33.73 g) in 100 mL of methano!
was added 167.6 mL of 1N sodium hydroxide, and the solution stirred for 1.5 hr.
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Solvents were evaporated in vacuo, and then fresh methanol was added and
evaporated to give 32.6 g of a pale yellow oil.
Preparation 33 - Chloromethyl N-(2-ethyolbutyryl)glvcinate
To a stired solution of sodium N-(2-ethylbutyryl)glycinate (32.6 g) and
tetrabutylammonium hydrogen sulfate (53.3 g) in 100 mL methylene chloride and 100
mbL water was added 157 mL of 1N sodium hydroxide, and the mixture stirred for 2.5

hr. The phases were separated, and the aqueous layer reextracted with 400 mL
methylene chloride. The organic layers were combined, dried over sodium sulfate, and
evaporated in vacuo to give 59.8 g of oil. The oil was dissolved in 75 mL of
bromochloromethane and stirred for 15 hr. at 20°C. After evaporation of the
bromochloromethane, the residue was repeatedly extracted with ethyl ether. The
combined extracts were evaporated in vacuo to give 7.84 g of oil. Chromatography on
silica gel with chloroform-ethyl acetate (3:1) elution gave 2.33 g of the chloromethy!
ester,
Preparation 34 - lodomethy! N-(2-ethylbutyryl)alycinate

A mixture of sodium iodide (3.15 g), chloromethyl N-(2-ethylbutyrl)glycinate (2.33
g) and acetone (20 mL) was stirred at 20°C for 17 hr. The solvent was evaporated in
vacuo and the residue distributed between added methylene chloride and water. The
phases were separated and the water layer reextracted twice with methylene chloride.

The organic extracts were combined, dried over anh. sodium sulfate, and evaporated

in vacuo to give 2.78 g of solid. This material was used without further purification.
Preparation 35 - 1-lodoethvl isopropyl carbonate

1-Chloroethyl chloroformate was converted to 1-iodoethyl isopropyl carbonate
using the procedure given by Wan-Joo Kim, et al, The Joumal of Antibiotics, (1891) 44,

. pg. 1086.
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HALOALKYL ESTER INTERMEDIATES

Preparation

Rl

Rz

R:!

'"H NMR Date (CDCl,), 6

1

Me

OCH,CO,Me

Cl

1.83 (d, 3H); 3.77 (s, 3H);
4.67 (ABq, 2H); 6.40 (q, 1H).

Me

OCH,CONMe,

Cl

1.86 (d, 3H); 2.97 (s, 3H);
2.99 (s, 3H); 2.99 (s, 3H);
4.68 (d, 1H); 4.90 (d, 1H);
6.45 (g, 1H).

Me

OCH,CONE,

Ci

1.10 (t, 3H); 1.19 (t, 3H);

1.81 (d, 3H); 3.18 (g, 2H):
3.37 (q, 2H); 4.64 (d, 1H);
4.86 (d, 1H); 6.41 (q, 1H).

10

CH,CH,CONMe,

Cl

2.62-2.78 (m, 4H); 2.96 (s,
3HY); 3.04 (s, 3H); 5.72 (s,
2H).

11

CH,CH,CONMe,

2.67 (s, 4H); 2.96 (s, 3H);
3.03 (s, 3H); 5.93 (s, 2H).

12

CH,CH,CONEt,

Ci

1.02 (t, 3H); 1.14 t, 3H):
2.54-2.71 (m, 4H); 3.21-3.38
(m, 4H); 5.84 (s, 2H).

13

CH,CH,CONEt,

1.14 (t, 3H); 1.24 1, 3H);
2.68-2.81 (m, 4H); 3.32-3.50
(m, 4H); 5.92 (s, 2H).

e

15

CH,CH,CONPr,

Cl

0.86 {t, 3H): 0.94 (t, 3H);
1.44-1.78 (m, 4H); 2.60-2.84
(m, 4H); 3.16-3.40 (m,4H);
5.72 (s, 2H).

e —

19

(CH;),CON(CH,),

1.60-1.90 (m, 8H); 2.65-2.80
(m, 4H); 3.44-3.64 (m, 4H);
5.93 (s, 2H).

22

CH,OCONMe,

Cl

2.92 (s, 3H); 2.95 (s, 3H);
4.63 (s, 21H); 5.73 (s, 2H).

23

CH,OCONMe,

2.96 (s, 3h); 2.99 (s, 3H);
4.61 (s, 2H); 5.95 (s, 2H).

26

CH,OCONEt,

Ci

1.12-1.23 (m, 6H); 3.27-3.38
(m, 4H); 4.70 (s, 2H); 5.76
(s, 2H).

29

CH,NHCOCMe,

Cl

1.24 (s, SH); 4.12 (d, 2H);
5.75 (s, 2H); 6.15 (br. s,
1H).
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30 CH,NHCOCMe, 1.25 (s, 9H); 4.06 (d, 2h);
5.96 (s, 2H); 6.15 (br. s,
1H).
34 CH,NHCOCHEt, 0.93 (t, 6H); 1.44-1.75 (m,
4H); 1.92-2.10 (m, 1H); 4.10
5 (ABq, 2H); 5.93 (br. s, 1H);
5.96 (s, 2H).
10
15
20
25 .

30
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CLAIMS
1. A compound of the formula:
R 13
Rl? S
OR
Rll I
N 0

wherein R is
R 0 0O JRi 0 0
(/l\o),}ka/u\m?1 ( t)>lLﬂ’lLNR‘°-R3
b
11 111
R 0 S
OR® L NR’R®
(/l\o)xu>< ( O)Xl‘k -
R4 RS ’ RY RS

Kol

VI

B wherein xis 0 or 1;



10

186

20

25

30

WO 94/17061

PCT/US93/09813

i 010563

Ais aC,-C, alkylene or C,-C, alkenyl chain, optionally substituted with up to two
substituents independently selected from C,-C, alkyl or C,-C, cycloalkyl;
or
(CH,),O(CH,),.,, where the methylene groups may be optionally
substituted with up to two substituents independently selected from C,-
C, alkyl or C,-C, cycloalkyl; or
a C,-C, cycloalkyl or cycloalkenyl group optionally substituted with up
to two C,-C, alkyl groups; or
a 4 - 7 membered hetero-alicyclic group containing an O, S or NR® Jink;
or
a phenylene group optionally substituted with up to two substituents
independently selected from C,-C, alkyl, C,-C, alkyloxy, halogen or CF,;

Bis C,-C, alkenyl phenyl, 2,3 or 4-pyridyl, 2,3 or 4-piperidinyl, 2- or 3-
pyrrolidinyl, -OCH,CO,R! or
-OCH,CONR?R?;

R'is H, C,-Cq alkyl, C,-C, cycloalkyl, phenyl(C,-C,)alkyl, (CH,),CO,R? or
(CH,),CONR’R?, (CH,),Si(CH,),;
or

R' may form with A a 5, 6 or 7 membered lactone ring optionally substituted with
a C,-Calkyl group.

R?and R® are independently H, C,-C, alkyl, C,-C, cycloalkyl, phenyl(C
C,)alkyl; or

4"

R? and R®, when taken together with the attached nitrogen, may represent a
pyrrolidine, piperidine, morpholine or homopiperidine group optionally
substituled with up to two C,-C, groups; or

R? or R® may form with A, a 5, 6 or 7 membered lactam ring, optionally
substituted with up to two C,-C, alkyl groups;

R* and R® are independently H, C,-C, alkyl, C,-C, cycloalkyl, phenyi(C,-
C,)akyl, (CH,),CO,R?, (CH,),CONR?R?, (CH,),NR'R?, (CH,),0OR® or
(CH,),SR® or

R*and R® when taken together represent a C,-C, cycloalkyl ring, optionally
substituted with up to two C,C, alkyl groups;
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R® is H, C,-C; alkyl, (CH,),COOR?, C,-C, cycloalkyl optionally substituted with
up to two C,-C, alkyl groups, phenyl(C,-C,)alkyl optionally substituted
on the phenyl ring with up to two substituents independently selected
from C,-C,alkyl, C,-C, alkyloxy, halogen or CF,, COR?, CONR?R?, or a
phenyl group optionally substituted with up to two substituents
independently selected from C,-C, alkyl, C,-C, alkyloxy, halogen or CF,;
or

when taken with R* and the attached oxygen, may represent an oxetan,
tetrahydrofuran, tetrahydropyran or oxepan ring optionally substituted

with up to two C,-C, alky! groups;

.R’” and R®? are independently H, C,-C, alkyl, C,-C, cycloalkyl, phenyl(C,-

C,)alkyl, COR?, COOR?; or

independently C,-C, alkanoyl, C,-C, cycloalkanoyl, optionally substituted
with up to two substituents independently selected from C,-C, alkyl, C,-
C, cycloalkyl, phenyl(C,-C,)alkyl, C,-C, branched alkyl; or

R? and R® when taken together with the attached nitrogen may represent a
pyrrolidine, piperidine or homopiperidine group optionally substituted
with up to two substituents independently selected from C,-C, alkyl, C,-
C, cycloalkyl, C;-C, branched alkyl, or oxo;

R? is H or methyl;

R'° R'', R'? and R'® are independently selected from hydrogen, C,-C, alky! and
halogen;
m and n are independently 0, 1 or 2 where either m or n must be at
least = 1; and

pis1to3;

and with the proviso that when R is the structure of Formula Il, and x is a bond,

A must be a group other than C,-C, alkylene.

2. A compound of claim 1, wherein one of R'® and R'' is 5-fluoro and the other is
6-chloro.
3. A compound of claim 2, wherein R is

R 0 0 )
(J\D)leQJ\OR . |
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4, A compound of claim 3 wherein x is 0.
5. A compound of claim 4 wherein A is & C,-C, alkenyl chain and R' is hydrogen.
6. A compound of claim 5 wherein R'? and R" are hydrogen.
7. A compound of ¢laim 3 wherein x is 1.
8. A compound of claim 7 wherein A is C,-C, alkylene.
9. A compound of claim 8 wherein R' Is benzyl.
R 0
. . J\\ OR®
10. A compound of claim 2 wherein R is ( 0) and x is 1,
X

R RS

1. A compound of claim 10 wherein R*, R®, R'2 and R are hydrogen, R® is
hydrogen, methyl or ethyl and R® is hydrogen, methyl, benzyl or CH,COOR?.

R? 0
12 A compound of claim 2 wherein R is J\ NR7R® dxi
. ( 0) and xis 1.
X

R RS

13. A compound of claim 12 wherein R*, R?, R, R®, R'2, and R'® are hydrogen and
R® is (CH,) ,NR'R®, methyl or benzyl.
14. A compound of claim 12 wherein R” is COR2,

R? 0
15. A compound of claim 2 wherein R is J\ U\ and x is 1.
(o) 8

16. A compound of claim 15 wherein Bis 2 or 3-pyrrolidine.

SO
17. A compound of claim 2, wherein R is J\ .
( 02}1\Q/H\NR2R3
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18.  Amethod for treating inflammation in a mammal which comprises administering
to said mammal an antinflammatory effective amount of a compound selected from
claim 1.
19. A method for treating pain in & mammal which comprises administering to said
mammal an analgesic effective amount of a compound selected from claim 1.
20. A pharmaceutical composition comprising an analgesic or antiinflammatory

effective amount of a compound of claim 1 and a pharmaceutically acceptable inert
ingredient.

I
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