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properties i ch_render t hem beneficial for_ t he

This invention relates to N'-alkyl-spuo-asoqumolme—pyrrohdme tetrones
to processes for their preparation, to
methods for using the compounds, and to pharmaceutical preparations thereof. The
compounds have pharmaceutical properties which render them beneficial for the
prevention or treatment of complications associated with diabetes mellitus.

The use of insulin and/or oral hypoglycemic agents in the treatment of diabetes
mellitus has prolonged the life of many of these patients. However, their use has not
had a demonstrable impact on the development of diabetic complica_tions such as
neuropathy, nephropathy, retinopathy, cataracts and vascular disease which accompany
the underlying metabolic disorder. There is little question that chronic hyperglycemia
plays a major role in the genesis of these complications, and that complete
normalization of blood glucose would likely prevent most if not all complications. For
a number of reasons, though, chronic normalization of blood glucose has not been
achieved with the currently available therapies. '

The long-term complications of diabetes develop in tissues where glucose
uptake is independent of insulin. In these tissues, which include the lens, retina,
kidney and peripheral nerves, the systemic hyperglycemia of diabetes is rapidly
transposed into high tissular concentrations of glucose. In all of these tissues this
excess glucose is rapidly metabolized by the sorbitol pathway. The intense diabetes-
induced flux of glucose through this pathway appears to initiate a cascade of
biochemical alterations which slowly progress to cell dysfunction and structural
damage. Aldose reductase, the key enzyme in the sorbitol pathway, reduces glucose to
sorbitol at the expense of the cofactor NADPH. In animal models of diabetes,
compounds which inhibit aldose reductase have been shown to prevent the
biochemical, functional and morphological changes induced by hyperglycemia. Eaﬂy
studies by J. H. Kinoshita and collaborators implicated aldose reductase in the etiology
of diabetic cataracts. More recent studies have provided compelling evidence that
aldose reductase also plays a significant role in the initiation of diabetic nephropathy,
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mel i tus has prol opgeg—tie-3iF f ny of these patients. However. their
use has not ¥ﬁﬁh§HE%f5@ﬁD g@#ab?e | npact on the deveﬂﬁﬁhﬁ%ﬁ4%f
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and R
containing 1 to 6 carbon atoms, halogen, lower alkoxy

wherein R are independently hydrogen, alkyl

containing 1 to 6 carbon atoms, trifluoromethyl, nitro,
aryl or aryl(lower alkyl)oxy wherein aryl contains 6 to
10 carbon atoms and lower alkyl contains 1 to 6 carbon

aioms; R3

is hydrogen, lower alkyl containing 1 to 6
carbon'atoms, aryl, aryl(lower alkyl) or halogen
substituted aryl(lower alkyl) wherein aryl contains 6
to. 10 carbon atoms and lower alkyl contains 1 to 6

carbon atoms, or benzothiazole of structural formula

N
3"‘J\/</:©""Rs
S Z#

(Ia)
wherein R5 is hydrogen, halogen, alkyl containing 1 to
6 carbon atoms, lower alkoxy containing 1 to 6 carbon
atoms, trifluoromethyl, nitro, aryl or aryl(lower
alkyl)oxy wherein aryl contains 6 to 10 carbon atoms
and lower alkyl contains 1 to 5 carbon atoms; and R4 is
alkyl containing 1 to 12 carbon atoms, aryl,
aryl(lower alkyl) wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms,
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25 st udi es byT"JJ'.S SHEEK; BAX BEEY |and col 1 aborators | npl i cated al dose
reduétase’in the et ol ogREPLACED dfi_di abetic cataracts. MreAHP<®Ha4
studi es have provided conpelling evidence that al dose reduct ase
also plays a significant role in the initiation of diabetic nephropathy,
-2- reti nopatagy hndcaebrapavhy ,( o M Cal,0h G, Hyl - (THY (0H Covipereln n
16, 1989; Robi nspg gt gl ¢ I nvest. Ophthal nol .” Vi's. Sci., , 2285, 1989;

Not vest and Inserra, Diabetes, 36, 500, 1987. _
Examples of “aryl’ are phenyl and naphthyl, Examples of

acyl are lower alkyl-C(0)- or aryl-C(Q)-. Examples of
carboalkoxy are loweralkoxy-C(0)-. Examples of halogen

are fluoEine, chlorine and bromine. Examples of Rl
and/or R® are hydrogen or halogen e.g fluorine such as

6-F. Examples of R3 are (mono- or di-halo substituted
phenyl)lower alkyl wherein lower alkyl contains 1 - 3
carbon atoms, or benzothiazolylmethyl of formula Ia
wherein R5 is ‘hydrogen, halogen or trifluoromethyl.
For example R3 may be 4-bromo-2-fluorophenylmethyl or
(5-trifluoromethylbenzothiazol-2-yl)methyl. Examples

of R4 are C; - C, alkyl such as methyl or ethyl.

A more preferred group of compounds of the
present invention are the compounds.of formula (I)

wherein Rl_and R?

are independently hydrogen or
halogen; R3 is a mono- or dihalogen substituted
aryl(loweralkyl) wherein aryl contains 6 carbon atoms
and lower alkyl contains 1 to 3 carbon atoms, or

benzothiazole of structural formula

"
S AN
S =7
(Ia)

wherein R is hydrogen, halogen or trifluoromethyl; and
r* is alkyl containing 1 to 3 carbon atoms.

The most preferred compounds of the present
invention are set forth below:

2-[(4-bromo-2-fluorophenylimethyl]-1’-methyl-
spiro[isoquinoline-4(1H),3 ' -pyrrolidine]-1,2"3,5°(2H)-
tetrone;
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Spiro isoquinoline-pyrrolidin ; ituted in t\gpRsugol i dine
ri ng and:possessi ng al dose re uBH& sHEEM Kt activity are disclosed in
EP- A-0365324. This invention ovi dREPEAGEDher tdtrones substituted in the

pyrrolidine ring and possessing—TTm vivo al dose reductase inhibitory

activity.

pr esent

The N -al kyl -spiro-isoquingline-pyrrolidine tetrones of the
I nvention are represented by fornula (1): wherein R err]

i nd dent |y hyd | Kyl I, nj to.6 b ,
el ogen.  Tower ol KoRg-brERy A RmEhen el B PRI By

nitro, aryl or arygyrtchdie]al, B)3,5'28)-whonej n aryl contains 6 to 10 carbon

10

15.

20

25

2-{(4-bromo-2-fluorophenyl)methyl]-1'-ethyl-6-fluorospirofisoquinoline-
4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrone;

2-[[5~(trifluoromethyl)-2-benzothiazolylJmethyl]- "-methylspiro[isoquinoline-
4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone;

1-ethyl-6-fluoro-2-[[5-(triflucromethyl)-2-benzothiazolyl]methyl]spiro-
[isoquinoline-4(1H),3"-pyrrolidine]- 1,2',3,5’_(2H)-tetrone.

The compounds of formula (I) all possess at least one asymmetric carbon atom,
namely the spiro carbon atom at position 3' of the pyrrolidine ring. The compounds of
formula (I) therefore exist, and may be isolated, in two or more stereoisomeric forms.
This invention encompasses the compounds of formula (I) in racemic form or in any
optically active form.

The N'-alkyl-spiro-isoquinoline-pyrrolidine tetrones can be prepared by the
processes described hereinafter.

A method is provided for preventing or relieving diabetes mellitus associated
complications in a diabetic mammal by administering to said mammal a prophylactic or
alleviating amount of the compounds of formula (I). Such complications include
neuropathy; nephropathy, retinopathy, keratopathy, diabetic uveitis, and cataracts.

The compounds of formula (I), when admixed with a pharmaceutically
acceptable carrier, form a pharmaceutical composition which can be used according to

the preceding method.

The N'-alkyl-spiro-isoquinoline-pyrrolidine tetrones of this invention may be
administered to mammals, for example, man, cattle, or rabbits, either alone or in
dosage forms, i.c., capsules or tablets, combined with pharmacologically acceptable
excipients.

-
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atons and | ower al kyl contai n Tést ?ETCFIrUé tons; R3 is hyxHPOIsE, | ower
al kylF containing 1 to 6 carbo 'to% a gf IEg\'}yl (I ower al kyl) or hal ogen
er HEPLA
6

substituted aryl (I ower al kyl) LAG contfains 6 to 10 carbon atons
and |l ower alkyl contains 1 to carbon atons, or benzothi azol e of
structural formula -5- (l1a)
wherein R5 is hydrogen, hal ogen, alkyl containing 1 to 6 carbon atons,

| ower al koxy cont aTRé &singounds 6f thiy iROShtdInGAEy be %iivéﬁ SRl MeloWever, fe hethod by |
or aryl (lower_ al .k¥/l pxy. wherei n aré/l copt ai ng fo 10 carbon gt ons angl
| over  al kyl S e DEpsEa SRR Ingaridets A isinveaton 1 ot o b¢ CMented as
limited to a particular mode of administration. For example, the compounds may be
administered topically directly to thé eye in the form of drops of sterile, buffered
5 ~— ophthalmic solutions, preferably of pH 7.2-7.6. Also, they may be administered orally
in solid form containing such excipients as starch, milk sugar, certain types of clay and
so forth. They may also be administered orally in the form of solutions or they may be
injected parenterally. For parenteral administration, they may be used in the form of a
sterile solution, preferaby of pH 7.2-7.6, containing a pharmaceutically acceptable
10 _ buffer.

The dosage of the N'-alkyl-spiro-isoquinoline-pyrrolidine tetrones will vary
with the form of administration and the particular compound chosen. Furthermore, it
will vary with the particular host under treatment. Generally, treatment is initiated with
small dosages substantially less than the optimal dose of the compound. Thereafter, the

15 -- dosage is increased by small increments until efficacy is obtained. In general, the
compounds of this invention are most desirably administered at a concentration level
that will generally afford effective results without causihg any harmful or deleterious
side effects. For topical administration, a 0.05-1.0% solution may be administered
dropwise in the eye. The frequency of instillation varies with the subject under

20 ~ treatment from a drop every two or three days to once daily.. For oral or parenteral
administration a preferred level of dosage ranges from about 0.1 mg to about 1.0 mg
per kilo of body weight per day, although aforementioned variations will occur.
However, a dosage level that is in the range of from about 0.1 mg to about 1.0 mg per
kilo of body weight per day is most satisfactory.

25 Unit dosage forms such as capsules, tablets, pills and the like may contain from
about 5.0 mg to about 25.0 mg of the active ingredients of this invention with a
pharmaceutical carrier. Thus, for oral administration, capsules can contain from
between about 5.0 mg to about 25.0 mg of the active ingredients of this invention with
or without a pharmaceutical diluent. Tablets, either effervescent or noneffervescent,

30 can contain between about 5.0 to 25.0 mg of the active ingredients of this invention
together with conventional pharmaceutical carriers. Thus tablets, which may be coated
and either effervescent or noneffervescent, may be prepared according to the known
art. Inert diluents or carriers, for example, magnesium carbonate or lactose, can be
used together with conventional disintegrating agents for example, magnesium stearate.
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-3- alkyl containing 1 to 1P ﬁ@r 7 @ aryl (I ower al kpP)95aher ei n
aryl ‘contains 6 to 10 car bo %gﬁ :EI kyl contains 1 to 6 carbon
atonms, Exanples of 'aryl' a e ph na hyl . Exanpl es of hal ogen are
fluorine, chlorine and brom ne. Exanples of R err] and/or R2 are hydrogen
or halogen e.g fluorine such as 6-F. Examfes of R3 are (nono- or di-halo
substituted phenyl )l ower al kyl wherein |ower alkyl contains.1 - 3 carbon
atons, or benzothiazolyl methyl of forrmula la wherein R5 is hydrogen

hal ogen or trifl uq’f‘l?em'ba\ffcyl-sI;?rro-1s)<(>8tr1rxrr)xloﬁne-pyrro¥1dmee fé_tr%nes also can be used in
combination with insulin or oral hypoglycemic agents to produce a beneficial effect in

the treatment of diabetes mellitus. In this instance, commercially available insulin

preparations or oral hypoglycemic agents, exemplified by acetohexamide,

5 chlorpropamide, tolazamide, tolbutamide and phenformin, are suitable. The
compounds hereof can be administered sequentially or simultaneously with insulin or

the oral hypoglycemic agent. Suitable methods of administration, compositions and

doses of the insulin preparation or oral hypoglycemic agent are described in medical

textbooks; for instance, Physicians’ Reference, 42 ed., Medical Economics Co.,
10 Oradell, N.J., U.S.A., 1988.

The aldose reductase inhibiting property of the compounds of this invention and
the utilization of the compounds in preventing, diminishing and alleviating diabetic
complications are demonstrable in experiments using galactosemic rats, see
Dvornik et al., Science, 182, 1146 (1973).. Such experiments are exemplified

15 hereinbelow after the listing of the following general comments pertaining to these

experiments:

(@)  Four or more groups of six male rats, 50-70 g, Sprague-Dawley strain,
were used. The first group, the control group, was fed a mixture of laboratory chow
(rodent Laboratory Chow, Purina) and glucose at 20% (w/w %) concentration. An
20 untreated galactosemic group was fed a similar diet in which galactose was substituted
for glucose. The third group was fed a diet prepared by mixing a given amount of the
test compound with the galactose containing diet. The concentration of galactose in the
diet of the treated groups was the same as that for the untreated galactosemic group.

(b)  After four days, the animals were killed by euthanization. Both the lens

25 and sciatic nerve were removed, weighed and stored frozen for polyol determination.
©) The polyol determination was performed by a modification of the
procedure of M. Kraml and L. Cosyns, Clin. Biochem., 2, 373 (1969). Only two
minor reagent changes were made: (a) the rinsing mixture was an aqueous 5% (w/v)
trichloroacetic acid solution and (b) the stock solution was prepared by dissolving 25
mg of dulcitol in 100 mL of an aqueous trichloroacetic acid solution. [N.B.: For each
experiment the average value found in the tissue from rats fed the glucose diet was

30
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of Rlerr] are (Jerr] - ([err] alkyl et hyl". A nore
preferred group of conpounds of the ntion| are the conpounds of
formula (1) wherein Rlerr] and R err] are independently hydrogen or

hal ogen; R3 is a nono- or dihal ogen substjguted aryl (1 oweral kyl) wherein
aryl contains 6 carbon atons and | ower alkyl contains 1 to 3 carbon atons,
or benzot hi azol e

Ol o oror o o sspded, BmIGe PR g@ltes foundin the sogmmRanging tissee iRgalactosefod

cont ai ni ng 1 rats @ ehainothe aintoint of polyol acddifulard!] Mhefalddsededuutmselintiibithg t he

fl uor_ophenyl met hyl or (5-trifl uorom=qhq]@ﬂggzgﬁagmr-yl ) WéSMExarrpl es

present | nventffec?s of the compounds of formula (I) were also tested by employing an in vitro
testing procedure similar to that described by S. Hayman and J.H. Kinoshita, J. Biol.
5 Chem., 240, 877 (1965). In the present case the procedure of Hayman and Kinoshita
was modified in that the final chromatography step was omitted in the preparation of the
enzyme from bovine lens.

The following tabulated results show that the N'-alkyl-spiro-isoquinoline-

pyrrolidine tetrones of this invention show the property that they are active both in vitro

10 and in vivo and diminish the accumulation of dulcitol in the lenses, sciatic nerves and

diaphragm of rats fed galactose. The figures under L, N, and D represent the

percentage decrease of dulcitol accumnlation in the tissues of the lens, sciatic nerve, and
diaphragm, respectively, for treated rats as compared to untreated rats.

—_—
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are set forth bel ow 2-[ (4-brono- 2- quorophenyI)ney@n}b544 met hyl - -
spi rio[ i soqui nol i ne-4(1H), 3' - pyrrolfi H) - tetrone;
spi THSHEET 145 BN

2-[ (4- brono- 2-fl uor ophenyl ) net hyl J|- 1' -eBﬁWﬂgﬁpro(|SJqU|nollne-4(1FD, 3' -
pyrrolidine]- 1 ,2",3,5 (2H)- tetrone -

2-[(4- brono- 2- quorophenyI)nEthyI] -ethyl 6-fl uor ospi ro[ i soqui nol i ne-

4(1H), 3" -pyrrolidine]- 1,2',3,5 f%g!-teﬁfngllhﬁﬂBTT:RS

% inhibition = % lowering dulcitol accumulation

in vitro dose in vivo
Rl R4 10-°M mg/kg %L %N %D
H -CHj3 0 0.5 NS 50 61
11 NS 76 175
10.2 31 95 94
H -CH,; CH3 0 0.5 NS 37 56
09 NS 65 73
F  -CH;CH3 0 0.5 NS 19 65
' 1.0 NS 74 84
R4
N~
R! 0
O N RS
N\/< D
S
0
% Lowering Galactitol
% Inhibition Accumulation
In Vitro In Vivo
Dose
RI R4 RS 10M mghkg/day (%)L (B)N (%)D
H CH; CF3 0 9.5 NS 82 100
F C,Hs CF3 0 10 NS NS 59

_—
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5 .
2-[[%- (trifluoronethyl)-2-benzot hi §ZIb1l§I1JHEET HAS BEEN fret hyl spi ro[ i soqui nol i n
e- 4(1H), 3' - pyrrol}i di neRERLAGED3, 5' (2H) - t et rﬁ_&e_; 44
1' -ethyl -6-fluoro-2-[[5-(trifl uororh == dz0l yI | dethydYhi ro-

[i soquinoline-4( 1H), 3" -pyrrolidine]- 1,2-93,5 (2H)-tetrone.

The conpounds of fornula (1) all possess at | east one asymretric carbon
atom 10 nanely the spiro carbon atomat position 3' of the
pyrrolidine rinthishin¥enpbonderevides procesggsmfior ENERAFIE ore exi st,

and may be isol@émsoundst¥® 6rARLE 31 er eALSRMPrbe/s¥e® include: Thi s
I nventi on enconpasses the conpounds of forrmula (1) in racemc formor in

any optically active form - The
N-al kyl - spi ro-ispqueyelistnpyanohmildecofctbemas acdadbe prepared by the 15
processes descri bed hereinafter. A nmethod is provided for

preventing or relieving diabetes nellitus associ ated

conplications in a diabetic manmal by admdﬁﬂﬁgﬁing to said mammal a
prophyl actic or al l eviating angunt of the conpounds of formula
(I'). Such conplications includ ruugéwﬁﬁhy, nephr opat hy,
retinopathy, keratopathy, diaetic uvei™ nd cataracts.

3
RZ
(o]
aj
. 1 2 3 4 .
wherein R, R, R™ and R are as defined above and
5 . COOR8 is ester group, using a suitable base such as

sodium hydride to give a compound of formula I;
or ’

b) cyclising a cbmpound of formula (B)

(B)
. 1l 2 3 4 8 .
wherein R7, R, R, R° and COOR"~ are as defined above
10 “using a suitable base such as sodium hydride or lithium

bis-(trimethylsilyl)amide to give a compound of formula

I;

or

c) acylating a compound of formula I as shown above
15 wherein r? is hydrogen and Rl - 3 are as defined above

to give a corresponding compound of formula I wherein

R4 1s acyl or carboalkoxy:
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20 The conpounds.of formila (1) __when adnixed with a

phar raceut’i cal | y accEmSaPHEETCHAS IBEEN |f or m a phar naceuti cal
conposition which can be used accorﬁtlpmglp t he pr egediosg 41et hod.
The N -al kyl - spi ro-i soqui nol i re—pyr+ote+re—tet'rones of this invention may
be adm nistered to manmmal s, for exanple, man, cattle, or rabbits,
either alone or in 2 5 dosage forn&ld—.e., capsul es or tablets,

conbi ned with Rliar mecol ogi cal |y acceptabl e exci pi ents.

-5-

d) reacting a compound of formula

4

N N
R ~ L

0 (D)
with a 2-aminothiophenol of formula
HZN .
R
HS (E)
3

to give a compound of formula I wherein R~ is a

5 benzothiazolylmethyl group of formula Ia.
Starting materials of formulae (A) and (B) can be
prepared via intermediates of formula (G) shown below:

(&)

2 3

wherein Rl, R, RY, and COOR8 are as defined above.

Examples of Rs-are alkyl groups such as

10 - €C;-C4 alkyl especially methyl. rS may also be tRy.
For example compounds of formula (A) are prepared by
reacting a compound of formula (G) with Br(CH, )~ COZ-FBu
in the presence of a suitable base e.g Li—N(SiMe3)2 to
give a compound of formula

CDOHh;

(H)
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The conpounds of this invention na The conpounds may al so
be adm ni‘stered topically directly form of drops of
sterile, buffered ophthalmic solutions, preferably of pH 7.8HP-854Al so,

they may be administered orally in SO|Id rm contai ni ng such exci pients as
starch, mlk sugar, certain types of clay and so forth. They may al so be
adnlnlstered orally in the formof solutions or they nay be |njected
parenterally. §& Er@%eﬁtler?zl aag{a fﬂf%téﬁé'é)é‘ dé@pa/eamxbaeeuaﬁé tdokfekorm
of a sterile so ution, prefera - 7.6, .contail ni ng

phar naceut i cal 8% aéééﬁtéﬁpéﬂnﬁther "than Bu1?ﬁ¢%6§agEr%Ft%ﬁ% the

N -al kyl - SplrchﬁﬁguhaobEnQd%ﬁUEHl@kiﬁwiﬁﬂr£¥E£1beécéai& wki8 tbe form of
adm ni stration and the_particul ar conpeund, chosen Fur¥ ernore

vary with the 53WPVEUF5F h&st IRRE t et | ERRnET Y §ln?r§5§ﬂeﬁfm%s
i nitisted mnthasaahbldagagg@n&ubiiqpt|aIIy | ess than the optimal dose of

t he conpound. Theregfter he dosage | eas C s unti
efficacy is ob%é?%ég}m &ﬂﬁ“°éﬁﬂ?i;) ?éﬁfg Qggégf#%%%%tsgggg%e st -
desirably adnipresenecd aif dqhydnaxywhennoﬂmi@ﬂOLQatfﬁllbwg@nbraany afford
effective resulhgnu B?Og%ﬁ%li% @%gﬂi"yl dRJHH e dﬁhf&é%f’”ﬁo?hﬁ?aef fects.

For topical adyl?lstrat 0% ol ution may be nlnlstered
. A

Intermediates of formula (B) may be prepared via the

10 route

Rt oo%Bu

0
3

BrCH2COOR8

l C%COOH

COOR8

R COOH
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dropwi se in the eye. The frequdhtS SHEET haASi BEEM { on varies with the subject
under treatnment froma drop eyery tREPLACEDhree Pays to oncé daily. For ora
or parenteral admnistration bf dosage rahgBs?2PAdm about
0.1 ng to about 1.0 ng per kilo of body wgihght per day, although
aforenentioned variations wll occur. However, a dosage level that is in
the range of fromabout 0.1 ng to about 1.0 ng per kilo of body wei ght per
day is nost satisfactory. Unit dosage forns such as capsul es,
tablets, pills and the like may contain fromabout 5.0 ng to about 25.0 ngy
of the active ingredients of this invent|onggeih f pR@aceutical carrier.
Thus, for oral adm nistration, capsul es ¥an con?alniTron1betmeen about 5.0
ng to about 25.0 ng of the active ingredients gf this invention with or

wi thout a pharmaceutical diluent. Tabl ete;C@RNer gffervescent or
nonef f ervescent, can contain q?l een abbeyt 52 CONBRZ25.0 ng of the active
ingredients of this invention S R cgvent i onal pharnmaceuti cal
_carriers. Thus tablets, which ma ™nd either effervescent or
nonef f ervescent, may be prepared]g ing t®,Bhe known art. Inert diluents
or carriers, for exanple, nagnesi Py edrdegate or | actose, can be used
together with conventional disR egratlnglagents for exanpl e, magnesi um
stearate. '

8 is an ester group providing R8 is not ®Bu.

where COOR
Other routes to the various intermedigtes will be

apparent to the skilled chemist.

Starting materials for the processes herein described
5 are known compounds or may be prepared by analogous
methods.

The following processes exemplify the abovementioned
routes to compounds of formula I.

_—
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tetrbnes also can be used in i th i ndEP Y oral
hypogl yceni ¢ agents to produce a bgnefi CREBLAGED ect ijn t he
treatment of diabetes nellitus. In this rnstance,comercially avail able

I nsulin preparations or oral hy fogl ycem c agents, exenplified by
acet ohexam de, 5 chl or propam de, dzani de, tol butam de and
phenform n, are suitable. The conpounds hereof can be

adm ni stered Begieeag s gl vy or simultaneously with insulin or t he

oral hypogl ycen c agen &Q%& S
and doses 01[‘Tht %&?i ?Pn re arcg%nl 0 o‘?ﬁ‘gbga&g’gpogﬁygg%%gé%ggn
are descri bednmqmmmpreparedbyme ollowingreantion sehame:nst ance, Physi ci ans'

Desk Refer encR142 ed., Medical Econom cs Co. 10 Rl |, NJ.,
U S A, 1988. [Bror CI] The almreducta iQ®4Me pr operty
of the corrpoun F this invention a ﬂ
CO,Me ) /-
CO,H  skpa) R2 CO,H
NaH, CuBr am
CO,Me
1) soqy, Rl\ 02 0 Br CH,CO, c:M.:g
step b) — ﬂ " stepc)
2) R*.NH, Y Neos K,co,,. DMF
ELN, THF R2 X R
@)
COMe; : COH
1 CO,Me RL CO;Me
R\\ 0 CF,CO,H \ o
——
{ A step d) | N
S AN Naps CH,CL, - ~R3
R?2 R
O 0]
1\ : (VD
CONH-R*
1) SOCl, Rl COMe
stepe) - N 0
2) R*NH,/THF ﬂ/ N.
R2™ R?
(o)
R4
NaH/DMF 0
step f) e (8]
R3
¢y
—_—
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the utilization of the conpoundsitpigk EE’PHABQBEEN M ni shin g #leviating
di abetic’ conplicationg are gﬁﬂﬂeﬁlﬁ in expeiliments using
gal actosem c rats, see Dvaor Sci ence, 182. 1146
(1973). Such experiments are exenplified 15 her ei nbel ow after the
listing of the follow ng general comrents jpertaining to these

experi nments: (a) Four or nore groups of six male rats,
50-70 g, Sprague-Dawl ey strain, fgaised. The first group, the
control group, was fed a mxture of kaborat chow (rodent

Laborat ory Chow, Purina) agg ucose M& concem{q‘m A2 0
untreated gal 0 ) il art diet ich galactose S
substituted (ﬁ(is %&{“g) Ncm Th } %roupSt%SWedF% rep\é\?ed
by mixing a given armunt of 2 est conmpound W t 3t‘ne gal act ose
containing diet. The concent rat| on of gal acQ)se in the di et of
the treated groups was the sane as that f the untreated gal actosenm c
group. (b) After fou ys, the animals were killed by
eut hani zation. Both the lens 2 5 and sciatic nerve were renoved,
wei ghed and stor ed fr for polyol determ nation. CMe; (c)
The pol yol rm nat s perforned by a nodification of 0
pr ocedur e of OL. ‘Cosyns, din. Biochem, 2RI373 (49 ZNBN y
t wo L Bl'CHzCOzCME3

C ™
N~ K,CO;, DMF P2

NH,
1) HCI- B—RS
HS

step j) - p
il_ps
2) CF;CO,H, CH,Cl, < R
(XT)
step k)
1) SOCL,
2) R%-NH,, THF
Z 2 _ps
N
(X1I)
wherein R!, R, R?, R%, and R’ are as defined above.
Sheet Has Been Replaced
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m nor reagent changes were nade: —t-he—tinsing m xture ueous 5%
(w' V) trichl oroaceti ¢ ng §H§5T lHAlSOBEEm (b) th%@é@ol ution

was prepared by dissolving 25 3]0 REPLAgGBDOf dujcitol in 100 nL of an
aqueous trichloroacetic acid solutron [NB——Fe+r each

experinment the average value found in thel tissue fromrats fed the glucose
di et was -7 - subtracted

fromthe individual values found in the corresponding tissue in
gal act ose-f e@rogess Bt 0 obtain the amount of polyol accunul ated.] The al dose
reduct ase |nh|b|t|ng

Some compounds of formula (I), wherein Rl. R2, and R3 are as defined above and R4
is acyl or carboalkoxy, can be made by the process B.

coH CONH,
. COMe R! °°<§M°
N\ 0 1) SOCl, | E
-
ﬂ/ N-R? 2) NH,/THF / N-R®
R2 5 . R o
VD
) o
NH
base R! 0 1) base
IXE S
/N i i
R2 ! 2) RS-C-ClorRSO-C-C1
(RS = alkyl, aryl, aralkyl)
o
N-R*
’ R1 O

wherein R}, R, and R® are as defined above and R *is acyl or carboa]k?xy.

_—
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effects of the conpounds of formula (1) were also tested by eggkoying an in

vitro testing procedure simlarf THISt$HHETd ﬁ@rBiEPﬁc by S. Hayman“and J. H.

Ki noshita, J. Biol. Chem, 240,{ 877 %159@ . the present case the

procedure of Hayman and Ki noshila—was—ad. D, ed in that the final

chromat ography step was onitted in the preparation of the enzyne from

Eow lnE : ens. The follow ng tabul ated results show that the

' -al kyl - spi ro-isoquinoline- pyrrolidine tetrones of this invention, shaw

the property Stepa) t hBpacting cithercd-brosmabsnzai¢ a@d G dr <hlorvRsazein aGH o ForRp IS af

g: eTpEIr Z g mt 2? \ﬂféiéir i E;'Rgtahe l'R'lD%reOHH &Tﬁ:eh dbodve R ﬁﬁﬁﬁﬁ{l ffaloifatec amd: Nagb imthe
s fed gal act ose. i gur es _under . .and. .D.r e

the percent a@sesem%fés%tﬂyuﬂw S’F EH‘%E &MP@F -eoxﬁe *ﬂ%‘?ﬁcggﬂe%g‘mgﬁ% gsg&t

| ens, sci ati offerinifa (I Widteip R1 apd R2aesaxdefineébhovel or treated rats as

conpared to untreated rats. '

5 .- - The 2-bromobenzoic acids or 2-chlorobenzoic acids of formula (II) required
for the present invention are commerically available compounds or can be prepared by
known methods.

Stepb)  The propanedioic acid dimethyl ester of formula (III) can be reacted with
thionyl chloride under refluxing conditions to produce the corresponding acid chloride

10 which upon treatment with an amine R3 -NHj in the presence of triethylamine in a
conventional solvent which does not adversely influence the reaction, for example,
tetrahydrofuran, can produce the compound of formula (IV) wherein R1, R2 and R3 are
as defined above. .
Stepc)  The compound of formula (IV), wherein R1, R2 and R3 are as defined

15 above, is reacted with an inorganic base such as potassium carbonate in a conventional
solvent which does not adversely influence the reaction, for example, N,N-
dimethylformamide, and subsequent addition of the tert-butyl bromoacetate produces
the compound of the formula (V), wherein R1, R2 and R3 are as defined above.

. Stepd) The compound of formula (V), wherein R1, R2 and R3 are as defined
20 above, is hydrolyzed with an organic acid such as trifluoroacetic acid in a conventional
solvent which does not adversely influence the reaction, for example, methylene
chloride, to produce the compound of formula (VI), wherein R1, R2 and R3 are as

defined above.

Stepe)  The compound of formula (VI), wherein R1, R2 and R3 are as defined
25 above, can be reacted with thionyl chloride under refluxing conditions to produce the
corresponding acid chloride, which upon treatment with R4-NH; wherein R% is as
defined above produces the amide of formula (VII), wherein R1, R2, R3 and R4 are as
defined above. However, in the case when R4=Me the initially formed amide (VII,
when R4=Me) cyclizes under these conditions to the final product (I, when R4=Me).

-
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- 8- ALDCSE REDUCTASE | NHI Bl TORS %

i nhi bi tion % | owering dul citol ' AHR-5¢4tro0
dose invivo Rerr] P?%Fgﬁ? PIA??DS BEEN\ 10[err] M ng/ kg
W 9N 9 H - CH3 0.5 NS 50 61
1.1 NS 76 75

-17-~

Stepf)  The amide of formula (VII), wherein R1, R2, R3 and R4 are as defined

above, is reacted with a base such as sodium hydride in a conventional solvent which

does not adversely influence the reaction, for example, N,N-dimethylformamide, to

produce the compound of the formula (I), wherein R1, R2, R3 and R# are as defined
5 - above.

Stepg)  The propanedioic acid dimethyl ester of formula (IIT) can be reacted with

thionyl chloride under refluxing conditions to produce the corresponding acid chloride

which upon treatment with EtsN in a conventional solvent which does not adversely

influence the reaction, for example, tetrahydrofuran, can produce the compound of
10 formula (VII), wherein R! and R are as defined above.

Steph)  The compound of formula (VIII), wherein R! and R2 are as defined above,

is reacted with aminoacetonitrile hydrochloride in the presence of Et3N in a

conventional solvent which does not adversely influence the reaction, for example,

N,N-dimethylformamide, produces the compound of the formula (IX), whetexn R! and
15 R2 are as defined above

" Stepi)  The compound of formula (IX), wherein R! and R2 are as defined above, is
‘reacted with an inorganic base such as potassium carbonate in a conventional solvent
which does not adversely influence the reaction, for example, N,N-dimethylformamide
and subsequent addition of the tert-butyl bromoacetate produces the compound of
20 formula (X), wherein R1 and R are as defined above.

Stepj)  The compound of formula (X), wherein R! and R2 are as defined above,
can be reacted with 2-aminothiophenols (RS is as defined above) under refluxing
conditions in a conventional solvent which does not adversely influence the reaction,
for example, ethyl alcohol, and subsequent treatment of the crude product with an

25 organic acid such as trifluoroacetic acid in a conventional solvent which does not
adversely influence the reaction, for example, methylene chloride, to produce the
compound of formula (XI), wherein R1, R2 and RS are as defined above.

Stepk) The compound of formula (XI), wherein R1, R2 and R3 are as defined
above, can be reacted with thionyl chloride under refluxing conditions to produce the
30, corresponding acid chloride which upon treatment with R4-NHj (wherein R4 is as
defined above) in a conventional solvent which does not adversely influence the

This Sheet Has Been Replacéd
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reaction, for example, tetrahydrofuran, produces the compound of formula (XII),
wherein R1, R2, R4, and R5 are as defined above. However, in the case that the
initially formed amide does not cyclize under the reaction conditions, cyclization can be
achieved in a similar manner as thatofStep f.

The followmg examples further illustrate this invention:

lidinel-1.2'.3.5'(2H)-tetron

Step a)
(2-Carboxyphenyl)propanedioic Acid Dimethyl Ester

To a rapidly stirred cold suspension (O°C) of 2-bromobenzoic acid (30.0 g,
149.32 mmol), cuprous bromide (2.14 g, 14.93 mmol) and dimethy! malonate
(300 mL) was added NaH (80% in mineral oil, 10.75 g, 358.37 mmol) over a 30
minute period, while a stream of dry N2 was passed over the mixture. After the
addition of the NaH had been completed, the mixture was stirred for 10 minutes at
room temperature and 30 minutes at 70°C (external oil bath temperature). At this point,
the suspension had turned to a solid mass, which was dissolved in HyO. (1000 mL.).
The aqueous layer was extracted with diethyl ether (3x500 mL) and was acidified with
HCl (2N). The mixture was extracted with EtOAc and dried over MgSOy4.:
Evaporation gave an off-white solid which was recrystallized from EtpO/hexane (-
20°C) to give a white solid (34.2 g, 90.9%).

1H NMR (DMSO-dg, 400 MHz): § 3.67 [s, 6H, -CH(CO2CH3)2], 5.72 [s,
1H, -CH(CO>CH3)2], 7.3 (d, J=7.76 Hz, 1H, Ar-H), 7.45 (dt, J=7.66 Hz, 1.12 Hz,
1H, Ar-H), 7.6 (dt, J=7.66 Hz, 1.45 Hz, 1H, Ar-H), 7.94 (dd, J=7.8 Hz, 1.33 Hz,
IH, Ar-H), 13.2 (s, 1H, -CO2H)

IR (KBr, cmr-1): 3300-2700 (br), 1750 (s), 1730 (s), 1680 (s), 1430 (m),
' 730 (m)
MS (m/e): ) 252 (M%), 220 (M+-CH30H), 188 (M+-2xCH30H)

Anal. Calcd.: | C, 57.14; H, 4.80
Found: C, 57.05; H, 4.78.

M.P. 119-120°C. '\
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l. These processes i ncl ude:

The following compound was prepared in substantially the same manner as that
of Example 1, Step a): '

(2-Carboxy-6-flucrophenyl)propanedioic Acid Dimethyl Ester

1H NMR (DMSO-dg, 400 MHz): & 3.68 [s, 6H, (~CO2Me)2], 5.79 (s, 1H,
Ar-H), 7.12 (dd, J=10.06 Hz, 2.61 Hz, 1H, Ar-H), 7.33 (dt, J=8.48 Hz, 2.64 Hz,
1H, Ar-H), 8.03 (dd, 8.77 Hz, 6.17 Hz, 1H, Ar-BD)

IR (KBr, cm-1): 3400-2700 (br), 1730 (s), 1680 (s), 750 (m)

MS (m/e): 270 (M+), 238 M+-CH30H), 210 M+-CH30H, -CO), 151 (M*
-CH30H, -CO, -CO2CH3)

M.P. 121.5-123.0°C.

Step b)
2-[(4-Bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-1,3-dioxo-4-
moqmnohnecarboxyhc Acid Methyl Ester

A mixture of (2-carboxyphenyl)proﬁanedioic acid dimethyl ester (5.0 g, 19.84
mmol) and SOCI; (20 g) was refluxed for 1 and 1/2 hours. The volatiles were
removed in vacuo and the acid chloride was dissolved in THF (20 mL). Ina second
flask were placed 4-bromo-2-flucrobenzylamine (4.67 g, 22.91 mmol), triethylamine
(15.96 mL, 114.55 mmol) and THF (150 mL). The contents of the first flask were
added to the second flask and the mixture was stirred for 30 minutes. The formed
suspension was poured into HyO (1000 mL), stirred for 10 minutes and acidified with
HC1 (2N). The mixture was extracted with EtOAc and the organic layer was dried over
MgSO4. Evaporation gave a yellowish solid which was recrystallized from
acetone/ether/hexane (at -20°C) to yield a white solid (6.01 g, 74.6%).

1H NMR (DMSO-dg, 400 MHz): § [3.67, 3.99 (s, 3H, -CO2CH3,
tautomeric)], [5.06 (g, J=15.4 Hz), 5.29 (s), 2H, N-CH>-, tautomeric], 5.03 (s, 1H, -
CHCO,CH3, tautomeric), 7.07-8.44 (m, 7H, Ar-H, tautomeric)

IR (KBr, cm-1): 1675 (s), 1610 (s), 1490 (s), 7.95 (m)
MS (m/e): 405 (M%), 373 (M+-MeOH)

Thls Sheet Has Been Repl
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a) cyclising an am de of fornula (A [err] wherein Rerr],
Rlerr], Rerr] and Rerr] are ag fg§i Tf]?%v md COOR[ er AHB-354kt er
group, using a suitable base sugh as i ﬁn?égm(le to give a conpound of
B g nmp
formula I; or b) cyclising a corgpaund LAGSPmul a B)
-20-
Anal. Calcd.: C, 53.22; H, 3.23; N, 3.45
" Found: C, 52.91; H, 3.20; N, 3.27
M.P. 149-150°C.
The following cbmpound was prepared in substantially the same manner as that
5 of Example 1, Step b):
2-[(4-Bmmo-z-ﬂﬁomphenyl)meﬂlyl]-6-ﬂuoro-1,.2,3,4-teu'ahydro-1,3-dioxo—
4-isoquinolinecarboxylic Acid Methyl Ester
1H NMR (DMSO-dg, 400 MHz): & 3.98 (s, 3H, -CO2CH3), 5.27 (s, 2H,
-NCH>-), 7.08 (t, J=7.95 Hz, 2H, Ar-H), 7.2 (m, 1H, Ar-H), 7.34 (m, 2H, Ar-H,
10 -OH), 7.54 (m, 1H, Ar-H), 8.1-8.26 (m, 2H, Ar-H)
IR (KBr, co-1): 1680 (s), 1660 (s), 1610 (s), 785 (m)
MS (m/e): - 423 (M%), 391 (M*-CH30H)
Anal. Calcd.: C, 50.97; H, 2.85; N, 3.30
Found: C, 50.86; H, 2.86; N, 3.33
.15 M.P. 157-158'C.
Step c)
2-[(4-Bromo—2—ﬂuorophenyl)methyl]-1,2,3,4-teuahydro—4—(methoxycarbonyl)—
1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester
To a suspension of 2-[(4-bromo- -fluorophenyl)methyi]-1,2,3,4-tetrahydro-
20 1,3-dioxo-4-isoquinolinecarboxylic acid methyl ester (4.79 g, 11.58 mmol), K2CO3

(3.19 g, 23.16 mmol) in DMF (100 mL) was added tert-butyl bromoacetate (2.81 mL,
17.37 mmol). After stirring at 75°C for 1 hour, the mixture was poured into H2O,
extracted with EtOAc and dried over MgSQO4. Evaporation and purification by flash
chromatography (hexane/EtOAc, 4/1) gave a clear oil (5.69 g, 94.5%).

This Sheet Has Been Replaced




[err]

wherein Rlerr], Rlerr],Rerr], Rerr] - and COOR err] .%ﬁi’-e%%i de'fined

above using a suitable base such ag | Y| H Iithi
bis-(trimethylsilyl)amde to give § @ggp%{é%&ﬁg%g?ﬁtla l; or

10

15

20

25

-21-

IH NMR (DMSO-dg, 400 MHz): § 1.04 [s, 9H, -C(CH3)3], 3.53 (s, 3H,
-CO2CH3), 3.60 [dd, J=17.7 Hz, 2H, -CH>CO2C(CH3)3], 5.14 (s, 2H, NCH>-),
7.17 (1, J=8.25 Hz, 1H, Ar-H), 7.36 (dd, J=8.36 Hz, 1.75 Hz, 1H, Ar-H), 7.6 (m,
3H, Ar-H), 7.77 (dt, J=7.2 Hz, 1.27 Hz, 1H, Ar-H), 8.19 (dd, J=8.25 Hz, 1.54 Hz,
1H, Ar-H)

IR (CHCl3, cm-1): 1720 (s), 1675 (s), 1360 (s), 765 (m)
MS (w/e): 520 (M+H)+, 464 [M+-C(CH3)3]

The following compound was prepared in substantially the same manner as that
of Examplé 1,Stepc):

2-[(4-Bromo-2-fluorophenyl)methyl]-6-fluoro-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

IH NMR (DMS0-dg, 200 MHz): 3 1.1 (s, 9H, -CMe3), 3.55 (s, 3H,
-C0O2CH3), 3.62 (4, J=1.75 Hz, 1H, -CH2CO2CMe3), 3.75 (d, J-—-:'17.5 Hz, 1H,

 -CHC02CMe3), 5.15 (s, 2H, -NCH>2-), 7.15 (t, J=8.2 Hz, 1H, Ar-H), 7.35 (4,

J=8.2 Hz, 1H, Ar-H), 7.45-7.7 (m, 3H, Ar-H), 8.38 (dd, J=8.16 Hz, 5.70 Hz, 1H,
Ar-B)

IR (KBr, c-1): 1750 (s), 1720 (s), 1675 (s)

M/S (m/e): 538 (M+H)*, 481 (M++H, -tert-butyl)
Anal. Calcd.: C, 53.55; H, 4.12; N, 2.60
Found: C, 53.49; H, 4.00; N. 2.63.

Step d)

2-[(4-Bromo-2-fluorophenyl)methyl}-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

A mixture of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)- 1,3-dioxo-4-isoquinolineacetic acid 1,1-dimethylethyl ester (5.19,
9.81 mmol), CH,Cly (100 mL) and CF3CO2H (20 mL) was stirred at room
temperature for 5 hours. The volatiles were removed in vacuo and the residue was
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purified by flash chromatography on acid washed silica gel (5% H3PO4 in MeOH), to
give a white solid (4.12 g, 90.5%).

1H NMR (DMSO-dg, 400 MHz): 3 3.54 (s, 3H, -CO2CH3), 3.64 (dd,
J=17.67 Hz, 2H, -CH>CO2H), 5.12 (dd, J=15.34 Hz, 2H, -NCH>-), 7.14 (1, J=8.22
Hz, 1H, Ar-H), 7.3 (d, J=8.3 Hz, 1H, Ar-H), 7.5-7.6 (m, 3H, Ar-H), 7.76 d, 7.4
Hz, 1H, Ar-H), 8.16 (d, J=7.8 Hz, 1H, Ar-H), 12.35 (s, 1H, -CO2H)

IR (KBr, cm4)§ 3280 (m), 3500-2500 (br), 1750 (s), 1720 (s), 1675 (s),
1350 (s), 875 (m)

MS (m/e): 463 (M*), 445 (M"‘-I-i-OH)

- Anal. Calcd. for ConlsBrFN05-02H20 C, 51.28; H, 3.30; N, 2.99
Found: . C, 51.26; H, 3.48; N, 2.95
M.P. 139-140°C.

The following compound was obtained in substantially the same manner as that
of Example 1, Step d):
2-[(4-Bromo-2-fluorophenyl)methyl] -6—ﬂuoro-1.2,3 ,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

1H NMR (DMSO-dg, 400 MHz): 3 3.56 (s, 3H, -CO2CH3), 3.6 (d, J=17.9
Hz, 1H, -CH>,CO2H), 3.8 (d, J=17.9 Hz, 1H, -CH>CO3H), 5.1 (dd, J=15.5 Hz, 2H,
-NCH>-), 7.12 (d, J=8.23 Hz, 1H, Ar-H), 7.31 (dd, J=8.28 Hz, 1.68 Hz, 1H,
Ar-H), 7.45 (dt, J=8.56 Hz, 2.5 Hz, 1H, Ar-H), 7.54 (dd, J=9.77 Hz, 1.89 Hz, 1H,
Ar-H), 7.64 (dd, J=9.61 Hz, 2.46 Hz, 1H, Ar-H), 8.23 (dd, J=8.79 Hz, 5.81 Hz,

- 1H, Ar-H), 12.67 (brs, 1H, -CO2H)

IR (KBr, cm-1): 3400-2700 (br), 1745 (s), 1710 (s), 1670 (s), 770 (m)

MS (m/e): 481 (Mf), 405 (M+-COg,-CH30H)
Anal. Cald.: C, 49.81; H, 293; N, 2.90
Found: C, 49.94; H, 3.03; N, 2.84

M.P. 132-133.5°C.
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2-[4-Bromo-2—ﬂuorophcnyl)methyl]-1'-ethylspiro[isoquinoline-4(1H), 3-
pyrrolidine}-1,2',3,5'(2H)-tetrone

A mixture of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid (2.0 g, 4.31 mmol) and SOCl,
(10 g) was refluxed for 1 hour. The volatiles were removed ig vacuo and the acid
chloride was dissolved in THF (10 mL). In a second flask was placed a freshly
prepared saturated NHEY/'THF solution (20 mL) and the contents of the first flask were
added slowly. After 10 minutes the mixture was poured into Hz0, acidified with HCl
(2N), extracted with EtOAc and the organic extracts were dried over MgSO4.
Evaporation gave a crude product which was dissolved in DMF (10 mL) and NaH
(80% dispersion in oil, 129.3 mg, 4.31 mmol) was added portionwise. After 20
minutes the mixture was quenched with HC1 (2N), extracted with EtOAc and dried over
MgSO4. Purification by flash chromatography (hexane/EtOAc, 4/1) and crystallization
from ether/hexane (at -20°C) gave a white solid (1.4 g, 70.7%).

IH NMR (DMSO-dg, 400 MHz): & 1.01 (t, J=7.2 Hz, 3H, -NCH2CH3), 3.4
(d, J=18.2 Hz, 1H, -CH>CONE:t-), 3.48 (q, J=7.2 Hz, 2H, -NCH>CH3), 3.52 (d,
J=18.2 Hz, 1H, -CH,CONEt-), 5.07 (s, 2H, -NCH3-), 7.15 (t, J=8.23 Hz, 1H,
Ar-H), 7.33 (dd, J=8.3 Hz, 1.76 Hz, 1H, Ar-H), 7.53 (dd, J=9.84 Hz, 1.9 Hz, 1H,
Ar-H), 7.61-7.65 (m, 2H, Ar-H), 7.78 (dt, J=7.65 Hz, 1.43 Hz, 1H, Ar-H), 8.17
(dd, J=8.19 Hz, 1.49 Hz, 1H, Ar-H)

IR (KBr, cm1): 1720 (s), 1690 (s)
MS (m/e): 458 (M+), 387 (M*-CONEL-), 359 (M+-CONE{CO-)

Anal. Calcd.: C, 54.92; H, 3.51; N, 6.10
Found: C, 5492; H, 3.40; N, 6.13

M.P. 153-154°C.

_—

This Sheet Has Been

i il i



wherein Rlerr] , Rerr] , Rerr], and COORerr] are as deflﬁq_gd
Exarpl es of R err] are al kyl groups iﬂ@hsﬁ& AsrBEER ler r ] ?espemally
methyl. R err] nmay al so be [err]Bu. conmpounds of fornula (A)
are prepared by reacting a conmpound}]of fo h Br(CHerr]),
CJerr]-[err] BUin the presence of a suijable base e.g Li- N(Si Nb[err] to
gi ve a conpound of formula [err]

The following compound was obtained in substantially the same manner as that
of Example 1, Steps e, f):

2-[(4-Bromo-2-fluorophenyi)methyl]-1'-ethyl-6-fluorospirofisoquinoline-
4(H), 3'-pyrrolidine]-1,2',3,5'(2H)-tetrone

5 . IH NMR (DMSO-dg, 400 MHz): § 1.0 (t, J=7.17 Hz, 3H, -NCH,CH3), 3.41-
3.48 (m, 4H, -CH2CONEt-, -NCH>CH3), 5.05 (s, 2H, -NCH>-), 7.14 (t, J=8.2 Hz,
1H, Ar-H), 7.33 (dd, J=8.2 Hz, 1.66 Hz, 1H, Ar-H), 7.47 (dt, J=8.6 Hz, 2.47 Hz,
1H, Ar-H), 7.52 (dd, J=5.8 Hz, 1.9 Hz, 1H, Ar-H), 7.72 (dd, J=9.8 Hz, 1H, 2.42
Hz, 1H, Ar-H), 8.23 (dd, J=8.8 Hz, 5.86 Hz, 1H, Ar-H)

10 ~ IR(KBr, cml): 1720 (s), 1695 (s)
M/S (m/e): 476 (M#), 405 (M+-CONEt-), 377 (M+-CONEtCO-)
Anal. Caicd.: C, 52.85; H, 3.17; N, 5.87
Found: C, 52.71; H, 2.97; N, 5.84

- M.P. 185-186°C.

EXAMPLE 1A
15 2-[(4-Bromo-2-ﬂuorophenyl)methyl]-1'-methylsp1ro[1soqumohne-4(1-l) 3-
pyrrolidine]-1,2',3,5'(2H)-tetrone :

A mixture of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-

(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid (2.0 g, 4.31 mmol) and SOCl>

. (10 g) was refluxed for 1 hour. The volatiles were removed in vacuo and the acid

20 chioride was dissolved in THF (10 mL). In a second flask was placed a freshly

prepared saturated NHoMe/THF solution (20 mL) and the contents of the first flask

were added slowly. After 10 minutes the mixture was poured into H20, acidified with

HCl (2N), extracted with EtOAc and the organic extracts were dried over MgSOs.

Evaporation and purification by flash chromatography (hexane/EtOAc, 4/1) gave an

25 = off-white solid which was recrystallized from ether/hexane (at -20°C) to give a white
solid (1.2 g, 62.5%).

\
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-11- . wherein Rerr] , Rerr] and Rerr] .are as ‘g_ﬁ},@?ﬁ above
and COOR is an ester gro pTl-(ISt Ttﬁm HEENr] Bu est i eating

t he conmpound of formula (F ¢éumwacet|c acid to

renove the [err]Bu group, reactin rneul d wth 5 a
coupling agent, e.g 1-(2-d|nethylZ%HInopropyl)-2-ethy|carbodiinide
in the presence of 1- hydroxy benzotrlazole foll owed by an

amne of formila Hel/d BMISLie fodMi%n: 858510l $45%s, 31, -coodid),

3.41 (d, J=18.2 Hz, 1H, -CH,CONMe-), 3.54 (d, J=18.2 Hz, 1H, -CH,CONMe-),

5.07 (s, 2H, -NCH3-), 7.16 (1, J=8.3 Hz, 1H, Ar-H), 7.33 (dd, J=8.3 Hz, 2.5 Hz,

1H, Ar-H), 7.54 (dd, J=9.96 Hz, 2.07 Hz, 1H, Ar-H), 7.61-7.67 (m, 2H, Ar-H),
5 7.77 (dt, J=7.26 Hz, 1.45 Hz, 1H, Ar-H), 8.16 (dd, J=8.3 Hz, 1.87 Hz, 1H, Ar-H)

IR (KBr, cm-1): 1710 (s), 1680 (s)

MS (m/e): 444 (M), 387 (M+-CONMe-), 359 M+-CONMeCO-)
Anal. Caled.: C, 53.95; H, 3.17; N, 6.29
Found: C, 53.6%; H, 2.87; N, 6.21
10 M.P. 78-79°C.
EXAMPLE 2

2-[[5-(Trifluoromethyl)-2-benzothiazolyl]methyl]-1'-
methylspiro[isoquinoline-4(1H), 3'-pyrrolidine]-1,2',3,5'(2H)-tetrone

Step g)
3-Methoxy-1-oxo-1H-2-benzopyran-4-carboxylic Acid Methyl Ester

15 A mixture of (2-carboxyphenyl)propanedioic acid dimethyl ester (10.09 g,
39.68 mmol) and SOCl; (100 g) was refluxed for 2 hours. The volatiles were removed
in yacuo and the crude product (acid chloride) was dissolved in THF (200 mL).
Triethylamine (27.64 mlL., 198.4 mmol) was added and the mixture was stirred for 30
minutes. The yellowish suspension was poured into HCI (1IN, 1000 mL), extracted
20 with EtOAc and the organic extracts were dried over MgSO4. Evaporation and
crystallization from acetone/ether/hexane (at -20°C) gave a white solid (87.6 g, 94.4%).

1H NMR (DMSO-dg, 400 MHz): & 3.82 (s, 3H, -COsMe), 4.03 (s, 3H,
-OMe), 7.42 (t, J=7.26 Hz, 1H, Ar-H), 7.8 (t, J=8.2 Hz, 1H, Ar-H), 7.9 (d, J=8.3
Hz, 1H, Ar-H), 8.1 (d, J=7.26 Hz, 1H, Ar-H).

25 IR (KBr, cm-l): 1740 (C=0), 1685 (C=0)
MS (m/e): . 234 (16, M¥), 206 (38.5, M*+-CO), 203 (12, M+-OMe)
This Sheet Has Been Replaced
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Anal. Calcd.: C, 61.59; H, 4.30
Found: C, 61.82; H, 4.29

M.P. 129-130°C.

The following compound was prepared in substantially the same manner as that
of Example 1, Step g):

6-Fluoro-3-methoxy-1-oxo0- 1H-2-benzopyran-4-carboxylic Acid Methyl Ester
IH NMR (DMSO-dg, 400 MHz): § 3.81 (s, 3H, -CO2CHz), 4.06 (s, 3H,
-OCH3), 7.27 (dt, J=8.3 Hz, 1H, Ar-H), 7.8 (dd, J=11.83 Hz, 2.49 Hz, 1H, Ar-H),
8.16 (dd, J=8.92 Hz, 6.2 Hz, 1H, Ar-H)

IR (KBr, cm-l): 1750 (C=0), 1685 (C=0)

MS (m/e): '_252 (24, MH), 224 (54, M*-CO)
‘Anal. Calcd.: C, 57.15; H, 3.60
Found; C, 57.19; H, 3.57

M.P. 142-143°C.

 Steph)

2-(Cyanomethyl)-1,2,3,4-tetrahydro-1,3-dioxo-4-isoquinoline
carboxylic Acid Methyl Ester

To a solution of 3-methoxy-1-oxo-1H-2-benzopyran-4-carboxylic acid methyl
ester (8.0 g, 34.19 mmol) in DMF (100 mL) was added aminoacetonitrile

- hydrochloride (6.32 g, 68.37 mmol) and the suspension was stirred until all the

materials have dissolved. Triethylamine (14.3 mL, 102.57 mmol) was added and the

- mixture was stirred at 100°C for 30 minutes, and then poured into H20, acidified with

HCl1 (2N) and extracted with EtOAc. The organic extracts were dried over MgSO4.
Evaporation and crystallization from acetone/ether/hexane (at -20°C) gave a yellowish
solid (6.5 g, 73.7%).
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IH NMR (DMSO-dg, 400 MHz): & [3.7 (s), 3.98 (s), 3H, -CO2CHs3,
rotameric], [4.92 (s), 5.44 (s), 2H, -NCH>CN, rotameric], 7.2-8.4 (m, 4H, Ar-H,
rotameric)

IR (KBr, cm-1): 3400 (OH), 1670 (C=0) -

5 MS (m/e): 258 (20, M*), 226 (43, M*-McOH), 199 (13,
~ M#-COzMe)
Anal. Calcd.: C, 60.47; H, 3.90; N, 10.85
Found: C, 60.27; H, 3.77; N, 10.69

M.P. 169-171°C.

The following compdund' was prepared in substantially the same manner as that
10 of Example 1, Step h):

2-(Cyanomethyl)-6-ﬂuoro-1,2,3,4—ten'ahydro-1,3-dioxo-4-isoquinoline

carboxylic Acid Methyl Ester
Anal. Calcd.: C, 56.53; H, 3.28; N, 10.14
Found: C, 56.45; H, 3.22; N, 10.13
15 M.P. 178-179°C.
Step i)

2-(Cyanomethyl)-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-
1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

To a suspension of 2-(cyanomethyl)-1,2,3,4-tetrahydro-1,3-dioxo-4-
20 isoquinoline carboxylic acid methyl ester (6.5 g, 25.19 mmol), K2CO3 (6.95 g, 50.38
mmol) and anhydrous DMF (100 mL) was added tert-butyl bromoacetate (6.1 mL,
37.79 mmol). After stirring at 85°C for 3 hours, the mixture was poured into H0,
acidified with HC] (2N) and extracted with EtOAc. The organic extracts were dried
over MgSOy4. Evaporation and purification by flash chromatography on silica gel
25 - (hexane/EtOAc 4/1) gave a white solid (8.5 g, 90.7%) .
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IH NMR (DMSO-dg: 200 MHz): § 1.03 (s, 9H, -CO2 CMe3 ), 3.58 (s, 3H,
°C02ﬂ3)1 3.64 (S’ 2H’ 'QHlCOZ'). 5.05 (ss 2H1 'NQEZCN)- 7.64 (ma 2H0 Ar'ﬂ)v
7.78 (dd, J=7.4 Hz, 2.0 Hz, 1H, Ar-H), 8.24 (dd, J=8.2 Hz, 1.6 Hz, 1H, Ar-H)

IR (KBr, cml): 1745 (C=0), 1730 (C=0), 1670 (C=0)

5 MS (m/e): 373 (38, M* + H), 317 (100, M* + H, -CME3)

Anal Caled.: C, 61.28; H, 5.41; N, 7.52
Found: C, 61.61; H, 5.49; N, 7.13
M.P. 48-50°C.

The following compound was obtained in substantiaily the same manner as that
10 of Example 1, Step i):

2-(Cyanomethyl)-6-:ﬂuom-1,2,3,44etrahydro—4-(methoxycarbonyl)—
1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

Anal. Calcd.: C, 58.46; H, 491; N, 7.18
Found: C, 58.65; H, 4.98; N, 7.08
15 MP.  133-135°C.

Step j)
1,2,3,4-Tetrahydro-4-(methoxycarbonyl)-1,3-dioxo-2-[[(5-
triflucromethyl)-2-benzothiazolylJmethyl]-4-isoquinolineacetic Acid

To a mixture of 3-amino-4-mercaptobenzotrifluoride hydrochloride (6.1 g, 26.2

_2 0 mmol) and EtOH (150 mL) was added Et3N (3.65 mL). After stirring for 10 minutes,
2-(cyanomethyl)-1,2,3,4-tetrahydro-4-(methoxycarbonyl)- 1,3-dioxo-4-isoquinoline-

acetic acid 1,1-dimethylethyl ester (6.5 g, 17.47 mmol) was added and the mixture was

refluxed for 15 hours, poured into H0, acidified with HCl (2N) and extracted with

EtOAc. The organic extracts were dried over MgSO4. Evaporation gave an oil (9.6 g)

25 which was dissolved in CH,Cly (80 mL). Trifluoroacetic acid (20 mL) was added and

the mixture was stirred at room temperature for 8 hours. The volatiles were removed in
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apparent to the skilled chem st. i Starting materials for the
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yacuo and the residue was purified by flash chromatography on acid washed (5%,
H3PO4 in MeOH) silica gel to give a white solid (6.3 g, 73.3%).

IH NMR (DMSO-dg, 400 MHz): § 3.57 (s, 3H, -CO2CH3), 3.68 (dd,
J=17.85 Hz, 2H, -CHoCO5H), 5.61 (s, 2H, -NCHy-), 7.62 (m, 2H, Ar-H), 7.81 (m,
5 2H, Ar-H), 8.2 (dd, J=7.9 Hz, 1.04 Hz, 1H, Ar-H), 8.33 (dd, J=8.5 Hz, 0.92 Hz,
1H, Ar-H), 8.34 (d, J=0.83 Hz, 1H, Ar-H)
IR (KBr, cmrl): 3200-2500 (CO5H), 1750 (C=0), 1710 (C=0), 1670 (C=0)
MS (m/e): 492 (6, M¥), 448 (6, M*-COy), 416 (62, M*-CO5, -MeOH)

Anal. Calcd.: C, 53.66; H, 3.07; N, 5.69
10 Found: C, 53.40; H, 3.01; N, 5.54

MP. 199-201°C.

The following compounds were prepared in substantially the same manner as
that of Example 1, Step j):

1,2,3,4-Tetrahydro-4-(methoxycarbonyl-1,3-dioxo-2-

15 ' [(2-benzothiazolylmethyl]-4-isoquinolineacetic Acid
Anal. Calcd.: C, 59.43; H, 3.80; N, 6.60
Found: C, 59.37; H, 3.74; N, 6.43

M.P. 189-190°C.

6-Fluoro-1,2,3,4-tetrahydro-4-(methoxycarbonyl-1,3-dioxo-2-

20 [[(5-trifluoromethyl)-2-benzothiazolyl]methyl]-4-isoquinolineacetic Acid
Anal. Calcd.: C, 51.77; H, 2.76; N, 5.49
Found: - C, 51.62; H, 2.97; N, 5.18

MP. 103-105°C.
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Step k)

2-[(S-Trifluoromethyl)-Z-benzothiazplyl]methyl]-l'—methylspiro
[isoquinoline-4(1H), 3°‘-pyrrolidine]-1,2°,3,5°(2H)-tetrone

A mixture of 1,2,3,4—ten'ahydro-4-(methoxycarbonyl)-1,3-dioxo-2-[[(5-
trifluoromethyl)-2-benzothiazolyl)methyl]-4-isoquinolineacetic acid (2.0 g, 4.06 mmol)
and SOCl; (20 g) was refluxed for 1 hour. The volatiles were removed in vacuo and
the product (acid chloride) was dissolved in THF (10 mL). To a second flask was
placed a freshly prepared, saturated NHaMe/THF solution (20 mL) and the contents of
the first flask were added slowly. After stirring for 10 minutes, the mixture was
poured into H>O (500 mL) acidified with HCl (2N) extracted with EtOAc and dried
over MgSO4. Evaporation and purification by flash chromatography (hexane/EtOAc
2/1) gave a white solid (1.35 g, 80.3%).

IH NMR (DMSO-dg, 400 MHz): § 2.96 (s, 3H, N-CH3), 3.43 (d, J=18.26
Hz, 1H, -HCHCO-), 3.56 (d, J=18.26 Hz, 1H, -HCHCO-), 5.56 (s, 2H, -NCH>-),
7.66 (m, 2H, Ar-H), 7.82 (m, 2H, Ar-H), 8.20 (d, J=7.88 Hz, 1H, Ar-}D), 8.33 (m,
2H, Ar-B)

IR (KBr, cm-l): 1720 (C=0), 1700 (C=0), 1670 (C=0)

MS (m/e): 473 (100, M%)
Anal. Calcd.: C, 55.81; H, 2.98; N, 8.88
Found: C, 56.22; H, 2.97; N, 8.80

MP. 179-180°C.

The following compound was prepared in substantiaily the same manner as that
of Example 1, Step k):

'-Ethyl-6-ﬂuoro—2-[[5-(u'iﬂuoromeﬂzyl)-2-benzothiazolyl]-
methyl]spiro{isoquinoline-4(1H), 3'-pyrrolidine]-1,2',3,5'(2H)-tetrone

Anal. Calcd.: C, 54.66; H, 2.99; N, 8.31
Found: C, 54.97; H, 2.88; N, 8.35
MP. 154-156°C.
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CLAIMS

1. A compound of formula (I)

ey

wherein R1 and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl, nitro, aryl or
aryl(lower alkyl)oxy wherein aryl contains 6 to 10 carbon atoms and lower alkyl
contains 1 to 6 carbon atoms; R3 is hydrogen, lower alkyl containing 1 to 6 carbon
atoms, aryl, aryl(lower alkyl) or halogen substituted aryl(lower alkyl) wherein aryl

- contains 6 to 10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms, or
benzothiazole of structural formuia

N
N MSI;" * qa

wherein R5 is hydrogen,; halogen; alkyl containing 1 to
6 carbon atoms, lower alkoxy containing 1 to 6 carbon
atoms, trifluoromethyl, nitro, aryl or aryl(lower
alkyl)oxy wherein aryl contains 6 to 10 carbon atoms

. and lower alkyl contains 1 to S5 carbon atoms; and R4 is
alkyl containing 1 to 12 carbon atoms, aryl,
aryl(loweralkyl) wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms,

acyl, carboalkoxy, -(CH,) CO,H or -(CH

: 2 2 )nOH’ wherein h
is 1 to 6.
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2. A compound according to claim 1 wherein R! and R2 are independently
hydrogen or halogen; R3 is a mono- or dihalogen substituted aryl(lower alkyl) wherein
aryl contains 6 carbon atoms and lower alkyl contains 1 to 3 carbon atoms, or

- benzothiazole of structural formula

AL

wherein RS is hydrogen, halogen or trifluoromethyl; and R4 is alkyl containing 1 to 3
carbon atoms.

3. A compound according toclaim2 which is

2-[(4-bromo-2-fluorophenyl)methyi]-1'-methylspirofisoquinoline-4(1H), 3'-
pyrrolidine]}-1,2',3,5'(2H)-tetrone.

4. ' A compound accordingtoclaim2 which is

2-[(4-bromo-2—ﬂuorophenyi)methyl]— "-ethylspiro[isoquinoline-4(1H), 3'-
pyrrolidine}-1,2',3,5'(2H)-tetrone.

5. A compound according toclaim2 which is

2-[(4-bromo-2-fluorophenyl)methyl]-1'-ethyl-6-fluorospiro[isoquinoline-
4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrone.

6. A compound according toclaim2 which is

2-[[5-(trifluoromethyl)-2-benzothiazolyl]methyl]-1'-methylspiro[isoquinoline-
4(1H), 3'-pyrrolidine]-1,2',3,5'(2H)-tetrone.

7. A compound according toclaim2 which is

1'-ethyl-6-fluoro-2-[[5-(triflucromethyl)-2-benzothiazolyljmethyl]spiro-
[isoquinoline-4(1H), 3'-pyrrolidine]-1,2',3,5'(2H)-tetrone.

This Sheet Has Been Replaced




R err] are and Rerr] is aryl-C(O-, loweral kyl-C(O) -
| oner al koxy* cérb e made by the pr'ol:é's B.

THIS SHEET HAS BEEN

Process B nds of formula (1), wherein Rlerr] Rerr], angyp. 9544
@n@@ﬁ

REPLACED
8. A process for preparing a compound of formula I as claimed in Claim 1 which
comprises one of the following:
a) cyclising an amide of formula (A)
CONHR*
R COOR®
1
9]
NR3 (A)
R, 0

wherein R!, R2, R3 and R4 are as defined in Claim 1 and COORS is an ester group,
using a suitable base to give a compound of formula I;

h) cyclising a compound of formula (B)

NR3 B)

-wherein R1, R2, R3 and COORS are as defined above using a suitable base to give a

compound of formula I;
or _
c) acylating a compound of formula I as shown in Claim 1 wherein R4 is

hydrogen and R1-3 are as defined in Claim 1 to give a corresponding compound of
formula I wherein R4 is acyl or carboalkoxy. |

I
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or

d) reacting a compound of formula

HS

in which formulae Rl, Rz, R4 and R5 are as defined in

Claim 1 to give a compound of formula I wherein R3 is a
benzothiazolylmethyl group of formula Ia.

T
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9. A processfor preparing a compound of formula (I)

D

wherein R! and R? are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl, nitro, aryl or
aryl(lower alkyl)oxy wherein aryl contains 6 to 10 carbon atoms and lower alkyl
contains 1 to 6 carbon atoms; R3 is hydrogen, lower alkyl containing 1 to 6 carbon
atoms, aryl, aryl(lower alkyl) or halogen substituted aryl(lower alkyl) wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms; R4 is alkyl
containing 1 to 12 carbon atoms, aryl, aryl(lower alkyl) wherein aryl contains 6 to 10
carbon atoms and lower alkyl contaias 1 to 6 carbon atoms, acyl, carboalkoxy, or
-((_ZHz)nCOz H, -(CH2)n OH, wherein n is 1 to 6 which comprises:

a) reacting the compound of formuis (IV)

CO, Me
Rl
[\ (0]
I av)
O

wherein R1, R2, and R3 are as defined above with an inorganic base in a conventional
solvent and subsequently adding tert-butyl bromoacetate to produce the compound of
the formula (V)
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- 16- ., —T——Stepa)yReactitng either 2-bronobenzoic aci
%1%5'3%4% err]

2- chl or obenzgj | a (11) wherein R e
are as defi né!"ﬂaml l l" thyl mal onate and NaH in the
presence of a+Ca of CuBr to produce the propanedioic acid

di met hyl ester of formula (111) erein Rl and B —theftined
above. 5 The 2-brom)58ﬁ/{zloi c acids or Z-Eﬁ‘soﬁgMEBSCBEEN
acids of fornula (11) required f the present ihventiREPLACED
commerically avail abl e conpounds or can bq ﬁrepar ed by known

met hods. Step b) The propebg_@_@k_ﬁ acid dinmethyl ester of
formula (111) can be reacted with 1 thionyl chloride under

orre$gtndi ng acid chloride 10
eb'dzMQIH[ err] in the presence of

0 4}

refl uxing conditions to produce the
whi ch upon treatnment with an ﬁ{” ne
triethylamne in a \

wherein R, R2, and R3 are as defined above;

b) hydrolyzing said compound of formula (V) with an organic acid in a
conventional solvent to produce the compound of formula (VI)

CO.H
CO,Me
Rl
N 0
o -
O

wherein R1, R2, and R3 are as defined above;

c) reacting said compound of formula (VI) with a coupling agent in a
conventional solvent and subsequently adding R4-NH> to produce the compound of
formula (VII)

CONH-R*
Rl CO,Me
NN 0
e v
R? "R
o)

wherein R1, R2, R3, and R4 are as defined above;

d) reacting said compound of formula (VII.) with a base in a conventional
solvent to product the compound of formula (I).
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conventional solvent wiich does not adversely influence the,fpagdsqon, for
exanpl e, drof uran, can produce the conpound of fornula
(IV) vvher“lﬂ"ﬂ”l "I"ﬁﬂ'% i and R[err] are as defined above.

o

formula (1V), wdrein Rerr], W
are as defi ned 15 above, is reacted with an i nor ga b%f 3
|ch

pot assi um carbonate in a conventi onal soI vent
adversely influence the reaction, for exanple,

di met hy! f or marti%e, Pamrmsaqfféﬁtth@loﬁ’??@ﬁrBFl?ﬂe#ePt cBUP}?I““gr &‘T:Dacet ate
produces ddnerapotnd of the formula (V), wherein Rerr], R[err]
and Rl err] are as defined above. @ Step d) The conpound of
formula (V), wherein Rerr], Rerr] NRRerr] are as defined 2 0

above, is hydrolyzed with an organicfaci§ sych as trifluoroacetic acid in a

conventi onal sol vent i ch adversely influence the
reaction, for exanple, nethylene Qnhloride, Wo produce the

conmpound of forrmula (VI), wherei§j, R1} R2 giyd R3 are as defi ned
above. Step e) The Ngt” formul a (VI), wherein R1, R2
and R3 are as defined 25 #@3ove, cfn be reacted wth thionyl chloride

under refluxing conditions to produce ©he correspondi ng acid
chl oride, which upon treatnent with Rlerr]-NH err] wherein R4 is as

gif ;Pgdagbove Rerein OdUﬁF &ﬁﬁ afe in gpe%]:iex];tf)y ﬁ%rgg Vlajk)yl céM}%hﬁig“l Bl c&fbon Hon)d
halogen, lower alkoxy containing 1 to 6 carbon atoms, triflucromethyl, nitro, aryl or
aryl(lower alkyl)oxy wherein aryl contains 6 to 10 carbon atoms and lower alkyl
contains 1 to 6 carbon atoms; R3 is benzothiazole of structural formula

AT

wherein R° is hydrogen , halogen alkyl containing 1

to 6 carbon atoms , lower alkoxy containing

1 to 6 carbon atoms, trifluoromethyl, nitro, aryl or aryl(lower alkyl)oxy wherein a:yl
contains 6 to 10 carbon atoms and lower alkyl contains 1 to 5 carbon atoms, and R4is
alkyl containing 1 to 12 carbon atoms, aryl, aryl(lower alkyl) wherein aryl contains 6 to
10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms, acyl, carboalkoxy, or
-(CHo)nCO2H, -(CH2),OH, wherein n is 1 to 6 which comprises:

a) reacting the compound of formula (IIT)

CO,Me
\ COMe

CO,H

wherein R1 and R2 are as defined above with SOCl; and subsequent treatment with
Et3N in a conventional solvent to produce the compound of formula (VIII)

—_—
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defined above_However, in the case when RA=Me the initial \ypigysaed am de
(v, when R4=Me) cyclizes under these conditions to the final

PrlgijCt (l’ mmmmm"""mmmm de of f3Bmula (VI1), wher eirTHhc( égéf[ HAS BEEN

Rlerr], Rerr] dnd*R err] & e+as defined - above, i$_reac Mﬁcph a

base such as sodi um hydr| de in a conventional solvent which does
not adversely influence the reaction, for exanple, N, N-dinethylformam de,
to produce the conpound of the for M@l (I'), wherein Rl, R2, R3
and R4 are as defined 5 aboveg! 2¥i&t ep ) The propanedi oi c
acid dinmethyl ester of forrmula (I11) b eacOMeE W t h t hi onyl
chl oride under refluxing conditions t rgducy the corresponding acid

chl ori de whi ch upon treatne ' £ 3N in a conyvmmj onal sol vent
whi ch does not adversely R2

6]
wherein R1 and R2 are as defined above

b)  reacting said compound of formula (V) with aminoacetonitrile hydrochloride
in the presence of Et3N in a conventional soivent to produce the compound of formula
(5.9)

x)

wherein R1 axldRZareasdeﬁnedabove

c) reacting said compound of formula (IX) with an inorganic base in a
conventional solvent and subsequently adding tert-butyl bromoacetate to produce the
compound of formula (X)

wherein R! and R2 are as defined above
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i nfl uence the rw, tetrahydrofuran, can produce the

conpound of 10 formula (VIII wherein RL and R2 are dﬁﬁﬁned above.
Step h) The co “ “lmmm (VI [1), wherein Rlerr] apd Rlerr] are as
defi ned above, l“!‘m ‘lw d wit h3g1m noacetonitrile ﬁ'ms ‘S‘HEEDMA@GBEEN
the presence of Etx3N¢inta " ° conventional sol vent ich dRHﬂA@PE

adversely influence the reaction, for exanple,
N, N- di et hyl f or mam de, produces the conpound of the fornula (1X), wherein
R1 and 15 d) R2reat€n@suid edhpethddfdorenula (X) Step i) The compound of
formula (1X), wherein %%enr] and Rlerr] are as defined above, is

reacted with an inorgani c base such as pota%?b%gkgfrbonate in a
conventional sol vent whi ch does sely influence the
reaction, for exanple, N, N-dinethylformn\Je CO,Me and subsequent
addition of the tert-butyl bronpacet&e pro esgt he compggnd of 2 0
formula (X), wherein RL and R2 are as ove. St epj)

The conpound of fornmula (X), wherein R3gare as defined above,

can be reacted with 2- amnothlophenols/(a ax™defONed above) under

refl uxi ng conditions in a ®&nventidnal solvent which does not
adversely influence the reaction, or exanpl e, ethyl alcohol, and
subsequent treatnent of the crude product with an

with a 2-aminothiophenol of structural formula

H,N
HCl o |
HS

wherein R is as defined above to produce the tert-butyl ester compound of structural
formula .

e hydrolyzing the tert-butyl ester with an organic acid in a conventional solvent to
produce compound of formula (XI)

* wherein R1, R? and RS are as defined above,
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25 ergante—acid—such as trifluoroacetic acid in a conventi onal

>

sol vent ' ' adversely influence the reaction, for
exarrpl e H wUml de, to produce the conmpoundpodshar mul a
(X1), R5 are as defined above. :

conpound of formil a (XI), wherein Rl, R2 and R5 are as defI“@bEHEEi“AS BEEN
above, can be reacted with thionyl chloridaounder refl uxihg cortbPLAGED to

produce the 30 correspondi ng acid chl ori de which upon treatnment W Th
R4-NH2 (wherein R4 is as defined above) in a conventional solvent
whi ch does not &dver sekpcitinigue®dal tdmwnpound of formula (XI) with

- 18- 8 103 169 Xy @%{Qf &b P bdyges; hhg
conmpound of fornuF % * %Wﬁégim #%éﬁ 4-gand 2are as

defi ned above. FBWé?éFlOF‘ﬁlt B lvent: thmprgduce the comewm¢a4>fyf%m%a
am de does not ¢yghi ze under the reaction conditions, cyclization can be

(Ib)

wherein Rl, Rz, R4 and R5 are as defined above.

1l. A pharmaceutical composition which comprises a
compound according to any one of Claims 1 to 7 and a
pharmaceutically acceptable carrier.

12. A compound of formula I according to any one of
Claims 1 to 7 for use as a pharmaceutical.

13. Use of a compound of formula I as defined in
anyone of Claims 1 to 7 in the preparation of a
medicament for the treatment or prevention of
neuropathy, retinopathy, nephropathy or cataracts in a
diabetic mammal.

[
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achigved in a simlar manner as that of Step 'f. 5 The follow ng

exanples further illustrate this i Hvention: -

EXAMPLE 1 2-[ (4- Brono- 2-f | uor ophenyl ) met hyl | -agp-9544

' -met hyl spi ro[isoqui noline-4(1H) = 3'-

pyrrolidine]- 1 .2'.3.5 (2H)-tetrone -41- Step a)

(2- Car boxyphenyl ) propanedi oi ¢ Acid Di net hyl Ester THIS SHEET(HKS BEEN
rapidly stirred cold suspension (Jerr] ,pronoben20|c aC|dRé (gng.
149. 32 mol ), cuprous brom de (2.14 g, - ) and di ns

- (300 nm.) was added NaH (80%in mneral oil, 10.75 g, 358.37 mml) over a
30 m nute period, while a streamof dry N2 was passed over the

m xture. After the addition of the NaH had been conpleted, the

m xture was stirred ¥oRLHBLSRIRGsIZPQUINOLINE-PYRROLIDINE FRTRONES| 30
mnutes at 70[err] C (exteniy ANALJEY THENEUY ASEr)L A$ AlWEsEOI nt,

t he suspensi on had turned in Herr]0
(1000 nmL). 15 The aqueous | a ] h di et hyl ether
(3x500 nL) and was acidified with HC (2N). The m xture was
extracted with Et OAc and dried over MgSO err]; Evapor ati on gave

an off-white solid which was recrystallized fron1Et[err]C¥hexane (-
This invention relates to

N‘-alkyl-spiro-isoquinoline-pyrrolidine tetrones of

formula
0 L]
NRY
1 O
N
R?. \R3
o

- ' (I

wherein Rl and r2 are independently hydrogen, alkyl
containing to 1 to 6 carbon atoms, halogen, lower
alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl or aryl(lower alkyl)oxy wherein aryl
contains 6 - 10 carbon atoms and lower alkyl contains 1
to 6 carbon,atoms;'R3 is hydrogen, lower alkyl
containing 1 to 6 carbon atoms, aryl, aryl(lower alkyl)
or halogen substituted aryl(lower alkyl) wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains
1l to 6 carbon atoms, or benzothiazole of structural

N
S F (Ia)

formula
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20[err}CQwto give a white solid (34.2 g, 90.9%. [err]H
NVR (DVSO-d[err], 400 MHz): [err] 3.67 [s, 6H, -CH(CJerr]CHerr], 5.72 [s,

20 1H, -CH(CJerr]CH err], 7.3 (d, J 7.76 Hz, 1H, Ar-Alhpr%‘ﬁg (dt
J=7.66 Hz, 1.12 Hz, 1H, Ar-H), 7.6 (dt, J=7.66 Hz

Ar-H), 7.94 (dd, J=7.8 Hz, 1.33 Hz, —42- 1H, Ar-H), -
-CJderr]H IR (KBr, cnferr]): 3300- 2¥

1730 (s), 1680 (s), 1430 (m,

MS (me): 252 (M+), 220 (M- CH30H), 188 (M- 2XCAIErT]OH) 25
Anal . Calcd : wherdin WP l#s Iyddodén, halogen, alkyl tewt@ining 1 to
C 57.05 H, 4678carbon atoms, lower af&ox%gcégg gBE 8'1 to 6 carbon
atoms, trifluoromethyl, nitro, aryl or aryl(lower
alkyl)oxy wherein aryl contains 6 to 10 carbon atoms
and lower alkyl contains 1 to 5 carbon atoms; and R4 is
alkyl containing 1 to 12 carbon atoms, aryl,
aryl(loweralkyl) wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms,
acyl, carboalkoxy, -(CHZJnCOZH or -(CHz)nOH,_whergin n
is 1 to 6. The compounds have pharmaceutical
properties which render them beneficial for the
prevention of treatment of diabetes mellitus associated

complications.
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-19 - : ] onpound was prepared in

subst aritial |y the sane {nmgnner as that of Exanple 1, Step a):

(2- Car boxy- 6- f | uor ophedyl}) p? 2@ 1996 c | A |d Di met hyl Ester

[err]H NMR (DVBO-d[err]j, |400 Mtz): [ert] 168[s 6H, (- CQerr]I\/E)[err]
5.79 (s, 1H, 5 Ar-Hy, 7. I2°dd, J=10.06 Hz, 2.61 Hz, 1H, Ar-H),

7.33 (dt, J=8.48 Hz, 2.64_H 8..03 dd, 8.77 Hz, 6.17
‘Hz, IH Ar-H  N-ALKYL-SPIRO-; NE&30

(s), 1680 (s), 750 (m
(M-CH err]OH), 210 (M-
-CJerr]CHerr]) 10

b)

-CH[err]O—l - CO,
Step

This invention relates to N‘ -alkyl-spiro-isoquinoline-pyrrolidine tetrones
to processes for their preparation, to
methods for using the compounds, and to pharmaceutical preparations thereof. The
compounds have pharmaceutical properties which render them beneficial for the
prevention or treatment of complications associated with diabetes mellitus.

5 The use of insulin and/or oral hypoglycemic agents in the treatment of diabetes
mellitus has prolonged the life of many of these patients. However, their use has not
had a demonstrable impact on the development of diabetic complicatons such as
neuropathy, nephropathy, retinopathy, cataracts and vascular disease which accompany
the underlying metabolic disorder. There is little question that chronic hyperglycemia

1o plays a major role in the genesis of these complications, and that complete
normalization of blood glucose would likely prevent most if not all complications. For
a number of reasons, though, chronic normalization of blood glucose has not been
achieved with the currently available therapies.

The long-term complications of diabetes develop in tissues where glucose

15 uptake is independent of insulin. In these tissues, which include the lens, retina,
| kidney and peripheral nerves, the systemic hyperglycemia of diabetes is rapidly
transposed into high tissular concentrations of glucose. In all of these tissues this

excess glucose is rapidly metabolized by the sorbitol pathway. The intense diabetes-

induced flux of glucose through this pathway appears to initiate a cascade of

20 biochemical alterations which slowly progress to cell dysfunction and structural
damage. Aldose reductase, the key énzymc in the sorbitol pathway, reduces glucose to

sorbitol at the expense of the cofactor NADPH. In animal models of diabetes,
compounds which inhibit aldose reductase have been shown to prevent the
biochemical, functional and morphological changes induced by hyperglycemia. Early

25 studies by J. H. Kinoshita and collaborators implicated aldose reductase in the etiology
of diabetic cataracts. More recent studies have provided compelling evidence that

aldose reductase also plays a significant role in the initiation of diabetic nephropathy,




| | | REPLACEMENT SHEET |
2-[ (4-Brono- 2-f | uorophenyl ) nethyl ] -1, 2, 3, 4- t et r ahyjdrjo=1-3=droxo- q-_
I spqui. noI | necarboxylic Acid Methyl Fster 22K g ur ¢ of
(2-car boxyphenyl) mesa ﬁE'HOIH(ASaBEE(ﬂI di met hyl ester |(§.0 Z)‘ q “gﬁ 1%
mmol ). and SOCI [erf] (2 LACBS T ef | Px%d for 1 andjl/t2_hours The oIHati | es
wer e S re e acid chlonide was dissolved|in THF
(20 nm.). In a second fl ask were pl aced '

4- br ono- 2- fluo&@QQFéﬁEQﬁ&n% @4r53rgma Qkﬂﬂm&thiebertmﬂ|am D@ab.
i

(15.96 nm., 114. 55 mol t ent t he f t fl k
wer e Co8Red 2o I?Hg Fgco iata ea':nﬁ(it’h rl]‘Pﬁ'e%t"'ar g)qneg’eg‘t: fed fgf 30

m nutes. The f &disedS2G., 30,s@2p&nsL o W tyesite @ nicn tXan st rarar,] O (1000 m),
‘stirred for 1ODr{|a%gtt%%4a@% agbgl fbgg. with HC (2N). The m xture
was extracted wt organic Iayer was ‘dried over

MySJ err]. Evaporation gave a yeI | owi sh solid which was recrystallized from
acet one/ et her/ hexane'r(-;@t N—'ZQ[J.gyu.]-Qlf@-iysaiiv.ﬁnaal\uﬂlet—@y&tﬁdlcidlﬁtem g, 74.6%.

Coerr] G errretssnes of RerkEtsent ifusndidhy st tdekaghicad by () 5y

N-CH err]- tatfm‘mrllac](I)B 03 (s, 1H © CHCO err]CH err], :
t aut oner | c) 7.07-8.44 (m 7H, Ar-H t utgﬁéric) ) 1R (KBr,
cnjerr]): 1675 (s), 1610 (s) 1490 S 7.95 (m VS

(me): 405 (M+), 373 (MR %O—I)

(0

wherein R ané R? are independentiy hydrogen, alkyl
containing 1 to 6 carbon atbms, halogen, lower alkoxy
containing 1 to 6 carbon atoms, trifluoromethyl, nitro,
aryl or aryl(lower alkyl)oxy wherein aryl contains 6 to
10 carbon atoms and lower alkyl contains 1 to 6 carbon
aioms; R3 is hydrogen, lower alkyl containing 1l to 6
carbon atoms, aryl, aryl(lower alkyl) or halogen
substituted aryl(lower alkyl) wherein aryl contains 6
to 10 carbon atoms and lower alkyl contains 1 to 6
carbon atoms, or benzothiazole of structural formula

N
S
STNF '
- (12)

wherein R5 is hydrogen, halogen, alkyl containing 1 to
6 carbon atoms, lower alkoxy containing 1 to 6 carbbn
atoms, trifluoromethyl, nitro, aryl”or aryl(lower
alkylloxy wherein aryl contains 6 to 10 carbon atoms
and lower alkyl contains 1 to 5 carbon atoms; and R4 is
alkyl containing 1 to 12 carbon atoms, arYl,.
aryl(lower alkyl) wherein aryl contains 6 to 10 carbon

atoms and lower alkyl contains 1 to 6 carbon atoms,
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- 20- Anal . Cal cd. : C 53.22: H BEPLAGEMENT,SHEET

Found: - : C,__5 ); N, 3.27 _ W R.
149-150[ err] C. THIS SHEET fol | owi ng conpdunld 2&NpPWeBabed ilin
substantially the san q&yLNﬁﬁ)that 5 of Exanplle 1, Step b):

2-[ (4-Brono- 2-fl uor -6-fluoro- 1,2, 3, 4-ft etranydr o- I, 3- di ¢xo-

-3

acyl, carboa1koxv, or -(CHZI CO,H, -(CHZ)nOH, wherein n

is 1 to 6. _

Examples of ‘aryl’ are éhenyl anéd naphthyl, Examples of
. acyl are lower alkyl-C(0)- or aryl-C(0)-. Examples of

carboalkoxy are loweralkoxy-C(0O)-. Examples of halogen

are f1uo§1ne, chlorine and bromine. Examples of Rl
and/or R® are hydrogen or halogen e.g fluorine such as

. 6~F. Examples of Ra_are (mono~ or di-halo substituted
- phenyl)lower alkyl whereinllower.alkyl contains 1 - 3
carbon atoms, or benzothiazolylmethyl of formula la

wherein Rs is hydrogen, halogen or trifluoromethyl.
For example R3 may be 4-bromo-2-fluorophenylmethyl or
(S-trif1uoromethylbehzothiazol-z-yl)methyl. Examples

of R4 are C1 - C3 alkyl such as methyl or ethyl.

A more preferred group of compounds of the
present invention are the compounds of formula (I)
wherein Rl and R2 are independently hydrogen or
halogen; R3 is a mono- or dihalogen substituted
aryl(loweralkyl) wherein aryl contains 6 carbon atoms
and lower alkyl contains 1 to 3 carbon atoms, or
benzothiazole of structural formula '

N
AA '@"R’
S NF
(Ia)

wherein R° is hydrogen, halogen'or trifluoromethyl; and
r4 is alkyl containing 1 to 3 carbon atoms.

The most preferred compounds of the present
invention are set forth below:

_ 2-[{(4-bromo-2-fluorophenylImethyl]-1'-methyl-
spiro[isoquinoline~4(1H),3 ’~-pyrrolidinel-1,2°3,5"(2H)~

tetrone;
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e . . o REPLACEMENT SHEET
4-isoqui nol i necarboxylic Acid Methyl Ester ' Ferr NVR

|_
(DIVBOd[err], 400 MHz): [err] 3.98 (s, 3H, -CQerr_Q%[.?r_,EmV%ﬂ%; st 2H,
034 (

-NCH[err]) 7.08 (t, J=7.95 Hz, 2H, Ar-H), 7.2 (m}1H, A m, 2H,
Ar-H, 10 -OH) 7.54 (m 1H, A4, 8.1k8{26 (m 2H . A-H

| R (KBr, cn{err]) 1680 (s), 1660 (s), 1610 (s),{1785 (m

M5 (me): '

Gied T G 5o, rirbmogs hufyopbemmethyl 1-ethylspirolisomgartne 40D, 3+

C, 50. 86 H, 2. 86 phrodidine)-112,3,5'(2H)-tetrone; M P. 157-158[err]C
Step c)

2 [ (4-Brono- 2-fluorophenyl)nmethyl]-1,2, 3, 4-tetrahydro-4-(nmet hoxycarbonyl ) -
3- di oxo- 4-i soqui rof( m@&arz ﬂu&%fﬁhn&l)hdﬁhﬂ]il t&thﬁf-@-ﬂuoﬁ%gﬁb[lsoci uinoline-

To a suspen5| on of 4%1{_15 -pymrTPdmc Illiog%paﬁﬂ Lt.)ronthyl] et rahydr o-

5 - 2-[[5- (tnﬂuoromemyl)-z-benzoduazolyllmcthyll- '-methylspu'o[lsoqmnohnc-
4(1H),3'-pyrrolidine]-1 2' 3,5'(2H)-tetrone;

1'-ethyl-6-fluoro-2-[[5-(trifluoromethyl)-2-benzothiazolyl}methyl]spiro-
. {isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrone.

The compounds of formula (I) all possess at least one asymmetric carbon atom,
10 namely the spiro carbon atom at position 3' of the pyrrolidine ring. The compounds of
- formula (I) therefore exist, and may be isolated, in two or more stereoisomeric forms.
This invention encompasses the compounds_of formula () in racemic form or in any
optically active form.

The N‘-alkyl-spiro-isoquinoﬁne-pyrrolidine tetrones can be prepared by the
15. .  processes described hereinafter.

A method is provided for preventing or relieving diabetes mellitus associated
complications in a diabetic mammal by administcﬁng to said mammal a prophylactic-or
alleviating amount of the compounds of formula (I). Such complications include
neuropathy; nephropathy, retinopathy, keratopathy, diabetic uveitis, and cataracts.

20 The compounds of formula (I), when admixed with a pharmaceutically
acceptable carrier, form a pharmaceutical composition which can be used according to .
the preceding method.

The N'-alkyl-spiro-isoquinoline-pyrrolidine tetrones of this invention may be

administered to mammals, for example, man, cattle, or rabbits', either alone or in

25 dosage forms, i.e., capsules or tablets, combined with pharmacologically acceptable
excipients. '



K _ S o | REPLACEMENT SHEET
20 1, 3-di oxo-4-i soqui nol i necar boxylic acid netHhyl .

11.58 nmol ), K[err]Cq 9 g, 23.16 nnt
was added tert-butyl T‘Hﬁc%'il &;%%N L, 17
stirring at 75[err]'Cf 1 hdiEFL ure was pourned._i

extracted with Et OAc and dried over MySO4.-FEvaporati g
flash chromat ogr aphy (hexane/ Et OAc, 4/1) ga 69
g, 94.59. The compounds of this i mvcnnonrn be given ornlly However, the metho@ df

gar "TH NWR ( Dl\ﬁné%{ gqrngth SFESF a)cgv%@q%ema Qfl%u?m'w_/&ﬂu% [ o 54 ¢on trgg’d gss
- CH err] CJ er riifitédfea phricalat 4ndde, of AdminiSiftion: | For,example, the compoulds (bay be
25025 1% 2 lhesd 8Bl aplsl) Doty B Ul B e s
1.54 st, 5 ~ ophthalmf¢ sobutioas) prcfcrably of pH 7.2-7.6. Also, they may be administered orally
in solid form containing such excipients as starch, milk sugar, certain types of clay and
so forth. They may also be administered orally in the form of solutions or they may be
injected parenterally. For parenteral administration, they may be used in the form of a
sterile solution, preferaby of pH 7.2-7.6, contammg a pharmaceutically acceptable
10 _ buffer.

The dosage of the N'-alkyl-spiro-isoquinoline-pyrrolidine tetrones will vary
with the form of administradon and the particular compound chosen. Furthermore, it
will vary with the pardcular host under treatment. Generally, treatment is initiated with
small dosages substantially less than the optimal dose of the compound. Thereafter, the

15 -- dosage is increased by small increments until efficacy is obtained. In general, the
compounds of this invention are most desirably admxmstered at a concentration level
that will generally afford effective results without causin g any harmful or deleterious
side effects. For topical administration, a 0.05-1.0% solution may be administered
dropwise in the eye. The frequency of insdllation varies with the subject under

20 trearment from a drop every two or three days to once daily.. For oral or parenteral
administration a preferred level of dosage ranges from about 0.1 mg to about 1.0 mg
per kilo of body weight per day, although aforementioned variations will occur. -
However, a dosage level that is in the range of from about 0.1 mg to about 1.0 mg per
kilo of body weight per day is most satisfactory. | '

25 Unit dosage forms soch as capsules, tablets, pills and the like may contain from
about 5.0 mg to about 25.0 mg of the active ingredients of this invention with a
pharmaceutical carrier. Thus, for oral administration, capsules can contain from
between about 5.0 mg 10 about 25.0 mg of the active ingredients of this invention with
or without a pharmaceutical diluent. Tablets, either effervescent or noneffervescent,

30 can contain between about 5.0 10 25.0 mg of the active ingredicnts of this invention
together with conventional pharmaceutical carriers. Thus tablets, which may be coated
and either effervescent or ‘noneffervescent, may be prepared according to the known
art. Inert diluents or carriers, for example, magnesium carbonate or lactose, can be
used together with conventional disintegrating agents for example, magnesium stearate.
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IR (CHCH[err] cnferr]): 1720 (s), 1675 (s), 1360 (s), 765 (RﬁPLACEMENT SHEET
MS ¢€mle): 520 (M+tH) +, 464 [M+-C(CH err]. : rme
foll owi ng conmpound was prepared. in substantially the sane 'ma‘nn re Rt
of Exanple 1, Step c): 10 ' L 22 Rey %%
2-[ (4-Brono- 2-fl uor ophenyl ) net hyl ] - 6-f uor'o§1, 2,3,4-tetr hyLdr o—4
(et hoxycar bonyl ) - 1, 3-di oxo-4-isoqui nol i neacetic Acid 1, 1-{D net hyl et hyl

Est er : : [err]H NVR (DVSO-d[err], 200 MHz) . TerrT It s;
1 G e o B0 PR e ssnisel P A e G v el
- CH[ er r] CJ er r ¢aphbipatiod With 3nsbiin o5 prab hypoglimidmic agents torproguge a benegicial pffectipy,
'(A{idH) ng ?g I(_I‘Zjﬂzcéush?gnf_ﬁt cflﬁ?&:x& e lindd k\fﬁj&*ﬁs&xc@?é&mﬁmﬁ-ﬁmf E‘vailﬁfglé('ﬁkxé}xﬁn 38
cnierr]): . mpa{agi)qnslpgoor@g)hypgghg:cpgp agents, cxemphfie_d bngctph;gmxde,
23855) 'V'éﬂg) +H 43&118{%'@@1&5%1&5&%9, tolbutamide and phenforrift?! areCai¢dble. The
: "~ " compounds %éreof can be administered sequentially or simultaneously with insulin or

the oral hypoglycemic agent. Suitable methods of administration, compositions and

doses of the insulin preparation or oral hypoglycemic agent are described in medical

textbooks; for instance, Phvsicians’ Desk Reference, 42 ed., Medical Economics Co.,

10 Oradell, N.J., U.S.A., 1988.

The aldose reductase inhibiting property of the compounds of this inventionand
the utilizarion of the compounds in preventing, diminishing and alleviating diabetic
complications are demonstrable in experiments using galactosemic rats, see
Dvornik et al., Science, 182, 1146 (1973). Such experiments are exemplified

15 hereinbelow after the listing of the following general comments pertaining to these

experiments:

()  Four or more groups of six male rats, 50-70 g, Sprague-Dawley strain,
were used. The first group, the control group, was fed a mixture of laboratory chow
(rodent Laboratory Chow, Purina) and glucose at 20% (w/w %) concentration. An
20 untreated galactosemic group was fed a similar diet in which galactose was substituted
for glucose. The third group was fed a diet prepared by mixing a given amount of the
test compound with the galactose containing diet. The concentration of galactose in the
diet of the treated groups was the same as that for the untreated galactosemic group.

(b)' After four days, the animals were Killed by euthanizatiop. Both the lens

25 and sciatic nerve were removed, weighed and stored frozen for polyol determination.
) The polyol detenniriaﬁon was performed by a modification of the
procedure of M. Kraml and L. Cosyns, Clin. Biochem., 2, 373 (1969). Only two
minor reagent changes were made: (a) the rinsing mixture was an aqueous 5% (w/v)
trichloroacetic acid solution and (b) the stock solution was prepared by dissolving 25
30

mg of dulcitol in 100 mL of an aqueous trichloroacetic acid solution. [N.B.: For each
experiment the average value found in the tissue from rats fed the glucose diet was



20 Found: C 53.49; H 4.00; N 3. G5 CACEMENT SHEET

Step d) 2: [ (4-By ono- 2-f | uor ophenyl }mgt hﬁl!'] -
1,2, 3, 4-tetrahydro-4- | THIS SHEET HAS BEEN | : 2'NOV 1996
(et hoxycar bonyl ) -1, 3t di oxoR@mggg]w noI negceti c Acid A

m xture of 2-[(4-bronb=—2—f+uor-ophenytrrethyl]-1, 2,3, 4- t etr ghydro-4- 25
(et oyt DO it g VAL RS b BBty A i e —
CF[ err] CO er r jrits (t12®@brdip theamsunt of golyol acoumulated.] The aldospeneductase inhibifing
hggr S The VolegleblsSr R DnipdiRUE 8f FmiRE () AR didb°telfed' BY EmPfbying an in vitro
testing procedure similar to that described by S. Hayman and J.H. Kinoshita, J, Biol.
5 Chem., 240, 877 (1965). In the present case the procedure of Hayman and Kinoshita
was modified in that the final chromatography step was omitted in the preparation of the
‘enzyme from bovine lens. |

The following tabulated results show that the N'-alkyl-spiro-isoquinoline-

pyrrolidine tetrones of this invention show the property that they are active both in viro

10 andin vivo and diminish the accumulation of dulcitol in the lenses, sciatic nerves and

diaphragm of rats fed galactose. The figures under L, N, and D represent the

percentage decrease of dulcitol accumulation in the tissues of the lens, sciatic nerve, and
diaphragm, respectively, for treated rats as compared to untreated rats.
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LTI




. EMEN
purified by flash chromatography, on acid washed silica gel {( § LACEMENT SHEET
Herr]BRdJerr] in MeOH), to . give a white solid (4.12]|g, 90 s
[err]H NMR (DMBSO-d[err], 400 MHz): [err] 3.54 (s, 3H, -CJer|r] C}@d N@Y‘W@é

- 3.64 (dd, J=17.67 Hz, 2H, -CHergJCJerr]H), 5.12{(dd J:15 34
Hz, 2H, -NCHerr]-), 7.14 (t, J=8.22 5 Hz, 1H, Ar-H), 7.3 (d, J=8.3
Hz, 1H, Ar-H), 7.5-7.6 (m 3HMMM%QB§ H7, 14, Ar-H)
8.16 (d, J=7.8 Hz, 1H, Ar-H, . , , . IR
(KBr, cnierr]): 3280 (m, 3500-2500 (br), 1750 (s), 1720 (s), 1675 (s),
1350 (s), 875 (m . MO (me): 463 (M+), 445
(M- H OH) 10 Anal . Cal ¢d. /QrRC[err]H[err]BrFNCIerr]O.Z

Herr]O: C 51.28;, H 3.30; N, 2.99

Found:
C, 51.26; H 3.48; N, 2.95 Rl

dVl P. 139-140[err]C
0]

_\,_Qar

O
% inhibition % lowering dulcitol accumulation
in vitro dose . nvivo
Rl R4 10-5M mg/kg %L %N %D
H -CHj 0 0.5 NS 50 61
1.1 NS 76 15
102 31 95 94
H -CHCH3 0 0.5 NS 37 56
| 0.9 NS 65 73
F -CH,CH3 0 0.5 NS 19 65
T 1.0 NS 74 84
: o) R*
N/
R! o
O N R?
AT T
S .
O .
% Lowering Galactitol
% Inhibition Accumulation
In Virg InVivo
Dose
Rl R¢ RS 10M mgkg/day (%)L (BN (%)D
CH; CF3 O 9.5 NS 8 100

oo

CjHs CF3 O 10 NS NS 59



The fol  ow ng conpound mas obtained in substantially the sane arrer

t hat ; of Exarng REPLACEMENT SHEET
2- [ (4- Br ono- 2- f | uor ophdn W@n&ﬂﬁﬁ A%HE@( ro-1, 2, 3, 4-tetrahydr d- 4°

(met hoxycar bonyl ) - 1, 3- di oxo- REPE nol i neagetic Acid U”‘W96
[err]H NMVR (DNBC>d[err], 4UU VMFZ) - [err] 3.56 .(s, 3H -CJerr] [erfﬁ?

(d, J=17.9. - CHerr]Cerr]H, 3.8 (d, J=17 9-Hze—3H:

§). 7.12 (d,

PEARIAE IS SIARA s 1) *9‘%%*@%&1%%“?55 Hiogegges, for, Padily) 1 12

7.45 (dt, J=8.56cempo@n8sHof FarmadaHE,. 7TBésedprode$sed Hnclmd: Hz, 1H,
Ar-H), 7.64 (dd, J=9.61 Hz, 2.46 Hz, 1H Ar-H), 8.23 (dd, J=8.79 Hz, 5.81

Hz, : 1H, Ar-H), 12.67 (br§, 1H, -CJerr]H I R
(KBr, cnierr]): @) 3apel2zdog(n) amigesofsformple (&Y, 1670 (s), 770 (m

Ms (nfe): 481 (M+), 405 (M-CJ err], -CH err] OH) 25

Anal . Cal d. C, 49.81; H 2.93; N, 2.90 Found:

C, 49. 94, H 3.03; N, 2.84

a)
3

1, Rz, RY and R4 are as defined above and

wherein R
8

5 - COOR™ is ester group, using a suitable base such as
-sodium hydricde to give a compound of formula I;
or )

b). cyclising a compound of formula (B)

(B)
'd

1 22 g3 o4 are as defined above

wherein R, R°, R”, R 8

and COOR
10 “using a suitable base such as sodium hydride or lithium

bis- (tr1methy151lyl)am1de to give a compound of formula
Ic

or

c) acylating'a compound of formula I as shown above
15 wherein R? is hydrggen and Rl -3 are as defined above
to give a corresponding compound of formula I wherein

R4 1s acyl or carboalkoxy: —_—
' e - This Sheet Has Been

LT



M P 132-133. 5[err]C
- 23 A Steps_e.

2-[ 4- Brono- 2-f | uoroph rm.g r&HEEYIHAS BEEN
pyrrolidine]- 1,2 (2H) pep Kme

2- [ (4- br ono- 2- quorop

i 4- fé?rahydro

ethylsplro[lsqu|noI|ne-4
A m xturg

4- 5

REPLACEMENT SHEET

o) 7™

9 Rov 1996

(et hoxycar bonyl ) - &x3- di oxo- 4- |squ|noI|neacet|c acid (2.0 g, 4.31 mmol )

and SOC [err] Q)

reacting & compound of formula

HS

_ to give a compound of formula I wherein R

5 benzothiazolylmethyl group of formula Ia.
Startlng materials of formulaze (A) and (B) can be

prepared via intermediates of formula (G) shown below.

(D)

(E)

ils a

(&)

3, and COOR8 are as defined azbove.

Examples of Rs are élkyl groups such as

wherein Rl, Rz, R

10 - Cy-Cy alkyl especially methyl.. R8 may also be tBu.
For example comoounds of formula (A) are prepared by
reacting a comnounc of formula (G) with Brdez)- CO2 1:Bu
in the presence of a suitable base e.g Ll-N(SlMe3)2 to
give a compound of formula

COO?Bu
ol cocr®
o]
(")
R‘Z
This Sheet Has Been Replaced
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(10 g) was refluxed for 1 hour. The volatiles were renoved in v C&EE%QW%P%SHEH
aci.d . chloride was dissolved in THF (10 nL). In a secopdf fl ask was
pl aced a freshl y prepared saturated NH err] E/ THF sol utipon22R5L 94
and the contents of the first flask were . added slowy. |After 10
mnutes the mxture was poured into Herrl@i-acidified with HC| 10
(2N), extracted with EtOAc and the organic-extracts were dried er. MaSOA.
Evaporati on gave a crude ct which was dissolved in DVMF (10 nl) 8and NaH
(80% di spersi onwher@iin R ,9 nghd 4133Ja-ramls) dws:wtﬂe@towétaﬁdv\csea Afier

20 mnutes the mxtur Cl' W|th { l\%t .extracted with
Et OAc and dried8v&STtEr grous (ﬁ%fs tlsoﬁf‘blz(gf &R ehRforBtogr aphy
(hexane/ Et OAc, é/oh\ﬁahcanm G?Sﬁﬁdfﬁat(lmgo&?% trifnoor a¢eeic heehdetbat
-20[err] C) gave_a i.te,solt . err

(DIVI[SO d][ e%r]g 466" e"h[eer réj ‘fq’t refgflf’gl-lzthesﬁesm!l‘%?r EJ‘-%eW}' , 3 4
(%Cl_lf iS]éHl[-iz Tswﬁi[mq}mﬂ e.g3. 48 gq J=7.2 Hz, & 07
- err err

(s, 2H CH[erP] (2= dg%ﬁgﬁ%l ?TH???fﬂﬁil% ﬁze@%yfgi’bé%éf% égI¥E3 %ﬁd -

J=8.3 Hz, 1.76 BreserceAofH)l- h?da@x(yddbenmﬂAaszle,l @ol-lzqwaﬂ bpoan.

) e e e ikt g5k B teniedbtiroling e,

cnierr]): 172 A@s), 1690 (s) - MB (me): 458
(M+), 387 (Me-CONE[err]-), 359 (M- CONEt CO-)

Intermediates of formula (B) may be prepared via the

10 route
oo®Bu

BrCHZCOOR8




Anal . Calcd : | C, 54.92; H 3.51; N 6.10 25 FQUREPLACEMENT SHEEf

C,,54.92; H 3.40; N, 6.13 M P. 153-154[err] ¢
- 24- The follow ng conpound was obtai ned in qulist ant,. al
t he sane manner as that ‘of Exanple 1, Steps e, f): 55 9‘58\’ 1¥96

rnol i ne-

2-[ (4-Brono- 2-fl uorophenyl ) met hyl ] -1' - et hyl126- f | uor ospi ro[ i soqy

\L socl, + HyNR®

coor® .
-
ol CONER
3
2

where COORa'is an ester group providing R8 is not ©Bu.
Other routes to the wvarious intermedi;tes will be

apparent to the skilled chemist.

Starting materials for the processes herein cdescribed
5 are known comgounds or may be prepared by analogous
methods.

‘The following processes exemplify the ebovementicned
routes to compounds of formula I.



4(H), 3 -pyrrolidine]-1,2',3,5 (2H -tetrone 5 [erRPMW T SHEFT

(DMSO-d[-err], 400 MHz : HEE E&ﬂ' 17 Hz, 3H, -NCH err]QHerr][),
3.41- 3.48 Eg ﬁ NEt-, -NCH err]CH err]).l § 03 A8ay 595
2H, -NCH err]-), 7.14 (t J REPLAC 1H, Ar-H), 7.33 (Jad, J=8'2" ¥
Hz, 1.66 Hz, 1H Ar-H-—7 47 (dt, J=8.6 H1¥ 47 He, 1 Mt
7.52 (dd, J98HZ 19HZ 1H, Ar-H), 7.72 (dd, J98HZ'1H,242
Hz, 1H Ar-H) PBOEEYSIA J=8.8 Hz, 5.86 Hz, 1H, Ar-H 10 R
El ggr ( Mi;ﬂ 925]5) " ééigt'l(h%) N %ﬁi%- i§é-1so§u1nolmc-pynohdmc NESohéd %}' the apresent
Cal cd. VQS‘?%E?VC’F{P"@W yrhe follgwing reacuon scheme
C 52 71 H, 2R97 N, 5.84 ' _ 186
EXAMPLE 1A 15 - [BrorCl co Me
2- [(4 Br ono- 2- fl[por phenyl ) net hyl]-1' <et hyI spl ro[lsﬂ ui pol i ne- 4(H) 3' -
' COH stepa) — COzH
@ NaH, CuBr
| 1 COyMe '
1) soc, | R\ o Br CH,CO, CMe,
b) . - ﬂ = step ¢) -
2) R —NH: / Z N‘R3 _ KQ_CO3, DMF
Et;N.THF RZ :
0
av)
C02M63 _
1 COch
R\\ o CF,C0,H
— 1] A step d)
/SN R CH,Cl,
R2
O
™) (VD
_ CONH-R?
nsoa, - R! COMe
SICPE) p - P ﬂ\\ O
2) R'NHy/THF
R2 o '

Nal/DMF

step f) C—

e —

—_—
This Sheet H
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pyrrolidine]- 1,2',3,5' (2H-tetrone A ni xt urfe Yf LACEMENT SHEET
2-] (4- krono- 2-fl uorophenyl )nmethyl ]-1, 2, 3, 4-tetrahydr o- 4-
(met hoxycar bonyl ) - 1, 3- di oxo-4-i soqui nol i neacetic acid (2.0 g, |4.131820k:0V amok

SOC [err] (10 g) was refluxed #b#-1 hour. The vol atifl §s were _
renoved in vacuo and the acid 20 chl origeMwas di ssol ved ijn THF (10
m.). In a second flask was placed a flreshlyc 2lvie ' prepar ed_sat urat ed

‘NH err] Me/ THF solution (20 nL) and tge contknt soMe the first ' —
' Hﬁpﬁyﬁ%o,ﬁ?’ -

were added slowy. Afteryl@ogiputes t xtor'e was pogs

acidified wi (II) step 8)——%&%’%{ ed @i th Bte@A a-nd—t-h-e—oﬁ_a'rrrt"
extracts were dried over2 el F / Evapor ati on aBtNePME cation
by flash chromatography (hexane/ Et OR? 4/1)Agave an 25 off-white solid
whi ch was recrystallized from ether/hexane {at -20[err]C) to give a white.

solid (1.2 g, 62.5%. (VI
-25- :

: BTCHzc 02CMe3

K,CO;, DMF

NHz S
1) HC . || =K
F
: HST
step J) - - Z N _ps
2) CF,CO0,H, CH,Cl, \-—-—R
(XI)
step k)
1) SOCL

2) R%NH,, THF

(XII)

wherein R, R%, R3, R%, and R® are as defined above.



[err] NVMR (DVBO-d[err], 00 M—lz) [err] 2.93 (s, 3H, CHerr]), mmACEFvsr@ﬁSHEET
-Cerr}CH, —&-ﬁl—h, 1H, -CH[err]CO\II\/e- ug-r\u
AS

J=18.2 Hz, 1H, -CH['er|_~g 5. 07 (s | “NCH] e} r )2

(t, J=8.3 Hz, 1H, Ar- 7;@@1_;(@;{@ J=8|3 ;gs Hz iﬂﬂ 1996
7.54 (dd, J=9.96 Hz, RQZHF—tH—7T"F), 61767(m 2H, Ar}

7.77 (dt, J=7.26 Hz, 1.45 Hz, 1H, Ar-H), 8.16 (dd, J=8.3 Hz, fL.87 rz, 1H,
Ar - H) ProcessB |R (KBr, cnferr]): 1710 (s), 1680 (&)

M (nfe): . 444( W), 387 (M+ CONMe-), 359 ( M+ - CONMeCO- )

Anal . Cal cd. C, 53.95; H~

o535, g0 i | Some Compesings of fopmtit (D, whersin RY, f2pand B3 g5y as,qefiped ag‘“'e and R4

EXAMPLE 2 isacylor carboalkoxy can be made by the process B.
2-[[5-(Trifluoronethyl)-2-benzot hi azol yl ] net hyl, ] -1 -

met hyl spi ro[ i soqui nol i ne- 4(H) 3" -pyrrolidine]-1,2",3,5 (2H)- tetrone
Step g)

COH CONH,
' CO.Me
R1 002Me R‘ 2
N 0 1) socy, F N o
ﬂ/ A___N-R? 2) N,/THF / AN NR
R2 O- B R? fe) ‘
(VD
’ 0
NH
base R . o 1) base
ﬂ/ AN M i i
R2 : 2) R-C-ClorR6O-C-C1
®S = alkyl, aryl, aralkyl)
- 0
N-R*
H1 O

PYEN 0
Rzﬂ/ A _N-R?

€

wherein R, R? and R® are as defined above and R *is acyl or carboalkoxy.

This Sheet Has Been Rep
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3- Met hoxy- | - oxo- 1H- 2- benzopyr an- 4- car boxyl ic Acid Methyl Ester
A m xture of (2-carboxyphenyl)propanedi oic acid dinethyl ester
39.68 mml) and SOCl[err] (100 g) was refluxed for 2 hours. The

198 2—Tmoty)

wer e renoved in vacuo and the c_r_ﬁ e product (acid chl
di ssolved in THF (200 ni). Triethyl ami ne (27.64 ni,
was added and the m xture was stirred for 30 mnutes

PLACEMENT SHEET

(40.09 g,
ol 22 NG¥ 1995

oni de) was

=

The

yel | owi sh susp¥RBRbn Rescpegeigier 2riwompinzeichcidgdochipmobersaic e exropguta () ————
with Et OAc andwﬁa‘éxrpwaﬂche)%&é @?td?ﬂ.ﬁ‘@(f 8bdVe! @ﬂh%ﬁfctﬁ%ls%on&éad?ﬁr RhHOGR Bed

crystallization from acetone/ et her exane (at -20[err]C whi e solid
(87.6 g, 94.40presence of a catalytic amount cEf gggpe,d?oxc a@é yl GSEF r ]
- 3.82 (s, 3H &%ﬁﬁﬂh wﬂcr@ﬁmsand&@masdcﬁnedabowé) .42 (t, J=7.26 Hz,
1H, Ar-H), 8 (t, J=8.2 Hz, 1H, Ar-H), 9 (d, J=8 Hz, 1H,
Ar-H), (d J=7.26 Hz, 1H, Ar-H). 25 IR (KBr, cnferr]):

8.1
1740 (S‘,-O)

(38. 5,

10

15

20

25

1685 ( C=OJThe 2-bromobenzoic acids $2-(lilb@benzoic acids oPRAmGIRRIT) Mquire@06

M- CO), 'for 913 p(rcscht mvcnuor) are commcncally avmlablc compounds or can be prepared by
known methods

Stepb)  The propanedioic acid dimethyl ester of formula (IIT) can be reacted with
thionyl chloride under refluxing conditions to produce the corresponding acid chloride
which upon treatment with an amine R3 -NH, in the presence of triethylamine in a
conventional solvent which does not adversely influence the reaction, for example,
tetrahydrofuran, can produce the compound of formula (IV) wherein R}, R2 and R3 are
as defined above. ) '
Stepc)  The compound of formula (IV), wherein R1, R2 and R3 are as defined
above, is reacted with an inorganic base such as potassium carbonate in a conventional
solvent which does not adversely influence the reaction, for example, N,N-
dimethylformamide, and subsequent addition of the tert-butyl bromoacetate produces
the compound of the formula (V), wherein R1, R2 and R3 are as defined above.

Stepd) The compound of formula (V), wherein R1, R2 and R3 are as defined
above, is hydrolyzed with an organic acid such as trifluoroacetic-acid in a conventional
solvent which does not adversely influence the reaction, for example, methylene
chloride, to produce the compound of formula (VI), wherein R1, R? and R3 are as
defined above. |

Stepe)  The compound - of formula (VI), wherein R!, RZ and R3 are as defined _
above, can be reacted with thionyl chloride under refluxing conditions to produce the
corresponding acid chloride, which upon treatment with R4-NH; wherein R4 is as
defined above produces the amide of formula (VII), wherein R1, R2, R3 and R# are as
defined above. However, in the case when R4=Me the initially formed amide (VT],
when R4=Me) cyclizes under these conditions to the final product (I, when R4=Me).



REPLACEMENT SHEET

- 26- Anal . Cal cd.: C, 61.59; H 4.30

Found: - C, 61.82; H 4.29 M P.

129-130[err] C. The follow ng conpound was pr p'lre%zif\ﬁﬁv 1996
substantially the sane manner as that 5 of Exanple 1, Sté¢plg):

6- Fl uor o- 3- met hoxy- 1- oxo- 1H 2- benzopyr an- 4=X&r boxyl i ¢ Acid Mt hyl Ester
-[err]H NMR (DMSO-d[err], 400 MHz): [err] 3.81 (s, 3H -CJ err] CH-e})

?_8? g g HC;H Steéa The Qehiderat] ﬂannﬂla2(7§lﬁ)(;|twhc§e18 B, Hl? H?gignd\R‘"'ﬁrc )

Ar_- H) above, is reacfedA wnlln_Da ‘base such as sodJumlhycﬁ'l%ce]I ina convcnuodal solvent Whu]:h
does not adversely influence the reaction, for example, N,N-dimethylformamide, to
produce the compound of the formula (T), wherein R1, R2, R3 and R* are as defined

5 .. above.

Stepg)  The propanedioic acid dimethyl ester of formula (IIT) can be reacted with

thionyl chloride under refluxing conditions to produce the corresponding acid chloride

which upon treatment with Et3N in a conventional solvent which does not adversely

influence the reacton, for example, tetrahydrofuran, can produce the compound of
10 formula (VIII), wherein R! and R2 are as defined above.

Steph)  The compound of formula (VIII), wherein R! and R2 are as defined above,
is reacted with aminoacetonitrile hydrochloride in the presence of Ets3N in a
conventional solvent which does not adversely influence the reaction, for example,
N,N-dimethylformamide, produces the compound of the formula (IX) wherem Rland

15 'R2 are as defined above.

Step i) The compound of formula (IX), wherein R1 and R? are as defined above, is

reacted with an inorganic base such as potassium carbonate in a conventional solvent

which does not adversely influence the reaction, for example, N,N-dimethylformamide

and subsequent addition of the tert-butyl bromoacetate produces the compound of
20 formula (X), wherein R! and R2 are as defined above.

Stepj)  The compound of formula (X), wherein R! and R2 are as defined above,
can be reacted with 2-aminothiophenols (RS is as defined above) under refluxing
conditions in a conventional solvent which does not adversely influence the reaction,
for example, ethyl alcohol, and subsequent treatment of the crude product with an

25 organic acid such as trifluoroacetic acid in a conventional solvent which does not
adversely influence the reaction, for example, methylene chloride, to produce the
compound of formula (XT), wherein R1, R2 and RS are as defined above.

Stepk) The compound of formula (XI), wherein R!, R2 and R3 are as defined
above, can be reacted with thionyl chloride under refluxing conditions to produce the
30, corresponding acid chloride which upon treatment with R4-NHj (wherein R4 is as
defined above) in a conventional solvent which does not adversely influence the



10 IR (KBr, crierr]): 1750 (C=0), 1685 (Cc=0) | REPLACEMENT SHEE
M5 (nfe): . 252 (24, M), 224 (54, M+ CO ' Anal .

Cal cd. : C, 57.15; H 3.60 Found: L2 KOV 1995
57.19; H, 3.57 MP. 142-343[err]C. 15 S{ep h) |
2- (Cyanonet hyl ) -1, 2, 3 4-t etrahydro- 1, 3-di oxo-4-isoqui nol i ne ik
carboxylic Acid Met h Est er To a sol uti ‘

3- met hoxy- 1- o%GcHeR. %éﬁz@fm drzhydapiyasa, | Rreduges dhencOmAoun "of tormtg g

ﬁ, 8d0 g’m 34. é%m&ﬂ RN WB {71&@ rfihwgﬁgaﬂmﬂh alsgvieN HiORE W] in; tﬁeﬁ'c:ng zhtm lthe .
ydrochl ori de . a suspensi on s stirred.until, a
the R TP W R T A
mol ) was addadnmdmklexmﬂarmanncrasrﬂxatbﬁS&pWas stirred at 100[err]C for 30
m nutes, and then pour | Lr Cl HA  (2N)
and e>e<?ract ed with Et f?’ﬁ % éﬁ%’@“’%ﬁﬂ" %“é’?%ém@“gﬂ"sat‘%ver MgSq err] .
Evaporation and crystall | zation from acet one/ et her/ hexane (at -20[err] O
gave a yell ow sh EXAMPLE 1

2-[(4-Bromo-2-flucrophenvlmethvll-1-methylspirolisoquinoline-4(1H), 3'-
pyrrolidine]-1.2'.3.5'(2H)-tetrone
Step a) .
(2-Carboxyphenyl)propanedioic Acid Dimethyl Ester |
To a rapidly stirred cold suspension (O°C) of 2-bromobenzoic acid (30.0 g,
149.32 mmol), cuprous bromide (2.14 g, 14.93 mmol) and dimethyl malonate
10 - (300 mL) was added NaH (80% in mineral oil, 10.75 g, 358.37 mmol) over a 30
minute period, while a sweam of dry N2 was passed over the mixture. After the
addition of the NaH had been completed, the mixture was stirred for 10 minutes at
room temperature and 30 minutes at 70°C (external oil bath temperature). At this point,
the suspension had turned to 2 solid mass, which was dissolved in 20, (1000 mL).
15 . The aqueous layer was extracted with diethyl ether (3x500 mL) and was acidified with
HCl (2N). The mixture was extracted with EtOAc and dried over MgSO4.
Evaporation gave an off-white solid which was rccrystallized from EtO/hexane (-
20°C) to give a white solid (34.2 g, 90.9%).

IH NMR (DMSO-dg, 400 MHz): 8 3.67 [s, 6H, -CH(CO2CH3)7), 5.72 [s,
20 1H, -CH(CO,CH3),l, 7.3 (4, J=7.76 Hz, 1H, Ar-H), 7.45 (dt, J=7.66 Hz, 1.12 Hz,
1H, Ar-H), 7.6 (dt, J=7.66 Hz, 1.45 Hz, 1H, Ar-H), 7.94 (dd, J=7.8 Hz, 1.33 Hz,

1H, Ar-H), 13.2 (s, 1H, -COH)

IR (KBr, cm-!): 3300-2700 (br), 1750 (s), 1730 (s), 1680 (s), 1430 (m),

730 (m) _
MS (m/e): _ 252 (M*), 220 (M+-CH30H), 188 (M+-2xCH30H)
25 Anal, Calcd.: C, 57.14; H, 4.80
Found: C, 57.05; H, 4.78.

M.P. 119-120°C.
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25 solid (6.5 g, 73.79%.
- 2%- . [err]H NVMR (DVBO d6, 400 MHz): [err] [3.}) [ Sh,
(s), 3H-CJerr]CHerr], rotaneric], [4.92 (s), 5.44 (s &23-1,?"0%81996
-NCH err]CN, rotaneric] 7.2-8.4 (m 4H Ar-H rotamnerifc)
IR (KBr, cnierr]): 3400 (OH), 1670 (C=Orl9%- MY (mie):

258 (20, Merr]),
Me-C err] Me)

10. 85

10

15

20

25

226 (43, Me-MeOH), 199 (13,
The following compdiiad waﬁﬁiepﬁl-ed in subs&nﬁ@ﬂy‘i}?e sarhe Rafibr abithat

of Example 1, Step a):
(2-Carboxy-6-ﬂuor0phenyl)propancdioic Acid Dimethyl Ester

1H NMR (DMSO-dg, 400 MHz): & 3.68 [s, 6H, (~CO2Me)a), 5.79 (s, 1H,
Ar-H), 7.12 (dd, J=10.06 Hz, 2.61 Hz, 1H, Ar-H), 7.33 (dt, J=8.48 Hz, 2.64 Hz,
1H, Ar-H), 8.03 (dd, 8.77 Hz, 6.17 Hz, 1H, Ar-H)

IR (KBr, cm-l): 3400-2700 (br), 1730 (s), 1680 (s), 750 (m)

MS (m/e): 270 (M*), 238 (M*+-CH3OH), 210 (M+-CH;30H, -CO), 151 (M+*
-CH30H, -CO, -CO,CH3) -

M.P. 121.5-123.0°C.

Step b) |
2-[(4-Bro_mo—Z-ﬂuomphenyl)methyll-1,2,3,4»tctrahydro-1,3-dioxo-4-
isoquinolinecarboxylic Acid Methyl Ester |

A mixture of (2-ca.rboxyphcnyl)pro;§anedioic acid dimethyl ester (5.0 g, 19.84
mmol) and SOCl; (20 g) was refluxed for 1 and 1/2 hours. The volatiles were
removed in vacuo and the acid chloride was dissolved in THF (20 mL). In a second
flask were placed 4-bromo-2-fluorobenzylamine (4.67 g, 22.91 mmol), triethylamine
(15.96 mL, 114.55 mmol) and THF (150 mL). The contents of the first flask were
added to the second flask and the mixture was stirred for 30 minutes. The formed
suspension was poured into H0 (1000 mL.), stirred for 10 minutes and acidified with
HCI (2N). The mixture was extracted with EtOAc and the organic layer was dried over
MgS0O4. Evaporation gave a yellowish solid which was recrystallized from
acetone/ether/hexane (at -20°C) to yield a white solid (6.01 g, 74.6%).

IH NMR (DMSO-dg, 400 MHz): § [3.67, 3.99 (s, 3H, -CO,CH3,
tautomeric)]j, [5.06 (q, J=15.4 Hz), 5.29 (s), 2H, N-CH»-, tautomeric], 5.03 (s, 1H, -
CHCO,CH3, tautomeric), 7.07-8.44 (m, 7H, Ar-H, tautomeric)

1675 (s), 1610 (s), 1490 (s), 7.95 (m)
405 (M+), 373 (M*-MeOH)

| IR (KBr, cm1):
MS (m/e):



Found: - C, 60.27; H 3.77; N, 10.69 - REPLNCEMVENT SHEET
169-171-err] C. The foll ow ng conpound was pr gpgatr-etd—-r
substantially the same nanner as that 10 of Exanple 1, Stgp h)n’;ez
. 2-(Cyanonet hyl )-6-fluoro-1, 2, 3, 4-tetrahydro- 1, 3-di oxo-4-i soqui ho} i NGOV 1996
carboxylic Acid Methyl. Ester -20- Anal Calcd.: C.56.53;
H 3.28; N, 10.14 : Found: C, .56.45; H 3.22;
DY

2- (Cyanonet hyl ) - efr ahydr o- oxycta bon}/l ) -
1, 3- di oxo- 4-i soqui nEbundsaceti c Aci €, 52B1DH3 Iy MNotHhyT Ester
‘'To a suspension of 2-(cyanonethyl)-1, 2,3, 4-tetrahydro-1, 3-di oxo- 4-

- M.P. 149-150°C.

N, 10.13 1 5 . MP. 17 (53, St . . -
). 1 4nak Gle &, pARReH B N, 345 o) .

| The following cbmpound was prcbared in substantially the same manner as that
5 of Example 1, Step b): '

2-[(4-Bromo-2-flucrophenyl)methyl}-6-fluoro-1,2,3,4-tetrahydro-1,3-dioxo-
4-isoquinolinecarboxylic Acid Methyl Ester

" 1H NMR (DMSO-dg, 400 MHz): & 3.98 (s, 3H, -CO,CH3), 5.27 (s, 2H,
-NCHp-), 7.08 (t, J=1.95 Hz, 2H, Ar-H), 7.2 (m, 1H, Ar-H), 7.34 (m, 2H, Ar-H,
10 -QH), 7.54 (m, 1H, Ar-H), 8.1-8.26 (m, 2H, Ar-H)

IR (XBr, col): 1680 (s), 1660 (s), 1610 (s), 785 (m)

MS (m/e): - 423 (M*), 391 (M+-CH30H)

Anal Caled.: C, 50.97; H, 2.85; N, 3.30

Found: C, 50.86; H, 2.86; N, 3.33
.15 M.P. 157-158°C.

Stepc)

2-[(4-Bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-
1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

To a suspension of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-

20 1,3-dioxo-4-isoquinolinecarboxylic acid methyl ester (4.79 g, 11.58 mmol), K2CO3

~ (3.19 g, 23.16 mmol) in DMF (100 mL) was added tert-butyl bromoacetate (2.81 mL,

17.37 mmol). After stirring at 75'C for 1 hour, the mixture was poured into H,O,

extracted with EtOAc and dried over MgSO4. Evaporation and purification by flash
chromatography (hexane/EtOAc, 4/1) gave a clear oil (5.69 g, 94.5%).



20 i soqui nol i ne carboxylic acid nethyl ester (6.5 g, 25.1 rREPMCEMENT SHEET
Klerr]Cqderr] (6.95 g, 50.38 nmol ) and anhydrous DMF|[( 300 ni )

was added tert-butyl bronpacetate (6.1 nL, 37.79 nmol}) . A?th!ﬂ\!"l?%
stirring at 85[err]C for 3 hours, the m xture was poured into H2Q,
acidified with HO (2N) and extracted with2EtOAc. The organic ¢xtracts Were
dried over MySO4. Evaporation and purification by fl
chr omat ography on siH iNMRyEDMED-dg, 400 ViHx el 64 BNOHY - TICHgdad 534, 8H, 50l | d

8.5 g, 90.7
(e 9. %% TcoaCHs), 3.60, 144, e g A HEER B S PRCUTH Mol 514 (o, 2 NCHA) o
9H -COerr] OQWE € 0%3.25H581H sAr-BB 7.36 (dd, J=8.36-K06) BV Ha1&L, AN H), .64 s,

776 (o, 97 el LT ST ) £ (Y, fz?aé%*?%m

Ar-H) S 1H, Ar-H)

—————

IR (CHCl3, cm1): 1720 (s), 1675 (s), 1360 (s), 765 (m)
MS (m/e): 520 (M+H)*, 464 [M+-C(CHa3)3].

The following compound was prepared in substantially the same manner as that
of Example 1, Step c):

10 2-[(4-Bromo-2-ﬂuorophenyl)ineﬂ1yl]46-ﬂuoro-1 +2,3,4-tetrahydro-4-
' (methoxycarbonyl)-1 ,3-dioxo—4-isoquinolineacctic Acid 1,1-Dimethylethyl Ester

1H NMR (DMSO-ds, 200 MEz): § 1.1 (5, 9H, -CMes), 3.55 (s, 3H,
-CO,CH3), 3.62 (d, J=1.75 Hz, 1H, -CHyCO2CMe3), 3.75 (d, J=17.5 Hz, 1H,
-CH,CO2CMes), 5.15 (s, 2H, -NCHy?), 7.15 (1, 1=8.2 Hz, 1H, Ar-H), 7.35 (4,

15 J=8.2 Hz, 1H, Ar-H), 7.45-7.7 (m, 3H, Ar-H), 8.38 (dd, J=8.16 Hz, 5.70 Hz, 1H,
Ar-BH) '
IR (KBr, cm-1): 1750 (s), 1720 (s), 1675 (s)
M/S (m/e): 538 (M+H)*, 481 (M++H, -tert-butyl)
Anal. Calcd.: C, 53.55; H, 4.12; N, 2.60
20 Found: C, 53.49; H, 4.00; N. 2.63.
Stepd) -

2-[(4-Bromo-2-fluorophenyl)methyl}-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

A mixture of 2-[(4-bromo-2-fluorophenyl)ymethyl]-1,2,3,4-tetrahydro-4-

25 (methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid 1,1-dimethylethyl ester (5.19,
9.81 mmol), CH7Cl; (100 mL) and CF3CO2H (20 ml.) was stirred at room
temperature for 5 hours. The volatiles were remioved in vacuo and the residue was



- . ] W : T v
KBr, cnferr]): 1745 (C=0), 1730 (C=O), 1670 (C=0) 5 REPLAGEMENT SHEET

IR(

(me): 373 (38, M+ + H), 317 (100, M+ + H, -CMg[err])

Anal Cal cd. C, 61.28 H 5.41; N, 7.52 | Fburdd? N3V 1994
C. 61.61: H 5.49° N 7.13 M P. 48-50[err]Q

The foll ow ng conpound was obt ai ned in suR-antially the sane manner as
that 10 . of Exanple 1, Step i)

I Zh.ylavﬁs*aﬁfwfﬁn% 5&@“%‘?"15@%9“‘?% SHES BEYE% PRPD,Ja MOH), to
Anal . Cal cd. . give a@hu’é&oﬂé (4.&!2 %9&5%)N 7.18 _ Found:
C- 58.65;: H 4.98: N, 7.-08 15 . - MP. - 133- 135[err] C .

IH NMR (DMSO-dg, 400 MHz): & 3.54 (s, 3H, -CO2CH3), 3.64 (dd,
J=17.67 Hz, 2H, -CHaCO2H), 5.12 (dd, J=15.34 Hz, 2H, -NCH>-), 7.14 (1, J=8.22
5 Hz, 1H, Ar-H), 7.3 (d, J=8.3 Hz, 1H, Ar-H), 7.5-7.6 (m, 3H, Ar-H), 7.76 (d, 7.4
Hz, 1H, Ar-H), 8.16 (d, J=7.8 Hz, 1H, Ar-H), 12.35 (s, 1H, -COzH)

IR (KBr,cml): 3280 (m), 3500-2500 (br), 1750 (s), 1720 (s), 1675 (s),

1350 (s), 875 (m)
- MS (mve): 463 (M), 445 (M+-H-OH)
10 Anal. Calcd. for CooH)sBrFNQg-0.2 HoO: C, 51.28; H, 3.30: N, 2.99

Found: : C, 51.26; H, 3.48; N, 2.95
M.P. 139-140°C. '

The following compound was obtained in substantially the same manner as that
of Example 1, Step d):
15 2-[(4-Bromo-Z-ﬂuorophenyl)methyl]-6-ﬂuoro—1 2,3 4-teuahydro—4—-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

1H NMR (DMSO-dg, 400 MHz): & 3.56 (s, 3H, -CO2CH3), 3.6 (d, J=17.9
Hz, 1H, -CH,CO,H), 3.8 (4, J=17.9 Hz, 1H, -CH>CO2H), 5.1 (dd, J=15.5 Hz, 2H,
-NCH>5-), 7.12 (d, J=8.23 Hz, 1H, Ar-H), 7.31 (dd, J=8.28 Hz, 1.68 Hz, 1H,
20 Ar-H), 7.45 (dt, J=8.56 Hz, 2.5 Hz, 1H, Ar-H), 7.54 (dd, J=9.77 Hz, 1.89 Hz, 1H,
Ar-H), 7.64 (dd, J=9.61 Hz, 2.46 Hz, 1H, Ar-H), 8.23 (dd, J—8 79 Hz, 5.81 Hz,

"1H, Ar-H), 12.67 (brs, 1H, -COH)

- IR (XBr, cm'l):. 3:400-2700 (br), 1745 (s), 1710 (s), 1670 (s), 770 (m)

MS (mo/e): 481 (M*), 405 (M+-CO,, -CH30H)
25 Anal. Cald.: C, 49.81; H, 2.93; N, 2.90
Found: C, 49.94; H, 3.03; N, 2.84

M.P. 132-133.5°C.
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Step j)

1,2, 3, 4«Tetrahydro 4- (rret hoxycar bonyl ) - 1, 3- di oxo-2-[[ (5- PrYos
trifluoromethyl)-2-benzothi azol yl ] net hyl ] -4-isoqui nol i neaceti g Aci 1?]"' NOV 1095
To a m xture of 3-am no-4-nercaptobenzotrifluoride hydrochl orijdée—{6.1 g,
26.2 20 mmol ) and Et OH (150 nl) was ~#dded Et3N (3.65 ni)] After
stirring for 10 m nutes, 2- (cyanonet hyl ) - —
1,2, 3, 4-tetraRupse; iy (net hoxycarbonyl)- 1, 3-di oxo-4-isoqui noline-

acetic acid 1, 1-dinmethylethyl ester (6.5 g, 17.47 mml) was added and the
m xture was refluxed for 15 hours, poured into Herr]Q acidified
with HO (2N) and ®<E4FBﬁdrﬂd-2Aﬂnditophcnyl)mcthyl]El '‘Qiivylspirefisoqginoline-d( 1R Sts ver e

dri ed S E t 5 whi ch
i ssol ved in cr{err]ai[err] (soBRETRFT TR BRA®IL & (20 m) was added

and the mxture was stirred at roomtenperature for 8 hours. The
volatiles were remyegilifire of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-
5 (methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid (2.0 g, 4.31 mmol) and SOCl,

- (10 g) was refluxed for 1 hour. The volariles were removed in yacuo and the acid
chloride was dissolved in THF (10 mL). In a second flask was placed a freshly
prepared saturated NHoEY/THF solution (20 mL) and the contents of the first flask were
added slowly. After 10 minutes the mixture was poured into Hp0, acidified with HCI

10 (2N), extracted with EtOAc and the orgahic extracts were dried over MgSOjs.
Evaporation gave a crude pfoduct which was dissolved in DMF (10 mL) and NaH
(80% dispersion in oil, 129.3 mg, 4.31 mmol) was added portionwise. After 20
minutes the mixture was quenched with HCI (2N), extracted with EtOAc and dried over
. MgSO4. Purification b}} flash chromatography (hexane/EtOAc, 4/1) and crystallization
15 from ether/hexane (at -20°C) gave a white solid (1.4 g, 70.7%).

IH NMR (DMSO-dg, 400 MHz): § 1.01 (t, J=7.2 Hz, 3H, -NCH2CH3), 3.4

(d, J=18.2 Hz, 1H, -CH>CONE-), 3.48 (q, J=7.2 Hz, 2H, -NCH,CH3), 3.52 (q,

J=18.2 Hz, 1H, -CH,CONEt-), 5.07 (s, 2H, -NCH>-), 7.15 (t, J=8.23 Hz, 1H,

Ar-H), 7.33 (dd, J=8.3 Hz, 1.76 Hz, 1H, Ar-H), 7.53 (dd, J=9.84 Hz, 1.9 Hz, 1H,

20 Ar-H), 7.61-7.65 (m, 2H, Ar-H), 7.78 (dt, J=7.65 Hz, 1.43 Hz, 1H, Ar-H), 8.17
(dd, J=8.19 Hz, 1.49 Hz, 1H, Ar-H) -

| IR (KBr, cmr-l): 1720 (s), 1690 (s)

MS (o/e): 458 (M+), 387 (M+-CONE-), 359 (M+-CONECO-)
Anal, Calcd.: C, 54.92; H, 3.51; N, 6.10
25 Found: C, 54.92; H, 3.40; N, 6.13

M.P. 153-154°C.



P ACPLAGEMENT SHEEY
- 29- vacuo and the residue was purified by flash chrjoryat ography
on-aci d:washed (5% . H[err]PCIerr] in MeOH) silica gel} tjo givera %04
white solid (6.3 g, 73.3%. [err]H NVR ( DVSO{d[jer r] 400°
MHz): [err] 3.57 (s, 3H, CQerr]CH[err]) ?68 (dd, J =85 r—
2H, -CH err]CJerr]H), 5.61 (s, 2H, -NCH[e?]' 7.62 (m 2H Ar-H). 7.81
(m 5 . 2H, Ar-H), 8.2 (dd, J=7.9 Hz, 104Hz 1H, Ar-H), 33 (dd,

J=8.5 Hz, 0.92 Hz, The following totnpgundhyas dbtaimd(m substantizdlythe samprrmnﬂasmat

IR (KB 1750 (C=O0, 1710 (C=O, 1670 (C=0Q
VS Erﬂ (ra‘) ; C%g%ﬂg%g@ﬁ%éﬂ? (%e&{] (l;?r] ), 41%5 (6)2 V- Cq( erri - NEG—|§ )
AnalL Cal cd.: C, 53.66; H 3.07; N, 5.69 10 Found:

G 53.40; H 3. 0L 2M(4-Bratho-2-fluorophenylymethyl]-1-ethyl-6-flucrospiro[isoquinoline-

20

10

15

25

4(H), 3'-pyrrolidine]-1,2',3,5'(2H)-tetrone

- 1H NMR (DMSO-dg, 400 MHz): § 1.0 (t, J=7.17 Hz, 3H, -NCH,CH3), 3.41-
3.48 (m, 4H, -CH,CONEt-, -NCH2CHj3), 5.05 (s, 2H, -NCH3-), 7.14 (¢, J=8.2 Hz, .
1H, Ar-H), 7.33 (dd, J=8.2 Hz, 1.66 Hz, 1H, Ar-H), 7.47 (dt, J=8.6 Hz, 2.47 Hz,
1H, Ar-H), 7.52 (dd, J=9.8 Hz, 1.9 Hz, 1H, Ar-H), 7.72 (dd, J=9.8 Hz, 1H, 2.42
Hz, 1H, Ar-H), 8.23 (dd, .T=8.8 Hz, 5.86 Hz, 1H, Ar-H) |

IR (KBr, cmrl): 1720 (s), 1695 (s)
M/S (m/e): 476 (M#), 405 (M+*-CONE-), 377 (M+-CONEtC0-)
" Anal. Calcd.: - C, 52.85; H, 3.17; N, 5.87
Found: C, 52.71; H,297; N, 5.84
M.P. 185-186°C.
EXAMPLE 1A

2-[(4-Bromo-2-fluorophenyl)methyl}- 1'-mcthylsp1ro[1soqumohne-4(H), 3-
pyrrolidine]-1,2', 3,5'(2H)-tetrone

" A mixtre of 2-[(4-bromo-2-ﬂuorophcnyl)mcﬂ1yl]-1,2,3,4-ten'ahydro-4-
(mcthoxycarbonyl)-l,3-dioxo—4¥i50quinolineaccﬁc acid (2.0 g, 4.31 mmol) and SOCl
(10 g) was refluxed for 1 hour. The volatiles were removed in vacuo and the acid
chloride was dissolved in THF (10 mL). In a second flask was placed a freshly
prepared saturated NHyMe/THF solution (20 mL) and the contents of the first flask
were added slowly. After 10 minutes the mixture was poured into H0, acidified with
HCl (2N), extracted with EtOAc and the organic extracts were dried over MgSQOa.
Evaporation and purification by flash chromatography (hexane/EtOAc, 4/1) gave an
off-white solid which was recrystallized from cther/hcxanc (at -20 C) to give a white
solid (1.2 g, 62. 5%)



- . ]—4 - -
M P. 199-201[err]C _ - The foll ow ng conmpounds REPLACE! 33 HEE.T
I nssubstantially the sanme manner as t hat of Exanpl e L, St efPJC?':

1, 2, 3, 4- Tet r ahydr o- 4- ( et hoxycar bonyl - 1, 3- di oxo-2- 15 22 NGV 1996

[ (2- benzothlazolyl)nethyl] 4- |squ|noI|neaggt|c Aci d

Anal . Cal cd. C, 59.43; H 3.80; N, 6 —ound:

C, 59.37; H 3. 74; N, 6.43 189- 190

6-Fluoro-1 .2, 3, 4- t SNMRn(DMSOrds. AOORHZ):H B&ﬁ;(srBH GHadcad? £5 )
[ [(5-trifluor ofipf byl 3PREZ Pl SCNMES, W 5k 4al ofuh el neagaticofmie),

5

10

15

20

- 25

5.07 (s, 2H, -NCH»-), 7.16 (1, J=8.3 Hz, 1H, Ar-H), 7.33 (dd, J=8.3 Hz, 2.5 Hz,
1H, Ar-H), 7.54 (dd, J=9.96 Hz, 2.07 Hz, 1H, Ar-H), 7.61-7.67 (m, 2H, Ar-
7.77 (dt, J=7.26 Hz, 1.45 Hz, 1H, Ar-H), 8.16 (dd, J=8.3 Hz, 1.87 Hz, 1H, Ar-B)

IR (KBr, cm1): 1710 (s), 1680 (s)

MS (w/e): 444 (M¥), 387 (M*-CONMe-), 359 (M"'-CONMeCO-)
- Anal. Caled.: C, 5395 H,3.17; N, 629
Found: ' C, 53.69; H, 2.87; N, 6.21
M.P. 78-79°C.
EXAMPLE 2

2-[[5-(Triflucromethyl)-2-benzothiazolyljmethyl)-1'-
methylspiro[isoquinoline-4(1H), 3'-pyrmrolidine]-1,2',3,5'(2H)-tetrone

Step g) |
3-Methoxy-1-oxo-1H-2-benzopyran-4-carboxylic Acid Methyl Ester

A mixture of (2-carboxyphcny])propancdiqic acid dimethyl ester (10.09 g,
39.68 mmol) and SOCI; (100 g) was refluxed for 2 hours. The volatiles were removed

in vacuo and the crude product (acid chloride) was dissolved in THF (200 mL).

Triethylamine (27.64 mL, 198.4 mmol) was added and the mixture was stirred for 30
minutes. The yellowish suspension was poured into HCl (1N, 1000 mL), extracted
with EtOAc and the organic extracts were dried over MgSQO4. Evaporation and
crystallization from acctone/ethcr_/hcxane (at -20°C) gave a white solid (87.6 g, 94.4%).

1H NMR (DMSO-dg, 400 MHz): §3.82 (s, 3H, -COzMe), 4.03 (s, 3H,
-OMe), 7.42 (t, J=7.26 Hz, 1H, Ar-H), 7.8 (t, ]=8.2 Hz, 1H, Ar-H), 7.9 (d, J=8.3
Hz, 1H, Ar-H), 8.1 (d, J=7.26 Hz, 1H, Ar-H).

IR (KBr, cm-}): 1740 (C=0), 1685 (C=0)
MS (m/e): . 234 (16, M*), 206 (38.5, M*-CO), 203 (12, M+-OMe)



Anal . "Cal cd.:

C, 51.77,

C °*51.62; H 2.97; N, 5.18

- 30-

(5-Tri fl uoromet hyl ) - 2- benzot hi azol yl ] net hxl ]-1"-methylspiro

[i soqui noline-4(1H), 3'-pyrrolidine]-1, 2"

Step k)

Anal. Caled.:
Found:

H 2.76; N, 5.49 | FURGHLACEMENT SHEE:

M P. 103-105[err][.

2-|

22 NOV 1996

75" (2H) - tetrone

C, 61.5%; H, 4.30
C, 61.82; H, 4.29-

'M.P. 129-130°C.

The fbllowing compound was prepared in substahtially the same manner as that
of Example 1, Step g):

6-Fluoro-3-methoxy-1-oxo-1H-2-benzopyran-4-carboxylic Acid Methyl Ester
1H NMR (DMSO-dg, 400 MHz): § 3.81 (s, 3H, -CO2CHz), 4.06 (s, 3H,

-O.C&).?Z‘I (dt, J=8.3 Hz, 1H, Ar-H), 7.8 (dd, J=11.83 Hz, 249H7, 1H, Ar-H),
8.16 (dd, J—892Hz,62Hz, 1H, Ar—li)

10

IR (KBr, cml): 1750 (C=0), 1685 (C=0)

MS (m/e): 252 (24, M%), 224 (54, M+-CO)
‘Anal. Caled.: C, 57.15: H, 3.60

Found: " C, 57.19; H, 3.57

15

20

25

M.P. 142-143°C.
Step h)
2-(Cyanomethyl)-1,2,3 4-teu'ahydro-1 3—d10xo—4—150qu1nohne
carboxylic Acid Methyl Ester

To a solution of 3-methoxy-1-0x0-1H-2-benzopyran-4-carboxylic acid mcthyll

ester (8.0 g, 34.19 mmol) in DMF (100 mL) was added aminoacetonitrile
‘hydrochloride (6.32 g, 68.37 mmol) and the suspension was stirred until all the

materials have dissolved. Triethylamine (14.3 mL, 102.57 mmol) was added and the
mixture was stirred at 100°C for 30 minutes, and then poured into H20, acidified with
HCl (2N) and extracted with EtOAc. The organic extracts were dried over MgSO4.
Evaporation and crystallization from acetone/ether/hexane (at -20°C) gave a yellowish
solid (6.5 g, 73.7%).



A mixture of 1,2,3,4-tetrahydro- 4-(rret.hoxycar bonyl)- 1, 3-di oxo- ZR FIFA-FE’WM "HEET

tri:f.l uoronet hyl ) - 2- benzot hi azol yl ) met hyl ] 4-i soqui nol i neacet I C 4ci dTé] g,
4.06 nmmol) 5 and SCCl[err] (20 g) was refluxed for 1 hogr. ﬁNG'l‘@%
vol atil es were renoved in vacuo and -27- the product (aci hl ori de)
was dissolved in THF (10 nL). To a second flask was | aced a

freshly prepared, saturated NH err] Me/ THF sol ution (20 8)
" of the filBt NMRBRsKDMS@-dgddéd MHzM O [Aft (). 349 (ﬁJné' o

e (b TBERILTE? (.5 oD SHeich, sl SRy e

Evapor ati on arrdtamericy i cati on by flash chromat ography (hexane/ Et OAc

ontents

2/ 1) gave a white solid(l 35 g, 80. 3% [err] H NVMR
(DVMSO-d[err], 400 VHz 8 2.96 (s, N- CH err] 3.43 (d, J=18.26
Hz, 1H, -H CHOO ), IR E6Brem D18, 264@1( H)i16 ), 5.56 (s, 2H,
-NCH[err]) 7.66 (m 2H, Ar-H), 7.82 (m 2H Ar-H, 8.20 (d,
1=7. 88 , 1H, Ar 33 (m 15 IR(KBr
crr[errf) 1720 (0_345( % (c=0, %&&Q@@ﬂﬁwﬁ‘ M*+-MeOH), 19913, ¢) : .
473 (100, AnaM+@@klmd C, 55.81; H, 2.98; N, 8.88
Found: C, 56.22; H 2.97; 8. 80 :

 Anal Caled: C, 60.47; H, 3.90; N, 10.85

Found: C, 60.27; H, 3.77; N, 10.6%

M.P. 169-171°C.

The following compdund was prepared in substantially the same manner as that
10 -of Example 1, Step h):

2-(Cyanomethyl)-6-fluoro-1,2,3,4-tetrahydro-1 3—d10xo—4-xsoqu1nohnc

carboxylic Acid Methyl Ester
Anal. Caled.: - C, 56.53; H, 3.28; N, 10.14
Found: C, 56.45; H, 3.22; N, 10.13
15 M.P. | 178-179°C.
Step i)

2-(Cyanomethyl)-1,2,3,4-tetrahydro-4- (methoxycarbonyl)-
1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

To a suspension of 2-(cyanomethy1)—1,2,3,4-tct:rahydro-l,3-dioxo-4-
20 isoquinoline carboxylic acid methyl ester (6.5 g, 25.19 mmol), K2CO3 (6.95 g, 50.38
mmol) and anhydrous DMF (100 mL) was added tert-butyl bromoacetate (6.1 mL,
37.79 mmol). After stiring at 85°C for 3 hours, the mixture was poured into HyO,
acidified with HCl (2N) and extracted with EtOAc. The organic extracts were dried
over MgSO4. Evaporation and purification by flash chromatography on silica gel
25 (hexane/EtOAc 4/1) gave a white solid (8.5 g, 90.7%) .
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20 M P. 179-180[err]C. The fol | ow hgf compourrd

was prepared in substantially the same manner as that of EX
1, Step k): Q@N@v 1996

| ' - Et hyl - 6- fI uoro-2-[[5-(trifl uororrethyl) 2- benzot hi azonI]
met hyl ] spi ro(i soqui noline-4(1H), 3'- pyrroﬂ% nel-1,2',3,5 (2H)-tletrone 25
‘Anal . Cal cd.: C, 54.66; H 2.99; N, 8.31 Founa: —

C, 54.97; H 2.88; I NMRYDMSO-dg 200 MHz): .83 (§,9H,-TDxEMeg), 3.58 (s, 3H,
-CO2CH3), 3.64 (s, 2H, -CH2CO2-), 5.05 (s, 2H, -NCH2CN), 7.64 (m, 2H, Ar-H),
7.78 (dd, J=7.4 Hz, 2.0 Hz, 1H, Ar-H), 8.24 (dd, J=8.2 Hz, 1.6 Hz, 1H, Ar-H)

IR (KBr, cm-1): 1745 (C=0), 1730 (C=0), 1670 (C=0)

5 | MS (m/e): 373 (38, M+ + H), 317 (100, M+ + H, -CME3)

Anal. Caled.: C, 6128 H, 5.41; N, 7.52
Found: C, 61.61; H, 5.49; N, 7.13

MP. 48-50°C.

The following compound was obtained in substantially the same manner as that
10 of Example 1, Step i):

2-(Cyanomethyl)-6-fluoro-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-
1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

Anal. Caled.: C, 58.46; H, 4.91; N, 7.18
Found: 'C, 58.65; H, 4.98; N, 7.08
15 MP. . 133-135°C.
Step j)

" 1,2,3,4-Tetrahydro-4-(methoxycarbonyl)-1,3-dioxo-2-[[(5-
trifluoromethyl)-2-benzothiazolyljmethyl]-4-isoquinolineacetic Acid

_ To a mixture of 3-amino-4-mercaptobenzotrifluoride hydrochloride (6.1 g, 26.2

20 mmol) and EtOH (150 mL) was added Et3N (3.65 mL). After stirring for 10 minutes,
2-(cyanomethyl)-1,2,3,4-tetrahydro-4-(methoxycarbonyl)- 1,3-dioxo-4-isoquinoline-
acetic acid 1,1-dimethylethyl ester (6.5 g, 17.47 mmol) was added and the mixture was
refluxed for 15 hours, poured into HyO, acidified with HCl (2N) and extracted with
EtOAc. The organic extracts were dried over MgSQO4. Evaporation gave an oil (9.6 g)

25 which was dissolved in CHClp (80 mL). Trifluoroacetic acid (20 mL) was added and
the mixture was stirred at room temnperature for 8 hours. The volatiles were removed in
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vacuo and the residue was purified by flash chromatography on acid washed (5%,
H3PO4 in MeOH) silica gel to give a white solid (6.3 g, 73.3%).

 1H NMR (DMSO-dg, 400 MHz): § 3.57 (s, 3H, -CO2CH3), 3.68 (dd,
J=17.85 Hz, 2H, -CH3CO2H), 5.61 (s, 2H, -NCH3-), 7.62 (m, 2H, Ar-H), 7.81 (m,
5 2H, Ar-H), 8.2 (dd, J=7.9 Hz, 1.04 Hz, 1H, Ar-H), 8.33 (dd, J=8.5 Hz, 0.92 Hz,
1H, Ar-H), 8.34 (d, ]=0.83 Hz, 1H, Ar-H)
IR (KBr, cr-l): 3200-2500 (COzH), 1750 (C=0), 1710 (C=0), 1670 (C=0)
MS (m/e): 492 (6, M*), 448 (6, M+-CO3), 416 (62, M*-CO, -MeOH)

Anal. Calcd.: C, 53.66; H, 3.07; N, 5.69
10 Found: C, 53.40; H, 3.01; N, 5.54

MP. 199-201°C.

The following compounds were prepared in substantially the same manner as
that of Example 1, Step j): |

1,2,3,4-Tetrahydro-4-(methoxycarbonyl-1,3-dioxo-2-

15 . [(2-benzoﬂﬁazolyl)mcmyl]-4—isoquinoﬁneaccﬁc Acid
Anal. Calcd.: C, 59.43; H, 3.80; N, 6.60
Found: . C, 59.37; H, 3.74; N, 6.43

M.P. 189-190°C.

6-Fluoro-1,2,3,4-tetrahydro4-(methoxycarbonyl-1,3-dioxo-2-

20 ~ [[(5-trifluoromethyl)-2-benzothiazolyl]methyl}-4-isoquinolineacetic Acid
Anal. Caled: G, 5L77;H,276; N, 5.49
Found: C, 51.62; H, 2.97; N, 5.18

M.P. 103-105°C.



wherein Rl err] and R err] are independently hydrogen, alkyl cont alﬂEPDﬂ'E’hﬁ W Qr,&
6 car bom atons, hal ogen, | ower al koxy containing 1 to 6 carbon
trifluoronmethyl, nitro, aryl or aryl (I ower al kyl )oxy wherein grl o
contains 6 to 10 carbon atons and | owesgal kyl contains 1 to 6 jcgdr bd@ NCY 1994
atons; R err] is hydrogen, |ower alkyl containing 1 to 6 carbon] -jatons,

aryl, aryl SI %r al kyl ) or hal ogen substituted aryl (I ower al kyl )i whereln

aryl con 6 to 10 carbon atons and | ower al kyl contains 1Woe.6. carhon:
atons, or benzot hi azol yl net hyl of structural fornula. = - wherein

;[ﬁgfl 'S BYfr39984 £ AL Y 192 SN LN 3 01 Y1 e 3 PPN AlifdEny ] SPPEo
[isoquinoline-4(1R), 3'-pyrrolld1ne] 1,2°,3,5°(28) - tetrone

A mixture of 1,2,3,4-tetrahydro-4-(methoxycarbonyl)-1,3-dioxo-2-[[(S-

triflucromethyl)-2-benzothiazolyl)methyl]-4-isoquinolineacetic acid (2.0 g, 4.06 mmol)

5 “and SOCl; (20 g) was refluxed for 1 hour. The volatiles were removed in vacuo and

the product (acid chloride) was dissolved in THF (10 mL). To a second flask was

placed a freshly prepared, saturated NHMe/THF solution (20 mL) and the contents of

the first flask were added slowly. After stirring for 10 minutes, the mixture was

poured into H20 (500 mL) acidified with HCI (2N) extracted with EtOAc and dried

10 over MgSO4. Evaporation and purification by flash chromatography (hexane/EtOAc
2/1) gave a white solid (1.35 g, 80.3%).

1H NMR (DMSO-dg, 400 MHz): & 2.96 (s, 3H, N-CH3), 3.43 (d, J=18.26
Hz, 1H, -HCHCO-), 3.56 (4, J=18.26 Hz, 1H, -HCHCO-), 5.56 (s,'2H -NCH3-),
7.66 (m, 2H, Ar-H), 7.82 (m, 2H, Ar-H), 8.20 (d, J=7.88 Hz, 1H, Ar-I-_I), 8.33 (m,
15 2H, Ar-H)

IR (KBr, cm-1): 1720 (C=0), 1700 (C=0), 1670 (C=0)

MS (m/e): 473 (100, M%)

Anal. Caled.: C, 55.81; H, 2.98; N, 8.88

Found: C, 56.22; H, 2.97; N, 8.80
20 . M.P. 179-180°C.

The following compound was prepared in substantially the same manner as that
of Example 1, Step k):

1-Ethyl-6-fluoro-2- [[5-(uiﬂuoromcﬂxyl_)-z-benzodﬁazblyl]-
methyl]spiro{isoquinoline-4(1H), 3"-pyrrolidine]-1,2',3,5'(2H)-tetrone

25 Anal. Calcd.: C, 54.66; H, 2.99; N, 8.31
Found: C, 5497; H, 2.88; N, 8.35
M.P. 154-156°C. '



containing | to 6 carbon atoms, trifluoromethyl, nitro, aryl dr REP%%F%Mr SHEET
al kyl ) axy wherein aryl contains 6 to 10 carbon atons and | ower é '
contains | to 5 carbon atons; and R4 is alkyl containing 1 to |14 cd2blé&y 1996
atons or aryl (1 ower_alkyl) wherein aryl c@motains 6 to 10 carbgn|atons and

| ower al kyl contail msiisl SHEED HASr BeliN ht ons.
- 32- 2. A conp cordihg to claim1 wherein R ertd—and Rl err] o
are i ndependently mmén Rlerr] is a nono- or di hal ogen —
substlt—u{—eelr—aFW—H—emF—a#kyl) wherei n aCyAIM®nta ns 6 carbon atons and

| ower qiiilﬂlal ns 1 to car bon atonms, or benzot hi azol yl net hyl -of

struct “1 i

1. A compound of formula (I)

L L

(D

wherein R! and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl, nitro, aryl or
aryl(lower alkyl)oxy wherein aryl contains 6 to 10 carbon atoms and lower alkyl
contains 1 to 6 carbon atoms; R3 is hydrogen, lower alkyl containing 1 to 6 carbon -
atoms, aryl, aryl(lower alkyl) or halogexi substituted aryl(lower alkyl) wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms, or
benzothiazole of structural formula

s \K:I}"Rs Ia

wherein RS is hydrogen, halogen;.alkyl containing 1 to
6 carbon atoms, lower alkoxy containihg 1l to 6 carbon
atoms, trifluoromethyl, nitro, aryl or aryl(lower
alkyl)oxy wherein aryl contains 6 to 10 carbon atoms

_ and lower alkyl contains 1 to 5 carbon atoms; and rRY is
alkyl containing 1 to 12 carbon atoms, aryl,
aryl(loweralkyl) wherein aryl contains 6 to 10_ca;bon
atoms and lower alkyl contains 1 to 6 carbon atoms,

acyl, carboalkoxy, -(CH ) CO.H or _(cnz)non;wherein n

2°'n 72
is 1 to 6. —_—
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which is

2-T (4- br oro- 2-

pyrrolidine]-
claim 2 which
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f 1 uorlophenyREPHAGER | T - 1'|- met hyl spiro[i soqui nol i ne-|(j1H), 3'-
1,273 5 (2ZH)-tet rone. - 4. A conpound gccording to

S

2. A compound according to claim 1 wherein R! and R? are independently
hydrogen or hatogen; R3 is a mono- or dihalogen substituted aryl(lower alkyl) wherein

- aryl contains 6 carbon atoms and lower alkyl contains 1 to 3 carbon atoms, or

benzothiazole of structural formula

AR

wherein RS is hydrogen, halogen or triflucromethyl; and R4 is alkyl conmining 1t03
carbon atoms. '

3.a compound according to claim2 which is
2-[(4-bromo-2-flucrophenyl)methyl]-1'- mcthylspuo[xsoqumohne-4(1H), 3.
pyrrolidine]-1,2',3,5'(2H)-tetrone.
4. " A compound accordingtoclaim2 which is

2-[(4-bromo-2- ﬂuorophenyl)methyl] 1'—ethy15p1ro[1soqumohne-4(1H), 3'
pyrrolidine]-1,2',3 5'(2H)-tetrone

5. A compound according toclaim2 which is

2-{(4-bromo-2-fluorophenyl)methyl}-1'-ethyl-6-fluorospiro[isoquinoline-
4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone.

6. A compound according to claim2 which is

2-{[5-(trifluoromethyl)-2-benzothiazolylJmethyl]-1*-methylspiro[isoquinoline-
4(1H), 3'-pyrrolidinc]-l1,2’,3,5‘(2H)-te.u'one.

7. A compound accordingtoclaim2 which is

'-ct.hyl-6—ﬂuoro—2-[[5-(n'iﬂuoromethyl)-2-benz.othiazolyl]methyl]sPim-
[isoquinoline-4(1H), 3'-pyrrolidine}-1,2',3,5'(2H)-tetrone.
_\
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5. A conpound ackortrng-to
133 -pyrrolidine]-1 L.h

2 , 3,5 (2H) -t etrone] pound according to claimj2 Lch is
2 [[5 (trlfluororreth \')ﬁEPMQ Hlazol | J et hyl ]-1"-methyl spiroffi soqui nolin
e- 4(1H), 3" -pyrrolidine]-1,2",3,5 (2H)-tetrone. 7. A conpotnd -

according to claim2 which is

A process for preparing a compound of formula I as claimed in Claim 1 which

comprises one of the following:

a) cyclising an amide of formula (A)

(A)

wherein R], R2, R3 and R# are as defined in Claim 1 and COORS is an ester group,
using a suitable base 1o give a compound of formula I; '

b) cyclising a compound of formula (B)

B)

‘wherein R1, R2, R3 and COORS are as defined above using a suitable base to give a

compound of formula I;
or
c) acylating a compound of formula I as shown in Claim 1 wherein R4 is

hydrogen and R1-3 zre as defined in Claim 1 to give 2 corresponding compound of
formula I wherein R* is acyl or carboalkoxy.

—
This Sheet HasB
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Wuﬂmm;"”r”,u% - 2- [[5 (trifluoronet hyI) 2- benzot hi azol yl | methydlspiro- .
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or

d) reacting a compound of formula

HS

in which formulae Rl, Rz, r? and R° are as defined in
‘Claim 1 to give a compound of formula I wherein R™ is a

benzothiazolylmethyl group of formula Ia.

This Sheet Has Been Replaced
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a) am de of formula (A) - [err] ~ wherein F&[GREP].ACEM‘:NT ShEE
mxﬁ‘ @‘m‘j Rlerr] are as defined in Caim1l and COOR[ err|] fs—ean
g a

uitable base 1o gjve a conpound of formul g I
yeli'sing a conpound STHISISHEER HUB) BEEN | . _zsz*OV 1996
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(@]

9. A process for preparing a compound of formula (I)

(D

wherein R and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,

" balogen, lower alkoxy contuining 1 to 6 carbon atoms, trifluvoromethyl, nitro, aryl or
aryl(Jower alkyl)oxy wherein aryl contains 6 to 10 carbon atoms and lower alkyl
contains 1 to 6 carbon atoms; R3 is hydrogen, lower alkyl containing 1 to 6 carbon
atoms, aryl, aryl(lower alkyl) or halogen substituted aryl(lower alkyl) wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms; R4 is alkyl
containing 1 to 12 carbon atoms, afyl, aryl(lower alkyl) wherein aryl contains 6 to 10
carbon atoms and lower alkyl contains 1 to 6 carbon atoms, acyl, carboalkoxy, or
-(CH2)nCO2 H, ~(CH2)n OH, wherein n is 1 to 6 which comprises:

a) reacting the compound of formula (IV)

CO; Me

DY ™
2/ & N‘RB
O

wherein R1, R2, and R3 are as defihcd abovc with an inorganic base m a conventional
solvent and subsequently adding tert-butyl bromoacetate to produce the compound of
the formula (V) '

-
as Been Replaced
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.wherein R}, R2, and R3 are as defined above;

b) hydrolyzing said compound of formula (V) with an organic acid in a
conventional solvent to produce the compound of formula (VI)

wherein R, R2, and R3 are as defined above;

¢) reacting said compound of formula (VI) with a coupling agent in a
-conventional solvent and subscquently adding R4-NHj to produce the compound of

formula (VII)
- CONH-R4
Rl\ CO%)MC
N /
[ vVID
N _

R3

o)

wherein R1, R2, R3, and R4 are as defined above;

d) reacting said compound of formula (Vﬂ) with a base in a conventional
solvent to product the compound of formula (I).
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10. A process for the preparation of a compound of

formula (I).

wherein R! and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, triflucromethyl, nitro, aryl or
aryl(Jower alkyl)oxy wherein aryl contains 6 to 10 carbon atoms and lower alkyl
contains 1 to 6 carbon atoms; R3 is benzothiazole of structural formula

AAIS™

whereir; Rs is hydrogen , halogen alkyl containing 1

to 6 carbon atoms s lower alkoxy containing

1 to 6 carbon atoms, mﬂuoromethyl nitro, aryl or aryl(lower alkyl)oxy wherein aryl
contains 6 to 10 carbon atoms and Jower alkyl contains 1 to 5 carbon atoms, and R4 is
alkyl containing 1 to 12 carbon atoms, aryl, aryl(lower alkyl) wherein aryl contains 6 to
10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms, acyl, carboalkoxy, or
-(CH2)nCO2H, -(CH2),OH, wherein n is 1 to 6 which comprises:

a) ‘reacting the compound of formula (III)

COzMC
R!
[\\ CO,Me
Z
R2/ CO,H

wherein R1 and R? are as defined above with SOCl3 and subsequent ucétmcnt with
Et3N in a conventional solvent to produce the compound of formula (VII)

This Sheet Has Been Rep

LT



[err] w th a 2-am not hi ophenol of fornula “[err] - in V\MIHEPLfA(g[WN’{iQ;HtET
Rerr], Rerr], Rerr] and Rerr] are as defined in Caim1l tojgi

?gpprralugd”:m“jmllmljﬂlllslm/!ﬂre| n R[.e.rr] [ s_ a benzot hi azol yl met hyl g Lﬁ)q -

gL - GO:Me
\\ N OMe
o
Rz/ (VIII) )

wherein R! and R2 are as deﬁned above
b reacting said compound of formula (VII) with aminoacetonitrile hydrochloride

in the presence of Et3N in a conventional solvent to produce the compound of formula -

=)

)

wherein R1 and R2 are 2s defined above

c) reacting said compound of formula (IX) with an inorganic base in a
conventional solvent znd subsequently adding tert-butyl bromoacetate to produce the
compound of formula (X)

wherein R1 and R2 are zs defined above



9. A processfor preparing a conpound of fornula (1)
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d) rcaéting said compound of formula (X)

' COzCMC:;

witha 2-amin§dﬁophenol of structural formula

L HN_
HC. |
HS

F

‘wherein R3 is as defined above to produce the tert-butyl ester compound of structural
formula

e hydrolyzing the tert-butyl ester with an organic acidin a conventional solvent to
produce compound of formula (XT)

wherein R1, R2 and RS are as defined above,



[err] wherein Rlerr], Rerr] and Rlerr] are as defined i n Clratfr-t—aad —

Rl etr] s hy l m containing 1 to 6 carbon  at ong, REPAACEMENT SHEE
aryl (I ower mmul mmﬂ Eubst i tuted aryl (I ower al kyl) wh r T aryl

contains 6 to*loccanoh *at'ons and |oweral kyl contains 1 to 6fcarbps p:n vV 1554

atons; which conpri ses: - a) react@ng the conpound of |f rrruf’a ¢ 0 |

(1v) —
| £) reacting said compound of formula (XI) with

thionyl chloride and subsequently adding R4-NH2 in a
.conventional solvent to produce the compound of formula

(Ib)

(Ib).

wherein Rl, Rz, R4'and R5

are as defined above.

11. A pharmaceutical composition which comprises a
compound according to any one of Claims 1 to 7 and a
pharmaceutically acceptable carrier.

12. A compound of formula I according to any one of
Claims 1 to 7 for use as a pharmaceuticalf

13. Use of a compound of formula I as defined in
anyone of Claims 1 to 7 in the preparation of a
medicament for the treatment or prevention of
neuropathy, retlnopathy, nephropathy or cataracts in a
diabetic mammal.



[err] wherein Rl, R2, and R3 'are as deflned above Wi th an i norgante—base
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ABSTRACT - _ T

N°ALKYL-SPIRO-ISOQUINOLINE-PYRROLIDINE TETRONES
AND ANALOGS THEREOF USEFUL AS ALDOSE |
. REDUCTASE INHIBITORS

This invention relates to

N°-alkyl- splro-lsoqulncllne-pyrrolldlne tetrones of
formula

- _ (1)
1 ana »2 are independently hydrogen;'alkyl
containing to 1 to 6 carbon atoms, halogen, lower
alkoxy containing 1 to 6 carbon atoms, t:ifluoromethyl,
nitro, aryl or aryl(lower alkylloxy wherein aryl
contains 6 - 10 carbon atoms and lower alkyl contains 1
to 6 carbon atoms; R3 is hydrogen, lower alkyl
containing 1 to 6 carbon atoms, aryl, aryl(iower alkyl)
or halogen substituted aryl(lower alkyl) wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains

wherein R

1l to 6 carbon atoms, or benzothiazole of structural
-formula




[err] wherein Rl, R2, and R3 are as defined above; - 'b) 1ﬁﬂﬂﬁﬁ9EWﬂﬁTH

L
’lLE

satd cenpound of fornula (V) with an organic acid in a convent | ofral—sotvert——
to produce the conpound of fornula (VI) 22 B2V 956
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1Ty IR
(el

wherein R° is hydrogen, halogen, alkyl containing 1 to
6 carbon atoms, lower alkoxy containing 1 to .6 carbon
atoms, trifluoromethyl;'nitro, aryl or aryl(lower
alkyl)oxy wherein aryl contains 6 to 10 carbon atoms
and lower alkyl contains 1 to 5 carbon atoms; and R4 is
alkyl containing 1 to 12 carbon atoms, aryl,
aryl(loweralkyl) wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms,
acyl, carboalkoxy, -(cxz)ncoza or -(CHz)nOH; wherein n
is 1 to 6. The compounds have pharmaceutical
properties which render them bBeneficial for the
prevention of treétment of diabetes mellitus associated

complications.




[err] V\,herel n *[REPUACEMWITSHEHHC Rlerr] are as defined above; ' c) -
reacting said ¢

conventi onal s¢
of formula (VII

Rlerr],

Rerr],

VOB 5T

d (VI) with a coupling agent in a
ntly adding R4-NH2 to produce the conpound
[err] wherein Rerr],

- defi ned above;

retinopathy and neuropathy (cf McCaleb et al, J Diab. Comp.,
2 16,1989; Robinson et al, Invest. Ophthalmol. Vis. Sci.,
30, 2285, 1989; Notvest and Inserra, Diabetes, 36, 500,1987.

Spiro isoquinoline-pyrrolidine tetrones, unsubstituted
in the pyrrolidine ring and possessing aldose reductase
inhibitory activity are disclosed in EP-A-0365324. This
invention provides further tetrones substituted in the
pyrrolidine ring and possessing in vivo aldose reductase
inhibitory activity.

The N'—alkyl—spiro-isoquinoline-pyrrolidine
tetrones of the present invention are represented by formula
(I):

wherein Rl and R2 are independently hydrogen, alkyl
containing 1 to 6 carbon atoms, halogen, lower alkoxy
containing 1 to 6 carbon atoms, trifluoromethyl, nitro, aryl
or aryl(lowef alkyl)oxy wherein aryl contains 6 to 10 carbon
atoms and lowér alkyl contains 1 to 6 carbon atoms; R3 is
hydrogen, lower alkyl containing 1 to 6 carbon atoms, aryl,
aryl (lower alkyl) or halogen substituted aryl(lower alkyl)

wherein aryl contains 6 to 10 carbon atoms and lower alkyl

contains 1 to 6 carbon atoms, or benzothiazole of structural

N .
’f‘:\/( | s
S =~
(Ia)

wherein R5 is hydrogen, halogen, alkyl containing 1 to 6

formula

carbon atoms, lower alkoxy containing 1 to 6 carbon atoms,
trifluoromethyl, nitro, aryl or aryl(lower alkyl)oxy wherein
aryl contains 6 to 10 carbon atoms and lower alkyl contains 1

to 5 carbon atoms; and R4 is



- ay'reécting said conmpound of formula (Vil) with a base I n_a conventional
sol vent to produc ormula (). .
-37- 10. A prc c%@@oﬁim:(tiﬂeggrgh gration of a co_rrpo_und of formul a

().
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alkyl containing 1 to 12 carbon atoms,and aryl(lower alkyl)
wherein aryl contains 6 to 10 carbon atoms and lower alkyl

"contains 1 to 6 carbon atoms,

Examples of ‘'aryl' are phenyl and naphthyl. Examples of
halogen are fluorine, chlorine and bromine. Examples of Rl

and/or R2 are hydrogen or halogen e.g fluorine such as 6-F.

Examples of R3 are (mono- or di-halo substituted phenyl)lower
alkyl wherein lower alkyl contains 1.- 3 carbon atoms, or
benzothiazolylmethyl of formula Ia wherein R5 is hydrogen,
halogen or trifluoromethyl. For example R3 may be 4-bromo-2-
fluorophenylmethyl or N '
(5-trifluoromethylbenzothiazol-2-yl)methyl. Examples

of R4 are Cy - C3 .alkyl such as methyl or ethyl.

A more preferred group of compounds of the present:
invention are the compounds of formula (I) wherein Rl and R2

- are independently hydrogen or halogen; R3 is a mono- or

dihalogen substituted aryl (loweralkyl) wherein aryl contains
6 carbon atoms and lower alkyl contains 1 to '3 carbon atoms,
or benzothiazole of structural formula

N : :
S F : (Ia)

wherein R5 is hydrogen, halogen or trifluoromethyl; and R4 is
alkyl containing 1 to 3 carbon atoms.

The most preferred compounds of the present invention
are set forth below: '

2—[(4—bromo—2—f1uorophenyl)methyl]—1'—methy1—-
spiro[isoquinoline—4(1H),3'—pyrro;idine]—1,2'3,5f(2H)—

tetrone;



i['e'rlr]'i'

Rl err]

hydr ogen,
containing 1 to 6 carﬂoh
al kyl ) oxy whereinfa

wher ei n R[em aF Rlerr] -are as defined in daiml;
I s benzot hi aZol ﬁt@ VISEHEET ructural fornula wherein R
hal ogen} al kyl clg&)a g]‘| ) L to 6 carbon atons, |ower al koxy

t
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The compounds of this invention may be given
orally. The compounds may also be

administered topically directly to the eye in the form of drops of sterile, buffered

- ophthalmic solutions, preferably of pH 7.2-7.6. Also, they may be administered orally

in solid form containing such excipients as starch, milk sugar, certain types of clay and
so forth. They may also be administered orally in the form of solutions or they may be
injected parenterally. For parenteral administration, they may be used in the form of a
sterile solution, preferaby of pH 7.2-7.6, containing a pharmaceutically acceptable

. buffer.

The dosage of the N'-alkyl-spiro-isoquinoline-pyrrolidine tetrones will vary
with the form of administration and the particular compound chosen. ‘Furthermore, it

" " will vary with the particular host under treatment. Generally, treatment is initiated with

small dosages substantially less than the optimal dose of the compound. Thereafter, the
dosage is increased by small increments until efficacy is obtained. In general, the
compounds of this invention are most desirably administered at a concentration level

that will generally afford effective results without causing any harmful or deleterious-

side .effects. For topical administration, a 0.05-1.0% solution may be administered
dropwise in the eye. The frequency of instillation varies with the subject under
treatment from a drop every two or three days to once daily. For oral or parenteral
administration a preferred level of dosage ranges from about 0.1 mg to about IOmg
per kilo of body weight per day, although aforementioned variations will occur.
However, a dosage level that is in the range of from about 0.1 mg to about 1.0 mg per
kilo of body weight per day is most satisfactory.

Unit dosage forms such as capsules, tablets, pills and the like may contain from
about 5.0 mg to about 25.0 mg of the active ingredients of this invention with a
pharmaceutical carrier. Thus, for oral administration, capsules can contain from
between about 5.0 mg to about 25.0 mg of the active irigrcdients of this invention with
or without a pharmaceutical diluent. Tablets, either effervescent or noneffervescent,
can contain between about 5.0 to 25.0 mg of the active ingredicnts of this invention
together with conventional phannaceutical carriers. Thus tablets, which may be coated
and either effervescent or noneffervescent, may be prepared according to the known
art. Inert diluents or carriers, for example, magnesium carbonate or lactose, can be
used together with conventional disintegrating agents for example, magnesium stearate.

S

Fi{luoronethyl, ni'tro, aryl or aryl (| ower



cont ai ns 6 to 10 carbon atons and | ower al kyl contains 1 to 5 carbon atons,

whi ch conpri ses: a) teacting the conpound of formula (I11)
[err] REPLACEMENT SHEET
1 1 DEC 1997
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subtracted from the individual values found in the correspo'nd'iug tissue in galactose-fed
rats to obtain the amount of polyol accumulated] -The aldose reductase inhibiting-
effccts of the compounds of formula (I) were also tested by cmploymg an in vntro-
testing procedure similar to that described by S. Hayman and J.H. Kinoshita, J. Biol.
Chem., 240, 877 (1965). In the present case the procedure of Hayman and Kinoshita

was modified in that the final chromatography step was omitted in the preparation of the
enzyme from bovine lens.

The following tabulated results show that the N'-alkyl-spiro-isoquinoline-
pyrrolidine tetrones of this invention show the property that they are inactive in
vitro and active in vivo and diminish the accumulation of
dulcitol iri the lenses, sciatic nerves and
diaphragm of rats fed galactose. The figures under L, N, and D represent the
percentage decrease of dulcitol accumulation in the tissues of the lens, sciatic nerve, and
diaphragm, respectively, for treated rats as compared to untreated rats.



wher ei n Rlerr] and R&rT] 2 Y1 Akd éﬁove with SOCl[err] and
subsequent treatnent ﬁﬁ‘@ﬁ@ﬁﬁfn&grﬁo nventional solvent to produce the
conpound of formula {V[TT) : - [err]
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This invention provides processes for preparing

compounds 6f formula I. These processes include:

a) cyclising an amide of formula (A)

: (A)
wherein Rl, Rz, 3 and R4 are as defined above and

COOR8 is ester group, using a suitable base such as
sodium hydride to give a compound of formula I;
or

b) cyclising a compound of formula (B)

(B)

wherein Rl, Rz, R3, R4 and COOR8 are as defined above

using a suitable base such as sodium hydride or lithium
bis-(trimethylsilyllamide to~§ive a &6ﬁpoﬁnd:of~f6fmﬁla
1; s

or -



T |
. wherein Rerr] and ‘EePrLﬁPEgiFETniHEEIfi ned above b) ~ reacting.said
conpound of forrmul & (VIII) 'taﬁfnwnfacetonitrile hydrochl oride in the
presence of Et[err}N il h @éﬁde i pnal sol vent to produce the conpound of
formul a (1'X) 1 _ -10- [err] wherein
Rlerr] and Rlerr] qre as defined aboje c) reacting said conpound of
formula (1 X) wth an_iLorgak-c—base—+n a conventional solvent and

subsequent |y ad&dngréectihygt ¥ chtipownd ebfit Botraalox oduce t he

(D)
with a 2-aminothiophenol of formula
H, N
2
R
E)
HS (

v in which R}, 1-'_{’, R*and R® are as defined above
to give a compound of formula I wherein R” is a
'+ benzothiazolylmethyl group of formula Ia.
Starting materials of formulae (A) and (B) can be

prepared via intermediates of formula (G) shown below:

(G)

wherein Rl, Rz, R3, and COOR

Examples of R8 are alkyl groups such as

8 are as defined above.

Cl-C4 alkyl especially methyl. Ra may also be tBu.
For example compounds of formula (A) are prepared by
reacting a compound of formula (G) with Br(CH; )~ COZ-FBD

2

in the presence of a suitable base e.g Li-N(siMe3)2 to
give a compound of formula '

COO;Bu

(1)




‘conpound of formula (X
defined above
-39-
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Process A

and R err]

are as

REPLACEMENT SHEET

The N'- alkyl-spu'o-nsoqumolmc-pyrrohdmc tetrones of the present
invention were prepared by the following reaction scheme:

" CO,Me
(Bror CI] ! :
DU >
CO,Me =
CO,H  stpa) - Rz/ CO.H
NaH, CuBr
(I
CO,Me
1) soq, RL Br M
-NH, » DMF
Et,N, THF Y R e
| _ O
‘ CO, CMe, COH
Rl COMe 1 . _COMe
NP Foop R e
step d) —————— l
& NJ
- /- R3 CH,Cl, Rz/ Z N N-g3
0 | 0
4% VD
CONH-R
1)soc, R! COMe
stepe) p - ﬂ\\ o
2) R*NH,/THF ‘
NN
Rz/ X R
NaH/DMF
Stﬂpf) —a}L;..




cf) ‘ react| ng said corrpound of forrrulla (X) ; [err] with a
2- am not hi ophenol of structiral feriHe Terr] .

"REPLACEMENT SHEET
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Process B

Some compounds of formula (I), wherein R1 R2, and R3 are as defined above and R4
is aryl-C(0)-, loweralkyl-C(0)- or lower alkoxy carbonyl,
can be made by the process B.

CONH,
) R1 COzMe
1) SOCl, } KO
2) NE,/THF |/ AN N-R?
| . _
O .
O
NH
base R! =0 1) base

— \ N O -
ﬂ/ A~ 1 i

, 2) R%-C-ClorRéO-C-C1
RS= alkyl, aryl, aralkyl)

M

wherein R, R? and R® are as defined above and R is aryl-c(0)-,
loweralkyl-C(0)- or lower alkoxycarbonyl.



‘wherein Rlerr] is as defined above to.produce the tert-

.pr —butyt—ester conpound
of structural formula [err] e) ~ hydrolyzing tclmmnﬂ“ﬂh mmer
wi th an organic IE%LA&B?(E!&P%\{'%%?I pnal sol vent to pr_qdu A it AR 1R

formula (XI) 31
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l. A compound of formulé (1)

D

9

wherein R! and R2 are independently hydrogen, alkyl containing 1 t0 6 carbon atoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl, nitro, aryl or
aryl(lower alkyl)oxy wherein aryl contains 6 to 10 carbon atoms and lower alkyl
contains I to 6 carbon atoms; R3is hydrogen, lower alkyl containing 1 to 6 carbon
atoms, aryl, aryl(lower alkyl) or halogen substituted aryl(lower alkyl) wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms, or

:j)énzothiazolylmethyl of structural formula.

wherein RS is hydrogen, halogen, alkyl containing | to 6 carbon atoms, lower alkoxy
containing 1 to 6 carbon 5toms, trifluoromethyl, nitro, ary! or aryl(lower alkyl)oxy
wherein aryl contains 6 to 10 carbon atoms and lower alkyl contains | to 5 carbon atoms;
and R4 is alky! containing 1 to 12 carbon atoms or aryl(lower alkyl) wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains | to 6 carbon atoms,



[err] wherein R1,

-4 0- f) reactin
and subsequent|y add
produce the conpound

und pf

UCAS# ef r]
)
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eS %ETdefi ned above

formula (X) V’IMHMQHHMMI de

in a conventi

2. A compotiid according 1o claim 1 wherein R! and R2 are independently
hydrogen or halogen; R3 is a mono- or dihalogen sub;timtcd aryl(lov{cr alkyl) wherein
aryl_contajns 6 carbon atoms and jower alkyl contains 1 to 3 carbon atoms, or

benzothiazolylmethyl of structural formula

AT

wherein R3 is hydrogen, halogen or trifluoromethyl; and R4 is aliyl containing 1 to 3
carbon ators.

3. A compound according to claim2 which is
. 2-[(4-bmmo-2-fluorophcnyl)mcthyl]-l'-mcthylspifo[isoquinolinc-4(IH), 3-
pyrrolidine]-1,2'.3,5'(2H)-tetrone.
- 4. A compound according toclaim2 which is

2-((4-bromo-2-fluorophenyl)methyl]-1'-cthylspiro{isoquinoline-4( 1 H), 3-
pyrrolidine]-1,2',3,5'(2H)-tetrone.

5.. A compound according to claim2 which is

2-[(4-bromo—2-ﬂuorophcnyl)mcthyl]—l'-cmyl-élfluorospiro[isoquinolinc-
4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone.

6. A compound according to claim2 which is

2-[(5-(trifluoromethyl)-2-benzothiazolylJmethyl]- 1 -methylspiro{isoquinoline-
4(1H), 3"-pyrrolidine]-1,2',3,5'(2H)-tetrone.

7. A compound according 10 ¢laim2 which is

-cthyl-6-fluoro-2-{[5-(triflucromethyl)-2-benzothiazolyl]methyl]spiro-
([isoquinoline-4(1H), 3'-pyrrolidine])-1,2',3,5'(2H)-tetrone.
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and R are as def
i ses a conpound
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L | S *

~33-
8. A process for preparing a compound of formula I as claimed in Claim 1 which.
compriscs one of the following: '
a) cyclising an amide of formula (A) -
CONHR*
R COOR?®
I .
o)
NR3 (A)
Ry

“wherein R1, R2, R3 and R4 are as defined in Claim 1 and COORS is an ester group,

usi_ng a suitable base to give a compound of formula I;

b) cyclising a compound of formula (B)

wherein Rl, R2

, RS, i4

(B)

and COOR8 are as defined above using a
suitable base to give a compound of formula I;



phar maceutical ly acceptable carrier. 12. A conpound of fornula I
according to any ogne of Clalns 1to 7 for use as a pﬁaTﬂHﬁGHPFGaL____Li_
Use of a conpound offormi-a—t+—as—defined in anyone of to 7 in the
preparation of a rrehREBtAﬁEM‘ENﬂ' $HE§Tt eat ment or pr 'evemmm MHH" hy,
retinopat hy, nephropathy—er—catarac In a diabetic ma

1 4 DEC 1997
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or
e) reacting a compound of formula

2 4 5

in which formulae Rl, R, R* and R :
Claim 1 to give a compound of formula I wherein R” is a

benzothiazolylmethyl group of" formula Ia.

are as defined in



-
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9. A processfor preparing a compound of formula (I)

(D

wherein Rl, R2 and R? are as defined in Claim 1 and
R3 is hydrogen, lower alkyl containing 1 to 6 carbon
~ atoms, aryl, 'aryltlower alkyl) or halogen substituted
‘aryl{lower alkyl) wherein aryl contains 6 to 10 carbon

atoms. and’ loweralkyl contains 1l to 6 carbon atoms; which
comprises:

a) reacting the compound of formula (IV)

wherein R1, R2, and R3 arc as defined above with an inorganic base in a conventional -

solvent and subsequently adding tert-butyl bromoacetate to produce the compound of
the formula (V)
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10. A process for the pi‘eparat:’._on of a compound of

formula (I).

o)
N-R*
R! o
e o ®
ﬂ Z N-R?

3.

wherein R! , R2 and R,4 are as defined in Claim}R” is

benzothiazolylmethyl of structural formula

< \/</N S
S F
wherein R’ is hydrogen, halogen,alkyl containing 1
to 6 carbon atom's, lower alkoxy containing
1 to 6 carbon atoms, trifluoromethyl, ni&o, aryl or aryl(lower alkyl)oxy wherein aryl

contains 6 to 10 carbon atoms and lower alkyl contains 1 to 5 carbon atoms,
which comprises:

a) rcacting the compound of formula am

, CO,Me
R
COM
P
Rz/

- COH

wherein R! and R? are as defined above with SOCI; and subsequent treatment with
E3N in a conventional solvent to produce the compound of formula (VIII)



