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for the prevention or treatnent of Oer|ICtI0gI ?%la ed wt
di abet es nel | i fd¥e pharmaceutxcal properties which render t ene 1c1 or the prevention or

10  weatment 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 complications such as

15  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

20  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

25 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

30 -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
studies by J. H. Kinoshita and collaborators implicated aldose reductase in the etiology
of diabetic cataracts. More recent studies have provided compelling evidence that

35 aldose reductase also plays a significant role in the initiation of diabetic nephropathy,
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The use of insulin and/or oral hypoglycenic agents in the treatnment of

di abet es mel | i t The hapipeol segeineine tH¥r 13l iihye otethenespafi ent s.
However, their ¢5€ PaSsé&Rt inventidd &rderEpidsableaippagbrpuiiher):

devel opment of diabetic conplications s@h as 15 neur opat hy, nephropat hy,
retinopathy, cataracts and vascul ar di sgpse ch acconpany t he
underlying netabolic disorder. Th i Nile question that chronic

hyper gl ycem a plays a majo
conplications, and that conplete ey | zati on of bl ood gl ucose woul d

i kely prevent nost if not all co . Fo. a nunber of
reasons, though, chronic nornalizgf™Ne bLnnqrgl not been 20
achieved with the currently avaiR%abl e t Ber api es The

| ong-term conplications of diabetes deve op in ?i ssues where gl ucose

upt ake i s independent of insulin. In these tissues, which include the |ens,
retina, ki dney and peri pheral nerges, the systenic hyperglycem a of
di abetes is rapidly 25 transposed into high tissular concentrations of
glucose. In alland thesharmacewtidildy acceptabdeesalys FBers®fiss rapidly

met abol i zed by yhersos it odndaihvive heddicise fihet&sen, alkylnduced
flux of glucose tmwgﬁgb%Jﬁsmgathmay appears tq initiate a cascade of
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structural conisahiging Al dos &6 rexttiim s onidle thelf langydme thy 1 hen $0£6i t ol
pathvay, reduces o YOSt P Per SR Ry urldife SXPEIE QntlngobaEber
10 carbon atoms and lower alkyl contains 1 to 6 carbon
atoms; R3 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.
Examples of ‘aryl’ are phenyl and naphthyl. Examples
of halogen are fluorine, chlorine and bromine.
'Examples of Rl and/or R2 are hydrogen or halogén e.g
- fluorine such as 6-F. Examples of R5 are hydrogen,
halogen or trifluoromethyl, e.g 5-CF3 . Examples of
alkyl are methyl or ethyl.
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conpounds whi ch i nhi biThel mlose pesfetrst densowredn ahoine tmrgseavient t he

bi ochem cal, fungct.lio nd -phot ogi.cal nges i nduced by hyperglycem a.
Early stu |r¥e‘l'§e'g€i%r.? ?—fémlééh)%s%?l%ah 2%%%% | aborators inplicated al dose
reductase in the etiology of diabetic cataracts. Mre recent studies
have provi ded conpelling evidence that 35 al dose reductase also plays a
significant role in the initiation of diabetic nephropathy,

2 retinopathy and neuropathy (cf MCaleb et al, J O ab.

Conp., 2 16,1989; Robinson et al, Invest. Oph halnol. Vis.
Sci., 30, 2285, 1989; Notvest and Inserra, Di abetes, 36,
500, 1987. - - _ <The cl osest pri-or art docunent EP-A-0365324 inter alia -

provi des spiro-isoquinoline-pyrrolidine | etrones and their anal ogs
represented by

2-(2-benzothiazolylmethyl)spiro[isoquinoline-4(1H),3'-pyrrolidine]-
1,2',3,5'(2H)-tetrone;

2-(2-benzothiazolylmethyl)-6-fluorospirofisoquinoline-4(1H),3'-
pyrrolidine]-1,2',3,5'(2H)-tetrone;

2-[[5-(trifluoromethyl)-2-benzothiazolylJmethyl]spirofisoquinoline-4-
(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone;

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,

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 spiro-isoquinoline-pyrrolidines can be prepared by the processes described
hereinafter. :
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the fornul a. neuropathy, nelfhé(r)ﬁthy’\f\%nél ° g?t%y’lﬁegt?ﬁamgﬁgm&f%ﬁl# i gnq %aéaé%%t?fdent |y
hydr ogen 2 kyl containing 1 to 6 carbon atons, hal ogen. |ower al koxy
lcont ai n: Egl 1to6 C'ﬂh?@ﬁm’pbﬁﬁ&s gf rfbxfdxmer@nggbhﬁsﬂk a?ﬂnﬁwar withl kxﬂhhhhlaieﬂiﬁealey n
ower al kyl cont.ai to 6 carbon atons.. dia am,.n rein .
contains 1 t o BoRRRs Sakndofs h BRfmkpyitel focdhaltof vuith Y BePine 2.
aryl contai ns tBeprecéding methwd. at ons and | ower al kyl contains 1 to 6 carbon
atons: R err] is hydrogen, |ower alkyl containing 1 to 6 carbon atons.

aryl. aryl, (lower alkyl), or hal ogen suhstituted aryl (lower alky]) wherein
aryl contdfns 6 to I¢f eﬁ%ﬁﬁqm@w-mtﬁ%rofa%weeaﬁ@ maybeadingstersd g,

atons, acyl ormhmbeils)Escéiamnplé,ana, caitley oo rabbits; leithext alone of i dosage forms, i.e.,
capsules or tablets, combined with pharmacologically acceptable excipients.

The compounds of this invention may be given orally. However, the method of

15 administering the present active ingredients of this invention is not to be construed as

limited to a particular mode of administration. For example, the compounds may 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

20 soforth. 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.

25 The dosage of the spiro-isoquinoline-pyrrolidines 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

30 . 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

35 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
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_ Unit dosage forms such as capsules, tablets, pills and the like may contain from
Lerr]  whereln & o hug' & USNRDA 16l e GRRLE Mlrbherc R s SRVERRARNY
spi r o-i soqui ngharmagepticall catrier Thes,r fonesal afministratiomecapgules earnt containefromon
are  represejeifeenBbout £0TE @ abohe 25.0 mg of théadtive ingredients 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 ingredients of this invention
10  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.

15 The spiro-isoquinoline-py}rolidines 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, chlorpropamide, tolazamide,
tolbutamide and phenformin, are suitable. The compounds hereof can be administered

20 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' Desk
Reference, 42 ed., Medical Economics Co., Oradell, N.J., U.S.A., 1988.

25 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
hereinbelow after the listing of the following general comments pertaining to these

30 . 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

35 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
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(b) After four days, the animals were killed by euthanization. Both the lens

and the pharmaceytical ly acce tab e .err] and
Rlerr] ar § i %é%&éﬁﬁeywerﬁy nwelgﬁf’(?(éﬂde h5id frgrenfon Pﬁégi ‘%m. nangl\.
carbon atons, halogen, |ower alkoxy containing 1 to 6 carbon
atons, trifluoromegdqyl, 3
g&) BA lg;'n 1 determmatron was ge rxged by a x%odlﬁc%mn of the

-

aryl or aryl (I ower alky erein aryl cont on atons

and | ower al kyPToSedurg;af. band 1. £ensyns, LlimeBiophemy, ]Z 373 (4 )09(391‘}’ two
hal ggen bgl Kyl nﬁlﬁﬁtraagvnlfl?ll)alxgbs)w@re madé: t(@)tﬂtrhgtrmm migarc@grvadswmuem ﬁﬂ} OX
wherei n arf) cBiftiRFRoek g 2o i s 5o Solnol e Aprared B ssfhib 25y
5 car bon at onsmg 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
subtracted from the individual values found in the corresponding tissue in galactose-fed
rats to obtain the amount of polyol accumulated.] The aldose reductase inhibiting
15  effects 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.
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.
20 .
The following tabulated results show that the spiro-isoquinoline-pyrrolidines of
this invention show the property that they are active both in vitro and in vivo and
diminish the accumulation of dulcitol in the lenses, sciatic nerves and diaphragm of rats
fed galactose. The ﬁgin'cs under L, N, and D represent the percentage decrease of
25  dulcitol accumulation in the tissues of the lens, sciatic nerve, and diaphragm,

respeétively, for treated rats as compared to untreated rats.

30 .
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Exanpl es of "aryl" are phenyl and napf®hyl. Exanpl es of hal ogen are
fluorine, chlorine and brom ne. Exa Ies/(ﬂ Rlerr] and/or Rerr] are
hydr ogen or hal ogen e. g fluorine s s 6-F. Exanples of R5 are

hydr ogen, hal ogen or triflugronethy\, &= 5-CF[err] . Exanples of

al kyl are nmethyl or ethyl. ¥e£@ preferred group of conpounds of
t he present invention are the d : 1N gg{ wherein R err]
and R[err] are independently hydr Rlerr] is hydrogen,
hal ogen or ctrifl uoromnethyl. he nost Afed conpounds of the
pr esent anenti on are set forth bel ow

2- (2-benzot hi azol yl met hyl ) spj,r.o{ 4 soqui nol i ne-4( . 1H), 3¢- I Q)
1,2",3,5 (2H)-tetrone; %m{‘\f}?‘?:% %f&iﬁuiéégfdtol

2- (2- benzot hi azol yl met hyl ) - 6- fLPUd'r'ospi ro[isoquinoline-4( 1 vivg
pyrrolidirm]- 1,2',3,5 (2H)-tetrone; Dose

R! R3 106M 10'M 4x108M mgkg/day (%)L (%N (%)D

H H 97 92 81 1.1 NS 48 NS
15 H CF3 95 93 90 1.1 22 100 89

0.5 NS 49 94

F H 96 94 91 4.6 NS 63 93
20
F CF3 95 94 92 1.0 NS 53 85
25
30
This Sheet Has Been R,

T



- -

2-[[5-(trifluoronethyl)-2-benzothi azol yl ] met hyl ] spi ro[i soqui nol i ne-4-
(1 H,3 -pyrrolidine] -1 ,2',3,5 é2§% t et rone;
6-f|uoro-2-[[5-(trif|uoronethyl azothlazolyl]nethyl]splro-

[ 1 soqui nol i ne-4( 1FDR3'-pyrro di ne cooi 2',3,5 (2H)-tetrone. The

conpounds of formnul a™( S2SSs at Ieast one asymmetric carbon atom
nanmely the spiro carbon 2 ox pesiA@on 3' of the pyrrolidine ring. The
conmpounds of fornula (1} fore fexist, be isg ated, in two or
nmor e stereoi sonmeric forigg S inyentigq $es-the conpounds of
formula (1) in racemc #0 ' ' Y i : The
spiro-isoquinoline gRrrolidinesdgcan be pr 2y the processes descri bed
herei nafter. e
(A
1 2 3 . 8

wherein R™, R and R are as defined above and COOR
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)

COOR

\@é(w G

wherein Rl, Rz, R3_ and COOR8 are as defined above

using a suitable base such as sodium hydride or lithium
bis-(trimethylsilyl)amide to give a compound of formula
I;

or

c) reacting a coﬁpound of formula

Rl
This Sheet Has Been Replaced
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1 R™.
4 A nethod is prg;lgﬁg;ﬂtr_;reventing or reli €Bdng di abetes
mel | i tus associ at ed C@s$p ca ns in a diabetic mamual by

adm ni stering to said manmal a prophyl actic or al l eviating anount of
t he conpounds otof §iivel & composnch ofoffprmudai dns Fhartiding materpalsopét hy,

nephropat hy, re?b&%ﬂ@%ﬁY(AherQh@p%hBYJDdlébﬁtbé 5¥€Ehk§d ¢mnd cataracts. 5
The conpounds of, fornul g é’&:,hen adH1 ?8 W irnaceutlcally

accept abl e carrFBFerﬁﬁpﬁP eﬁh mEOEREL 8af G0 8§Pt 8n°Whi ch can be used
according to t he precedi ng net hod. 10 The

spi ro-i soqui nol i ne-pyrrolidines of thisdygg8ntion may be administered to
mammal s, for exanple, man, tle, or r@bbits, either alone or in dosage

forns, i.e., capsules or ned with pharnacol ogically
accept abl e exci pi ents.

G

wherein Rl, R2, and COOR8 are as defined above and

Rs is CH,CN or a group of formula

I

Examples of R8 are alkyl groups such as

Cl—C4 alkyl especially methyl. R8 may also be tBu.

For example compounds of formula (A) and (D) are
prepared by reacting a compound of formula (G) with
Br(CHZ)-ncoz-tBu in the presence of a suitable base e.g
Li-N(siMe3)2 to give a compound of formula

(H)
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(A
The conpounds of F%Bsaﬁﬁvgm?lgﬁanﬁ? gévﬁl5gﬁ graFFfolgormula oF

For exanpl e, thé&DPeonpounds may be adm nistered topically directly to
the eye in the formof drops of sterile, buffered opht hal m ¢
solutions, preferably of pH 7.2-7.6. A's t hey may dm ni stered arally
in solid forn1cBﬂF§FﬁFﬁ¢a 85h°§ng§W8ﬁFs?§§ §Fafgﬁ mﬁ?l CsHHEP3EE grvdln
types of clay aBHe2Bouteo forth._Ihey nmay a ﬁ e adm nistered orally in
the formof solutions or they jected parenterally. For

parenteral admnistration, they mapgbs : dhe formof a sterile
solution, preferaby of pH 7.2-7.6, 3 a pharmaceutically acceptable
buffer. 25 The "dosage {Q ch - $soqui nol i ne-pyrrolidines
will vary with the form of RZ, q ion and the particular conpound
chosen. Furthermore, it will vary with parti cul ar host under
treatment. Cenerally, treatnment is init ated with sgall dosages
substantially less than the optinmal dosg oBrt ound. Thereafter, the
dosage is increased by small incrénmeng Btil efficacy is obtained.

I n general, the conpounds of 30 plthis i-ven?$?@tgﬁe nmost desirably
adm ni stered at a concentration ! general ly afford

del eteri ous side effects.
b s@l ution may be adm nistered
i¥Rtillation varies with the

effective results w thout causing
For topi cal adm ni stration,
dropwi se in the eye. The fr
subj ect under treatment from agd

lCFéCOOH

COOR8

‘R COOH

SOCL, + NH,
coor®

CONH1

|
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Starting %fterials for he'processes erein described
two or three days to once dally. For oral or parenteral admnistration a

preferred | evel #¥e koWh SR GHKife LT AN be rrepaxpd Y analquans per

kil o of body wei glithys .day, al t hough af orenenti oned variations w ||
occur. However, a dosage level that is in the range of
from 0.1 ngto 1.0 ng per kilo of body weight per day is nost

satisfactory.  The compoundsUmift feusmga f(@r e cgure s &l sc il ey i ttadidleet s,
pil1s and the || hemp AN @Berfanle indidhni ldha orafldty Of the

active ingredients of 'this invéntion
bases. These derived salts possess the
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the corresponding therapeutically acceptable salts by neutralization with the
phar maceut i Gpprépridtedhorghfits or bffandé BaséidTheisaltsaire Gidminkiterddessually intheai n

from bet ween ) t 25..0 . th t.| ' ' f

this i nvent B aAner e’ the peent ompatins, Shabis oséinir, thend 1o TeEopes?

ggt ger ef ; e{sansciun_lude; foprexafnple,c the hiydroxides, carbornates ar rbicatbenetes of 3he to
.0ng o . t A | S. | ' h '

convent i onaltngﬂa?réh%ggﬁ ?gg?&éar riﬁt‘a(g{sl.&'%ss IOP \%@{I eéﬁlhc{l]’%%’ ger %%ﬁat?gﬁ,

and either epdiwnepetessium; megnesium.y celeium  andthe diks. e fuitable Qrganicnbpses

the known in?lud@'iﬁe f&ﬁWiB%gHiﬂéé?tﬁeuﬂgg : el Riwer theho-5 a8 Rind tr friike®,

carbonate_or | actose, can . together with conventi ona

di si ntegf 8t ithe &Ykt Radieals eQfinpbich (@RAHAIR; Ui 49 eHlirge e carbops atoms, suchyps
B i b R AR T Pt s
t r eat ment of’“&%y{]éégﬁaﬁ%%?’egnﬁgﬁﬁ iqflifé.m?ﬁc"t’ h‘ﬁé’ and ¢ W@g’no . ’cﬁﬁ?l ariof
avai | abl e i madicals ¢frwhieh bhtais uprtocthrée carbon dtpmsg g exd mpleg ewino-, di-, and

and phent or frAEEUGET Bl feneRaRREC BRIR Cenud B T3 Rartion stork, st 851 ¢
sequent i 4P| jesamethyl¢nedinmine} wyelic Isaturated or amsaturated bases oontpéRing Umdent .
oo or el TR e N8 e, APPSR, R AVy s
medi cal t exitheisidi-alkyrand Nrhydeexyatigyl Jerjvativespgugh as N-mehyl-gprgholine gpd |
Medi cal Ecoma3-h§dleryetHyl)2sipbtidin®, &s wéll @s/pyridifi€3. Furthermore, there may be
mentioned the corresponding quaternary éalts, such as the tetraalkyl (for
20 example tetramethyl), alkyl-alkanol (for example methyl-triethanol and
trimethyl-monoethanol) and cyclic ammonium salts, for example the N-methyl-
pyridinium, N-methyl-N-(2-hydroxyethyl}morpholinium, N,N-dimethyl-morpho-
linium, N-methyl-N-(2-hydroxyethyl)}-morpholinium, N,N-dimethylpiperidinium
salts, which are characterized by having good water-solubility. In prineiple,
25 however, there can be used all the ammonium salts which are physiologically

compatible.

The transformations to the salts can be carried out by a variety of methods
known in the art. For example, in the case of the inorganic salts, it is preferred
to dissolve the compound of formula (I) in water containing at least one

30 equivalent amount of a hydroxide, ecarbonate,. or bicarbonate corresponding to
the inorganic salt desired. Advantageously, the reaction is performed in a
water-miscible, inert organic solvent, for example, methanol, ethanol, dioxane,
and the like in -the présenee of water. For example, such use of sodium
hydroxide, sodium carbonate or sodium bicarbonate gives a solution of the

35 sodium salt. Evaporation of the solution or addition of a water-miseible solvent



thi's i nventi on ARdroducd ERUCTRRAIE thE ptlid RBREA Bt forrf GHBRKIIR,

di mi ni sh8 ng suitabld eolvamtmj.' githieet moderate aroiligow | pdanity; sfcmr exaimgﬁsnsﬁthatﬂle in
experi nent ' rol k gt ‘fm 82,
1146 (1973)511&%'3%1%1’ %@i sgapgett&I §9Fer amc’i @‘&egﬁergl nl%Lf ow after ?rﬁtl
listing of ameumto Bve ﬁgugmermspe@#nmnpsﬂpecuqul eafion is’ peeneadipd to that

exper i ment Soiytion. I.f the resultih@)salt BO&Y ndY pFRViSitdle! lipém?fus:?dliﬁ Y@bStalidSin
50-70 g, Sprague-Daw ey Siral were” use Iﬁe first roup t he

control gr3ahd feam fbﬁdaﬁdm% of e gpiseilerdiiuang ofhdawer polac deﬁf ‘E‘&Ht?rl&-t ory
Chow, Purg Rahzened o3 peasteith 3@141‘1( e\ e%ﬁ?ﬁ@d at {fORne Allnide is bélhtioalved

gal actosemc [ou was fed a si whi ch ,aI act Qs
Tt oo eiath Ray S3phesckd caly hesromorsd By asareliana 115 prolatnsd ess,

m Xi ng a gissytaftiollpteqQivalért amounts of the less volatile amines. -
REPLACENMENT - SHEET

2 1 NOV 1996
Salts wherein the cation is quaternary ammonium are produced by mixing

. the compound of formula (I) with an equivalent amount of the corresponding
‘5 quaternary ammonium hydroxide in water solution, followed by evaporation of
the water. '

The following processes exemplify preferred

embodiments.
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- 6- t esT TormMut B ¢ he gal act ose Cont oM T etCOz¥e
concentration of % ose in the crftEMepf the ted groups was the
same as that for the untQe ed steplapct oup. CO.H (b)
After four days, the animal's were kill eglyygpt hani zat éoth the lens 5
and sciatic nerve wef® rermved wei ghed and stored frozen for pol yol
det erm nati on. (c) The pol yol determ nation was perforned
by a nodification of the procedure of MO m and L. Cosyns, din.
Bi ochem, 2, 373 (1969). E} Etwo ' re nt chang \Qﬁig:gfrgg& (a)
the rinsing mxtur%\/\&s S%A) % E{eg eﬁlfl?

sol VI

solution and (b) t 0CH E&M, THF on wa Oed by

of dulcitol in 100 m of an aqueous trichl odbacetic acid sol ution. [N B
For each experiment the average value und in the tissue fromrats
fed the glucose diet was subtracted fr t he individual values found -
in the corresponding tissug Iqu“dgal actose-fe rats to obtai €anount
of pol yol accurrulnf# - ose reduct ase |nh| bi ti ngk(j11 N -"" t he
conpounds of for Wexg0al so t est edBEHE j PRy
testing procedure si q t hat d%%Pcdr)l'b'E'd—b'y—ST-H?yrran : N
Ki noshita, J. Biol. f 40, 877 KHWBEDMF| n the p oesqrNrhe
procedure of Hayman and Ki@oshita - was nodified in that tig final
chromat ography step was onitted in the preparation of the
\) 44)
C0,H
H 3
N R OO, Me
l)HCl-HS (R3 = H or CF3) R} o
step e) : > N R3
2) CF3CO,H, CH,Cl, N< / J©,
O S
CONH,
00, Me (VI
1) SOC} R! o
step D) ) 2 R3
2) NHs, THE NG (,ND*
0O S
(viIp
(0]
NH
NeH,DMF  R!
SMPY ey
\—< J@’R3
)
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(II) wherein R1 is as defined above.
enzyme frem bovine lens. 20 The follow ng tabul ated results

show t hat "t he spiro-isoquinoline-pyrrolidines of this invention show
the property that thdhearheomebangeiciagids or A-chlorohsnzoie agids of fosmuladIl) required

di mi ni sh t he faemy Prdsaht ﬁ@exﬂbnf&e Sortudbriéal oty a0 LA R pounEl 8f b &eﬁruﬁase&wi

di aphragm of rats d gal act ose. e figures under L, N,
r epr esent t h&n @Pd@?ﬂ’ﬁ‘b‘e decrease of 25 dul ci tol accunul at I on | n the
ti ssues of the lens, sciatic nerve, and di aphragm respectively, for

}?rEgi}AggNEﬁIEFS ﬁ@E@O "P34€ GrdpanttlbicSRiE fintedyi ester of ﬁanulai(III) 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 reaction, for example, tetrahydrofuran, can produce the compound of
formula (IV), wherein R1 is as defined above.

15
Stepc)  The compound of formula (IV), wherein R! is 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 (V), wherein R1 is as
20  defined above.

Stepd) The compound of formula (V), wherein R! is 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

25  subsequent addition of the tert-butyl bromoacetate produces the compound of formula
(VI), wherein R1 is as defined above.

Stepe)  The compound of formula (VI), wherein R! is as defined above, can be
reacted with 2-aminothiophenols (R3 is as defined above) under refluxing conditions in

30 aconventional solvent which does not adversely influence the reaction, for example,
ethyl alcohol, and subsequent treatment of the crude product 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 (VII),
wherein R1 and R3 are as defined above.

35
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ALDOSE REDUCT A@ﬂﬁf’@l spa_rgn producest the c?mpgund of formula (VIII), wherem 1}1 anc?] ga{ o
% Lower i ng 8al #sdrfined above. In Vitro
Accunul at | on In Vivo 10

Dose o RLCrt dsigp B ©7 ) rnd ShSbhid of AORENL Hhun, st Q08T ko Y £008kiNea

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
10  produce the compound of the formula (IX), wherein R1 and R3 are as defined above.

The following examples further illustrate this invention:

EXAMPLE 1
15
2-[[5-(Trifluoromethyl)-2-benzothiazolyllmethyllspirolisoquinoline-4-
1H).3'-pyrrolidine]-1.2'.3.5'(2H)-tetrone
Step a)
20 ' (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

(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 Ny was passed over the mixture. After the

25  additon 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 HoO (1000 mL). The

aqueous layer was extracted with diethyl ether (3x500 mL) and was acidified with HCI

(2N). The mixture was extracted with EtOAc and dried over MgSO4. Evaporation

30 . gave an off-white solid which was recrystallized from EtoO/hexane (-20°C) to give a
white solid (34.2 g, 90.9%).

35
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H H IHA’%}L”Z(SBW Coﬂ?l NS 48 NS 15 H  CF3

93 @o

63 93 20
25

10

100 89
0.5 NS 49 94R rcrEl H 330035700 (CO 1750 éuo,mo €=©, NS
gKB ) g 4 ( §S 2, ( ) ( ) gt
1680 (C=0)
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.

The following compound was prepared in substantially the same manner as that

15 of Example 1, Step a):

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

1H NMR (DMSO-dg, 400 MHz): 8 3.68 [s, 6H, (-CO2Me)3], 5.79 (s, 1H,

20 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-1): 3400-2700 (CO2H), 1730 (C=0), 1680 (C=0)
MS (m/e): 270 (M), 238 (M*-CH30H), 210 (M+-CH30H, -CO), 151 (M+

25 -CH30H, -CO, -CO,CH3s)

30

35

Anal. Calcd.: C.53.34;: H, 4.10
Found: C, 53.36; H, 3.93

MP. 121.5-123.0°C.
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30 A mixture of (2-c§rboxy?ﬁergl?pr3%ar{edmlc a?Igvdl thyl esters(slg .09 8

preparing SonpiRblismal) ad SREK (100 Mﬂm%‘@ﬁc ﬂ‘baerolan?eé)wqgwmoyneﬁg

an am de of foipdcaio(add 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 HCI (1IN, 1000 mL), extracted
with EtOAc and the organic extracts were dried over MgSO4. Evaporation and

10  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, -CO2Me), 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)

15
IR (KBr, cm-1): 1740 (C=0), 1685 (C=0)
MS (m/e): 234 (16, M+), 206 (38.5, M*+-CO), 203 (12, M+-OMe)
Anal. Calcd.: C, 61.59; H, 4.30

20 Found: C, 61.82; H, 4.29

M.P. 129-130°C.

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

6-Fluoro-§-methoxy-1—0xo—1H-2-benzopyran-4~carboxylic Acid Methyl Ester
IH NMR (DMSO-dg, 400 MHz): § 3.81 (s, 3H, -CO2CH3), 4.06 (s, 3H,
30 . -OCHs3), 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, cml): 1750 (C=0), 1685 (C=0)

35 MS (m/e): 252 (24, M%), 224 (54, M+-CO)

This Sheet Has Been Replaced

AT




[err] \A,hereiM'E{[ é??]“?TR[ err] and Rerr] are as defined above and
COOR[ err] i5 ester group, using a suitable base such as sodium hydride to

give a conpoungtem:)fornul al; or b) cyclising a conpound of formnula (B)
2-(Cyanomethyl)-1,2,3,4-tetrahydro-1,3-dioxo-4-isoquinoline-
carboxylic Acid Methyl Ester
10 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 H2O, acidified with

15 HCl (2N) and extracted with EtOAc. The organic extracts were dried over MgSO;.
Evaporation and crystallization from acetone/ether/hexane (at -20°C) gave a yellowish
solid (6.5 g, 73.7%). '

1H NMR (DMSO-dg, 400 MHz): & [3.7 (s), 3.98 (s), 3H, -CO2CH3,
20 tautomeric], [4.92 (s), 5.44 (s), 2H, -NCH>CN, tautomeric], 7.2-8.4 (m, 4H, Ar-H,
tautomeric)

IR (XBr, cm1): 3400 (OH), 1670 (C=0)

25 MS (m/e): 258 (20, M), 226 (43, M*+-MeOH), 199 (13,
M+-COMe)
Anal. Calcd.: C, 60.47; H, 3.90; N, 10.85
Found: C, 60.27; H, 3.77; N, 10.69
30 .

M.P. 169-171°C.

35
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[err]  wherein R] eFf§yancmeihy])-6-Rugror}.2 3uttetaiiydrend 3rdigre-4isoqpinelineg apove
usi ng a suistabl e base such as sodcarbotyid AciEMethyl Estdri um
bis-(trimethylsilyl)amde to give a conpound of forrmula I; or c) reacting
a conmpound of formula [err]

10

15

20

25

30 .

35

Anal. Calcd.: C, 56.53; H, 3.28; N, 10.14
Found: C, 56.45; H, 3.22; N, 10.13

M.P. 178-179°C.

Step d)
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-tetrahydr6-1,3-dioxo-4-
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 HpO,
acidified with HCI (2N) and extracted with EtOAc. The organic extracts were dried
over MgSO4. Evaporation and purification by flash chromatography on silica gel
(hexane/EtOAc 4/1) gave a white solid (8.5 g, 90.7%) .

IH NMR (DMSO-dg 200 MHz): 8 1.03 (s, 9H, -CO2 CMe3 ), 3.58 (s, 3H,
-CO2CH3), 3.64 (s, 2H, -CH2CO2-), 5.05 (s, 2H, -NCH,CN), 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, cm1): 1745 (C=0), 1730 (C=0), 1670 (C=0)

MS (m/e): 373 (38, M+ + H), 317 (100, M+ + H, -CMe3)

Anal, Calcd.: C, 6.1.28; H, 5.41; N, 7.52
Found: C, 61.61; H, 5.49; N, 7.13
M.P. 48-50°C.
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-9- with a 2-am ndXfYaRmRstYD-Grilyogt-lig3,d-tetrahydro-4-(methquycarbonylys o o 5
conpound of fornmula |. EBdidxorrisoginolineheetio Acidol, IFMimeth§lathyl E®r and (D) can
be prepared via internediates of fornula (G shown bel ow.

Anal. Calcd.: C, 58.46; H, 491; N, 7.18
Found: C, 58.65; H, 4.98; N, 7.08
M.P. 133-135°C.
10
Step e)
1,2,3,4-Tetrahydro-4-(methoxycarbonyl)-1,3-dioxo-2-[[(5-
trifluoromethyl)-2-benzothiazolyl}methyl]-4-isoquinolineacetic Acid
15 To a mixture of 3-amino-4-mercaptobenzotrifluoride hydrochloride (6.1 g, 26.2

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 HO, acidified with HCl (2N) and extracted with

20 EtOAc. The organic extracts were dried over MgSO4. Evaporation gave an oil (9.6 g)
which was dissolved in CH2Cls (80 mL). Trifluoroacetic acid (20 mL) was added and
the mixture was stirred at room temperature for 8 hours. The volatiles were removed in
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%).

25

IH NMR (DMSO-dg, 400 MHz): & 3.57 (s, 3H, -CO2CH3), 3.68 (dd,
J=17.85 Hz, 2H, -CH,COH), 5.61 (s, 2H, -NCH»-), 7.62 (m, 2H, Ar-H), 7.81 (m,
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)

30 -
IR (KBr, cm-1): 3200-2500 (CO2H), 1750 (C=0), 1710 (C=0), 1670 (C=0)
MS (m/e): 492 (6, M+), 448 (6, M*+-CO»), 416 (62, M*-CO, -MeOH)
Anal. Caled.: C, 53.66; H, 3.07; N, 5.69

35 Found: C, 53.40; H, 3.01; N, 5.54
MP. 199-201°C.
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may

[err] wherein R err], err] COCR[err are as deflned above and
Rlerr] is &Herr]CN or a WWVM(@Cm%m‘]OHﬂ'I -digxedpl es of Rlerr]
are al kyl groups such as @%ﬁ}nﬂ@ﬁﬁl ﬁl?’ lindacatid®éigy! . R err]
al so be [err]Bu. For exanple corrpounds of (A) and (D) are
Anal. Calcd.: C, 59.43; H, 3.80; N, 6.60
Found: C, 59.37; H, 3.74; N, 6.43
10
M.P. 189-190°C.
6-Fluoro-1,2,3,4-tetrahydro-4-(methoxycarbonyl-1,3-dioxo-2-
[[(5-trifluoromethyl)-2-benzothiazolyljmethyl]-4-isoquinolineacetic Acid
15 :
Anal. Calcd.: C, 51.77; H, 2.76; N, 5.49
Found: C, 51.62; H, 2.97; N, 5.18
M.P. 103-105°C.
20 '
Step )
4-[(Aminocarboxyl)methyl]-1,2,3,4-tetrahydro-1,3-dioxo-
2-[[(5-trifluoromethyl)-2-benzothiazolyljmethyl]-4-isoquinoline-
carboxylic Acid Methyl Ester
25

35

This Sheet Has Been R

A mixture of 1,2,3,4-tetrahydro-4-(methoxycarbonyl)-1,3-dioxo-2-[[(5-
uiﬂuoromethyl')-2-benzothiazoly1)methyl]-4—isoquinolineacetic acid (2.5 g, 5.08 mmol)
and SOCly (25 g) was refluxed for 1 hour. The volatiles were removed in vacuo and
the product (acid chloride) was taken in THF (20 mL) and added to a freshly prepared,

30 . saturated NH3 THF solution (20 mL). After stirring for 10 minutes, the mixture was
poured into HCI (1IN, 500 mL), extracted with EtOAc and dried over MgSQy4.
Evaporation and purification by flash chromatography on silica gel (hexane/EtOAc, 1/1)
gave a light yellow solid (2.1 g, 84%).
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J=7.47 Hz, 1H, Ar-H), 7.68 (m, 2H, Ar-I_'_I() 8.17_(dﬁ, J=79z, 1.45 Hz, 1H, Ar-H),
prepared by rggg I ng conpound of formul a (g wt
Br(CH err] Y- [ % %@}#imgﬁ n the presence of a suitable base e.g

Li-N(SiMe[err] to give a conpound of formula [err]

L0 o terein Reerfy qealdl ghith: 5436 (! Blso Hen21788 668! PRS2 1660

(C=0)
10 MS(m/e): 491 (10, M)
Anal. Calcd.: C, 53.77; H, 3.28; N, 8.55
Found: C, 54.23; H, 3.26; N, 8.39
15 M.P. 198-200°C.

The following compound was prepared in substantially the same manner as that

of Example 1, Step f)
20 4-[(Aminocarbonyl)methyl}-6-fluoro-1,2,3,4-tetrahydro-1,3-dioxo-
2-[[(5-trifluoromethyl)-2-benzothiazolylJmethyl]-4-isoquinoline-
carboxylic Acid Methyl Ester
Anal. Calcd.: C, 51.87; H, 297; N, 8.25
25 Found: C, 51.87; H, 2.93; N, 8.01
M.P. 144-146°C.
Step g)
30 . 2-[[(5-(Trifluoromethyl)-2-benzothiazolyllmethyl]spiro-

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

To a mixture of 4-[(aminocarbonyl)methyl]-1,2,3,4-tetrahydro-1,3-dioxo-2-
[[(5-trifluoromethyl]-2-benzothiazolyljmethyl}-4-isoquinolineacetic acid methyl ester

35 (1.6 g, 3.34 mmol) and anhydrous DMF (20 mL) was added NaH (80% dispersion in
oil, 106.2 mg, 3.34 mmol) portionwise over a 5 minute period. After stirring for 30

This Sheet Has Been Re
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an ester group (other than [err]Bu ester treating the conpound of formula

(H with t8ifluoradt NMR 50- d&rﬁﬂﬂ b5t1364gd®,ub=13r2§a&2; A, +€H>CO-),
resulting aci ¢ h ﬁCﬂ q)4gH¥e hg_: f (A)
or (D Intermad{s ¢ gﬁé’ ]768 ? E gr}%ls EII R a?gl |aﬁ?'%} ?Ioute
[err] 782 (di, 1=7.88 Hz, 1.6 ke, 22,08, IR, | 543 ke e, group
provi di ng R enriH),8.380¢m,[2H,FABH), 12.05 (s, lH, -CON_IiCO—)

10 IR (KBr, cm-1): 3400 (NH), 3240 (NH), 1725 (C=0), 1680 (C=0)
MS(m/e): 459 (82, M%)
Anal. Calcd.: C, 54.90; H, 2.63; N, 9.15

15 Found: C, 55.17; H, 2.71; N, 9.06

M.P. 122-124°C,

The following compounds were prepared in substantially the same manner as

that of Example 1, Step g)
20 :
2-(2-Benzothiazolylmethyl)spirofisoquinoline-4(1H),3'-
pyrrolidine)-1,2',3,5'(2H)-tetrone
Anal. Calcd.: C, 61.37; H, 3.35; N, 10.74
25 Found: C, 61.09; H, 3.47; N, 10.59
M.P. 225-227°C.
6-Fluoro-2-[[5-(trifluoromethyl)-2-benzothiazolylJmethyl]spiro-
30 . [isoquinoline-4(1H),3'-pyrrolidine]}-1,2',3,5'(2H)-tetrone
Anal. Calcd.: C, 52.84; H, 2.32; N, 8.80
Found: C, 52.76; H, 2.43; N, 8.53
35 M.P. 123-125°C.
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'3 -tetrone
O her routes to the various int g}'ﬁg‘d 12 Fl(ﬂg)e eapparent to the skilled
chemist. Starting materials for the processes herein descri bed are known

conmpounds or may be El.eﬁkﬁd by anel eglgs:sH Y5 0Rs10.26he conpounds of
formula (1) formsalts wth sui tabé ég pgié ][% ib)haccept abl e i norganic
and organi c bases. Fowde derived skt ? ‘goé h
-12-
M.P. 198-199°C.
10
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1. A compound of formula (I)
activity as their parent conpound and acr)e included within the scope of this

i nvention. The conpounds of fornula (I)}{are %&ansforned in excellent yield
into the correspondi ng therapeutic ~tcCeptabl e salts by
neutralization with the appropri at organi ¢ or organi c base. The
salts are admni stered usual ly i manner as the parent
conpounds. Suitabl e inorganic bas hese salts i ncl ude, for

exanpl e, the hydroxi des, carbonat € bj N:ar bo Eﬁ

t herapeutically accept abI e al kal i alg or aI | gar netals, for
exanpl e, sodi um pot assi um R?'agnem on or c¥ Sui tabl e
organi ¢ bases i nclude the foll ow ng am nes: benzylanlne | ower nono-,
di-, and trialkylamnes, 1 0 the al kyl radicals of which contain up to

t hree carbon atons, such as met hyl @) ne, di net hyl ami ne, trimethyl am ne,
et hyl am ne, di - and triet hyl am ne or met hyl am ne

mono-, di-, angdry @alwcﬂm&ﬂs wﬁé”}?eﬁl gnalng r? rﬁ@ qql&;%a@ytq@ contain
up to three carbon atons, e%anp e, npno-, di- trlethanolanlne

al kyl ene-di ani ﬁ’é’émedhv%ﬁlalc’rf’wltfﬁ-@ * gt tﬁor?ad-'t% 25Rs delpgen,
hexanet hyl enedilaWere;a oy CaddimilRfl 101t dIres Aldibaine Gdoaes cont ai ni ng up

t b h [ idi i
p?perai: )r(lecg':ld%n %{%fo as rrq(\)q_ Iiﬁfé’ ﬂfgl Ilcg‘lé)%ae\fatr%q\;g’g‘%oé‘tych as
N- et hyl - nor phodhlemelancaryl Mc(rﬁ:—dlydr o yet iy )cqmlqwr iactiomes, aasl lelwe ras
pyridine. Furthggimr %o%%q% 'F%ob% iﬁ(}{ L R8 LF §3PY

quaternary salts, “such as t tetr lexanple “tet neth§?),
al kyl - al kanol (nﬁépq@)namléﬂylmqiwutwma Hart@l 6a@rbon atoms, lower

alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl'or aryl(lower alkyl)loxy wherein aryl
contains 6 to 10 carbon atoms and lower alkyl contains
l to 5 carbon atoms.

1 and

2. A compound according to Claim 1 wherein R
r? are independently hydrogen or halogen; and R i

hydrogen, halogen or trifluoromethyl.

. 3. A compound as claimed in Claim 1 or Claim 2
wherein Rl is in the 6-position.

4. A compound as claimed in anyone of Claims 1 to 3
wherein R3 is in the S5-position.

5. A compound which is

2-[(2-benzothiazolylmethyl)spirolisoquinoline-4
This Sheet Has Been Repl
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. =L\ ec-DENZOLN1LAZO01LY .1 MELNYL)-0-T 1LUOCrOSPlLIO =~
tri met hyl - nonoet hanol [ i seguiyel i me ahfiih) 3im st tel idire Bxbnd! 3 1 el M het hyl -
pyridiniu m N nethyl oxYV, | i

té\kﬁgng' ﬁi éﬂg%illacé@tff)@ﬂhw Me%alﬁ;él.sgft

t hyl - mor pho- l'inium ydr oxyet ) - nor ni um
N, N- di net hyl pi peri di n‘?hﬁﬁeO sal ts, which are characteri zed by havi ng good
wat er-solubility. I'n principle, 25 however, there can be used all the

ammoni um sal ts ich are ph | ogi ca at i.pl The

t ransf or mat i onsy\lh %%FQ% ‘gn ‘éorc‘%ﬂr'%/? efcf) g @h’rcf}eﬁ/s of met hods

known in the art. For2-e5<b51°pﬁerlflu¢ﬂ'mneslaael D#Z{bmxzotm:gmnbylshi\etshyll-' is

preferred to diss fq i C aifiing at
. génqﬁabfs&wg@%%r 1S Ofy rdb;)rf&i’@u?é] o ai g

| east one 30 equi val anpunt onat e blcarbonate
correspondi ng to thel $HhdrERir e 4% %@h%’é’&?ce%ﬂt kARt akie
reaction is perfornedkalt acher&&f £r-m scible, inert organic solvent, for
exanpl e, nethanol, ethanol or di oxane, in the presence of wat er |
For exanple, such use of sodium hydr oxi de, sodi um carbonate or sodi um
bi carbonate gi Vs a Pletnpournd ddwor3H spdioirtlswsin .2 Baijpdy ats on of t he

solution or addition @ifﬁlmﬁi:ﬂ§§@tﬁl§fﬁfﬂf’&&gthyl)-2-
benzothiazolyl Imethyllspiro{isoquinoline-4(1H),
3’-pyrrolidinel-1,2°,3,5°(2H)-tetrone or a
pharmaceutically acceptable salt thereof.

9. A process for preparing a compound of formula I

as claimed in Claim 1 which comprises one of the

following:
al cyclising an amide of formula (A)
_ CONH2 |
gl coor®
N.\v/<fN R3
B2 ° (A)

wherein Rl, R2 and R3 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
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- 13- of a nore node atedlari?ff

i nstance, butanol or I e
ket one, gives the solf{%j nor gani ¢
To produce an amine salt, the aci®ic conpound o mul a@j i s dissolved
in5 a suitable solvent of either noderate or |ow pol ari\t§/ for exanple,
et hanol , met hano| , ef hylpacegate, dietfyl ether ang benzene. At | east an
equi val ent NR ¢k anknedRdrfeeRondFRgaBodehéngaspPadecYFing s
then added lt?)arl;wxiitbabl_sealbaej.@nsud:r& ?@gs?@suthghpegggé_t odoe:fstnmtu_npbggi-pi tate,
it can usually, be. obtained i . SOl | orm by additign m.sci bl e

i ent of 1 o TSty hiensdR 50 SRHEL S Bneobpdnet: SPEMHEE: Rer, o
by evaporatiomr |If the amne is relatively vol atil e, any excess can

easily be remused by,.&y, g@lt;o&, 55“@ DE CESERGHat O UsE substantial ly

equi val ent anounts of the |®ess volatile am nes.

w27 ay) owers al kanol, for
et hyl net hyl
m i s desired.

or

\/CN

with a 2-aminothiophenol of formula

HZN

HS

1-3

in which formulue R are as defined above, to give a

compound of formula I .
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Salts wherein the cation is quaternary ammoni um are produced by m xi ng

the conmpound of formula (1) with an equival ent anmount of the correspondi ng
5 quat ernary ammoni um hydroxide in water solution, followed by evaporation
of t he water. The foll owi ng processes exenplify preferred
enbodi nent s. -X4_ The Process: The

spi ro-i soqui noline-pyrrolidines of the present invention were prepared by
the foll ow ng reaction schene:

10 A process for 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; and R3 is hydrogen, alkyl containing 1 to 6 carbon
atoms, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl, nitro, aryl or
aryl(lower alkyl)oxy wherein aryi contains 6 to 10 carbon atoms and lower alkyl
contains 1 to 5 carbon atoms which comprises:

a) reacting the compound of formula (II)

R!

\ N [Bror Cl]

1C o
R2 CO?. H

as Been Replaced
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[err] 1 COMe -15- Step

a) Reacting either 2-bronbbengzoi Mgﬁr 2-chl or obenzoic acid of
formula (I11) wherein R I s as “defi ned above wi th dinethyl
I me

mal onate and NaH in the presebcedQf a catal yti c (Hfjount of CuBr to
produce the propanedi oi c aci 0@, Hester of fornula (1) wherein
Rl is as defined above. 5 The 2-bronobenzoi c acids or
2-chl orobenzoic acids of formula (I1) required for the present

i nvention are comrerically avail abl e conmpounds or can be prepared by

known net hodsb) reacting the compound of formula (II) wherein R1 and R2 are as defined above

with SOCl3 and subsequently treating with Et3N in a conventional solvent to produce

the compound of formula (IV)
CO,Me
Rl OMe
o aw
R2
o

wherein R! and R?2 are as defined above

c) reacting said compound of formula (IV) with aminoacetonitrile hydrochloride in
the presence of Et3N in a.conventional solvent to produce the compound of formula (V)

-: COZ Me
RY o
[}\
4
Rz/ AN NN
o

wherein R! and R2 are as defined above
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10 Step b) The propanedi oi ¢ aci dg 'C'Me yl ester of fornmula (111) can be
reacted with t hi onyl chl ori de fun fI uxi ng conditions to produce
the corresponding acid chloridg i IY1I upon treatnment with Et[err]N in

a conventional solvent which do rsely i nfluence the
reaction, for exanple, tetrahyd% f N.can pr oduce(vtnne conpound of
formula (1V), wherein Rerr] i ) e. 15 Step ¢) The

r] is as defined above, is reacted
n the presence of Et[err]Nin a

conpound of formula (1V), wherein R
Wi th am noacetonitrile hydrochl oride

conventional sol vent whi ch does not adversely influence the reaction,
for exanpl e, ebkin R1 dueshed 4k de, produces the conpound of the
formula (V), %erel n err Is as 20 defi ned above. Step d) The

conpound of forrmula (V), wherein Rerr] is as defined above, is reacted
with an inorg@yni c ressiagsaidiofpolid GFFoIhlla CVI) Mfled 2-aiincthioplenendf stiitural
sol vent whi c? does not adversely influence the reaction, for exanple,
N, N- di et hyl 8??}%1 de and 25 subsequent addition of the tert-butyl

br onpacet at e produces the conpound of for rrul a (M), wherein Rerr] is
as defined above. Step e) The Hz of formula (VI), wherein
Rlerr] is as defined above, canl_kg $3% h 2- am not hi ophenol s
(R3 is as defined above) under | uxi ng

gg ons in 30 a conventi onal

sol vent whi ch does not adversely influen the reaction, for exanple,

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

- CO,CMe;
) COgMC

\\ P
| \——< ——R3

e
L]
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et hyl al cohol, and subse%yent efePa¥e of the crude product with an
organi ¢ acid such as ' cetic acid in a conventional solvent
whi ch does not adversely i action, for exanple,

net hyl ene chloride, to pr 1a({® 1), wher ei n
Rlerr] and R err] are asXtdefi ned]jabove.

- 16- Step f) The conpddnd of fdfnula (VI1), wherein R err] and
Rlerr] are as defined above, can be reacted with thionyl chloride

under refluxing congditJ 0 o0 produce, the correspondi ng acid chloride

whi ch upon t Wé&@?ﬁaﬁg R% %“Hs%?t %ﬁpﬁﬁ‘é‘?ﬁi "Ebgf'? ahydr of ur an- amoni um

sol ution produces the compound of formula (VI1I), wherein Rlerr] and R err]

are 5 as d §)f ! ne(rjeacgna Ogv said compound of formula (VII) with thionyl chloride and subsequently
adding THF/NH3 to produce the compound of formula (vi)

CONH,
NN O N
CI Y e Dy om
RZ/ Z \/<S l 7

wherein R1, R2 and R3 are as defined above

h) reacting said compound of formula (VIII) with a base in a conventional solvent
to produce the compound of formula (I).

11. A phérmaceutical composition which comprises a
compound as claimed in any one of Claims 1 to 8 or a.
pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier.

12, A compound of formula I or a pharmaceutical salt
thereof as defined in any of Claims 1 to 8 for use as a
pharmaceutical.

13. Use of a compound of formula I or a
pharmaceutically acceptable salt thereof as defined in
any one of Claims 1 to 8 in the manufacture of a
medicament for the treatment or prevention of
neuropathy, nephropathy, retinopathy or cataracts in a ‘

Haperte mama MR O RN VR
- : . * c L M s *
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Step g) The conpounHSEFUEqAS ALDOSE REDUGTASE INBIBITORS, Rlerr] are as

defi ned above is reacted with a base such as sodiumhydride in a

conventional solvent which does not adversely influence the reaction,

for exanple, N Ndinethylformam de, to 10 produce the conpound of the

formula (1 X), wherein Rlerr] and Rerr] are as defined above.

The foll ow ng drth ' t WS I3V |

EXAVPLE 1 15 Tﬁé@”@h@éni%hz%rb&% ERhBouikS bRV eRdidla (1)

5-(Trifluoronethyl)-2-benzot hiazol yp] nmet hyl ] spi ro[ i soqui nol i ne- 4-

(1H).3' -pyrrolidinel- 1.2" 3,5 (2H)} t et rdhe Step a) 20

(2- Car boxyphenyl ) pr opanedi oi ¢ Aci ¢/DiINEt hyl Ester To a rapidly

stirred cold suspension (& -b{ onobenzoi ¢ acid (30.0 g,

149.32 mmol ), cuprous brom de —a34.93 Mol ) and dinethyl nal onate

(300 nL) was added NaH (80% i oi I ,n10 g, 358.37 mmol) over a 30

m nute period, while a strea N m@f p oNsr the m xture. After
S

t he 2
R o)
and pharmaceutically acceptable salts thereof, 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(lower alkylloxy wherein aryl contains 6 to 10
carbon atoms and lower alkyl contains 1 to 6 carbon

atoms: and R3

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, processes for preparing them and pharmaceutical
compositions containing them. The compounds have
pharmaceutical properties which render them beneficial
for the prevention or treatment of diabetes mellitus

associated complications.
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25 additon of the NaH had been conpleted, the m xture was stirred for 10
m nutes at room ,tenperature and 30 mnutes at 70[err]C (external oil
bat h terrpera?ture) At this point, the suspensi on had turned to a
solid mass, which waThili Savéntd IrBlaH{sertb] §pifd- uliﬁ;blmélibyrrohdxncsaehldéoﬂs‘é:r

i e " (o PSS et e e R S wpion, B thidt
MySO err]. Evapfor akmglﬂle%bmp@ﬂdﬁm«phhmmumakptepwawbnmcmﬁ The compounds
Egzr ys';al lgbzggl Mv%@h%b%crukgl%ﬁ&ﬁcé whithGeRdeindR vh¥ficidt for the pithfonS® | d
-17- 10 treatment of complicatons 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 complications such as

15  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

20  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

25 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 10

30 -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
studies by J. H. Kinoshita and collaborators im;jliqated aldose reductase in the etiology
of diabetic cataracts. More recent studies have provided compelling evidence that

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



viabeies, 50, 2UU,100/7.
[err]H NIVR(DIVBOd[err] 400 MHz): [err] 3.67 [s, 6H, -CH(COJerr]CH err],

(5ijt72 58’7 66 Hz, 1 120%'%%%0#&%“%&?” d%yf] %1?? ?éeé%mf— 7,4EH,
AW-LD, 7.94 (ddthg—prgsagt ingentizon are rdpresentpd bY. ZofmulaH(I):

- 5 | R (KBr, ddr]): .. 3300-2700 (CJerr] H, 1750
(82[0)6,”]1%0 (C=0), J i 1680 (C=0)

M5 (nife): 252 (M+), 254 rr]CPD,'188 (ME-2xCH errJ]OH) 10
Anal . Cal cd.: C, 57.14; H, 4 o) Found: C
57.05; H 4.78 MP. 1F4-% s—10]64 The foll ow ng
conpound was prepared in substanti &Ll ylt.hg sane as that 15 of
Exanple 1, Step a): R3

(2- Car boxy- 6- f | uor opheny! ) pr opar¥i oi ¢ g¢i d Di ter

[err]H NVMR (DVSO-d[err], 400 MHz): [err] 3.68 [s, 6H, (-CJerr] MJerr],
5.79 (s,1H, 20 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, ¢y
and the pharmaceutically acceptable salts thereof,
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(iower alkylloxy wherein aryl contains 6 to
10 carbon atoms and lower alkyl contains 1 to 6 carbon
atoms; R3 is hydrogen, halogen, alkyl containing 1 to 6
carbon atoms, lower alkoxy containing 1 to 6 carbon
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.
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 R5 are hydrogen,
halogen or trifluoromethyl, e.g 5—CF3 . Examples of
alkyl are methyl or ethyl.
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haiogen; R 1S fJyarogen, naiogell Ui LiLiSULLMIEESNL=e

l% Ar]-H), 803(dd 8.77 Hz, 6.17 Hz, 1H, Ar-H) | R (KBr,
cnferr]): 3400-27 ( é% 3 a 1@§0tﬁ@- Yesent MS
(Me): 270 (M), - é@er]%é) g°§‘§89%‘|vﬁ CH err] OH. CO) 151 (M+ 25
-CH err] O—I,mmumaare]ﬁ#[ dorjth below: Anal . Cal cd. C. 53. 34;
H 4.10 Found: C, 53.36; H 3.93 30

MP. 121.5-123.0[err]C. 35

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

2-(2-benzothiazolylmethyl)-6-fluorospiro[isoquinoline-4(1H),3'-
pyrrolidine}-1,2',3,5'(2H)-tetrone;

2-[[5-(triflucromethyl)-2-benzothiazolyljmethyl)spiro[isoquinoline-4-
(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone;

6-ﬂuoro-2-[[5-(u-iﬂuoromethyl)-2-benzotlﬁaz_olyl]methyl]spiro-
[isoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone.

The compounds of formula (T) 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 spuo-xsoqumohne-pyrrohdmes can be prepared by the processes described
hereinafter.
This Sheet Has Been Replaced




18 neugopaﬂlyl,)?ephmpathy, retinopathy, keratopathy, diabetic uveitis, and cataracts.

-18- tep

3- Met héxy 1- oxo- 1H 2- benzopyr an- 4- car boxyl Ic Acid Methyl Ester

A mxture of (Z2Thacompgphdngf fomudar(Bdivdien admixedi withrg phagpageutiadlyoo g, 5

39.68 mmol %l?%rﬁﬁngﬁgggﬁl%dﬁﬁﬁ do Lﬁokﬁ’ﬁ@ﬁ‘ whi¥h cantRUised addoediN@toat i | es

c
were remoVSd i n’vacuo e cru product (acid chloride) was

di ssol ved mnpmaglmgwm : Triethylamne (27.64 nL, 198.4 mmol) was
added and the m xture was stirred for 30 m nutes. The yel | owi sh

and £ or gant cTeKEREASGTHR PedFRUOHFS Of RUSENERATS may o pdprisidie 16
?g%al | i z@hingiald, TONe-REEI16) 1RdrS et/ brepabbiss, eher-a@icor inQJosggey formsnhé. e sol i d
3.82 ( S mpsuﬁfc?fé?‘?lf‘ﬁ/@f’mbﬂ’eéé“{@ha%ﬁc° cmcgﬂg'%%fl‘ﬁ?%?& M 2EserH;] 1H
Ar-H), 7.8 (t, J=8.2 Hz, 1H, Ar-H), 7.9 (d, J=8.3 ,1HAr-H),811
(12@5‘] (:Z;:é? He, b compo'f'r)ndg‘gf this invention may bt BiveiXBfallyC HdWevks, the théthBd 6£=0) .
15  administering the present active ingredients of this invention is not to be construed as
limited to a particular mode of administration. For example, the compounds may 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
20  soforth. 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.

25 The dosage of the spiro-isoquinoline-pyrrolidines 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

30 . thisinvention are most desirably administered at a concentration level that will génerally
afford effective results without causing any harmful or deleteriotis 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

35  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
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Unit dosage forms such as capsules, tablets, pills ana the like may contain frrom

X[r?al( m 83 Cdabout 5.0 mg36 bl 28/0)mg FB%hd dctive indedidats of hls (rhdntidh wilied

. C. t‘il. 59; ll\_/% 4,30 20 .o . Found: . C,
61.82: H, 4 phgrmaceutical carriér. | fhus, foryorpk gdministration, capsules cag cantain &M“h g
g()rrpor nd 1wagtcme%gabe@k 5.0 miptb ab&N 254 hy of the asdvesingrdiears afishis ventin witlof
anple 1, e ; . . .
6- Fl uor o- 3- H‘EP‘HME iPB&‘ES‘!afﬁEuf?b‘é‘h%byT%‘H?‘ﬁa%}Q‘FBSQWFSS‘*&\‘C‘F&’ %{fﬁrﬁscggtf er
Bfe B g ] I(—I NI\/BRHCBNBﬁhtd.{rEbet}vccmwbuls/Elﬂ)m 2540 mig of .thd aqtive iggrediemsjofthis dryention ) |
. S - = .
J=11. 83! ‘?igb"" #’G%%ﬁr")’ﬂ)pﬁmga&%ﬁﬁfg ﬁﬁ‘lsségﬁm%f’#% maf 1% C(’%%,i Ar - H)
IR (KBr, criad ejther effergmcenton)noneffemescentomay ds prepared accorging ierthg known
252 (24, Mthr, 30ér Girhent¥tor €adriers, for example, magnesium carbonate or lactose, can be

used together with conventional disintegrating agents for example, magnesium stearate.

15 The spiro-isoquinoline-pyirolidincs also can be used in combination with
insulin or oral hypoglycemic agents to produce a beneficial effect in the reatment of
diabetes mellitus. In this instance, commercially available insulin preparations or oral
hypoglycemic agents, exemplified by acetohexamide, chlorpropamide, tolazamide,
tolbutamide and phenformin, are suitable. The compounds hereof can be administered

20  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' Desk
Reference, 42 ed., Medical Economics Co., Oradell, N.J., U.S.A,, 1988.

25 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 exemplifiéd
hereinbelow after the listing of the following general comments pertaining to these

30 . 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

35 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
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Anal . Cal cd. (bb gégﬁqrgouq.qlayg tg@animals were killed by gythanization. Both thedens57. 19;

H 3.57 5 and sciatic nerv&/Rre r%ﬂﬁvéd‘l&[eﬁgh'éh end stbred frozen férgidlyol determination.
2- (Cyanonet hyl ) -1, 2, 3, 4- tetrahydro - di oxo- 4-i soqui nol i ne-

carboxylic Acid Met hyI Ester 10 To a sol ution of
3- met hoxy- 1- oxo- Xt} 2- bEmazp@lybhdetérmmaﬁony#ascpafnrmmbyml modxﬁcanensbénhe(8 0

Py ochl or i QEoREuof M Krast] shade RS, CON HRBHEN. 2 $12.8960) Qauie | i
t he mahiaor sdagedtachenghissware wade: (B) ithe: fipdingrmixtutel was anaqueboo 5%7(“de| )
nas add% a'hqcﬁlgl%aceuc 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
subtracted from the individual values found in the corresponding tissue in galactose-fed
rats to obtain the amount of polyol accumulated.] The aldose reductase inhibiting
15 effects 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.
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.
20
The following tabulated results show that the spiro-isoquinoline-pyrrolidines of
this invention show the property that they are active both jn vitro 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
25 dulcitol accumulation in the tissues of the lens, sciatic nerve, and diaphragm,
‘ respectively, for treated rats as compared to untreated rats.

30 .



m xture was stirred at 100[err]C for 3D m nytes, and then poured into H20,
acidified wwth 15 HC1 (2N) and extragted th Et CAc. The organic extracts
were dried over MgSO4. Evapor at onNand crystal l'ization from

acet one/ et her/ hexane (at -20[gyr]C del | owi sh solid (6.5 g,
73.79% . [err] H NVR (A 0400 MHz): [eRél] [3.7 (s), 3.98
(s), 3H -CJerr]CHerr], 20 ta 4 (s), 2H,

§o [4.R

-NCH err]CN, tautoneric], 7.2-8. t aut omeri c)

IR (KBr, cnferr]): 3400 (OH), 1670 ¥ C=O M5 (me):
258 (20, , 226 (43, Mr-MeOH), 199 (¥3,
M+-CO err] Me) Anal . Cal cd.: C, 60.47;_ H 3,90, N, . 10.85
Found: C, 60.27; H% phibjorN, 10.69 30 % Lowering @alactito
169- 171[ err] C. In Vitro Accumulation
In Vivo
10 Dose '
R R3 10M 10'M 4x108M mgke/day (L (%N (%D
H H 97 92 81 1.1 NS 48 NS
15 H CF3 95 93 90 1.1 22 100 89

0.5 NS 49 94

F H 96 94 91 4.6 NS 63 93
20
F CF3 95 94 92 1.0 NS 53 85

25

30



35 -2 0-
The foll ow ng conmpound was prep &@%Ep substantially the sanme manner as

t hat of Exanple ) OOR
2- (Cyanonet hyl )-6-flu & et rahydro- 1, 3-di oxo-4-i soqui noline- 5
carboxylic Acid Mt hyl : Anal . Cal cd.: C, 56.53; H
3.28; N, 10.14 N 56.%5; H 3.22; N, 10.13

s A

S
R2 =
(A)

wherein Rl, R2 and R3 are as defined above and COOR

is ester group, using a suitable base such as sodium

8

hydride to give a compound of formula I;
or

b) cyclising a compound of formula (B)

C'.OOR8
Rl CONH2

0

N

N </ R3
R2 \/ S
0
(B)

wherein Rl, R2, R3 and COOR8 are as defined above

using a suitable base such as sodium hydride or lithium
bis-(trimethylsilyl)amide to give a compound of formula
I;
or

c) reacting a compound of formula

®



-

10 MP. 178- 179[e§§ Step d)

2- (Cyanonethyl)- 1,2, 3,4-t rahydro 4- (met hoxycar bonyl ) -
1, 3-di oxo- 4-i sQqu i ne C hyl t tpatdPials of
To a suspensm(rq'go?@gIe 2 %%ﬁkggﬂé bé éog%§%£?%trdﬁ%§¥01£§3 di oxo- 4-

i soqui nol i ne cipme}hec Xadinq CBat ﬁpd égie?ar( S REERAred %if) ),

Klerr]CJerr] GRt@omedia®e38or formé)@ndsmwawmww (100 nL) was
added tert-butyl bronpacetate (6.1 niL 37.79 mml ). After stirring at
85[err]C for 3 hours, the mxture mas pourgd into H20, 20 acidified with
HC (2N and extracted wi th 4Ft CAc. ThefO@Bani c extracts were dried

over MgSO err]. Evaporati oR"agd ifi atlon by flash chromat ography on
silica gel (hexane/ Et QAcX¢ 2 ite solid (8.5 g, 90.7%.
[err]H NVR (DVSO-d[err] 200 : .03 (s, 9H, -CJerr] Cwve[err]),
3.58 (s, 3H, 25 -CJerr]CHe . 64 ﬁ§5'2H -CHerr]CJerr]-), 5.05 (s,
2H, -NCH err]CN), 7.64 (m _2H 7.78 (dd J=7.4 Hz, 2.0 Hz, 1H

(E)

Ar-H), 8.24 (dd, J=8.2 Hz, W. | R (KBr,
cmerr]): 1745 (C=O, 1730 (C=0, 167(9(0-0) )
wherein Rl, Rz, and COOR8 are as defined above and

R® is CH,CN or a group of formula

Examples of R8 are alkyl groups such as

Cl-C4'alkyl especially methyl. R8 may also be tBu.

For example compounds of formula (A) and (D) are
prepared by reacting a compound of formula (G) with
Br(CHz)-nCOZ—tBu in_the presence of a suitable base e.g
Li-N(SiMe3)2 to give a compound of formula

(H)




30 ve S05g 20 Armania ko, give the apfde of fopmulg (A) or
Anal . Cal cd. : (DXC, 61.28; H 5.41; N, 7.52 ' Found:
C, 61.61;: H 5.49;: N, 7.13 35 M P. 48-50[err]C

-21- The foll ow ng compound was obtained_ in substantiglly
the sane manner Inteumadiates off fozmydia (B) SxefDd) may be prepared via
2- (Cyanonet hyl ) -8;d 41 1. 2, 3, 44t etrahydr o- 4- (nmet hoxycarbonyl)- 5

1, 3-di oxo-4-i soqt& nol 1 neaceti c ABild 1,1-D 9h§ et hyl Ester

BrCH2C00R8

1 COOR8 ”
COO0 "Bu

NRS

l CFéCOOH

SOCl2 + NH3

COOR8
CONBI




Anal . Cal cd.: Sterishgianaterialel fo, thelProcesses hereifpdascribed

C, 58.65; H 4.98 N Ps. o133 R C. Step
5 Srdiknotl) compapnds o bl be BEeb e Iy and ogous

, 3-di oxo- 2-[[ (5- methods.

trifluoromethyl)-2-benzothi azol yl ] met hyl]-4-isoquinolineacetic Acid 15
To a m xture of 3-am no-4-nercaptobenzotrifluaride hydrochloride (6.1 g,
26. 2 ol ) TR IRBPYNES0 L FoRAN 1adddd EPray spNtE WS i Avitakieer

stirring for 10 rihettagfeutically?ace¥piabReNihbrganic and organic
1,2,3,4-tetrahyd

iy b ~1.3-di 0x0- 4- i.soqui nol i ne-
acetic acid 1, 1- %%F&%Wéﬁ‘?ﬁxﬁyec%r‘g%@%?étf ?I?.Cslg%smi)%q\liggoahggd and t he

m xture was refluxed for 15 hours, poured into H20, acidified with
HC (2N) and extracted with 20 Et OAc. The organic extracts were dried
over MgSO4. Evaporation gave an oil (9.6 Q) whi ch was di ssolved in

CHerr]CJ[err] (80 nmL). Trifluoroacetic acid (20 nL) was added and :
the m xture was stirred at roomtenperature for 8 hours. The volatiles were

renoved in vacuo and the residue was purified by flash chromatography
on acid washed (5% Herr]PJerr] in MeOH) silica gel to give a white

solid (6.3 g, 73.3%. 25 {err]H NVR (DVSO-d[err], 400 MHz):
[err] 3.57 (s, 3H, -CJerr]CHerr]), 3.68 (dd, :



appropriaie InOrganic or organic base. ne saltls are agminisierec usualy In e
JA 17. 85 ;Hélsath mﬁﬂéﬂhﬁ]tﬁﬂpﬂfél‘]tfﬁomﬁmﬁﬁs ( Smt%bﬁ; niuﬁgilrﬁg resgs to' .{68m (these2H,
r-H, = .04 . -
8.33 (dd, J”égs“'ﬁi“d% ’SZ?Z Fﬁa“‘PHL the i‘ﬂﬁ °l€?°ﬁ§5 °a§b%’&f*?ftj 9’34@?.5’%??;‘%5%%,%

30 therapeuichliBraccepisbie Alkeli AAEEIP 60 Rk e eajth) met SO IqrOBmpley 10
(C=0, 1670, (C=0

416 (62) Mrs"gﬂ 4 pfmsswagnesw%( W febim 4e§ﬁda(t§e é;{? itanié: 81'&%3%?&{'])

3.07; N, 5.i661ud® the following dminesi: benzylamine; lower mdho-531~4(h,nd|—txxa&30&mm’ds, 5. 54
MP. 19952QHeer 'ﬂ'ﬁ radicals of which contain up to three carbon etoms, such as - 22-.
methylamine, dxmethylamme, trimethylamine, ethylemine, di- and triethylamine,
methylethylamine, and the like; mono-, di-, and trialkanolamines, the alkanol
radicals of which contzain ué to three carbon atoms, for example, mono-, di-, and
triethénolamine; alkylene-diamines which contain up to six carbon atoms, such as

15 hexeamethylenediamine; evclic saturated or unsaturated bases conteining up to
six carbon atoms, such &s pyrrolidine, piperidine, morpholine, piperazine &nd
their N-alkyl and N-hydroxyelkyl derivatives, such as N-methyl-morpholine &nd
N~(2-hydroxyethyl)-piperidine, as well a.s pyridine, Furthermore, there meay be
mentioned the corresponding queaternery salts, such e&s the tetraslkyl (for

20 example tetramethyl), elkyl-zlkanol (for example methyl-triethanol and
trimethyl-monoetheanol) and eyclic ammonium salts, for example the N-methyl-
pyridinium, N-methyl-N-(2-hydroxyethyl}-morpholinium, N,N-dimethyl-morpho-
linfum, N-methyl-N-{2-hydroxyethyl}-morpholinium, N,N-dimethylpiperidinium
salts, which are characterized by having good water-solubility. In prineciple,

25 however, there can be used &ll the ammonium salts which are physiologicelly
compatible.

The transformetions to the szlts can be carried out by & variety of methods
known in the art. For example, in the case of the inorganic salts, it is preferred
to dissolve the compound of formula (I) in water containing at least one

30 equivalent amount of & hydroxide, carbonate,- or bicarbonate corresponding to
the inorgenic salt desired. Advantegeously, the reaction is performed in a
water-miscible, inert organic solvent, for example, methanol, ethenol, dioxene,
and the like in the présence' of water. For example, such use of sodium
hydroxide, sodium carbonate or sodium bicarbonate gives a solution of the

35 sodium salt. Evaporation of the solution or addition of a water-miscible solvent’



The fol | owing caRESGANSe AR AMIDES8Lt She agidic sempapnd of fosmula J) Is dissolved in,

tlhfzit 30f §X8imduﬂg.ble Sobyent)of either moderate or low polarity, for example, ethanc],
, 2,3, 4-Tet -4 th - - dj -2- . .
{3 D A, HATMBUESRN st b9 Srge. ¢ test a0 cqumpn
Cal cd. : afiouritOofi Bhe ldmifie 3drrdspoidifg to the desired cationdsithen added to that
59.37; H, 3. 74. N 6. o . > . 189 190[.ex 1 ] s
o Fiuoro. Holstoly 18d rilusing sels does podtblrcigifeke I0EEA UGy ve cbrained in
'[A\[ ( I5 t ICL I um@idefckr;ni )by -akditiant lof ag chiscibletdiluentof sowet polarivader i example,
c 5L 62%'6%‘“5%"7;"%?%’7"%“w”’%"]%’ by evagimaiqn,. Hospe, 4 Q"G relatively
volatile, eny excess can easily be removed by evaporation. It is preferred to use
substantially equivelent emounts of the less voiatile amines. -

Salts wherein the cation is guaternary emmonium are produced by mixing
. the compound of formula (I) with an equivaient amount of the corresponding
35 guaternery ammonium hydroxide in water solution, followed by evaporation of

the water.

The following processes exemplify preferred

embodiments.

C

15



' R} [Bror Cl) R
Step f)

( Ami nocar box hyl]1-1, 2. 3, 4- CE(CoOMaly o- 1, 3-

[ (5-trifluoronet h@aé-b@ﬁ&%thi-a—z—eﬁl—]—mt hyl]-4-is
boxylic Acid hyl Ester 25 NaH, CuBr A ni x(@iDe of
, 2,3, 4-tetrahydrd-4- (met hoxycar bonyl ) -1, 3-di oxo-2-[[ ( 5-
rifluoromethyl)-2-benzothiazol yl)nethyl]-4-isoquinolineacetic acid (2.5 g,
5.08 mol) and SCCl[err] (25 g) waGOpMEl uxed for 1 hour. The
vol atil es were renovedpigpacuo Rid t gvpr oduct  ( ®e1.dusdN oncre) was
taken in THF(ZQERW a-%el—ae%l-edto prepagepd) 30Q 2Qf||ra¢_ﬁd
1’0

NH err], THF so n DEGNIHE Afte ng for 10 m ngt.pSpMEe m xture

was poured into HCL (1N, 500 ni), tracted with Et O& and dried over.
MgSO err]. Evaporation and purifi ca®i on by flash chromat ography on
silica gel (hexane/EtQOAc, 1/1) gavw light yellow solid (2.1 g, 84%.
35 , CO,CMes -
. QOMe . QO Me
R o) BrCH,CO,CMe; R 0
step d) >
N N
o ' o
)] V)
QO.H
HN AR 00, Me
_l)HCl'HS (R3 = H or CFs) R} O
P CRC0,H, Ci, ” NN R?
5CUM, LUl N—¢
e} S
CONH, .
0O, Me (VID
1) $0CI R} O
stepf) - 2 T R3
: 2) NHs, _ﬁ’ N. ,:I\D—
fo) S
(VIID
o
. NH
NaH, DMF R} o
step g) —_— 0)
N_ N R?
\_<I
S



(IT) wherein R1 is as defined above.

-23- [err]H NNR(DIVBOd[err] 400 MHz) [err] 353(dd J 16.6
Hz, CHPerr]CO\IH[err]é, (s, %_' ,

J= 15 77 Hz, - NHCHThe fbr@nqhsnzqe‘ci@dw #ﬁhlommelclJH s C%lféﬁ%‘a TSQP Br s,
1H, - CONH) f‘t@ ﬁa?@se@t"i‘nvc‘hrnbk'are cofiérically avhilable compoundls-& c4x betprepised by
Ar-H, 7.68 (m 8.17 (dd, J=7.9z, 1.45 Hz, 1H, Ar-H), 5 8. 34
(m 2H Ar - H) Known methods. . | R (KBr crierr]): 3420 (NH), 3180 (NH), 1745
(C=0), 1710 (C=0), 1660 (00) 10 MB(n/e): 491 (10. M)

,éna!5 4.23: (i& 351?_2313) N, ?g ggdpaiéadnolc ac:d di mc%ygg’stirgcg fQBB lg H]Ijéﬁﬁ“& reacted with

thionyl chloride under refluxin g conditions to produce the coxrcspondmg acid chloride
which upon treatment with Et3N in a conventional solvent which does not adversely
influence the reaction, for example, tetrahydrofuran, can produce the compound of
formula (IV), wherein R1is as defined above.
15
Stepc)  The compound of formula (IV), wherein Rl is as defined above, is reacted
with aminoacetonitrile hydrochloride in the presence of Et3N in a conventional solvent
which does not zdversely influence the reaction, for example, N,N-
dimethylformamide, produces the compound of the formula (V), wherein Rl is as
20  defined above.

Stepd)  The compound of formula (V), wherein Rl is 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

25  subsequent addition of the tert-butyl bromoacetate produces the compound of formula
(VD), wherein R1 is as defined above.

Stepe)  The compound of formula (VI), wherein Rl is as defined above, can be
reacted with 2-aminothiophenols (R3 is as defined above) under refluxing conditions in

30 aconventional solvent which does not adversely influence the reaction, for example,
ethyl alcohol, and subsequent treatment of the crude product with an organic acid such
as mrifluoroacetic acid in a conventional solvent which does not adversely influence the
reaction, for example, methylene chloride, to produce the compound of formula (VII),
wherein R1 and R3 are as defined above.

35



corresponding acia cnloriae wiich upon tréaiment witil 4 sditllalvQ 1ellallyuiOiilali=
The fol | owi agnemimaolLtsaprpdepsthedomposndufifannilal(VHT), vhesinB! andRa areas

t hat of ann| , Step f) 20
4-1 (Am ré)_caﬁﬂ%fe)ﬁrmﬁg’gﬁél ]-6-fluoro-1, 2, 3, 4-tetrahydro- 1, 3-di oxo-
2-[[(5-trifluoronethyl)-2-benzothiazolyl]nmethyl]-4-isoquinoline-

gagsoxﬂ i g §Ep%l\/9t hy’k‘hgﬂ)g{ggﬁréﬁi of formula (VADN2whereihCR] and R3 de a5lieﬁﬂéd;18!'|bl

M P. 144- 148bove is reactes] @@thga) basg such as sodium hydride in aSClo'n%Zr’xtiol;lLal 820'1\?6%;1‘. w'ﬂ’ic
[2i- [S E) ((q 5; ﬁ, Tlr : Egéﬂﬁaiﬁ@deydely gnfhﬁﬂé@thlbi reZdtioy) ﬁogreiéimbb Pi,Nedimethylformamide, to

- err R rol 1 di - e o) -
To a ni J(é)ur Brwgﬁ%%mgrog P ?E@‘bj Wlidr?ngé ﬁdé@%ﬁég?%@%a@%‘(%x 0- 2-

[[(5-trifluoromethyl]-2-benzothiazol yl]nethyl]-4-isoquinolineacetic acid

met hyl ester 35 (1.6 [T%HH 91!@ iR .m.) was added NaH
(80% di spersion in Tﬂet&oﬁ‘o’%ﬁrﬁ) . %%?? .gyﬁg?\lporfé%ﬁw s)e over a 5
m nute period. After stirring for 30

EXAMPLE 1

15
2-[[5-(Trifluoromethyl)-2-benzothiazolylimethyllspirol isoquinoline-4-
(1H).3'-pyrrolidine]-1.2'.3.5'(2H)-tetrone

Step a)
20 (2-Carboxyphenyl)propanedioic Acid Dimethyl Ester
To a fapidly 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
(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 Np was passed over the mixture. After the
25  additon 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 Hy0 (1000 mL). The
aqueous layer was extracted with diethyl ether (3x500 mL) and was acidified with HCI
(2N). The mixture was extracted with EtOAc and dried over MgSOa. Evaporation
30 . gave an off-white solid which was recrystallized from EtgO/hexane (-20°C) 1o give a
white solid (34.2 g, 90.9%).

35



hdy LTI LTy dddedw \Oy Ad Ly "NNJSLL)
- 24- 5 mnutes, the mxture was poured into Herr]O (1000 ni),

acidified with HO (RWKBy, cm1): Xt rggggeﬁ;ooi(t@ B)AG 50 (C=0Y, 1730 , MySO4.
Evaporation and purification by flas ¢hromat ogr aphy on silica gel
(hexane/ Et OAc 1/2) gave a white solé&(Ce0> g, 80.3%. 5 [err]H
NVR (DMBO-d[err], 4 . [err] 3. 20-(0\8+-281.0H), €HR :
5.56((3, ZHF N&%[er?%(,ﬂ%?)ﬁ% (d%, }g%(%gqizz 1 o?iﬁz@)la# rfzﬁ)& 7@7 %m

2H, Ar-H), 7.82° (dt, J=7.88 Hz, 1.66 Hz, 1H, Ar-H), 8.22 (dd, J=7.88
Hz, 1.45 HO 1H,  Anal Galdd):, 8. 33C($1.18H, £80H), 12.05 (s, 1H, - CONHCO-)
10 IR (KBr, ggierr]): 3400 ENB) 0o324p-¢NH), 1725 (C=0), 1680 (C=0)

M.P. 119-120°C.

The following compound was prepared in substantially the same manner as that
15  of Example 1, Step 2):

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

IH NMR (DMSO-dg, 400 MHz): & 3.68 (s, 6H, (-CO2Me)], 5.79 (s, 1H,
20 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, cmrl): 3400-2700 (CO2H), 1730 (C=0), 1680 (C=0)
MS (m/e): 270 (M), 238 (M*-CH30H), 210 (M+-CH30H, -CO), 151 (M*
25 -CH30H, -CO, -CO2CH3)

Anal. Caled.; C. 53.34; H, 4.10
Found: C, 53.36; H, 3.93
30 . M.P. 121.5-123.0°C.

35



VE A mixture of (2-carboxyphcnyl)pro alnedxom acid chmethzl ester (10.09 g
N, ( 31 ?5 15? @&68 pg%mzjand SOCl, (100 g) was rgéngc or gbouzrs 7'£'hc ‘Kpl gleégiere r'emovc:d3
M P. 122-124[ eiyNdcuo and the crude prodiéte(atia d:lﬂmnd@ wasrdizsolved in'BIR(2¢0amid. i n
205 e SRR v b s B0
pyrrolidine)- mimites3, The palfowtish suspension was poured intoF Tl (10511080:mL), exgacted
61.37; H 3. 35 ek én@ﬁ:el\)?rlgamﬁz?ng%égcre dried over MgSO4C Efdpdiation and

3.47; N, 10.59
10  crystallization from acetone/ether/hexane (at -20°C) gavea white solid (87.6 g, 94.4%).

1H NMR (DMSO-dg, 400 MHz): § 3.82 (s, 3H, -CO2Me), 4.03 (s, 3H,
-OMe), 7.42 (1, 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)

15
IR (KBr, cm1): 1740 (C=0), 1685 (C=0)
MS (m/e): 234 (16, M%), 206 (38.5, M+-CQO), 203 (12, M*+-OMe)
Anal. Calcd.: C, 61.59; H, 4.30

20 Found: C, 61.82; H, 4.29

M.P. 129-130°C.

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

6-Fluoro-§-methoxy-1-oxo—1H-2-benzopymn—4-carboxylic Acid Methy] Ester
IH NMR (DMSO-dg, 400 MHz): § 3.81 (s, 3H, -CO2CH3), 4.06 (s, 3H,
30 . -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'1): 1750 (C=0), 1685 (C=0)

35 MS (m/e): 252 (24, M), 224 (54, M*-CQ)



M.r. l4az-145'C.

6- El uoro-2-§[5-(trifluoronethyl)-2-benzot hi azol yl ] met hyl ] spiro- 30

[ 1 soqui nol i ne-

Anal .

Cal cd.:

§&&|53: 3' -pyrrolidine]-1,2",3,5 (2H) -tetrone
, 52.84; H 2.32; N, 8.80 Found:

C, 52.76; H, 2.43; N, ZB(Gganodsthyl)-1,2,3,4-tetkahdrotD,3-dioxe4-isoquinoline-

- 25-

10

15

20

25

30 .

35

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
HCl (2N) and extracted with EtOAc. The organic extracts were dried over MgSQs.
Evaporation and crystallization from acetone/ether/hexane (at -20°C) gave a yellowish
solid (6.5 g, 73.7%). '

1H NMR (DMSO-dg, 400 MHz): & [3.7 (s), 3.98 (s), 3H, -CO2CH3,
tautomeric], [4.92 (s), 5.44 (s), 2H, -NCH,CN, tautomeric], 7.2-8.4 (m, 4H, Ar-H,
tautomeric) -

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

MS (m/e): 258 (20, M*), 226 (43, M+*-MeOH), 199 (13,
M+-COMe)

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.



o } 6T, 4- ,3-dioxo-4-isoquinoline-
2- (2- Benzot hi azol y|2n%(%yﬁ§?r)n§tg§'lf) I6u%$oég-}%l'2f3oi |tegu§ﬁy|£rr?§| ?}‘,1}3‘3"3( 1}_?;)0?%1;1? ine
pyrroliding]- 1 ,2',3,5 (2H)-t et rgFROXghC Aci VIESer,  cal cd. - C 58 68:

|\H/ip2' 23,8 T,gglo. 26 Found: C, 58.77: H 3.12; N, 10.11
. - e C 1 ' .
Lerr1C 19 caed: C, 56.53: H, 3.28; N, 10.14 26 CLAI MB:
Found: C. 56.45; H, 3.22; N, 10.13
10 M.P. 178-179°C.
Step d)

2-(Cyanomethyl)-1,2,3,4-tetrahydro-4-(methoxycarbonyl)-
1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester
15
To a suspension of 2-(cyanomethyl)-1,2,3,4-tetrahydro-1,3-dioxo-4-
isoquinoline carboxylic acid methyl ester (6.5 g, 25.19 mmol), K2C03 (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 HO,
20 acidified with HC] (2N) and exiracted with EtOAc. The organic extracts were dried
over MgSOy4. Evaporation and purification by flash chromatography on silica gel
(hexane/EtOAc 4/1) gave a white solid (8.5 g, 90.7%) .

1H NMR (DMSO-dg» 200 MHz): & 1.03 (s, 9H, -CO2 CMe3 ), 3.58 (s, 3H,
25 -COCH3), 3.64 (s, 2H, -CH,CO3-), 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, cm1): 1745 (C=0), 1730 (C=0), 1670 (C=0)

30 . MS (m/e): 373 (38, M+ + H), 317 (100, M* + H, -CMe3)
Anal. Calcd. C, 6}.28; H, 5.41; N, 7.52
Found: C, 61.61; H, 5.49; N, 7.13

35 M.P. 48-50°C.



2-(Cyanomethyl)-6-tluoro-1,2,3,4-tetrahydro-4-(methoxycaroonyl)-

1 A conmpgound of for nlJ,Baaidbe-isoc}uinolineacetic AtianyilDanhethyled@yl Egidrer eof wher ein
Rlerr] and R err] are independently hydrogen, alkyl containing 1 to 6

carbon atons, hal ogen, |ower al koxy containing 1 to 6 carbon atons,
trifluoromethyl, niAna, Caedt or ar@)38.4681, 49K \WN,)0k8 wherein aryl contains

0,100 carbon Storgoge | over ol R gagii o carbon atoms: and 3
MP. 133-135°C.
10 ~
Step ¢)
1,2,3,4-Tetrahydro-4-(methoxycarbonyl)-1,3-dioxo-2-[[(5-

trifluoromethyl)-2-benzothiazolyl}methyl]-4-isoquinolineacetic Acid

15 To a mixture of 3-amino-4-mercaptobenzotrifluoride hydrochloride (6.1 g, 26.2
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 H,0, acidified with HCl (2N) and extracted with

20 EtOAc. The organic extracts were dried over MgSO4. Evaporation gave an oil (9.6 g)
which was dissolved in CH,Cl, (80 mL). Trifluoroacetic acid (20 mL) was added and
the mixture was stirred at room temperature for 8 hours. The volatiles were removed in
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%).

25
1H NMR (DMSO-dg, 400 MHz): & 3.57 (s, 3H, -CO2CH3), 3.68 (dd,
J=17.85 Hz, 2H, -CH,CO,H), 5.61 (s, 2H, -NCH3-), 7.62 (m, 2H, Ar-H), 7.81 (m,
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)
30 .
IR (KBr, cm1): 3200-2500 (COzH), 1750 (C=0), 1710 (C=0), 1670 (C=0)
MS (m/e): 492 (6, M), 448 (6, M+-COy), 416 (62, M*-CO,, -MeOH)

Anal. Calcd.: C, 53.66; H, 3.07; N, 5.69
35 Found: C, 53.40; H, 3.01; N, 5.54
M.P. 199-201°C.



carbon atons, |ower al kox ont ai ni to 6 carbo opys, Lrifluoronethyl,
nitro, aryP or aryl (I ovverf:%eg@f?ﬂﬁ%@%‘?@’%ﬁﬁmﬁghﬁéﬁgx%ito 10 carbon
atons and | ower al kyl con[@imﬁzoaﬁmlﬁ)lﬁ@ﬂ PY-isphainblineacétic Acidh conpound
according to Caim1 wherein R err] and err] are independently hydrogen

or halogen; and R err] is hydrogen, halogen or trifluoronethyl. 3.
conpound as cl ai nedAnal. Ciled.m 1 or ) 59.48; H,$80;aNn6.80err] is in the

6- posi tion. 4. mpound as d’g}/j ' n f Cdains 1 to 3 wherein
R3is in the 5- posiFt%luggl'. 5. Acéé'gsnpour%@a%g?'di&ﬁg to daim2 which is

2-[ (2-bend0Bt hi azol yl met hyl ) spi ro(i soqui nol i ne-4
M.P. 189-190°C.

6-Fluoro-1,2,3,4-tetrahydro-4-(methoxycarbonyl-1,3-dioxo-2-
[[(5-trifluoromethyl)-2-benzothiazolylJmethyl]-4-isoquinolineacetic Acid

15 .
Anal. Calcd.: C, 51.77; H, 2.76; N, 5.49
Found: C, 51.62; H, 2.97; N, 5.18
M.P. 103-105°C.
20
Step f)
4-[(Aminocarboxyl)methyl]-1,2,3,4-tetrahydro-1,3-dioxo-
2-[[(5-trifluoromethyl)-2-benzothiazolyljmethyl]}-4-isoquinoline-
carboxylic Acid Methyl Ester
25

A mixture of 1,2,3,4-tetrahydro-4-(methoxycarbonyl)-1,3-dioxo-2-{[(5-
n—iﬂuoromethyl.)-Z-benzothiazolyl)methyl]-4_—i soquinolineacetic acid (2.5 g, 5.08 mmol)
and SOCly (25 g) was refluxed for 1 hour. The volatiles were removed jn vacuo and
the product (acid chloride) was taken in THF (20 mL) and added to a freshly prepared,

30 . saturated NH3 THF solution (20 mL). After stirring for 10 minutes, the mixture was
poured into HC1 (IN, 500 mL), extracted with EtOAc and dried over MgSQyj.
Evaporation and purification by flash chromatography on silica gel (hexane/EtOAc, 1/1)
gave a light yellow solid (2.1 g, 84%).

35



=7.47 Bz, 1H, Ar-H), 7.68 (m, 2H, Ar-H), 8.17 (dd, J=/.Yz, 1.40 Iz, 14, Ar-1),
(1H) 3' - pyryolgg,lugg]gﬁi Ar-H 5' (2H) -tetrone or a pharnmaceutically acceptable

salt thereof 2 7 6. A conpound
accordi ng to Caim3 which is 2-[ (2-benzothi azol yl methyl) -6-f

| uor ospiro [ | BROQKRBROtMg: 3420H9H), 31800 (KD, NE1451 (@=0), 3,730(@=0), 1660
tetrone or a %ar ceutically acceptable salt thereof. 7. A conpound
according to 3 which is 2- [[5- (trifluoronethyl)

- 2-benzot hi azol yl ] net hyl ] spiro[isoqui noline-4- (1H), 3

-pyrroli dilae] -1, 2'M§(m/e)= 491 (10, M¥)

Anal. Calcd.: C, 53.77; H, 3.28; N, 8.55
Found: C, 54.23; H, 3.26; N, 8.39
15 M.P. 198-200°C.

The following compound was prepared in substantially the same manner as that

of Example 1, Step f)
20 4-[(Aminocarbonyl)methyl}-6-fluoro-1,2,3,4-tetrahydro-1,3-dioxo-
2-[[(5-zifluoromethyl)-2-benzothiazolylJmethyl]-4-isoquinoline-
carboxylic Acid Methyl Ester
Anal. Calced.: C, 51.87; H, 297; N, 8.25
25 Found: C, 51.87; H, 2.93; N, 8.01
M.P. 144-146°C.
Step g)
30 . 2-[[(5-(Trifluoromethyl)-2-benzothiazolyl)methyl]spiro-

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

To a mixture of 4-[(aminocarbonyl)methyl]-1,2,3,4-tetrahydro-1,3-dioxo-2-
[[(5-trifluoromethyl]-2-benzothiazolyllmethyl]-4-isoquinolineacetic acid methyl ester

35 (1.6 g, 3.34 mmol) and anhydrous DMF (20 mL) was added NaH (80% dispersion in
oil, 106.2 mg, 3.34 mmol) portionwise over a 5 minute period. After stirring for 30



5' (2H)-tet 6one or AHhDNMRe@MSOedy, 400adHep 44 (ddyl ¥=18.26 Hzs 2H; ¢BH2CO-R.

o compoung r §°§§{s;‘?p§]m; ﬁ‘gg)(ﬁgb&ﬁzk Hz, 1.04 Hz, 1H, Ar-H), 7.75 (m, 2H, Ar-H),
benzot hi azol yI7}82(dnyJ=T7s48 He|1.664izi dH| AndD4822t4d, J=7.88 Hz, 1.45 Hz, 1H,

3' -pyrrolidi ”9311'%) %333(115 iﬁ"ﬂr ertlrzq;se sO{H1 coN NH‘cdwrrgr maceuti cal |y acceptabl e

salt thereof process pbar ound of formula I as
claimed in daiml WhICh conprises one of the follow ng: a) cyclising

an am de gf formil aR(@Br, coor! ): 3400 (NH), 3240 (NH), 1725 (C=0), 1680 (C=0)
MS(m/e): 459 (82, M*)

Anal. Caled.: C, 54.90; H, 2.63; N, 9.15
15 Found: C, 55.17; H, 2.71; N, 9.06
M.P. 122-124°C.

The following compounds were prepared in substantially the same manner as
that of Example 1, Step g)
20
2-(2-Benzothiazolylmethyl)spiro[isoquinoline-4(1H),3"-
pyrrolidine)-1,2',3,5'(2H)-tetrone

Anal. Caled.: C, 61.37; H, 3.35; N, 10.74
25 Found: C, 61.09; H, 3.47; N, 10.59

M.P. 225-227°C.

6-Fluoro-2-[[5-(trifluoromethyl)-2-benzothiazolyljmethyl]spiro-
30 . {isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrone

Anal. Calcd.: C, 52.84; H, 2.32; N, 8.80
Found: C, 52.76; H, 2.43; N, 8.53

35 M.P. 123-125°C.



pyrroldinej-1,2,5,5 (£11)-teronc
[err]  wherein Rlerr], Rerr] and Rlerr] are as defined above and COOR8 is

ester group, usi ng a sw tggl e basecsslécé% %szsd%dwnfdyéjrl de to give a

conmpound of f or mul 2Ap
_Found. C, 58.77; H, 3.12; N, 10.11

M.P. 198-199°C.
10



wherein R,. R,

1. A compound of formula (I)
28 Db) cycI|S|ng a conmpound of formula (B) . [err]
R and COOR are as def¥ned gpoVe usi ng
N’,

1

O
© N.
- N 3
\———< R
R? o) SO_-
D

or a salt thereof,wherein Rl angd R2 are'independently
hydrogen,alkyl containing 1 to 6 carbon atoms, halogen,
lower alkoxy containing 1l to 6 carbon atoms,
trifluoromethyl, nitro, aryl or aryl(lower alkvl)oxy
wherein aryl contains 6 to 10 carbon atoms and lower
alkyl contains 1 to 6 carbon atoms; and R3 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
l to 5 carbon atoms.

T

2. A compound according to Claim 1 wherein ! and

R2 are'independently hydrogen or halogen; and R3 is
hydrogen, halogen or trifluoromethyl. ’

. 3. A compound as claimed in Claim 1 or Claim 2

This Sheet Has Been Rep

wherein Rl is in the 6-position.

4. A compound as claimed in anyone of Claims 1 to 3

wherein R3 is in the S5-position.

5. A compound which is
2-{(2-benzothiazolylmethyl)spiro[isoquinoline-4

T



6. A compound according to Claim £ whilcCch 1s
a suitable bﬁse such Eﬁz4tnﬁ4hanhydhiaknly1détmbnunﬁbfiuorospiro-
(trimethylsilyl)amde t f le ro ing a
fﬁ%ﬁﬁﬁin@lgggE4¥EH%§) ﬁ&?%gH131L Bﬁenos Q?ﬁ?

conmpound of formula A ROt ormul a
tetrone or a pharmaceutically acceptcb e salt

thereof.

7. A compound according to Claim 2 which is
2-[[5-(trifluoromethyl)-2-benzothiazolyllmethyl}-
spiro[isoquinoline-4-(1H),3~pyrrolidinel-1,2°,3,
5°(2H)-tetrone or a pharmaceutically acceptable
salt thereof.

8. A compound according to Claim 2 which is
6-fluoro-2-{[5-(trifluoromethyl)-2-
benzothiazolyl Imethyllspirolisoguinoline-4(1H),
3°-pyrrolidinel-1,2°,3,5°(2H)-tetrone or &
pharmaceutically acceptable salt therecf.

S. A process for preparing a compound of formula I
&s claimed in Claim 1l which comprises one of the
following:

a) cyclising an amide of formula (A)

CONH2

~ COOR

N 3
/4 R
N \/<S
(A)

wherein Rl, R% and R3 are as defined above and COOR8 is

ester group, using a suitable base such as sodium
hydride to give a compound of formula 1I;

or
This Sheet Has Been Replaced




1 CONH,
[err] in which forlulue R e re as defined above, to give a
conpound of fornula I

-29- 4 | /N 27 TN 3
2 \/<S S
0
(®
3

wherein Rl, RZ, R° and COOR8 are as éefined above using
a suitable base such as sodium hydride or lithium bis-

(trimethylsilyl)amide to give a compound of formula I;

or '

c) reacting a compound of formula

w

\/CN

w

with a 2-amincthiophenol of formula
HZN

HS

1-3

in which formulue R are as defined above, to give a

compound of formula I .

This Sheet Has Been Repl

i




10. A process for preparing a conmpound of fornula (I)
[err]

10, A process for preparing a compound of formula (I)
7 H
N/
1
O
© N
-
RZ O ' S
(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; and R3 is hydrogen, alkyl containing 1 to 6 carbon
atoms, 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 5 carbon atoms which comprises: |

a) reacting the compound of formula ()

R!

\ N [Bror Cl]
X @

R3 CO,H



|y hydrogen, alkyl containing 1 to
ontaining 1 to 6 carbon atons,
yMe  al kyl ) oxy wherein aryl

wherein R err] and Rl err] are indep
6 carbon atons, hal ogen, | ®¥er al
trifluoronmethyl, nitro, aryl o
contains 6 to 10 carbon atons ower al kyl contains 1 to 6 carbon
atons; and R3 is hydrogen, alk taining 1 to 6 car {8  atons, | ower

al koxy containing 1 to 6 carhgn atonggbfiifluoronethyl, nitro, aryl or
aryl (I oner al kyl)oxy wherein aryl contains 6 to 10 carbon atonms and | ower

al kyl contains 1 to 5 carbon atons which conpri ses: a) reacting the
conmpound of formula (I1)

b) reacting the compound of formula (IIT) wherein R! and R2 are as defined above
with SOCl, and subsequently treating with Et3N in a conventional solvent to produce

the compound of formula (IV)
CO,Me
R OMe
0 av)
R2
0]

wherein R1 and R2 are as defined above

c) reacting said compound of formula (IV) with aminoacetonitrile hydrochloride in
the presence of Et3N in a conventional solvent to produce the compound of formula (V)

! COz.MC
R

e
Rz/ AN ™
I

wherein R1 and R2are as defined above



AVALALIMLIG |\ Y &)

rr]. are as defined above with
85 a catalytic anount of CuBr to

COMe

[err] wherein R err] and
di net hyl nmal onate and NaH in the pre
produce the conpound of fornul %I(I I

(4]

wherein R and R2 are as defined above

e) - reacting said compound of formula (VI) with a 2-aminothiophenol of structural

formula
N
=R ¢ =
HS

wherein R3 is as defined above 1o produce the tert-butyl ester compound of structural

formula

C02CMC3
CO,Me

el
: > N
; R S

o



b) reacting the conmpounglof f

? e(III) wherein R err] and Rerr] are
as defined above with SOO [
a conventional solvent to ﬁ/o

ubsequently treating with Et[err]N in
wherein R err] and R err]

\ he co of for a (1v) [err]
edcting said conpound
of formula (IV) with amnoacetontrlleh orldeln

wherein R1, R2 and R3 are as defined above

g) reacting said compound of formula (VII) with thionyl chloride and subsequently
adding THF/NH3 to produce the compound of formula (VIII)

CONH,
Rl . COzMC
T\ © /Nﬁ (VIO)
AN ——R3
R2/ | \/<s F
0

wherein R1, R2 and R3 are as defined above

h) reacting said compound of formula (VIO) with a base in a conventional solvent
to produce the compound of formula (I).

11. A phérmaceutical composition which comprises a
compound as claimed in any one of Claims 1 to 8 or a
pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier.

12, A compound of formula I or a pharmaceutical salt
thereof as defined in any of Claims 1 to 8 for use as a
pharmaceutical. |
13. Use of a compound of formula I or a
pharmaceutically acceptable salt thereof as defined in
any one of Claims 1 to 8 ;n the manufacture of a
medicament for the treatment or prevention of
neuropathy, nephropathy, retinopathy or cataracts in a

diabetic mammal.



the presence of Et[err]Nin a conventional solvent to produce the conpound
of formia (V) spracYoooutheh. ElB-Bbfkbt1BENEE! ARb! aRthEoRE #RERBEF aPove

USEFUL AS ALDOSE REDUCTASE INHIBITORS

This invention concerns compounds of formula (I)

D

and pharmaceuzically acceptable salts thereof, wherein
Rl and R2 are independently hydrogen, alkyl containing
1 to 6 carbon ztoms, halogen, lower alkoxy containing 1
to 6 carbon z-oms, trifluoromethyl, nitro, aryl or
aryl(lower alkylloxy wherein aryl contains 6 to 10

carbon atoms and lower alkyl contains 1 to 6 carbon

ztoms: and R°

is hydrogen, halogen, alkyl containing 1
to0 6 carbon z:toms, lower alkoxy containing 1 to 6
carbon atoms, trifluoromethyl, nitro, aryl or
aryl(lower alkyl)oxy wherein aryl contains 6 to 10
carbon atoms aznd lower alkyl contains 1 to 5 carbon
atoms, processes for preparing them and pharmaceutical
compositions containing them. The compounds have
pharmaceutical properties which render them beneficial
for the prevention or treatment of diabetes mellitus

associated complications.



d) reacti ai d conf)'BYi‘?fd sgife-Esinatng PYRAIUiNg tetensh 20 Brig anFoss Erpseseed By
conventi onal t 8and subsequently adding tert-butyl bronpacetate to

produce the conpound of formula (V) g [ey] wherein Rerr] and
Rlerr] are as defined above e) react,j.ng sgl conpound of fornula (VI)
wi th a 2-am not hi ophenol of structural [err]

RZ

wherein R' and R? are independently hydrogen, alkyl containing 1 to 6 carbon atoms, halogen. lower alkoxy
containing 1 t0 6 carbon atoms, lrifluoromethyl, lower -alkylthio wherein lower alkyl contzins 1 to 6 carbon
ztoms, dialkylamino wherein 2lkyl contzins 1 to 6 carbon atoms, nitro aryl or aryl (lower alkyl) oxy wherein
aryl contains 6 to 10 carbon ztorns 2nd lower alkyl contains 1 1o 6 carbon atoms: R? is hydrogen, lower
elkyl containing 1 10 6 carbon atoms, aryl. aryl (lower alkyl) or hzlogen substiluted aryl (lower alkyl) wherein
aryl contains 6 10 10 carbon atoms and lower alkyl contains 1 to 6 carbon atoms, acyl or heterocyclic (lower

alkyl) of struciural formula
—RH4
Vo e
l
N -

wherein R* is lower alkylene containing 1 to 3 carbon atoms; useful as aldose reductase

inhibitors.
The spiro-isoquinoline-pyrrolidine tetrones of

the present inventijion areorepresented by formula (I):

¢y

and the pharmaceutically acceptable salts thereof,

1 2

wherein R™ and R® are independently hydrogen, alkyl
containing 1 to 6 carbon atoms, halwgen, lower alkoxy

containing 1 teo 6 carbon atoms, trifluoromerhyl, nitro,



atoms, trifluoromethyl, nitro, aryl or aryl(lower
wherein R3 is aakydefdfediodeyent arplodugeatine Beth- LWt Waasderawswgpound of
structural fogggziower alk}fré$ntains'l to 5 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 RS are hydrogen,
halogen or trifluoromethyl, e.g S—CF3 . Examples of

alkyl are 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 hydrogen, halogen or trifluoromethyl.
The most preferred compounds of the present

invention are set forth below:
2-(2-benzothiazolylmethyl)spiro[isoquinoline-4(1H),3'-pyrrolidine]-

1,2.3,5'(2H)-tetrone; .

2-(2-benzothiazolylmethyl)-6-fluorospiro{isoquinoline-4( 1 H),3'- \
pyrrolidine}-1,2',3,5'(2H)-tetrone;

2-[[5-(wrifluoromethyl)-2-benzothiazolyl]methyl]spiro[isoquinoline-4-
. (1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone;

6-fluoro-2-([5-(trifluorosethyl)-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. o
' The spiro-isoquinoline-pyrrolidines can be prepared by the processes described
hereinafier. '
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-32-  f)  nsyrepaihyzrepirepathy. rasinopahy Heraapathy, giabptiqpveitiy and 62taEcl- i n a
convent gonal solvent to produce conpound of formula (VII) [err]

wherein R err], err] and rr s defined react ng sai d
conpound of forrﬁ[ac?&}??‘j“%R{’ﬁ f‘?']ﬁ“‘a yql? H}ng"ﬁfﬁgwé&bééa%}éﬁ‘?ﬁ}"% ¥ng
THF/ NH3 t 0 apeeptibdecdrtier, ferimpo phanmtedtizahednpdsitidnl which can be used accordmg )

the preceding method.

10 The spiro-isoquinoline-pyrrolidines of this invention may be administered 1o
mammals, for example, man, cattle, or rabbits, either alone or in dosage forms, i.e.,
capsules or tablets, combined with pharmacologically acceptable excipients. .

The compounds of this invention may be given orally.
15
For example, the compounds may 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
20  soforth. 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 ot a
sterile solution, preferaby of pH 7.2-7.6, containing a pharmaceutically acceptable
buffer.

25 The dosage of the spiro-isoquinoline-pyrrolidines 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

30 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

35 of dosage ranges from 0.1mgto - 1.0 mg per kilo of body weight per day,
although aforementioned variations will occur. However, a dosage level that is in the



[err] wherein R &mniqdosagedonns sueh arrepsujesaiabletss plismnd the liksovay comin from
reacting said comoyung@f formibang \¥rlthe activd thgfedié®ms JfNhR RVBNTEH Wathad
solvent to propduce the conpou of for r;rlil %E‘ﬁllél) .11, A Ehar maceut i (fal
conposi ti on RATHCEYI} cagiery demerala IR Fagshieh AR SRR item 1 ¢ o
8 or a phabemeenti callymgesept alRb® mglot thchetieofngaaiieras pfvaisineenitionoait y
accept abl e C8f Witfibut a pharmaceutical diluent. Tablets, either effervescent or noneffervescent,

can contain between . 5.0 10 25.0 mg of the active ingredients of this invention

10  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.

15 The spiro-isoquinoline-pyrrolidines 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, chlorpropamide, tolazamide,
tolbutamide and phenformin, are suitable. The compounds hereof can be administered

20  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' Desk
Reference, 42 ed., Medical Economics Co., Oradell, N.J., U.S.A., 1988.

25 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
hereinbelow after the listing of the following general comments pertaining to these

30  experiments:

(a) 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

35  unweated 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
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12. A corperopaiade inengadicaon oeganic base-ndde Asltsaaresadministerehpsyadlydiar theed in
any of Ckérhl?ﬁnﬂmie?a% {1 pareRt @ nipdias. rrfsmww&%or Sic bas|é§Qoofor?n gRdgaound

of formula | .or harmslceutlcaenil accept abl e sal U thereof defined in
4

any one &t BiaFlgen 0%, eAaMAIG BnariAr ORIt cCaSPORALES M BIFBFROTEES (o ethe
treat Menthérap MIPORIY h&cepRAbIRCAKEN ahBials R PAIKERRS R¥rth RidtABPAbHex@inple,
cataract Soci {z]m? p(ytgsg?&:{\? mnzaagnr;lztsa{um er ‘calcium. - Suitable organic bases
include the following amines: benzylamine; lower mono-, di-, and trialkylamines,

10 the alkyl radicals of which contain up -to three carbon atoms, such as
methylamine, dimethylamine, trimethylamine, ethylamine, di- and triethylamine

or methylamine mono-, di-, and trialkanolamines, the alkanol

radicals of which contain ub to three carbon atoms, for example, mono-, di-, and
triethanolamine; alkylene-diamines which contain up to six carbon atoms, such as

i5 hexamethylenediamine; cyclic saturated or unsaturated bases containing up to

six carbon atoms, such as pyrrolidine, piperidine, morpholine, piperazine and

their N-alkyl and N-hvdroxyalkyl derivatives, such as N-methyl-morpholine and
N-(2-hydroxyethyl)-piperidine, as well as pyridine. Furthermore, there may be
mentioned the corresponding quaternary salts, such as the tetraalkyl (for

20 example tetramethyl), alkyl-alkanol (for example methyl-triethanol and
trimethyl-monoethanol) and cyclic ammonium salts, for example the N-méthyl-
pyridinium, N-methyl-N-(2-hydroxyethyl}-morpholinium, N,N-dimethyl-morpho-

linium, N-methyl-N—<{2-hydroxyethyl}-morpholinium, N,N-dimethylpiperidinium

salts, which are characterized by having good water-solubility. In principle,

25 however, there can be used all the ammonium salts which are physiologically

compatible.

The transformations to the salts can be carried out by a variety of methods
known in the art. For example, in the case of the inorganic salts, it is preferred
to dissolve the compound of formula (I) in water containing at least one

30 equivalent amount of a hydroxide, carbonate,- or bicarbonate corresponding to
the inorganic salt desired. Advantageously, the reaction is performed in a
water-miscible, inert organic solvent, for example, methanol, ethanol or
dioxane, in the pre‘sence of water. For example, such use of sodium
hydroxide, sodium carbonate or sodium bicarbonate gives a solution of the

35 sodium salt. Evaporation of the solution or addition of a water-miscible solvent



(1)
or a salt thereof 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(lower alkyl)oxy wherein aryl contains 6
to 10 carbon atoms and lower alkyl contains 1 to 6 carbon
atoms; and R3 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. .

2. A compound according to Claim 1 wherein Rl and

R2 are independently hydrogen or halogen; and R3 is hydrogen,
halogen or trifluoromethyl.

3. A compound as claimed in Claim 1 or Claim 2 wherein R1
is in the 6-position.

4. A compound as claimed in anyone of Claims 1 to 3
wherein R3 is in the 5-position.

5. A compound according to Claim 2 which is
2-[(2-benzothiazolylmethyl)spiro{isoquinoline-4
(1H) ,3'-pyrrolidine}-1,2',3,5'(2H) -tetrone or a

pharmaceutically acceptable salt thereof.



7. A compound according to Claim 3 which is
2-[[S-(trifluoromethyl)-2-benzothiazolyl]methyl]
spiro[isoquinoline-4-(1H),3'-pyrrolidine}-1,2"*,3,
5'(2H) -tetrone or a pharmaceutically acceptable salt
thereof. .

8. A compound according to Claim 3 which is
6-fluoro-2-[[5-(trifluoromethyl) -2~
benzothiazolyllmethyllspiro[isoquinoline-4(1H),
3'-pyrrolidine)-1,2',3,5'(2H)~-tetrone or a
pharmaceutically acceptable salt thereof.

9. 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)
(]3N&5 A
R COOR"
@)
| y ;
KA e
R S
0]
(A)

wherein R1, R2 and R3 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



o1 CONH,
o)
N <?N — R3
R ) Ns NS

(8)
2 3

wherein Rl, R, R~ and COOR8 are as defined above using
a suitable base such as sodium hydride or lithium bis-
(trimethylsilyl)amide to give a compound of formula I;

or
c) reacting a compound of formula
N
R1
N CN
\/ A
R2

with a 2-aminothiophenol of formula

H,N

2

HS

1-3

in which formulue R are as defined above, to give a

compound of formula I



