. nogsip-s N
-1- ALKYLI DENE ANAL@S OF 1' - AM NOSPI R | SOQU NOLI NEHP%&E)
3'-PYRROLI DINE] - 1, 2', 3,5 (2H)- TETRONES USEFUL AS ALDOSE DUC
I NHI Bl TORS This invention relates to al kyli dene anal ogs
1' - am,nospi r o[ i soqui nol i ne- -1-
4(1H), 3" -pyrrolidine]-1,2",3,5 (2H)-tetrones, to processes for their
preparation, to 5 nmet hods for using the conpounds, and to

phar maceut i cal prepar at i ons thereof. The corrpounds have
phar naceuti cal . me@ LOGECOF &emmmm

~ prevention or treatrre tes rrel
The use of insulin ang)(l)ﬁ ’ar @W@@fﬂiaﬁﬁ mgtﬁgt ment o
di abet es mel |'i t uUSERIUIrAS AdROSEREDUCTASE INEHIBETORSese pati o

However, their use has not 10 had a denonstrable inpact on the

devel opment of diabetic conp|i catﬂ' %s SHCE!ai .

5 This invention relates to alkylidene analogs of 1'-aminospiro]isoquinoline-
4(1H),3"-pyrrolidine}-1.2',3 5'(2H)-tetrones, to processes for their preparation, to
.xusthods for using the compounds, and to pharmaceutical preparations thereof. The
compounds have pharmaceutical properties which render them beneficial for the
prevmuononrmmmtofcompﬁcauons agsociated with diabetes mellitus,

10 The ase of insulin and!ororalhypoglycamcagcmsmﬂleucauncntofdmbetcs

mellitug has prolonged the life of many of thess patients, However, their use has not -

had 2 demonstrable impact on the development of diabetic complications such as
penropathy, nephropathy, retinopathy, cataracts and vascular discase which accompany
the undedlying metabolic disorder. There is lvde question that chronic hyperglycemia

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

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

20  uptake is independent of insulin, In these rissues, which include the lens, retina,
kidney and peripheral nerves, the systemic hyperglycemia of disbetes is rapidly
transposed into high tisgular concentrations of glucoss. 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

25  biochemical alterations which slowly progress to cell dysfunction and structural
damage. Aldose reductase, the key enzyme in the sorbitol pathway, reduces glucose to
sorbitol at the cxpense of the cofactor NADPH., In animal models of diabetes,
compounds which inhibit aldose reductase have becm shown to prevent the

. biochemical, fimctionsl and morphological changes induced by hyperglycemia. Eady

30  stadies by J. H. Kinoshita and collaborators implicated aldose reductase in the etiology

of dinbetic cataracts. More recent smdies have provided compelling evidence that -

aldose reductase also playsasiguiﬁmmhin the initiation of diabetic nephropathy,
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neur opat hy, nephropathy, retinopathy, cataracts and vascul ar di sease |
accompany the under!|yimg nmetabolic disorder. There isAHRP4% qu
that chronic hyperglycem a - plays a major role in the genesis of
conpli.cati ons, and that conplete gnallzatlon of bl ood gl ucose
likel'y prevent nost if not all conplicatf For a nunber of re
t hough, chronic normalization of bl ood gl ucose has not been ach

Conpl | cat icgﬁéeoﬁf"% A9 {EMAKCAleb o al, 1. Biab, Coup. 236, 1985 Rt 1
|nggpendent of giﬁﬁﬂﬂ?ﬁgtp g@égﬁgmﬁm§ﬂ§WH§¥ﬂgéﬁgﬂE“F@ﬂ@mggéﬁ

ki dney and peri398et®7.- nerves, the systemc hyperglycem a of diabetes

rapidly 20 transposed into high tissular concentrations of glucose.
of these tissues this excess glucqﬁg i,s, rapi dly nmetabolized by t
sorbitol pathway. The intense dlabetes- i nduced flux of glucose

t hrough this pathway_ap ears to |n|t|ate a_casca
al terations9whi ch si WM&"@J&&&%??&@%W%

damage. Al dose diselbsestthessp <wu—-w whhmumqunﬂhm¢Wuol pat hway, red
gl ucose to 25 sorbitol at the expense of the cofactor NADPH. In ani
nodel s of di abetes, conpounds whi cq inhibit al dose reductase havg
shown to prevent the bi ochem cal, gunctional and norphol ogical ¢
i nduced by hyperglycerma. Early jes by J. H Kinoshita and

col l aborators inplicated al dose,feducty t he eti ol ogy of dia
cataracts. Mdrre recent studies ﬁ -l N y ¥onpelling evidence that
Br
o
is hydrogea or fluotine) !

useful as aldose reductase inhibitors for weating complications of diabetes and
galactosemia, '

10 _ Summary of Invention

The alkylidene analogs of 1'-aminospirofisoquinoline-4(1H),3"-
pymolidine]-1,2",3 .52 H)-tetrones of the present invention are represented by formula
@:

R‘
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30

di abeti ¢ nephropat hy, réti nopat hy and neur opat hy

D ab. Conmp., 2, 16, 1.989; Robi nson et al, Invest. Ophthal nol.

Sci ., 30, 2285 1989; Notvest and Inserra,gDi abet es 36, 500, 198]
- 2- U. S. Patent 4,927,831, published May 22

1990, discloses that the

_

T I i

wherein:

R! and R2 are independently hydrogen, alkyl containing 1 to 6 carbon atoms,
halogen, Jower alkoxy containing 1 10 6 carbonr atoms, trifluoromethyl,
nitro, aryl or aryl (lower alkyloxy wherein aryl contains 6 to 10 carbon

5 atorns and lower alkyl contains 1 to 6 carbon atoms;

R3 is lower alkyl containing 1 to 6 carboa atoms, aryl, axyl {lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains 6 1o 10 carbon
atoms and lower alkyl contains 1 fo 6 carbon atoros;

R4 and RS are independently rydrogen, alkyl containing 1 to 12 carboan atoms,
10 aryl, aryl (lower afky]l) wherein sryl contains 6 to 10 caxbon atoms and

lower alkyl contains 1 10 6 carbon atowas, or B4 and RS arc joined to form |

alicyclic or hertescyclic rings selected from the group consisting of

¢

W i (:: AY / \-
\) wherein n=1-1¢ X wheeinX=0, S, 50, SOy

wherein RS = B, lower atkyl

/ D whemin X = O, S; and / Wge containing 1 to 6 carbon atoms,

\—/ \_/  arylorasyl (lower slkylywhersin
aryl contain 6 to 10 caxbon atoms
and lower alkyl contains 1 10 6
carbon atoms.

7
D

al dose reduct aée al so plays a significant role in the,\é%tgl rlm of
Bk o

al ,
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spi ro-i soqui nol i ne- pyrrolldlne tetrones of fornula
[err]” where R[@rr] is hydrogen or fl uor i Tie anﬁ‘H]R)[géP‘l}] i

hydrogen are useful as al dose reductase inhibitors for treating
conpl ications of diabetes and gal act osenLg. The conpounds are sh
| ower dul citol accunulation in vivo. The conmpounds of the fornula giV

above where Rlerr] is as defined above and R err] is ethyl are disclog
EP 0 458 549 A whi ch was published 27 Novenber 1991, that is af
the filing date of Ahacmppefardd group ofzpmpownds bhihe pidsent frivantionds reprisenaed
in EP O 458 54%&@&nﬁﬂl that the aforesaid conpounds where R err
et hyl | owered citol accunul ation in vivo.
. iy
NZ R
R! o m
\\( 0O _
C
7~ ®
R? o
wherein:
5 RﬁamiR?amﬂudn@ﬁnarhﬂqgm,RﬁnsadﬂmkmpnsﬂnunwﬂihzmyLRﬁ

~ and RS are lower alkyl containing 1 10 3 carbon atoms or R*and R? are joined
to form alicyclic or heterocyclic rings selected from the group consisting of

Q=

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

10 2-[(4-bromo-2-flnorophenyl)methyl]-1-[(1-methylethylidene)amino]spiro-
' . [isoquinoline-4{1H),3'-pyrrolidine]-1,2',3,5'(21}-tetroncs

24 {4-bromo-2-finorophenyDmethyl]-6-fluoro-1* [(I-methylethyhdme)mmnol-
spiro-fisoquinoling-4(1XD),3pyrrolidine]-1,2"3,5'(2H)-tetrone;

2-[(4-bromo-2-fluorophenyDmethyl}-1'-[(1-ethylpropylidenc)amino}spiro[iso-
15 guinoline-4(1H),3'-pyrrotidine]-1,2',3,5'(2H)-tetrone;

2-[(4-bromo-2-fluorophenylmethyll-1-(cyclopentylideneamino)spinofiso-
quinoline-4(1H),3™-pyrroliding]-1,2',3,5'(2H)-tetrone; and

own to
en 10
sed by
t er
dat a
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However, the phar rrécol 0gi caI\/data shows that they do Jot m\é‘ps@el % es act

as al dose reductase inhibitofs in a test carried out Th vit
The al kyl i dene anal ogs of 1'-am nospiro[isoquinoline-4(1H), 3" -
pyrrol.idine]-1,2, 3,5 (2H) -tetrones of the present invention are reprg
by formul a (I ):

[err] - 3-
wher ei n: Rlerr] and R err] are independently hydrogen,
containing 1 to 6 caf{Mdrooas-Dfinorophenymethyl}-1-[(tetrahydrel4iiopymn-4-plidencial ko

containing 1 to 6 CAkQERpiRRNGuindiinble(118/3%frtdRilae]-1,2',3,5'(2H)-tetrone.

The compomnds of formmla (I) all possess at least one asymmetric carbon atom,

namely the spiro carbon atom at position 3' of the pyrrolidine ring. The compounds of

5  formula () therefore exist, and may be isolated, in two or more stereoisomeric forms.

This invention cncompasses the compounds of formula (7) in racemic form or in any
optically active form.

The alkylidene analogs of 1'-aminospirofisoquiroline-4(1H),3"-pyrrolidine]-
1,2',3,5'(2H)-~tetrones can be prepared by the processes described hereinafter.

10 A mcethod is provided for preventing or relieving diabetes mellitug associated

complications in a diabetic mammal by administering 1o said manmal a prophylactic or |

alleviating amount of the compounds of formula (I). Ssch complications include
nenropathy, nephropathy, retinopathy, keratopathy, diabetic uveitis, cataracts and
l. I‘ i jm t I ‘!i Br. -

15 The componnds of formmla (J), when admixed with a pbarmaceutically
acceptable carxier, form a pharmacentical composition which can be used according w0
the preceding method.

The alkylidene analogs of 1%-aminospirofisoquinoling-4(1H),3" pymrolidine]-
1,2,3,5'(2H)-tetrones of this invention may be adwministered to mammals, for
20 example, wman, cuttle, or rabbits, cither alone or in dosage forms, 1.e., capsules or

tablcts, combined with pharmacalogically acceptahle excipients.

The compounds of this invention may be given orally. However, the method of
admainistering the present active ingredients of this inveation is not 1o be construed as
Timited to a particular mode of administration, For exanaple, the compounds may be

25  administered topically directly to the eye in the form of drops of stedile, buffered
ophthalmic solations, preferably of pH 7.2-7.6. Alzo, they may be administered orally
in solid form containing such excipients as starch, milk sugar, certain types of clay and

. soforth. They may also be administered orally in the form of solutions ot they may be
injected parenterally. For parenteral adnvinistration, they may be used in the form of 2

30  stesile solution, prefexably of pH 7.2-7.6, containing a pharmaceuuca]ly accepmble

buffer.
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nltro aryl or aryl (lower alkyl)oxy wherein aryl contains Qgfploghd caf

R[err] is lower alkyl containing 1 to 6 carbon atons, aryl; aryl (IoWer

atons and | ower al kyl contains 1 to 6 carbon atons;

bon

al kyl). or di hal ogen subs#kt ut ed aryI (lower al kyl) wherein
aryl contains 6 to 10 carbon atonms and | ower al kyl
cont ai ns

1 to 6 carbon atons; R[lerr] and R[errl are_
i ndependent | y hydr cFbndosagxefi the gliylidens salogs:ef 1tsminasoireli W3-
aryl, aryl (1 oystrondite)-l,2' BISCE)-teronesl willoaty wnﬁdﬁfoﬁnbﬁamkﬁﬁnﬁﬁmhand

ned

| | kyl
ower al Ky Co%ﬁc%mﬁ?cy#%ﬁ%r Ocyc| 1C ri ngg%%%:t edﬁfrom t he

to form

group consi st i igalgcat. Generally, treatmeat is initiated

“lerr]

—_—
This Sheet Has

Wh@r eithe ¥ptirkal dose SOheToPoiidd. Thereafter, the dosage is mcascd by small
increments until efficacy is obtzined. In general, the compounds of this invention are
most desirably administered at a concentration level that will generally afford effective
results without causing any harmful or deletericus side effects. For topical
aduooimistration, 3 0.05-1.0% solution may be administered dropwise in the eye. The

10  frequency of instillation varies with the subject under treattnent from a drop every two
or three days to once daily. For oral or paxenteral administration a preferred level of
dosage ranges from about 0.1 mg to aboat 1.0 mg per kilo of body weight per day,
although aforementioned variations will occur. However, a dosage level that is in the

range of from about 0.1 mg to about I.Omgpaldloofbodyweightpm-dayismostf

15 sansfacrory. ,

Uniz dosage forms such as capsules, mblets, pills and the like may contain from

about 5.0 mg to about 25.0 og of the active ingredients of this invention with g
pharmaceutical carder. Thus, for oral administration, capsulcs can contin from
between about 5.0 mg to about 25.0 mg of the active ingredients of this invention with

20  or without a plurmaacentical dilucnt, Tablets, either effervescent or noneffervescent,
can contain between about 5.0 t0 25.0 mg of the active ingredients of this invendan
together with conventional phannaceutical carriers. Thus tablets, which may be coated

and either effervescent or noneffervescent, may be prepared according o the known

axt. lnert diluents or carriers, for example, magoesium carbonate or lactose, can be

25  wused together with conventional disintegrating ageats for example, magnesium stearate,

The alkylidene analogs of 1-aminospirofisoquinoline-4(1H),3pyrrolidine]-
1,2'3,5'(ZH)-tetrones also can be used in combination with insulin or oral
hypoglycemic agents o produce a beneficial effect in the treatment of diabetes mellitus,
In this instance, commencially aveilable insulin propazations or oral hypogiycemic

30  agents, exemplified by acetnhexanndc chlorpropamide, tolazamide, wolbutamide and
- phenfonin, are suirable. Themmponndshaeofmbeadmmsmcdsequennanyor
- simultaneously with insulin or the oral hypoglycemic agent. Suitable methods of
administration, compositions and doses of the insulin preparation or oral hypoglyceruic
agent awe described in medical sextbooks; for instance, Plysicians' Desk Reference, 42

35 ed, Medical BEconomics Co., Oradell, N.J., U.S.A., 1988,

Hllllll TR



wherein Rlerr] = H |ower alkyl [ere] whexgpmeis =0

and [err]
aryl or aryl
aryl contain

containing 1 to 6 carbon atons,
(1 ower al kyl)wherein :
6 to 10 carbon atons -7-

and | ower alkyl contains 1 to 6

carbon atons.

10

15

The aldose reductase inkibiting property of the compounds of this invention and |

the utilization of the corapounds in preventing, dixoinishing and alleviating diabetic
complications are demonstrable in experiments using galactosemic rats, see
Dvommik ez al., Science, 182, 1146 (1973). Such experiments are exemplified
hereinbelow after the listing of the following general comments pertaining to these
experiments:

(@  Four or more groups of six male rass, 50-70 g, Sprague-Dawley strain,
were used. The frst group, the control group, was fed a2 mixture of laboratory chows
(rodent Laboratory Chow, Purina) and glucoss at 20% (w/w %) concentration. An
untreated galactosemic group was fed a similar diet in which galactose was substituted
for ghocose. The third group was fed a diet prepared by mixing a given amount of the
test compound with the galactose containing dict. The concentration of galactose in the
dict of the weated groups was the same as that for the nntreated galactosenic group.

(b}  Afwer forr days, the aninoals wers killed by cuthanization, Both the Jeas |

and sciatic nerve were removed, weighed and stored frozen for polyol determination.

(©) The polyol determination was performed by a modification of the
procedure of M. Kraml and L. Cosyns, Clin. Biochem., 2, 373 (1969). Only two
minor reagent changes were made: (a) the rinsing mixtare was an aqueous 5% (w/v)
trichloroacedc acid solution and (b} the stock solation was prepured by dissolving 25
mg of dulcitol in 100 mL. of an aqueous wrichloroacetic acid solution. [N.B.: For each
experiment the average value found in the tissue from rats fed the ghocose diet was
subtracted from the individual values found in the corresponding tissue in galactose-fed
12is to obtain the amount of polyol accumaniated.] The aldose reductase inhibiting
effects of the compounds of formula (I} were &lso tested by employing an i virro
testing procedure similar to that described by S. Hayman and JH. 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 preparasion of the
enzyroe from bovine lens.

The following tabulated results show that the alkylidene analogs of 1%
aminospiro[isoquinoline-4(1H),3" pyrrolidine]-1,2',3,5(2H)-tctrones of this inveation
show the property that they are active in vivo and diminish the accumulation of dulcitol
in the lenses, sciatic nerves and diaphragm of xats fed galactosc. The figures underl.,
N, and D represent the perceatage decrease of dulcitol accummlation in the tissues of
the lens, sciatic nerve, and diaphwagm, respectively, for treated rats as commpared to
umreated rats.

-
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A nore preferred group of conpounds of the present inventi | epresent ed
by formula (1): ~ el Ahp Fed4
[err]

~8-

ALDOSE REDUCTASE INHIBITORS

% Lowering Galactitol _
% Inhibation Accrnplation
InViro Dose In Vivo
R! R 10°M | mwskelday | B (D | 00 [ % @)
H P 8 56 53 | 8o | 95
u==c\ 108 | 30 82 | 8
CH, 09 | NS 60 66
S
F N=C 5 27 58 84 | 97
cm, 1.1 NS | 47 85
P
B N=C 0 s1 71 08 93
. CH,CH,
H N=G 0 48 76 | 82 | 9
H N=<30 36 56 4 | st | %
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wherein: 5 Rlerr] and Rlerr] are hydrogen or hal o X@ J;ierr
di hal bgen substituted benzyl™ R[err] and err] g ower

containing 1 to 3 carbon atonms or Rlerr] and R err] are joined

to formalicyclic or heterocyclic rings sglected fromthe group consi
of [err] and [err] The n
preferred conpounds of the present invention are set forth below 10

2- [ (4- br onp- 2- f | uor Tiehiargdtoaedse\ihdludes-a] thdthadoof prepration | of ercemowmiol ayingr

[ i soqui nol i ne- Wﬁd forﬁ‘m% 14 2H) -tetrone;
2- [ (4- brono- 2- uorgb%ﬁé‘f\“yﬁ'll)ne GhHﬁ"éoro- [(1 met hyl et hyl i dene) g

spiro-[isoquinoline-4(1H), 3" -pyrrolig_ne]- , 5" (2H) -tetrone;

where R}, R?, and R3 are as defined above is reacted with a carbonyl compound

5 having the formula R4CORY, where R* and RS are as defined above, or a reactive
derivative thereof, for instance, an acetal derivative.. The method can be camied in
conventional manner for the preparation of Schiff bases.

The invention also includes compounds having formuila Ja as illustrated and

defined above 38 new snbstances useful as chemical intermediates. The invention also

10  includes 2 method of preparation of a compouand having formula Iz, as iflustrated and
defined above, in which 2 dicarboxylic acid having the formmla Ib

RZ R!

wheze R1, R and R3 are ag defined above, or a teactive derivative thereof is converted
into an imide by reaction with hydrazine. This method is preferably carried ont by

15  reacting a mono {(Jower zlkyl} ester of the dicarboxylic acid with a reagent that activates
the carboxyl group of the monoester and reacting the activated compound with
hydrazine,

N The aforesaid methods of preparation are flustrated by the following
process,

S
al kyl

sting

PSt

m noj -
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- brono- 2-f1l uofophenyl ymethyl]-1"-[(1-ethyl propyli dene) am n ‘1]

2-[(4
iro[iso- 15 qui nol ine-4(1H), 3 -pyrrolidine] -~
, 3

Sp
2',3,5 (2H)-tetrone;
2- [(4 -brono- 2-f | uor ophenyl ) net hyI ]- 1 (cy pent yl i deneam no) spiro[i so-
qui nol i ne-4(1H), 3' -pyrrolidine]- , 3,5 (2H) -tetrone; and
2-[ (4-brono- 2-fl uorophenyl) net hyI ]
1'-[(tetrahydroyg %-4 yl i dene) am no] -
spi ro[ i soqui nol wc mgg/otrf)l i di mﬂo % 94(&%5_3 t et 5'9”3;1,2',3,5'-

{(ZE)-tetrones of the present invention were prepared by the following reaction scheme:

' Br '
COMs
Rl [ ox Cl R!.
\@ ) NG e
CO,H
O ~
COMe
. 1) SOClz R OMe RS-NHZ
e O) S EnN TE m P 9 EN.DWE
. ' o
5 W)
C0,CMe,
1 COMs COMe
R 0 BeCH 2 o
\ o step d) ""‘chos*“‘iﬁ"‘"%% N
g ’ e
O 8]
VD (VD

step 1) L DCC, HOBT
. P L NN, BN

wherein:
10 R1 is halogen or hydrogen, R3 is disubstitated aralkyl and R4, RS are alkyl,
hydrogen or joined to form alicyclic and hetexocyclic rings.

A —
1

.
=
T
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The conpounds of formula (I) all possess at | east one asyrrrriéﬁi tfarbon
atom’ narmel y the spiro~tarbon atom at position 3™ of tf '3§? ol ijdi ne
ring. The conmpounds of 5 formula (1) therefore exist, and may be
isolated, in two or nore stereoisoneric_§prns. Thi s invention
enconpasses the conmpounds of fornula (1) 1n racemc formor in any
optically active form The al kyl i dene anal ogs of

1' -am nospiro[isoqui noline-4(1H), 3" -pyrroli d| nej -
1,2',3,5 (2H) - Srepa)onenmngw:@ﬂéqmnm op Reblesbenzaiizanid of fatmula

herﬁ' ga]fter éﬁ)wheremnll&%eﬂmoem@d i mmoﬁwdlalan&br).nrmwesés&c in
Sl 1 cati ons. S SARFSE ampst of (R @ groduse dhe grsmaneRiole arid EBREST BMRG  o
prophyl acti c mmmmmmsaud corrpounds Such

conplications include neuropathy, nephropathy, retinopathy,
ker at opat hys di abeticrwai&mbmxarM&:MMﬁm iuﬁﬁ:nbflmhidlit(m) 15

l?ﬁeﬁ?gﬁf’ﬁngimer Marmceu@@%ﬁ% TR el

according to Preparedhy kepwa axtheds.net hod.

Stepb)  The propanedioic acid dimethyl estex of formnla (XV) can be reacted with
thionyl chloride nnder refluxing conditions to produce the comresponding acid chloride
10  which upon treatment with EN in a conventional solvent which does not adversely
influence the reaction, for example, etrahydrofiran, can produce the compound of
formnula (V), wherein R is as defined above. WE

Siepc)  The compound of formula (V), wherein Rl is as defined above, is reacted
with R3-NH3 in the presence of EtsN in a conventonal solvent which does not

15  adversely influence the reaction, for example, DMF, produces the compound of the
formula (VI), wherein B! and R are as defined above.

Swpd) The compound of formala (VI), wherein RY and R3 are as defined above, is
rescted with an inorganic base snch as potassium carbonate in a conventional solvent
which does not edversely influence the reaction, for example, N, N-dimethylformamide

20 and subsequent addition of the tert-butyl bromoacerare produces the compomd of
formmta (VII), wherein R1 and R3 are as defined above.

Stepe)  The compound of formula (VII), wherein R and R3 are as defined above,
can be reacted with an organic acid such as triffuoroacetic acid in a conventional
solvent which does not adversely influence the reaction, for example, methylene

25  chloride, to produce the compound of formmla, (VIID, wherein R1 and RS are as defined
above.

Step ) The compound of formula (VII), wherein R1 and R? are as defined
above, can be reacted with a conpling agent such as ¥-(3-dimethylaminopropyl}-3-

* ethylcarbodiimide IDCC)/1-hydroxybenzotriazole (HOBT) in a conventional solvent

30 which does not adversely inflnence the reaction, for example, N, N-
dimethylformamide, and subsequent addition of hydrazine and EtsN, produces the |
compound of formula (IX), wherein R} and R3 are as defined above:
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The al kyl i dene anal ogs of 1'-aninospiro[isoquinoIineiﬂﬁlkbfﬁhigé;{olﬂdine]-
1,2',3,5 (2H -tetrones of thi's invention may be admini'steréd to nanmal s,
for exanple, 20 nan, cattle, or rabbits, either alone or in dosage florns,
i.e., .capsul es or tablets, conbined -1ait h pharnmacol ogi cal |y accept abl e
excr pi ents. The conpounds of this invention may be given
orally. For exanpl e, the conpounds may be adm ni stered topically
directly to the eye in the*form of drops QfR?teriie, buf fered 2%
opht hal mi ¢ sol $tépRls, prae oS fforpwala (DD, whegein R sad RY are ¢s dafiped abovee
adm nistered orally in solid fgf mcontaining such exci pients as
starch, mlk sugar, certain ! s of clay and so forth. They may al so

be admi ni st er e¢ambeercged witht R f or¥fn ip the presencg of 2 eqtdytic aspouphefanypgidy for

i nj ect ed par entegiraplbyi0-dafiphdeSilfenic 8 1o produce b Bolipbilddaif femld (XDywhEasn e used

in the formof gg B3 4iMR§%§$%%¥€referabl y of pH 7.2-7.6, cont ai ni ng
pta

a phar maceutidal Iy acce er.
5 The following examples furthex illustrate this mvention:
EXAMPLE 1

2-[(4-Bromo-2-flucrophenylymethyl]-1'-[(1-ethylpropylidene)amino]-
spiro{isoquinoline-4(1H),3'-pyrrolidine}-1,2',3,5'(2H)-tetrone

Step a) (Z-Carboxyphenyl)propanedioié Acid Dimcthyl Ester

10 To a rapidly stirred cold suspension {0°C) of 2-bromobenzoic acid (30.0 g,
149.32 mmol), cuprous bromide (2.14 g, 14.93 mmol) and dimethy! malonate (300
mL) was added NaH (80% in mincral oil, 10.75 g, 358.37 mmol) over a 30 minute
period, while a stream of dry N2 was passed over the mixture. After the addition of the
NaF had been completed, the mixture was stirred for 10 minuies at rooimn texuperature

15  and 30 minutes at 70°C (external oil bath temperamre). At this point, the suspension
had twmed 1o a s0lid mass, which was dissolved in HaO (1000 mL). The agueous
layer was exsracted with diethyl ether (3 x 500 mlL) and was acidified with HCI (2N).
The mixture was extracted with EtOAc and dried over MgSQ4. Evaporation gave an
off-white solid which was recrystailized from ErpOrhexane (afier cooling to -20°C}) to

20  give a white solid (34.2 g, 90.9%, m.p. 119-120°C).

IH NMR (DMSQ-dg, 400 MHz): & 3.67 [s, 68 -CH(CO2CHa)al, 5.72 [s, 1H,
-CH(CO2CH3)2], 7.3 (d, ¥ = 7.76 Bz, 11, Ar-H), 745 (dr, J = 7.66 Hz, 1.12 Hz,
18, Ar-H), 7.6 (dt, J = 7.66 Bz, 1.45 Hz, 1H, Ar-H), 7.94 (dd, J = 7.8 Hz, 1.33 Hz,
18, Ar-H), 13.2 (5, 1H, -CO2H)

25 IR (KBr, corl): 3300-2700 (CO2H), 1750 (CO), 1730 (CO), 1680 (CO)
- MS (m/e): 252 (M), 220 (M+-CHzOH), 188 (M+-2xCH30H)
" Anal Caled.: G, 57.14; H, 4.80
Found: C, 57.05; H; 4.78.
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The dosage of the al kylideng ,anal ogs of g

1' - am nospi ro[ i soqui nol i ne-Z{lH) , 3" - ~ AHP-9694
pyrrolidine]-1,2',3,5 (2H) -tetrones will vary with the form of

adm ni_stration and the parti cul.ar-18@onpound chosen. Further rmrﬁé
will vary with the particular host under treatnment. Cenerally,
treatnent is initiated wwth snall dosages substantially |ess than 5
opti mal dose of the conpound. Thereafter, the dosage is increased by
i ncrements unti | efn%fggwhsmndemmpg@ﬁém gubstantially theSo e TRRANER 43t
invention are thatof ExaRplk 1(®eg 9)abl y- admi ni stered at a concentrati.on IqL
that will generally aftord effective results w thout causing af

harnful or del g_%}%_%gqgaﬁgﬁlﬁg)g?oféﬁgmﬁﬂoiAQ:PA Dimethyl2f&ep| Stration

0. 05-1. 0% sol uti on nay ropw se in the eye. The 10

: £ i gt : : bi !
d; ggug\r/]g?yot wloiﬁ gir)ﬂﬁlchéllg’gys % g so%’?gstgaﬁ%céM’af'%& ’par’e‘%{_g;
adm ni st r at¥ onCH(EPaMe)2lch13 @def =d0.06 Hz, lﬁé%dé AsEeb33 (dnf = 848 Bz,

1.0 ng per kil26dHzDUBYAWHD, B3 (dd) 8.WAHz, 6.17 Hz, HLIAY@Ph af or ementi oned

variations will occur. However, a dosage level that is in the
IR (KBr, cm-T): 3400-2700 (CO2H), 1730 (CO), 1680 (CO)
MS (m/e): 270 (M*), 238 (M*-CH30H), 210 (M*-CH30H, -CO), 15t (M*-CH30H,
-CG, CO2CH3),
10  Anal Caled.: C, 53.34; H, 4.10
Found: C, 53.36; H, 3.93
mp. 121.5-123.0°C.

(2-Carboxy-G-chlorophenyl)propanedicic Acid Dimethyl Ester

15 NMR (DMSO-dg, 200 MHz): & 3.69 [s, 6H, (-COMe)g), 5.78 [s, 1H, Ar-
15 CH(COsMe)al, 7.38 (4, T = 1.8 Hz, 18, ArH), 7.58 (dd, T = 7.8 Hz, 1.8 Hz, 1H,
Ar-ED, 7.96 (d, ) = 8.2 Hz, 1H, Ar-ED, 13.5 (br s, 1H, -COH)

IR (RBr, car-l): 3200-2700 (CO2ED, 1760 (CO), 1740 (CO), 1690 (CQ)
MS (m/e): 286 (20 M), 254 (64, M+-CH30H), 222 (60, M*-2 x CH30H)
Anal. Caled.: C, 50.28; B, 3.87

20 Found: C, 5040; H, 3.87
m.p. 125-127°C.

{2-Carboxy-¢-bromophenyl)propanedioic Acid Dimethyl Ester

1H NMR (DMSO-dg, 400 MEz2): § 3.68 [s, 68, ~(CO2CH3)s], 5.74 (5, 1H, Ar-CH-),
- 7.5 (d. T =2.02'Hz, 1H, Ar-H), 7.70 (dd, Y = 8.4 Hz, 198 Hz, 1H, Ax-H), 7.87 (4,
25 J=841Hz IH ArED

IR (KBr, curl): 3400-2300 (COzH), 1745 (CO), 1720 (C0), 1695 (C0)
* MS (mie): 330 (M), 298 (M+-CHzOH)
Anal Caled.: C, 43.5% H, 335
Found: C, 43.56; H, 3.23
30  mp. 127-128°C.
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range of from 0.1 ng to —. 1.0 ng per kilo of body wei %b?g@& da&y S
S psu

nost 15 satisfactory. Unit dosage forns suc

tablets or pills may contain from 5. 0 nmg to 25.0 ng of
the active ingredients of this invention.ygth a phar maceuti cal
carrier. Thus, for oral adm nistration, capsules can contain from
between 5.0 ng to 25.0 ng of the active ingredients of this

i nvention with 20 or without a pharmaceutical diluent. Tablets, either

ef f ervescent . or Stepnd} f er3+dMethony-1-0x0-1H-Z-denzopyran-d-darboxydic Acid SVethyb
mg of the activggfepgredients of this invention together with

conventional pharnmaceutical carriers. Thus tablets, which may be coatfd

fhe known efferé?fcﬁﬁﬁﬁ"?‘% d%ﬁﬁ?@ﬁ?ﬁ@%@%@m exﬂﬁﬁaﬁ?’%nes.

carbonate or | &

C

25.0

to
m

di si ntegratisg Wtazdfm& WWMWM)SWE&M% in ’I'HF (200 mL). The

al kyl i dene anal

ypobl yeem ¢ at e”"”e?w%a%&ns% gk m' m%&ﬁﬂbﬁé&mm@ o

or al

di abetes nel | i twi;h BtOAc MM&MMUMBW@: MZSPsa\Bvaporatien ambul i n

preparations or R /hexE Yie? codling leof’ﬁ)eﬁvawmwﬁoh%

acet ohexam I am d am de t ol but am de and phenf prm n,
are suitabl¥. 60&3%‘ %n&‘sp ﬁg'?'g#%an be adm ni stered sequentially of

1 NME (DMSO-dg, 400 MHz):5 3,82, (s, 3H, -CO2Mg), 4.03 (s, 3H, -OMe), 742
(t.3=726Hz 1R, Ar-H), 78 (t, T= 8.2 Hz, 1H, Ar-H), 79 (d, T = 83 Hz, 1B,
Ar-H), 8.1 (d, T = 726 Hz, 1H, Ar-H)

r

IR (KBr, car1): 1740 (CO), 1685 (CO)
15  MS (m/e): 234 (15, M*), 206 (38.5, M+-CO), 203 (12, M+-OMe)
Anal. Caled.: C, 61.59; H. 4,30
Found: C, 61.82; H, 4.29.

The following compoundswmpmparedmsubstantxaﬂy the same manner as
that of Exaxople 1, Step b):

20  6-Fluoro-3-methoxy-1-0xo-1H-2-benzopyran-4-carboxylic Acid Methyi
Ester

1H NMR (DMSC-dg, 400 MHz): § 3.81 (s, 3H, -COaCH3). 4.06 (s, 3H, -OCHz-),
7.27 (dt, T = 8.3 Hz, 1H, ArH), 7.8 (dd, T = 11.83 Hz, 2.49 Hz, 1H, Ac-H), 8.16
(dd, I = 8.92 Hz, 6.2 Hz, 14, Ar.ED)

25 IR (KBr, coxl) 1750 (CO), 1685 (CO)
MS (m/e): 252 (24, M), 224 (54, M*-CO)
Anal, Caled.: C, 57.15; H, 3.60
Found: C, 57.19; H. 3.57
m.p. 142-143°C,
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simul taneously with insulin or the oral hypoglycenic agent. @#@
l'inj

met hods of admi ni stratt™dn, conpositions and dose$~of t

preparation or oral hypoglycenm c agent are described in nedical

t ext books; for instance, Physicians’ Desk gef erence, 42 35 ed., Medi

Economics Co., Oadell, NJ., US A,

-7- The utilizati on of the corrpounds in preventing, dimnis

and al l eviating diabetic conplications is denonstrable in

experi nent s usigrQhipebIdsmetitnxycl-oadd H-2denzopyran-d-carboxylic Acid Methyl
Ester

14 NMR (DMSO-Dg, 400 MKHz): 3 3.81 (s, 3H, -CO2CHj5), 4.05 (s, 3H, -OCH3),
7.44 (dd, J = 8.56 Hz, 1.99 Hz, 1H, Ar-H), 8.06 (m, 24, Ar-fD

5 IR (KBr, curl): 1750 (CO), 1690 (CO)
M (cve): 268 (34, M), 240 (86, M+-CO)
Anal Caled: C, 53.65; H, 338

Found: C, 53.59; H, 3.35
mp. 194-195°C.

10 6-Bmmo-3-methoxy-l-oxc-m-z-benzopyran-tl—earboxyhc Acid@ Methyl
Ester

15 NMR (DMSO-dg, 400 MHz): § 3.81 (5, 3H, -CO2CHs), 4.05 (s, 38, -OCH2),

7.6 (dd, J = 8.38 Hz, 1.77 Hz, 1H, Ar-H), 8.0 (d, J = 8.39 Hz, 1H, Ar-D), 8.23 (4,
J =195 He, 1H, Ar-H)

15 IR (KBr, emI): 1740 (CO), 1680 (CO)
MS (n/e): 312 (17 M), 284 (45, M+-C0)
Anal. Caled.: C, 46.03; H, 2.90

Found: C, 46.12; H, 2.62
m,p. 200-201°C.

20 Step c} 2-[{(4-Bromo-2-flaorophenyl)methyl]-1,2,3,4-tetrahydro-1,3-
dioxo-4-isoquinolinecarboxylic Acid Methyl Ester

" To a solution of 3-methoxy-1-0xo-1H-2-benzopyran-4-carboxylic acid methyl
ester (5.0 g, 21.37 mmol) in DMF (100 wl) wers added 4-bromo-2-flucrobenzylamine
(436 g, 21.37 mmol) and EtsN (5.96 mL, 42.74 mmol). Tho mixture was stimed at
25  80°C for 30 minutes, poured into HzQ (1500 ml), acidified with HCI (2N) and
extracted with EtQA¢. ‘The organic extracts were dried over MgSOy. Evaporation and
cxystallization from acetone/bexane (after cocling to -20°C) gave a white solid (7.6 &.

. 87.7 %, m.p. 149-150°C).
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Dvorni k et al., Science, 182, 1146 (1973); Such exper| ments arc exenp
5 herelnbelowafter t he I|~$~t|ng of the followi ng general A5RnMs

pertaining to these experi ment s: (a) Four o
groups of six male rats, 50-70 g, Spraguc-pDaw ey strain, wer e

ified

nor e
used.

The first group, the control group, was T a mxture of |aboratory chow

(rodent Laboratory Chow, Purina) and glucose at 20% (W w % concentration.
An 10 untreated gal actosem c group was fed a simlar diet in which

gal act ose was s U ShfRongsbed a
di et prepared b ﬁ%ﬁg o] 4001411{')05{957‘&?%9(3) Bﬁ' 3&55@9‘26% W|th

t he gal act ose cé)rt;drrﬁsﬁgﬁﬂn%@ (& dieEen W‘%’f e ¢

di et of the tr eainoseds]OTI078.48 6n 1 Axdivanemericht for the untreated

gal act osem ¢ group. (b) After four days, the animalsjwere
killed by cut haji gairi Q1) Boltcbha and sciatic nerve were

©° Ve%ﬁﬁﬁ?ﬁﬁﬂis?’é@ﬁ%ﬁ%%&%@%@%% 2 modi 11 cati on of the

procedure of M Asale@Galedar(@ B.22r8s3A% N.@4%. Bi ochem, 2, 373 (1969). Only

t wo mM nor r geERINC, $3HI T 2.98ENIaRde: (a) the rinsing mxture \}vas an

aqueous 5% (w' v) trichl oroacetlc aci d soI ution and (b) the st¢ck

sol uti on vas prApakadilY oblsRak bl it afie rRdun s k0 oF] Of
#IC Cl solutlon bttty

an aqueous trlc or acg N B For each
experi nment them&g’e ¥BF¥e found in the tissue fromrats fed the gl +cose

di et was subtracted fromthe individual values found in the
correspondi Hy t2-§&aBremorfafinorephenylimethyt]-6-fluoro-1,2,3,4-tetrahydro-1,3

dioxo-4-isoguinolinecarboxylic Acid Methyl Ester L

1§ NMR (DMSO-dg, 400 MHzZ): § 3.98 (s, 3H, -CO2CH3), 5.27 (s, 2K, -NCH2-),
7.08 (t, I =7.95 Hz, 2H, Ar-H), 7.2 (m, 1H, Ar-H), 7.34 (m, 2H, Ar-H, -OH), 7.54
(m, 1H, Ar-H), 8.1-8.26 (m, 2H, Ar-H)

15 1R (KBr, carl): 1680 (CO), 1660 (CO), 1610 (CO)
MS (m/e): 423 (M*), 301 (M*-CH30H)
Anal. Caled: C, 5097; H, 2.85; N, 3.30
Found: C, 50.86; H, 2.86; N, 3.33
mp. 157-158°C. ‘

20 6-Chloroe-1,2,3,4-tetrahydro-2-methyl-1,3-dioxo-4-isoguinoline-
earboxylic Acid Methyl Ester

15 NMR I(PMSO-dg, 200 MHz): S [323 (s), 3.44 (s), tautomexic, 3H, -NCH3),
[3.71 {s), 4.03 (5), tentomeric, 3H, -CO>CHs] , 7.3-8.4 (luutomeric, Ax-H, ~OH, 4H)

IR (KBr, card): 3440 (OH), 1680 (CO), 1600 (CO)
25 MS (w/fe): 267 (MH¥), 235 (Mt -OMe) '
Anal Caled: C, 5385, H,3.77; N, 523
‘ Found: C, 53.66; H, 3.63; N, 5.14
m.p. 166-167°C,
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rats to obtain the anount of polyol accunul ated.] The al dose reductas
i nhi biting ef fects of the conmpounds of fornula (1) AP & so
by enploying an in vitro 25 testing procedure simlar to that desda
by S. .Hayman and J.H Kinoshita. J. Biol Chem, 240, 877 (19
In the present case the procedure of Haytjrgn and Ki noshlta wag
modified in that the final chromatography step was omitted in the
preparation of the enzynme from bovi ne | ens. : T
fol I owi ng tabulsﬁk%&ﬁﬁﬂhtm&hﬂ&mai ohétfiyRl iR E isyinainef 1-

am nosplro[lso%l noI ;0 {) roI|d| ne] 1,2',3,5 (2H) -tetrones
this invention ertythat they are active in VIV

di m ni sh the agg at.iopn_of | enses t
Sha. i apht nom WJ& ﬁoga%@a@@ 5132 (4 3268 tapomperie, N-CHAf t?ﬁ
represent the ity 4.0 (Yo BHlfnanaerdbs, -CO20H;L.i [5.08 (8¢ tHmabemixerio, ARCHRE [V.5S

?I eated rats a%d)’ ggéﬁwﬁ ﬁﬁe‘g @W%mm{maﬁgwg{km [%S"l

IR (KBr, corl): 1665 (CO), 605 (CO)
MS (m/e): 311 (M)
" Angl, Caled: G, 46.18; H, 3.23; N, 4.49
10 Found: C, 45.33; H, 277; N, 4.38
m.p. 190-191°C.

Step d) 2.[{4-Bromo-2-fluorophenyl)methyl])-1,2,3,4«tetrabydro-4-

{methosycarbonyl)- 1,3-dmxo-4-¢soqmnohneacetxc Acid 1,1-Dimethyll
ethyl Ester '

15 To a suspension of 2-[(4-bromo-2-flucrophenyl)methyl]-1.2,3,4-tetrabydro-
1,3-dioxo-4-isoquinolinecarboxylic acid methyl ester (4.79 g, 11.58 nmmol), K2CO3
€3.19 g, 23.16 mmol) in DMF (100 ml.) was added tert-butyl bromoacetate (2.81 mL,
1737 mmol), After stirring at 75°C for 1 hour, the mixture was poured into Hz0,
extracted with BtOAc and dried over Mg80O4. Evaporation and purification by flash
20  chromatography (hexane/BtOAC 4/1) gave a clear oil (5.69 g, 94.5%). :

15 NMR (DMSO-dg, 400 ME=Z): 3 1.04 [s, 9H, -C(CH3)3], 3.53 5, 3K, -CO2CH3),

3.60 [dd, J = 17.7 Hz, 28, -CH>CO2(CHa)3], 5.14 (5, 28, NCH2-), 7.17 (, J =

825 Hz, 1H, ArvHD, 7.36 (dd, J =8.36 Hz, 1.75 Hz, 1H, Ar-H), 7.6 (m, 3H, Ar-HD,

7.77 &, J = 7.2 Hz, 1.27 Hz, 1H, Ar-B), 8.19 (dd, J = 8.25 Hz, 1.54 Hz, 1H, Ar-
25 B : '

IR (CHClg, cnrl): 1720 (CO)-, 1675 (CO)
MS (m/le): 520 (M + H)*, 464 IM+-C(CHa)3]

e
tested
ri bed
65) .

he
30

of

and
nerves
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[err]

10

15

_G-Bromo-1_,2,3,4-tetrahydr?-4-(methoxycarbonyl}-z_-methyl-l,:’s-dioxo-

~— hd AHP-9694

.18 -

Tha following compounds were prepared in substantially the same manner as
that of Example 1, Step d): .

2-[(4-Brome-2-fluorophenyl)methyl]-6-fiworo-1,2,3,4-tetrahydro-4-
{methoxycarbonyi)-1,3-dioxo-4-isoquinolineacetic Acid 1,1-Dimethyl-
ethyl Ester .

IH NMR (DMSO-ds, 200 MHz): 5 1.10 (s, SH, -CMez3), 3.55 (s, 3H, -CO2CH3),
3.62 (d, 7 = 17.5 Hz, 1H, -CH2C03CMe3), 3.75 (4, T = 17.5 Hz. 1H,
-CH2C02CMe3), 5.15 (s, 28, -NCHz-), 7.15 (t. ] = 8.2 Hz, 1H, Ar-H), 7.35(d,J =
8.2 Hz, 1H, Ar-H), 7.45-1.70 (m, 3H, Ar-H), 8.38 (dd, J = 8.16 He, 5.70 Hz, 1H,
ArH) -

IR (KBr, cor1): 1750 (CO), 1720 (CO), 1675 (CO)

MS (mfe): 538 (M +H)*, 431 (M+ + H-CMe3)

Anal. Caled; C, 53.55; H, 4.1%; N, 2.60 *
Found: C, 53.49; IL, 4.00; N, 2.63.

6-Chloro-1,2,3,4-tetrahydro-4d-(methoxycarbonyi)-2-methyl-1,3-dioxo-
4-isoquinolineacetic Acid 1,1-Dimethyfethyl Ester

1H NMR (DMSO-dg, 200 MHz); & 1.06 (s, 9H, -CO2CMe3), 3.3 (s, 3H, -NCH3),
3.6(s,3H, ~CO2CH3). 3.67 (g. J = 17.5 Hz, 2H, -CH>CO>CMe3), 7.68 (dd, ¥ =9.0
Hz, 1.6 Hz, 1H, Ar-H), 7.77 (4, T = 2.0 Hz, 1H, Ac-H), 8.21 {d, J = 8.2 Hz, IH,
ArHDh '

IR (KBr, carl): 1740 (CO), 1720 (CO), 1680 (CO)
MS {m/e): 381 (M) -
Anst Caled: C, 5682 H, 5.28; N, 3.67
Found: C, 57.00; H, 5.41; N, 3.66
mp. 135-136°C.

4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

15 NMR (DMSO-d, 200 MH2): 5 1.05[s, 9H, -C(CHs)s], 3.28 (s, 3H, -NCHa),
3.59 (s,3H, -CO,CH3), 3.58 (d, J = 17.03 Hz, IH, -CHyCO9-), 3.67 (d, J = 17.03
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% | nhi bition
Reduct ase

In vivo R err
[err] .

0.9 - NS
1.1 NS

10

15

% Lowering Gal acitol of Al dossg

Accum#-at i on I n Wtro AGPS6%%
] R 10[err] M ng/ kg/ day % (L) % (N % (D)
8 56 53 89 9113 10.8 . 30 82
60 66 F [err] B 27 . 58 84
47 85

Hz, 1H, -CH3CO0>-), 7.81 (44, T = 8.4 Hz, 1.85 Hz, 11, Ar-H), 7.38 (d, J = 1.31
Hz, 1H, Ar-JD, 8.08 (4, T= 8.4 Hz, 1H, Ar-H) '

IR (KBrz, corl): 1740 (CO), 1710 (CO), 1670 {CO)
MS (m/e): 425 QMF), 370 (M* -CqHy), 352 (MH-CaligO)
Anal. Caled.: AC, 50.72; H, 4.73; N, 3.29
Found: C,5047; H,4.68;N,3.12
m.p. 152-153°C,

Step ¢ 2-[(4-Bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrabydro-
4-(methoxycarbonyi)-1,3-dioxo-4-isoquinolineacetic Acid

A mixtre of 2-[(4-bromo-2-fluorophenyl)methyl}-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid 1,1-dimethylethyl ester (5.19

£, 9.81 oomol), CHClz (100 ml) and CF3COoH (20 ml) was stimred at room .-

temperature for 5 hours. The volatiles were removed in vacuo and the residoe was
purified by flash chromatography on acid washed silica gel (5% HzPO4 in MeOH), to
give a white solid (4.12 g, 90.5%, m.p. 139-140°C).

14 NMR (DMSOQ-dg, 400 MHz): 5 3.54 (5, 3H, C02CH3), 3.64 (g, ¥ = 17.67 Hz,
2H, CH2CO5H), 5.12 (g, J = 15.34 Hz, 2, -NCH»-), 7.14 (t, = 8.22 Hz, 1H, A~
ED, 7.3 (d, T = 8.3 Hz, 1H, Ar-H), 7.5-7.6 (m, 3H, Ar-ED, 7.76 (d, ] = 7.4 Hz, 1H,
Ar-H), 8.16 (4, T = 7.8 He, 1H, Ar-H), 12.35 (s, 1H, -CO;H)

IR (KBr, cur 1): 3280 (OH), 3200-2700 (CO2H), 1750 (CO), 1720 (CO), 1675 (CO) -
MS (m/e): 463 (M*), 445 (M*-H, -0H)
Anal, Caled: C,51.28; H, 3.30; N, 2.99

Found: C, 51.26; H, 348; N, 295.

The following compound was obtained in subsmantially the sanoe manner as that
of Example 1, Step €):

2-[(4-Bromo-2-fluorophenylmethyl]-6-fluoro-1,2,3,4-tetrakydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic Acid

. YH NMR (DMSO-dg, 400 MHz): 8 3.56 (5, 3H, -CO>CH3), 3.6 (d, T = 17.9 Hz, 1H,
-CH2CO2H), 3.8 (d, I = 17.9 Hz, 1H, -CH;COzH), 5.1 (44, J = 15.5 Hz, 2H,
~NCH3-), 7.12 (5, Y = 8.23 Hz, 1H, Ar-H), 7.31 (dd, T = 8.28 Bz, 1.68 Hz, IH, Ar-
1), 745 (dt, J = 8.556 Hz, 2.5 Hz, 1H, Ar-H), 7.54 (dd, } = 9.77 Hz, 1.89 Hz, 1H,

H

LAy
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The invention also includes a nethod of _ggeparati on of a conpound hav

formula I, in which the conpound having fornula Ila

76

10

15

20

. mp. 132-133.5°C.

m.p. 194-195°C.

0 51 71 98 93 H_ [eq
82 95 ~H [err] 36 "%‘9594
9

Ar-ID, 7.64 (dd, T = 9.61 Hz, 2.46 Hz, 1H, ArH), 823 (44, J = 8.79 Hz, 5.81 Hz,
1H, Ar-H), 12.67 (br s, 15, -COBD

IR (KBr, caorl): 3400-2700 (COsH), 1745 (CO), 1710 (CO), 1670 (CO)
MS (m/c): 481 (M*), 405 (M*+-COo, -CH3OH)
Anal. Caled: C,49.81; H, 2.93; N, 2.90

Found: C, 49.94; 1, 3.03; N, 2.84

6-C_hloro-1,2,3,4-tei_:rahydro-4-(methoxycarbonyl)-Z-methyl-l,s-dioxo-
4-isoquinolineacetic Acid -

15 NMR. (DMSO-dg, 200 MHz): § 3.27 (s, 3H, -CH3), 3.59 (s, 3H, -COCH3), 3.64
(g, ¥ = 17.5 Hz, 2H, -CHCO;H), 7.65 (dd, J = 8.6 Hz, 2.0 Hz, 1H, AcHD), 7.78 (4,

J =208z, 18, Ax-H), 8.18 (d, J = 8.0 Hz, 1H, Ar-H) 4

IR (KBr, cor1); 3440 (OH), 3200-2700 (CQ2H), 1750 (CO), ¥710 (CO), 1675 (CO)
MS (mie): 325 (M*) |
Anal. Caled.: C, 51.63; H, 3.71; N, 4.30
Femnd: C, 51.73; H, 2.70; N, 4.23
m.p. 185-195°C.

6-Bromo-1,2,3,4-tetrahydro-4-(methoxycarbonyi)-2-methyl-1,3-dioxo-
4-isoquinolineacefic Acid

IH NMR (DMSO-dg, 200 MHz): § 3.26 (s, 3H, N-CHz), 3.53 (@, J = 17.2 Hz, 1H,
-CHoH), 3.58 (s, 3H, -C02CH3), 3.74 (d, I = 17.2 Hz, 1H, -CH,COzH)}, 7.77 (44,
1 =82 Bz, 22 Hz, 1H, Ac-H), 7.87 @&, T = 2.2 Hz, 1H, Ar-H), 8.0 (d, ] = 8.2 Hz,
1H, Ar-ED, 12.64 (s, 1H, -COoH)

IR (KBr, col): 3450-2600 (COxH), 1735 (CO), 1700 (C0O}, 1660 (CO)
MS (m/e): 369 (M¥), 324 (MF-COZED
Anal. Caled.: C, 4543 H, 327; N, 3.78

Found: C, 45.04; H, 3.16; N, 3.62

_—_—
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[err] where R err], Rerr] and Rerr] are as Mlgaoveis

reacted with a carbonyl conpgund 5 having the fornmul Ey "R er rrlj,
where R err] and R err] are as defined above, or a reactive

derivative thereof, for instance, an acet®l. derivative. The nmethod dan be
carried in conventional manner for the preparation of Schiff bases.
The invention also includes conpounds having fornula la as illustrategd and
defined above as new substances useful as chemical intermediates. . The
invention al soStép f) i nt'rAmino-2-f{#ibironkoct-Muoegpireayoretbyl]spiceliysqgminb-navi ng

formula la, as H,Jel_hlﬁtﬂfljngm@idinel_l’zdstgvm_eagaﬁe in which a dicarboxylic
I

acid having the fornula [err]
To a sclution of 2—[(4-bromo-2-ﬂuwophmy1)methyl]-l,2,3,4—-tcn-ahydro—4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid (2.5 g, 5.3% xmuol) in DMF

5 (60 ml) were added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(DCC, 1.34 g, 7.0 muool) and 1-hydroxybenzoiazole hydrate (FIOBT, 1.09 g, 8.08
mxuol). After stiring for 2 hours, anhydrous hydrazine (0.22 mL, 7.0 mmol) was
added dropwise, followed by EtzN (1.5 mL, 10.77 mmol) addition. The mixture was
stirred for 30 minutes, poured into Hz0, nemralized with HCI (2N) and extracted with

10 ErQAc. The arganic extracts were dried over MgSQy. Evaporation and purification by
flash chromatography (hexane/EtOAs 1:1) and subsequeat crystallization from
ether/hexane (after cooling to -20°C) gave a white solid (1.68 g, 70.0%, m.p. 95-

1H NMR (DMSO-dg, 400 MHz): 5 3.33 (d, J = 182 Hz, 1H, -HCHCO), 3.51 (,

15 JI=182 Hz, 1H, -HCHCO), 507 (s, 2H, -NCHy-), 523 (s, 2H, -NH2). 7.17 (&,
J= 8.3 Hz, 1H, Ar-H). 733 (dd, J = 8.3 Hz, 1.7 Hz, 1H, Ar-H), 7.54 (m, 2H, Ar-
H), 7.63 (¢, § = 8.51 Hz, 1H, Ar-H), 7.79 (dt, = 8.7 Hz, 1.25 Hz, 1H, Ar-ED 8.18
(dd. J = 7.7 Hz, 1.25 Hz, 11, ArE)

IR (KBr cm-l):'3340 NH), 1720 (C=0), 1670 (C=0Q}
20 MS (/) 4454, M+)
Anal. Caled: C,51.14; H, 2.94; N, 942
Found: C, 51.04; H, 2.94; N, 9.30,

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

25 1'-Amino-2-[(4-bromo-2-finoropkenyl)methyll-6-fuorospirofiso-
gmisoline-4(1H),3'~-pyrrolidine]-1,2",3,5'(2H)-tetrone

IH NMR. (DMSO-dg, 400 MHz): 5 3.42 (g, J = 18.2 Hz, 2H, ~CHaCO-), 5.05 (5.
2H, -NCHo-), 5.18 (s, 2H, -NHp), 7.15 (1, T = 8.3 Hz, 1H, ArH), 7.33 (dd, T = 8.1
* Hz, 1.66 Hz, 1H, Ar-H), 749 (dt, J = 8.5 Hz, 2.29 Hz, 1H, ArH), 7.55 (44, T =

30 9.96 Mz, 1.87 Hz, TH, Ar¥D, 7.6 (3d, T = 9.75 Hz, 2.49 Hz, 1H, ArED, 8.24 (44, |
J = 8.9 Hz, 5.8 Hz, 15, Ar-H)

—_— .
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where Rlerr], Rerr] and Rerr] are as defined above, or a reactlve
derivative thereof is eonvelrt'ed into an i mde by r eacfHHB?

hydrazi ne. This nmethod is preferably carried out by 15 reacti ng a nono
(I'ower. al kyl) ester of the dicarboxylic agid with a reagent that actijates
the carboxyl group of the noncester and reacting the activated conpound
W th hydr azi ne. The af oresai d net hods of

preparation are illustrated by the foll ow ng process.
IR (XBr, car1): 3350 (NH), 3280 (NH), 1730 (C=0), 1710 (C=0), 1670 (C=0}
MS (m/e): 463 (94, M) -
Axal. Caled.: C, 49.16; H, 2.61; N, 9.05
Found: C, 49.19; K, 2.66; N, 896
5 mp. 232:234°C,

Step g) 2—[(4-Bromn-z“ﬁuorophenyl)methyl]-l‘-[(l-etlxylpropylidene)-
aminolspiro[isoguinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone

A mixmre of 1'-atring-2-[{4-bromo-2-fluorophenylmethyllspirofisoquincline-
4(1H)},3pymrolidine}-1,2".3,5'(2H)-tetrone (2.0 g, 4.48 mmol), 3-pentanone (20 mL)

10 and 10-camphorsulfonic acid (5 mg) was stired at 75°C for 20 minutes. Next, the
volatiles were removed in vaceo and the residue was purified by flash chromatography

on silica gel {(hexane/EtOAc 2:1) to give a white solid (1.69 g, 73.7%, m.p. 144-
146°C). : .

IH NMR (DMSO-dg, 400 MHz): 5 0.83 (t, T =7.47 Hz, 3H, -CH2CH3), 1.08 (1, T =

15 7.6 Hz, 3H, -CHyCH3), 2.0 (g, ] = 7.47 Hz, 2, -CH,CHa), 2.5 (q, J =726 Hz,
2H, -CH,CH3), 3.59 (s, 2H, -CHoCO-), 5.06 (g, ] = 15.15 Hz, 2H, -NCHz-), 7.15
{t, T = 8.1 Hz, 1H, Ar-HD, 7.3 (dd, J = 8.1 Hz, 1.66 Hz, 1H, Ar-H), 7.53 (dd, J =
9.96 Hz, 1.87 Hz, 1H, Ar-H), 7.65 (d1, T = $.3 Hz, 2.07 Hz, 1H, Ar-H), 7.8 (m,
2H, Ar-H), 8.2 (dd, J = 83 Hz, 125 Hz, 1H, ArH)

20 IR (KBrenrl): 1700 (C=0), 1670 (C=0)
MS (mje): S13 (11, M#), 387 (28, M*-CONN=C(CHoCHz)
Anal, Caled.: C,56.04; H 4.1 N, 8.17
Found: C, 56.44; H, 4,10; N, 8.06.

The following compounds were prepared in substantally the same manner as that of
25 Example 1, Step g): '

2-[{4-Brome-2-flucrophenylmethyl]-1'-[{I-methylethylidene)aminoe]-
spirolisoquinoline-4(1H),3'-pyrrolidine]-1,2*,3,5'-(2H)-tetrone

. HH NMR (DMSO-dg, 400 MHz): § 1.72 (s, 3H, -CH3), 2.14 (s, 3H, -CH3), 3.57 (s,
2H, -CHzCO-}), 5.07 (44, T = 154 Hg, 2H, -NCH9), 7.14 (1, ] = 824 Hz, 1H, Ar-
30 D, 73 (dd, T=8.24 Hg, 1.5 Hz, 1H, Ar-H), 7.52 (44, T = 9.81 Hz, 1.9 ¥z, 1H, As-
1)), 7.63 (m, 1H, Ar-H), 7.81 (m, 2H, Ar-H), 8.17 (4, T = 7.63 Hz, 1H, ArH))

T



10 The Process: The al kyl i dene anal ogs of :
1' - am nospi no[ i soqui nol i ne-Z(1H), 3' -pyrrolidine]-1, 2 3 5' . AHP-9694
(2H)-tetrones of the present invention were prepared by the foll ow ng
reacti.on schene: [errjzs_

IR (KBr, crl): 1710 (C=0), 1670 (C=0)
MS (m/e): 485 (78 M), 387 [100, M+-CONNC(CH3CHz3)3]
Apal. Caled.: C, 54.34; H,3.5; N, 8.64
Found: C, 54.35; H, 3.62; N, 8.34
S m.p. 127-129°C,

2-[(4-Brome-2-flucrophenyl)methyl]-6-fluore-1'-[{1-methylethylidene)-
aminolspiro[isoquinoline-4(1H),3'-pyrrolidine]-1,2%,3,5'(2H)-tetrone

1H NMR (DMSO-dg, 400 MHz): 3 1.71 (5, 3H, -CHz), 2.15 (s, 3H, -CHz), 3.55

(dd, ¥ = 18.0 Hz, 2H, -CH,CO-), 5.05 (dd, J = 154 Hz, 2H, -NCH»-), 7.14 (1, =
10 8.3 Hz, 1H, AxH), 7.35 (44, T = 8.3 Hz, 1.6 Bz, 1H, ArH), 7.52 (m, 213, Ar-HD),

7.88 (dd, ) = 9,96 Hz, 2.5 Hz, 15, Ar-H), 827 (44, J = 8.9 Hz, 6.1 Hiz, IH, Ar-H)

IR (KBr, enr-l): 1710 (C=0), 1665 (C=0)
MS (mfe): 503 (10, M*), 405 [14, M+-CONN=C(CHs)2] M
Aual, Caled.: C, 5240; H, 3.20; N, 833
15 Found: C, 52.25; H,3.08; N, 831
m.p. 152-154°C.

2-[(4~-Bromo-2-fluorophenyl)methyl]-1'-(cyclopentylideneamino)spiro-
[isoquinoline-4(1H),3'-pyrrolidine]-1,2°,3,5'(2H)-tetrone

1H NMR (DMSO-d, 400 MHz): § L.7-1.78 (m, 45, -CHyCHoCH>CHZ-), 1.99 {1,
20 J= 7.68 Hz, 2H, -CHsCH;CH;CHz-), 25 (¢, J = 7.26 Hz, 25,

~CHoCHyCHCH-), 3.56(s, 2H,-CH>CO-), 5.0 (4, J = 15.36 Hz, 1H, -NHCH-),

5.13 (d, Y = 15.36 Mz, 1K, -NHCH-), 7.16 (t, 7 = 8.3 Hz, 1H, Ar-HD), 7.35 (dd, T =

8.3 Hz, 1.87 Hz, 1H, Ar-H), 7.53 (dd, J = 9.75 Hz, 1.87 Hz, 1H, AcH), 7.65 @1,

Y = 8.3 Hz, 2.07 Hz, 1H, Ar-H), 7.81 (m, 2H, Ar-H), 8.2 (dd, T = 7.9 Hz, 0.85 Hz,
25 1H, ArE) '

IR (KBr, carl): 1705 (C=0), 1670 (C=0)
M/S (m/e): 511 (3, M%)
. Anal Caled: C, 56.26; H, 3.74; N, 820
Found: C, 56.60; §, 3.74; N, 8.11
30 -m.p. 142-144°C.

“ﬁﬁ'ifn]iiitﬁiu I till




10

T~ ~  AHP-9694

2-[(4-Bromo-z-ﬂuomplxenyl)methyl]-l'-[(tetrahydroétlH-pyran-4-yl-
idene)amino]lspiro[isoquinoline-4(1H),3'~-pyrrolidine]-1,2',3,5'(2H)-
tetrone

1H NMR (DMSO-dg, 400 MHz): §2.16 (t, ] = 5.6 Hz, 2H, -CELCHY0-), 257 (. I =
5.8 Hz, 2H, -CH2CH20-), 3.5-3.6 {m, 4H, -CHCO-, -CH2CH20-), 3.76-3.83 (m,
2H, -CH,CH20-), 5.06 (dd, T = 15.15 Hx, 2H, -NCHy-), 7.15 {, T = 8.1 Hz, 1H,
Ar-B), 7.36 (dd, ] = 8.3 Hz, 1.87 Hz, 1H, Ar-H), 7.55 (dd, J = 9.96 Hz, 2.07 Hz,
1H, Ar-H), 7.65 (m, 18, Ar-H), 7.82 (m, 25, Ar-H), 82 (dd, T = 7.68 Hz, 0.83 Hz,
1H, Ar-H) |

IR (KBr, cm1): 1705 (C=0), 1655 (C=0)

MS (m/e): 527 (62, MH)

Anal. Caled.: C, 5456; H, 3.62; N, 7.95
Found: C, 54.40; H,3.65; N, 791

mp. 161-163°C.

e
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V\,herem hal ogen hydrogen, R err] is disubstituted
and R[ u‘”" al kyt, hydr ogen or jTi ned AP-£634m
al i cycl WH"IC rings.
-25-
CLAIMS,

‘We claimz

1. ‘The compounds of structural formuia (1)

5 wherein:

R and R2 are independently hydrogen, alkyl containing 1to6carbonamms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl,
nitro, aryl or aryl (Qower alkylloxy wherein aryl contains & to 10 carbon
atoms and lower alicyl contains 1 to 6 carbon atoms;

10 R3 is Jower alkyl conaining 1 1o 6 carbon atoms, aryl, aryl (lower alkyl) or
dihalogen substinated aryl (lower alkyl) wherein aryl contains 6 to 10 caxbon
‘atoms and lower alkyl contains 1 1o 6 carbon atoms;

R% and RS are independently hydrogen, alkyl containing 1 to 12 carbon atoms,
aryl, aryl (Jower alkyl) wherein aryl contains 6 to 10 carbon atoms and

15 lower alicyl contains 1 to 6 carbon atoms, or R4 and RS are joined to form
' alicyclic or herteocyelic rings selected from the group consisting of
& “wherein n=11% . X whereinX=0,8, SO
’ E = d- W i SV A, :S s
\‘J W n N/ Oy
— Whﬂr&iﬂR‘:H,lowa:alkyI
/ \r wherein X =0, S; and / iN-Rﬁ contaimng 1 to 6 carbon atoms,
\—/ \/  ayloraryl (lower alkylwherein
axyl contain 6 t 10 carbon atoms
and lower alkyl contains 1 to0 6
carbon atoms,

—_
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Step a) Reacting el ther 2Z-bronobenzoic acid or 2-chlorobenzoic acid

i onat e ISR chee "= %5 5 cara Srre amount ot Qe

produce t hex prcopanedi ot ¢ 'aci d di net hyl ester of formula (1V) wh
Rlerr] is as defined above. 5 -26- The 2-bronobenzoic acids
2-chl or obenzoi c acids of fornmula (I11) required for the present
i nvention are comrercially avail abl e compounds or can be pr epar

Fg(rmrrﬂl geE Ihslflscan be re%@gg@wwgﬁ?ﬂl on&ﬁtﬁfw@gﬁ re;E IeteriO

conditions to produce the corresponding acid cgtoride 10 whi ch" upon
treatnent with Et[err]Nin a conventional solvgnt which does not adve
i nfluence the reaction, for exanple, tetrahﬁ gsan, can produce the
conpound of formula (V), wher I s as defined above.

Rr?

\¢
(

wherein:
R and R2 are hydrogen or halogen; R3 is dihalogen substitated beozyl; R4 and
5 R are lower alkyl containing 1 to 3 carbon atoms or R4 and RS are joined to
form alicyclic or heterocyclic rings selected from the group consisting of .

S

3. The compound according to claim 2  2-[(4-bromo-2-fluorophenyl)methyl]-1-
[(1-methylethylidenc)amino] spirolisoquinoline-4{1H),3pyrrolidine]-1,2'.3,5'(2H)-
10  tetrome. '

4. The compound according to claim 2 2-{(4-bromo-2-fluorophenylmethyl]-6-
fluoro-1* [(l—methyleth}hdcnc)mmo]spzro-[isoqumohne-qm),? pyxmhdme]-
1,2',3,5'(ZH)-tetrone.

5. The compound according to claim 2 2-[(4-bromo-2-fluorophenyi)methyl]-1-
15 [(l-ethylpropyfidene)amino]spirofisoquinoline-4(1H),3-pyrrotidine}-1,2'3,5(2H)-
tetrone.

6. The compound according to claim 2 2-[{(4-bromo-2-flacrophenyl)methyl]-1*-
(cyclopentylideneamino)spirofisoquincline-4(1H),3'-pyrrolidine}-1,2' 3.5 (ZH)-
tetrone.

20 7. The compound according to claim 2 2-[(4-bromo-2-fiucrophenylmethyi]-1* .

[(tctrahydro-4H-pyran-4-ylidenc)amino}spirofisoquinoline-4(1H),3~pyrrolidine]-
1,2°,3,5'(2H)-tetrone.
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Step ¢) of forrrula(\/) wherein R err] is as definped g
Is reacted m,! “NH err] in the presence\'f Et [’gfl?‘]9§8$n e
conventlon oes not 15 adversely influence the read
for exanpl e, DI\/F produces t he conpound .9% _the formula (VI), wh

Rlerr] and R err] are as defined above. Step d) The conpound
formula (VI), wherein Rlerr] and Rlerr] are as defined above, is
reacted with an inorgani c base such as potassium carbonate in a

conventional sd@. venmmmawmmwmnmmgemdaﬁdlumtmmpemefe
for exanple, Ncggh 75 i oG M SHBRRALARA AR bR bafter. |
e

tert-butyl brom)acet ate produces t conpond of fformula (VII),

wherein R[err] are as_def oV, ) )

conpound of fo rrul a:Z —‘H’d ﬂﬂ‘é?‘é d° %&Ppg%?ﬁ e]mr rfdél'r'eétlﬁxgifa megga
can be reacted prGegthpfoemelalad such as trifluoroacetic acid in 4
conventi onal sol vent which does not adversely influence the rea

-for exanple, nethylene 25 chloride, t he conpound of form

(VIT1), wherein Rerr] and R err] are fined above.
f) The conpound of fornula (g I1), 10 ] R[’(ﬁ r] and Rlerr] are
defi ned above, can be react a ceypli i) agent such as

1- ( 3-di net hyl am nopr opyl ) - 3-

wherein R3, R2 and R3 are as defined in Claim 1 is reacted with a carbonyl compounnd |

having the formula R*CORS where R# and RS are as defined in Claim 1 or 2 reactive

Serivative themeof

10. A method of making a pharmacentical composition clatmed ifn Claim 8 wherein
10  a compound as claimed in any one of Clahms 1 to 7 is brought info combination or

association with 2 pharmaceutically accepinble carrier.

11. A compound having the formula Ia as illustrated in Claim 9 where R1, R2 and

R3 are as defined in Claim 1.

12,  Aumethod of making a compound as claimed in Claim 11 wherein a dicarboxylic
15  acid having the formmla

" whereia R1, RZ and R3 ave a3 defined in Claim 1 or a reactive devivative thereof is
converted nto an imide by reaction with hydrazine.
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et hyl car bodi i m de (DCC)/ 1- hydroxybenzot ri azol e (HCBT) I n a convention
sol vent 30 whi ch does not~ddver selsy*infl'uence the reacti HEPPEM4 exa
N, N s di met hyl f or mam de, and subsequent addition of hydrazine g
Et[er r] N, produces the conmpouns of sgornmula (1X), wherein Rerr]
Rlerr] are as defined above.
12 Step 9) The conmpound of formula (1X), wherein R err] and

are as defined above can be mth [err] in the preseng

catal ytic anmount of any acid, for exanpl e, 10-canphorsul fonic &
to produce the co € .

Rl err] and R[err w&%%%w@°&&l m&s%frﬁi:soq&n%ﬁﬁé

,3"~pyrrolidine]-1,2',3,5'(2H)-tetrones, to processes for their preparation, to

methods for using the compounds, and 1o pharmaceutical preparations thereof. The

5 compounds have pharmaceutical properties which render them beneficial for the
preveation ar treatment of diabetes mellitis associated complications.
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(300 m.) was QHQEYLEENEBQ%ALFDGSHGMI AWNGSPE@[EOQ@QN@lINEﬂ) over

"a 30 mnute perio 4 Y ed over the
m xture. After the addlgpr%ﬂk Wbiﬁﬁ%ﬂéﬁﬁ % t he '
m xture was stirred for Iﬁhﬁﬁut‘ﬁsﬂi{nﬁﬁﬁbmmﬁ&m QR& 30 m nut es’
at 70[err]C (external oil bath tenperature). At th| s point, the suspension
had turned to a salid nmass, which g I H[err]O(lOOO m.). The
aqueous | ayer was extracted wf nd ot ihe Iqvendon (3 x 500 nL) and was
acidified with HO (2 The mxture was extracted with Et OAc and
dried over My&Q[ err] . TR Mysrian G&@@awéﬂahdm agalogs of 1'-aminospiro|isoquinoline-

4(1H),3"-pyrrolidine]-1,2",3,5'(2H)-tetrones, to processes for their preparation, to

.methods for using the compounds, and to pharmaceutical preparations thereof. The

compomnds have pharmaceutical properties which reader them beneficial for the

ptcvmuonormtmentofeomplmancns associated with diabetes meltitus.

-5 " The & ther ke th| s mverff“%"h’s o
EXAMPLE 1 = NPEN’I' SHEET this & laced | |
2-[ (4+Br oo- 2- f | upr pw@?@?ag [(1 et ,mm,m m) armi noj - .
spi ro[i soqui nol i neg-K( EH)% i .i-- rone o Step
a). (2- Car.boxyph Hoi CI d D| nmet hyl Ester . ‘To a
rapidly stirred cpld suspenS| on (0 ggom)benzm c aci d (30.0 g,
149. 32 mmol ), c¢cup nmol ) and di net hyl mal onate

10 Thenseofmsnﬂmand[aronlhypoglywmicagmm the treatment of diabetes
mellitns has prolonged the life of many of thess paticuts, However, their use has aoct
had a demenstrable impact on the development of diabetic complications such as
nexropathy, nephropathy, retinopathy, cataracts and vascular discase which accompany
the underlying metebolic disorder, There is Hde question that chronic hyperglycensia

15 plays a major role in the genesis of these complications, and that complete
normalization of blood glucosc would Hkaly prevent most if not all complications. For
2 number of reasons, though, chronic normalizadion of blood glucose has not been
achisved with the currently available therapies.

_ The long-ter complications of diabetes develop in tissnes where glucose
2G  uptake is indepcndent of insulin. In these tissues, which include the lens, retina,
kidney and peripheral nerves, the systemic hyperglycemia of disbetes is rapidly
transposed into high ussular concentrations of gincose. 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
25  biochemical alterations which slowly progress to Cell dysfuncuon and structural’ |
damage. Aldose reductasc, the key enzyme in the sorbitol pathway, reduces glucose 1o
sorbitol at the expense of the cofactor NADPH. In animai models of diabetes,
compounds which inhibit aldose reductase have been shown to prevent the
. biochemical, functional and morphological changes induced by hyperglycemia. Eady
30  stndies by J. H. Kinoshita and collaborators implicated aldose reductase in the etiology
of diabetic cataracts. More recent stndies have provided compelling evidence that
aldose reductase also plays a significant rols in the initiation of diabetic nephropathy,
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cooling to -20][ p a white soli % mp.
119- 220['¢rr]1 0. | 01 ' \ DVSO-d[ err], 3.67 [s,-
-CH(CO err]CH ertrlbTerr]], [, 1H,

-CHerr](CJerr] T 743 (d, J = 7.76 Hz, 1H Ar-H), 745(dt J
= 7.66 Hz, 1.12 Hz, ,76(dt2_J.—766Hz 145Hz

A , 7.94 (dd, ) ) 3 R,'bbiso '
EZO[H)err] H) (25 ““F??"E’Wé‘fm‘tﬁ%’ﬁ’%‘“ ?&g%( err k 162 Lo n;t173o |
(CO), 1680. ( CO) al, Invest. @s:mel)\ﬁsz & Q{G?ﬁ 8 seé![err%&f 188

off V\:hl te isolid RE?];ACMN’ gg'_-; ~s'1[ )l i zed fromTEtiI W“”Bﬂr; ((afte

(Merr]- ZXm[ersd;ms-z . Anal. Calcd:. C 57.14; H 4 80
Found C, 57.05 H 4.78. : N
Prior Art
5 ’fheclosest pncrartsta.lamasU S. Patcnt 4,927,831, May 22, 1990, which

discloses the spiro-isoquinoline-pyrrolidine tetrones of formnia

(R! is hydrogea or flnorine)
useful as aldose reductase inhibitors for reating complications of diabetes and
galactosernia. :

10 ' Sunyumary of rvention
The alkylidene analogs of 1'-aminospiro(isoquinoline-4(1H),3"-

pyrrolidine}-1,2',3.5'(2)-tetrones of the present invention are represented by formula
o




13 A

The

o '_'uu. J'u"u'JS mremed—aw%mlly the
same manper as .- REPEACEI bl_L Step ajy
(2- C?r boxy- 6-fl uorop e ﬁﬁﬁ"’a'ﬁ;cﬁ_ Acid Dine mmﬂRepl&ced [err]l—(
NVR (DVBO-d[err], YE “6H, .79
1H, Ar- 5 CH(C.O[ r\%)?{ééﬂ?? ulx (dd J ( 1H s
Ar-H), 7.33 (d, J = 1H, Ar-1H), 803(dd 8. 77 Hz,
6.17 Hz, 1H, Ar-H) | IR(KBr cn{err : 3400-2700 (CJerr]H), 1730
(CO, 1680 (CO s Bt 27T0 (M ert]), 238 (Merr]-CHerr]OH), 210
(Merr] - Cl-l[err]Cﬁhﬂaeb) 151 (Iv[err] CH[err]O-l - CO,
ch&:;grg]Gml[_lfarg]és 10 Rﬁﬂa%zcalcl C 3. 34: 140010 glto6carbonatc!:

(2- Car boxy- 6- chl or ophenmmm&mmmlmﬁwb@m trifluoromethyl,
nitro, aryl or aryl (Jower alkyloxy wherein aryl contains 6 to 10 carbon
-5 ' atorns and lower alkyl contains 1 to 6 carbon atoms; :

R3 is lower alkyl containing 1 to 6 carbon atoms, aryl, aryl (lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains § to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atous; -

R4 and RS are independently hydrogen, alkyl containing 1 to 12 carboa atoxos,
aryl, aryl (lower alkyl) whereiz aryl contains 6 to 10 carbon atoms and
lower alkyl contains 1 10 6 carbon atowns, or R4 and R3 arc joined to form
alicyclic or herteocyclic rings selected from the group consisting of .

10

Gccn».

wherein n=1-10; X wherein X =0, S, SO, SO

wherein RS = H, lower allkyl

/ \N_Rsconmgmsmawms,
aryl or axyl (lower alkylywherein
aryl contain 6 10 10 caxbon atoms
and lower allyl contains 1 %0 6
carbon atoms.

X wherein X =0, S; and



,”\t

. [err]H NMR' (DMBO-d[ fe'r] 369[ mﬁ ab)[err]],
5.78 [s, 1H Ar- 15 ,:H( ) I 738 (d, H Ar-H,

' 7.58:{dd, :J = 7.8 Hf, %f% l,’ gj% 1H,
Ar-H), 13.5 (br s, 1H, errlH) __{: IR (KBr cnferr]): -2700

;(CCIerr]H) 1760 ( ),"‘174 (CO)- (CO) - M5 (nfe): 286 (20
Merr]), 254(64, Md b2 (60, Merr]-2 x CHerr]OH)
Anal . Calcd.: C, 50. 28 H 3.87 20 “4ound: C, 50.40; H, 3.87
mp. 125- 127[err]C A more gﬂ&agyf&dwommfmqumnpmechmmmd
D net hyl Ester ;! []H NWVR (DIVBOG[err] 400. MHz): [err] 3.68 [s, 6H,
(CCIerr]CH[err] &? 1H, -Ar-CH), : 7.5 (d, J = 2.02 Hz, 1H,

-H), 7.70 (dd, J-84Hz 1.98 Hz, 1H, Ar-H), 7.87 (d, 25 J= 8.41 Hz,

1H Ar - H) | R ( KBr, cn{err]): 3400-2300 (Gderr]lH, 1745 (CO, 1720

(CO, 1695 (CO M5 (nme): 330 (Merr]), 2 (I\/[err]-CH[err]G—l)

Anal . Calcd.: C 43.53; H 3.35 RS
a
5 R! and R2 are hydrogen or halogen; R3 is a dibalogen substitoted benzyl; R

and RS are lower alkyl containing 1 103 carbon atoms or R4 and RS are joined
to form alicydlic or heterocyclic rings selected from the group consisting of

O=0

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

10 2—[(4—b:0mo—2-ﬂuomphmyl)methyl]—1 [ﬂ-meﬂ:ylethyhdene)ammo]spno-
. [isoquinoline-4{1H) 3'-;_>;-:rohdm¢]-1,2' 3,5'(2E)-tetroncs

2-(4-bromo-2-finorophenylmethyl]-6-fluoro- 1% [(1-methylethylidene)amino]-
spiro-fisoquinoline~4(1H),3“pyrrolidine]-1,2",3,5(2H)-tetrome;

2-{(4-bromo-2-flucrophenyDmethyl]-1'-[(1-ethylpropylidene)amino] spirofiso-
15 quinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone;

2-[(4-bromo-2-fluorophenymethyll-1'-(cyclopeatylideneamino)spirofiso-
qmnolme—**(lli)ﬁ -pyrrolidine]-1,2',3,5'(2H)-tetrons; and



> (REPLALEMENT ShEELL -
Found: C, 43.56; H,|3[Z23730 mp. IA7-i128[err]C. -
. 14 . Stepb) |3 Ng‘pgm' 1999x0-1|—|—2 benzopy ThinSkketdas Beex lzﬁ:eaACl d -~
Methyd - *,  Ester A fm xture of {
(2- car boxyphenyl )prop ' dijmethyl ester (lmI" H“
mol ) and SOC [err]g (100 g) was refluxed for 2 hours. e vo | es wer
renmoved in 5 vacuo and the crude product (acid chloride) vvas di ssol ved

in THE (200 ni).

Triethylamne (27.%4 nL, 198.4 mmol) was added and
the mixture was stirregebRimed fuoropheayljmethyl]-1'-{(tetrahydro-4H-pyran--ylidene)- |

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

' ‘The compounds of formnila (1) all possess at least one asymmetric carbon atom,

" namely the spiro carbon atom at position 3' of the pyrrolidine ring, The comspounds of

10

15

formomla (I) therefore exist, and may be isolated, in two or more stereoisomeric forms.
This invemtion cncompasses the compounds of formula (f) in racemic form or in any
optically active form.

The alliylidene analogs of 1‘-a:hinospiroﬁsoquinolin¢-4(m),3'-pyrrolidinc}-
1,2'3,5'(2H)-tetrones can be prepared by the processes described hereinafter.

A metiiod is provided for preveating or relieving diabetss mellits associated
complications in 2 diabetic mammal by administering to said mammal a prophylactic or

alleviating amount of the compounds of formala (T). Ssch complications include '

neusopathy, nephropathy, retinopathy, keratopathy, diabetic aveitis, cataracts ad
[imited joint mobility.

The compounds of formula (1), when admixed with a pharmaceutically

acceptable canicr, form a pharmaceutical compeosition which can be used according w0 -

the preceding method.

The alkylidepe analogs of 1*-aminospirofisoquinoline-4(1H),3"-pyrrolidine]-
1,2',3,5'(2H)-tetrones of this invention may be administered to mammals, for
example, man, cattle, or rabbits, cither alose or in dosage forms, i.é., capsules or
tablets, combined with pharmacalogically acceptable excipients.

The compounds of this invention may be given orally. However, the method of
administering the present active ingredients of this invention is not 1o be construed as
Timited 10 2 particular mode of administration. For exaraple, the compouads may be
administered topically directly to the eye in the form of drops of sterile, buffered
ophthalmic solntions, preferably of pH 7.2-7.6. Alsoc, they may be administered arally
in solid form containing such excipients as starch, milk sagar, certain types of clay and

, soforth. They may also be administered orally in the form of solutions or they may be

30

injected parentexally. For pareateral administration, they may be used in the form of 2
sterile solution, prefexably of pH 7.2-7.6, coataining a pharmaceutically accepmbic
buffer.



MySQ: err] Evapor at jf o yptal lization f her/ hexane

- (after cooling to -20ferrjC gave --rvhlte solid 4% m p.
129-130[ err] C). '[erriH NVR™T ,SOd[eEr] 400 MHz) : [err] 3. 82 (s, -
3H, CCIerr]Me) :

- 7. 42 t, J=7.26 Hz

7.8 (t, J =28.2 Hz 1Fpe dnsaga)of te 'ewf@abss@fkémmuomqumwn%lmé-l (d,

| i\]/s = r7n'r2'6- H§34 ) Pyrrdiidine]-1,2',3,5 (B kRones ALl edry With the 4étol EQdmidi6iBdion @aY thel 5
o e)e 615& gﬁ“%s"@“‘%“‘g“g"%"&' W’&'@%‘ﬁ%# ‘%\@I”%”m

‘The fol l owi ng coRpemaRts wmmasmm%@b@ﬂhﬁ%ﬂeﬂosmn@semymm as
that of Exanpje the optigial Bdse of2fe compound. Thereafter, thcdosagclsmcmascd

i
6- Fi uor 0-3- met hojgge 1.0 oo A 1 gmwmoé&dsdf%?&ﬂram axe
: tmost desirably administered at a concentration level that will geaerally afford effective
results without causing any harmful or deleterious side effects. For topical
admiristration, a 0.05-1.0% solution may be admimistered dropwise in the eye. The
10  frequency of instillation varies with the subject under treatment from a drop every two
or three days to once daily. For oral or pazeateral sdministration 3 prefesred level of
dosage ranges from about 0.1'mg to about 1.0 mg pex kilo of bady weight per day,
although aforementioned variations will occur. However, 2 dosage level that is in the
range of from aboue 0.1 mg to about 1.0 mg per kilo of body weight per day is most
15  sadsfacrory.

Unit dosage forms such as capsules, tablets, pills and the like may contain from
about 5.0 mg to 2bout 25.0 wg of the active ingredients of this invention with &
pharmaceutical cander. Thus, for oral sdministration, capsules can conwin from
between about 5.0 mg to ubout 25.0 mg of the active ingredients of this invention with

20 or without a phuxmaceutical dilucat, Tablets, either effervescent or noneffervescent,
can contain between about 5.0 to 25.0 mg of the active ingredients of this invendon
together with conventional pharmaceutical carriers. Thus tablets, which may be coated
and either effervescent or noneffervescent, may be prepared according to the known
art. loert diluents or carriess, for example, magnesium carbonate or lactose, cae be

25  used together with conventional disintzgrating ageats for example, magresinm stearate,

ol . n R . . .
m nut es The yeI (s} g] L& : i poured into f Sh 1000 '
extracted w §h Oﬁc0 and the of gani c. ext ractﬂ lacedr '
N

¢

The alkylidene analogs of 1'-aminospiro[isoquinoline-4(1H),3"-pyrrolidine]-
1,2'3,5'(ZH}-tetrones also can be used in combination with insulin or oral
hypoglycemic agents 1o prodnce 2 beneficial effect in the treatment of disbetes mellims.
In this instance, commercially availabile insulin preparations or oral hypoglycemic

30  ageats, exemplified by acetnhmmde chlorpropamide, tolazamide, wolbhuramide and
phenformin, are suimabie. Thecnmpoundshereofmbeadmmmm'cdsequenuaﬂym'
. simultanecusly with insulin or the oral hypoglycemic ageat. Suitable methods of
administration, compositions and doses of the insnlin preparation or oral hypoglycemic
ageat are described in medical extbeoks; for instance, Ph)mcxm'DeskRefa-me, 42

35  ed., Medical Economics Co., Oradell, N.I,, U.SA., 1988.



[err]H NNR' (
4.06 (s,,
J=11:83 HZ 2
Ar-H 25 }R
M), 224( 54,
Found: C, .57.
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30

%@Wwﬁ’;& f 7) 3.81 (.Smhtgkheet}ﬁ%&h ldar'r] ).,

'['é'r. r].

O %err] 7.27 (d, J = 7 8 (dd,

9 71]G;T1996H) B.16 . (dd J :nnm Hz, 1H,
(KBr, cnferr]):{ 1§50 (CO) 1685 (CO e): 252 (24,
W-CO) —Anal. Calcd.: C, 57.15; H 3.60

9: 3.5 rrp-142 143lerr

Te aldose reductase inkibiting propety o]f Te compounds of this iavantion and
the utilization of the compounds in preventing, dixinishing and alleviating diabetic
complications are demonstrable in experiments usm,, galaczoscmu: rats, ‘see
Dvormik er ak., Science, 182, 1146 (1973). Such experiments are exemplified
hereinbelow after the listing of the following general comrpents pertaining to these
@)  Four or more groups of six male rars, 50-70 g, Sprague-Dawley strain,
were used. The First group, the conol group, was fed a mixture of laboratory chow
(rodent Laboratory Chow, Purina) and glucose at 20% (w/w %) concentration. An
untreated galactosemic group was fed a similar diet in which galactose was substitured
for glucose. Thethkdgzuupwasfcdadietprepmedbymi:dngagivcnamnumofme
test compound with the galactose contuining diet. The concenmation of galactose in the
dict of the weared groups was the same as that for the nntreated galactosemic group.
()  After four days, the animals were killed by cuthanization. Baoth the leas
and sciafic nerve were removed, weighed and stored frozen for polyol determination.
(¢) The polyol determination was performed by a medification of the
procedure of M. Kraml and L. Cosyns, Clin. Biochem., 2, 573 (1969). Only two
minor reagent changes were made: (2) the rinsiog mixture was an aqueous 5% (w/v)
trichloroacedc acid solution and (b) the stock solution was prepared by dissoiving 25
mg of dulcirol in 100 mL of an aqueous trichloroacetic acid solution. {N.B.: For each
experiment the average value found in the tissue from rass fed the glncose diet was
subtracted from the individual values found in the corresponding tissue in gilactose-fed
tats to obtain the amount of polyol accumulated.] The aldose reductase inhibiting
effects of the compounds of formula (I) were also tested by employing an in vire
testing procedure similar (o that described by S. Hayman and J¥. Kinoshits, 1. Biol.
Chem., 240, 877 (1965). In the preseat case the procedure of Hayman and Kinoshitz
was modified in that the final chromatography step was omitted in the preparation of the
enzyme from bovine leas.

The following tabulated results show that the alkylidene analogs of 1%

arninospirofisequinoline~4(1H),3"-pyrrolidine}-1,2',3,5"(2H)-tetrones of this invention
show the property that they are active in vivo and dimninish the accummlation of dulcitol

" in the lenses, sciatic nerves and diaphragm of rats fed galactose. The figures underL,

N, and D represent the percentage decrease of dulcirol accommlation in the tissues of
the Jens, sciatic nerve, and diaphragm, respectively, for treated rats as compared o
unieated rats.



6- Chl or o- ﬁB&AﬁEﬁEﬂT&&EﬁI 2- benzopyran 4-car boxyI ic Acid Met hyI
Ester - . [err]H NVR (O OD[err] 400 MHz): [err] 381(s 3H, _
qurr]O-I[ 3rrd7,001[1y§6(5, 3H, .. OCH[err']‘)',  7.44.(dd, J = 8.56 Hz, 1.99
. Hz, 1H, Al-H) 06 (m- 2H"Ar.-|.'—.l)' 5 IR (KBr, cnferr]): 1750 (CO, 1690
> (CO) _N-‘ \1“ c; 268 \34, M‘"), 240 (86, M‘"CO) . Anal Calcd.: C
. 53.65; H, |3.38 Found: C, 53.59; H 3.35 mp. 194-195C.
10 6-Bronp- 3- et hoxy- I- 0Xo- 1H 2- benzopyr an- 4- car. boxyl ic Acid Met hyl
Est er 1H NVR ( DVBO- d[ ergfy] CTlAg s 3H '
CCIerr]CH[err]) 4.05 (s, ﬁL}:ﬁ err I X 76(d% = 8.38 Hz, 1.77
Hz, 1H, Ar-H), 8.0 (d, J = 8.39 Hz. 1H, Ar-.,823(d J = 1.95 Hz,
1H, Ar-H) 15 IR(KBr,_cn{err]) 1740 (CO, 1680 (CO
Ff
Br
% Lowering Galactitol .
%Tnhvh'ﬁon g““‘""‘mn!ali‘n] ) ¢
InVitro Dose In Vivo
Rl R 1M | mwefkgiday | % () [ % (D | % @)
H ;e 8 56 s3 | 890 | o5
N= \ 10.8 30 82 86
CH, 09 NS 60 66
ICH";. |
F |N= 5 27 58 84 97
: 1.1 NS 47 &
ICHsc_Ha
H =c\ 0 S1 71 98 93
. CB,CH;
n [n=] 0 8 |76 | 82 | 9
H N=CO 36 56 4 | st | e




M5 (nfe): WWTISHEE&4 (45 I\/[err] CO) : Anal Calcd.: C, 46.03;
'H, 2.90 - Found:| ¢ 46:12; H, -2.62 m-p. 200- 201[err]C 20

. Step:c) Q-4 0CTHPR60-{2-If | uor opheny! ) et hyl | - 1, 2, 3,4 tetrahydro 1, 3-

~di oxo-4-i sjogui nol i necar boXylii c "Aci d Met hyl - Ester . -To a solution
of -3-nmet hgxy-I-0x0- IFF Z-ben4opyr an- 4- car bo>§yl I c aci.d met hyI - ester (5 0
g, 2137 l)_in DVF (100 nm}) were added 4-brono-2-fl uorobenzyl am ne-

(436 g, 2137 mmol) afde veatiod 85 Bclpdesd methed P prepgrrgion qfivecorrpernd BV
stirred at 25 mlmmmg%ﬂdm%nml no Herr]O (1500 n),
acidified wwth HO (2N) and extracted with EtOAc. The organic extracts
were dried over. MgSJerr]. - Evapor at i ogy.and NHzcrystaI lization from
- acetone/ hexane (after cooling to -20[er l’ﬂgave a white solid (7 6 Q.
87.7 % mp. 149-150[err]C).

° @

where R1, R2, and R? are as defined above is reacted with a carbonyl compound

5 having the formula R4CORJ, where R4 and RS are as defined above, or a reactive
derivative thereof, for instance, an acetal derivative. The method can be cmried in
conventional manner for the preparation of Schiff bases.

The invention also includes componnds having formula Ia 2s illostrated and

defined above as new substances useful as chemical intermediates. The inveation also

10  includes a method of preparation of a compound having formula Iz, as iflustrated and
defined sbove, in which a dicarhoxylic acid baving the formmla b

where R1, R2 and R3 are as defined above, or a reactive derivative thereof is converted
into an imide by reaction with hydrazine. This method is preferably camied out by
15  reacting 2 mono {lower alkyl) ester of the dicarboxylic acid with a reagent that activates
the carboxyl group of the monoester and reacting the activated compound with
hydrazine. ' '
The aforesaid methods of preparation are Wllustrated by the following
Process.,



' 1
16 '[eﬁg¥i¢

RreT il Bk TR

7.07-8.43 (M _7H, Ar-Hta

r {'1‘1'3_;‘
afree

‘T? QrF’ 1) rr.], 400 W) : [.e"rr.]. [3. 67 (s), 4 0 (S')'._B'H’

15106 (q), J =.15.4 Hz, 5.30 (s), 2H,
$.4 (s), 1H -CJerr]Me, =~ = tautome-ric]',. o
dt gneric) IR (KBr; cnferr]): 1670 (CO, 1605

(CO 5 .'NB(+ FAB): 4 (-0, -Merr]H), 374 (40,Merr]-OCH err])
Anal . Cal ddmeuln.53. 22 H_ 3$.23: N, '3.45. 10 Found: - C, 53.19;. H

2.98; N, 3.40.

t he sane manner

2- [(4. Br ono- 2-f | U rog{i}fd °1g?1yﬁ<q§m° @s%%ﬁ(g%@wgmms:-

di oxo- 4- i soqui nolZPEEpEFE

The P{Eb@sj‘ ol | owi ng conpounds were prepared in substantially

Wyzppg@qﬁ y the following Yesteton séteme:
T . CO,lve
R [ aCl R} _
.\@ p o ECOME ‘@ico,m
COH N, Cale™ ™ 0,8
: CO.Me N
nsoa, R = ot R>-NH,
step b) 5 BN, THE o P °}_ ExuN, DME
. I o
W
‘ CO,CMe;
CO,Me COMe
} S
R o BrCH,00,CMe;  © c
x99 oo N
g2 R}
o Q
(VD VI

step f) 1L DCC: HOBT
P Y S RE,NE,, BN

o /N‘LR?'
R wherein R* and RS 0
°=<u= are as defined above K* o)
10-camphorsulfonic acid {cat) -
o
4

R1 is halogen ar hydrogea, R3 is disubstituted aralkyl and R4, R are alkyl,
hydrogen or joined to form alicyclic and heterocyclic dngs.



157- 158[ err]c.

) - [err] 3,98 (s, 3H -CQerr]CHerr]), 5.27
48 (t. J = 7.95 Hz, 2H Ar-H, 7.2 (m 1H -
N, 754 (m 1H Ar-H. 8 1-8.26 (m' 2H,
'-1680_-_(C_O), 1660 (CO. 1610 (CO - M5
fe{r]-cHerr] OH). Anal. Calcd.: C, 50.97;
round: C, 50.186; H, 2.86; N, 3.33 omp.
Yk

6- Chl oro-1, 2, 3, Mramﬁm%wmewmqmammﬁ@dof&m

car boxylic Aci d (NBt&l;&enERi Blas deﬁnedabdﬂwﬁﬁxwmbﬂiyn]rﬁmdhﬂaﬂmtﬁé)ﬁcsenr
MHz) :[err] [3. 2?6 Q;Sc)atzl

4.03 (s), tautomer|c , W ﬁgfg@é %gj%édn%lﬁemyl)&%@p@' (s),
mm bisgo

aaye80 (00, 1600(CO) 25 I\/S(n1e):

4H) | R ( HKoseml@yy

£¥:

267(|\/[err]) 235(!\/[err] Anal. Calcd.: C, 53.85; H 3.77;
5.23
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The 2—bromobenzmc acids or 2-chlorobenzoic acids of formula (HD
required for the preseat invention are commercially available compounds or can be
prepared by known methods. -

Stpb) The pmpanedioicaciddimethylestaofformnh(l\’)canbermwdwiﬂl
thionyl chloride under refluxing conditions to produce the comesponding acid chloride
which upon treatment with ENN in a conventional solvent which does not adversely
influence the reaction, for example, tetrahydrofuran, can produce the compound of
formula (V), wherein R! is as defined above.

Stepc)  The compound of formula (V), wherein R1 is as defined above, is reacted
witk R3-NHj in the presence of EtsN in a coanvendonal solveat which does not
adversely influence the reaction, for example, DMF, produces the compound of the
formula (V1), wherein R 2ad R3 are as defined above.

Swpd) The compound of formuia (VI), wherein R and R3 are as dcfined above, is
rescted with an inorganic base sach as potassium carbonate in a conventional solvent
which dees not adversely influence the reaction, for example, N N-dimerhylformamide
and subsequent addition of the tert-butyl bromoacetate produces the compound of
formmla (VII), wherein R1 and R3 are as defined above.

Stepe)  The compound of formula (VII), wherein R! and R3 are as defined above,

can be reacted with an organic acid such as trifluoroacetic acid in a conventional
solvent which does not adversely influence the reaction, for cxample, methylene

chloride, to produce the compound of formula (VIID), wherein R! and R3 are as defined

above.

Stepf) - The compound of formula (VID), wherein R? and R3 are as defined
above, can be reacted with a coupling agent such as I-(3-dimethylarinopropyl}-3-

* ethylcarbodiimide (DCC)/1-hydroxybenzotriazole (HOBT) in a conventional solvent

which dees not adversely irfluence the reaction, for example, N, N-
dimethylformamide, and subsequent addition of hydrazine and Et3N, produces the
compound of forroula (IX), wherein R} and R3 are as defined above.



Found: |

3H tautoneric,;
5 (dd),
1H, A-H,

3,42

[8.51

: ﬁ/i4tetra_

7.8 (idg:

. -mp. 166- 167[err]C _
ro- 2-met hyl - 1, 3- di oxo- 4-.i soqui-nol i ne-

OG99 | |
| tauto'rlc NCHerr]], [3.7 - = (s), 4.01 (s);
- CO err T [5.33 (s), 1H, tautoneric, Ar - CH1], [7.

| H Ar-H138.0 (d), 808(d) t aut omeri c,
(d)1

o 7.63 ¢d), tautoneric, 1H Ar - H)
Step ) Thecompoundoffo:mnln(u{),whmmk and R3 areasdeﬁnedabovc

pt

can be reacted with R‘*Rs in'thé presence of 2 catalytic ..mount of any acid, for |
example, 10-camphorsulfonic acid. to produce the conpound of formmla (X}, whezein

" RLR3 R4andR5areasdeﬁnedabovc.
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The following examples further lustrate this invention:

EXAMPLE 1

2-[(4-Bromo-2-flucrophenyl)methyl]-1'-[(1-ethylpropylidene}amino]-
spiro{isoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrone

Step 2) (2-Carboxyphenyl}propanedioic _Acid Dimcthyl Ester

To a rapidly stirred cold suspenston (0°C) of 2-bromobenzoic acid (30.0 g,
149.32 mmol), cuprous bromide (2.14 g, 14.53 mmol) and dimethyl malonate (300
mL) was added NaH (30% in mineral oil, 10.75 g, 358.37 mmol) over 2 30 minute
period, while a stream of dry N7 was passed over the mixture. After the addition of the
NaH had been completed, the mixture was stirred for 10 minmes at soom temperature
and 30 minutes at 70°C (external ofl bath temperamre). At this point, the suspeasion
had numned o a solid mass, which was dissolved in H20 (1000 mL). The agreous
layer was extracted with diethyl ether (3 x 500 ml) and was acidified with HCL (2N).
The mixture was extracted with EtOAc and dried over MgSO4. Evaporation gave an
off-white solid which was recrystallized from ErpQfhexane (afier cooling 1o -20°C) o
give a white solid (34.2 g, 90.9%, m.p. 119-120°C). -

1H NMR (DMSOQ-dg, 400 MEz): § 3.67 [s, 6H, -CH(CO2CHa)s], 5.72 [s. 1H.,
-CH(CO2CH3)), 73 (d, § = 7.76 Hz, 1H, Ar-H), 7.45 (d&t, J = 7.66 Hz, 1.12 Hz,
18, Ar-H), 7.6 (dt, T =7.66 Bz, 1.45 Hz, 1H, Ar-H), 7.94 (4d, J = 7.8 Hz, 1.33 Hz,
1H, Ar-H), 13.2 (s, 1H, -COzH)

IR (KBr, corl): 3300-2700 (COH), 1750 (C0), 1730 (CO), 1680 (CO)

_ MS (m/e): 252 (M+), 220 M+ CH3OH), 188 (M"-ZxCH-CH)
" Anal Caled.: C, 57.14; H, 4.80

Found: C, 57.05; H; 4.78. -

[err] H NMR (DVBO-d[err] 400 MH): [err]'

5



| R (KBr, cn{ erREPLACEbEN’Ri@HEE@( 5 (CO). "Ms (mie): 311 (M) Anal .
Cal cd. C; 46. 18 49 10 " Found: C, 45.83; H .2.77; N,
4.38> ,mp 1  -Step d) . ' _ SR
2-[ (4- Brono- 2-f| yl1-1,2,3,4-tetrahydro-4- o

(et hoxycar boryli I $oqui nol i neacet ic Acid- 1, 1- D et hyl -

ethyl Ester 35 T a.x,upens'l on of _ o

2- [ (4- br ono- 2-4-+vorephenyi-riethy| | 2,3,4- tetrahydro- '

1, 3- di oxo- 4-i soqui nol s deligvEes "a%ﬁ Tocistangially the gmg FRGET #p| )
K[err]CCIerr] thazo.Eﬁuﬂ;ﬁchxép&)lG mml) in DVF (100 nl) was added .
tert-butyl bronpacetate(2.81 ni, 17. 37 mol ). After stirring at

75[err]C for 1 QLEarHoQﬁ

wi th Et OAc and
chr omat ogr

[err]H NI\/R (DIVISgﬁ(;ﬁb

20

3.53 s,

"ot er 100 err) (054 B, 08, ), B.030 8778z, 27 BICHEIRAGED)

10
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Ester ©Xxtract ed

reml\/g‘gé, ?ﬂ?ﬁ,@@g%‘g‘g%}? P%ﬁd;ﬁr? ﬂf Ication by flash

5%
et

rled ove

R 30T 0

@Yl 12 (4, T =

7.17 (t,

IR (KBr, cm-T): 3400-2700 (CO2H), 1730 (CO), 1680 (CO)
MS (m/e): 270 (M), 238 (M+-CH30H), 210 M*-CH30H, -C0), 151 O1*-CH30H,
-C0, -COxCHy),
Anal Caled.: C, 53.34; H, 4.10
Found: C, 5336; H, 3.93
m.p. 121.5-123.0°C.

(Z-Carboxy-d-chlomphmyl)px_‘opanedioic Acid Dimethyl Ester

IH NMR (DMSO-dg, 200 MHz): 8 3.69 (s, 6H, (-COMe)a), 5.78 [s, 1H, Ar-
CH{CQO2Me}s], 7.38 (d, T = 1.8 Hz, 1H, Ar-H), 7.58 (dd, T = 7.8 Hz, 1.8 Hz, 1H,
Ar-I, 796 (d, 1 =32 Hz, 1H, Ar-H), 135 (br s, 1H, -CO2H)

IR (KBr, cmrl): 3200-2700 (COzED, 1760 (CO), 1740 (CO), 1690 (CO)
MS (m/e): 286 (20 M*), 254 (64, M+-CH30H), 222 (60, M*-2 x CH30H)
Anal. Caled: .C, 50.28; H, 3.87

Found: C, 50.40; H, 3.87
m.p. 125-127°C,

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

'H NMR (DMSO-dg, 400 MBz): 5 3.68 [s, 6H, -(CO2CH3)o], 5.74 (5, 1E, ArCEH-),
7.5 (d, J = 2.02 Hz, 1H, Ar-HD), 7.70 (dd, T = 8.4 Hz, 1.98 Hz, 1H, Ac-E), 7.87 (d,
J=8.41Hz, 1H, Arl)

IR (KBr, corl): 3400-2300 (CO2H), 1745 (CO), 1720 (C0), 1695 (CO)
* MS (m/e): 330 (M), 298 (M+-CH30H)
Anal. Caled.: C, 4353; H, 335
Found: C, 43.56; H, 3.23
m.p. 127-128°C,



10

IR (cHO [err], cnierr]): 1720 (CO),
2 ferr], 464 [I\/[err] C(CH[err])[err]]
The foI | owi- ng conpounds were prepared in substantlally

_ anpl e 1, St %& d):
Step' b 3-Metizoxy-l-oxo-m-z-henzopyran--'l-carbotyhc -‘&cxd Methyl

| Ester

- A mixmre of (Z-Guboxyphenyl)pmpnnedmm aczd dunethyl ester (10 0 g, 39.68

8.36 Hz, 1.75 Hz, 1H, Ar-H), 7.6 (m
1.27 Hz, 1H, Ar-H), 8.19 (dd, J = 8.
1675

3H,
25 .

t he

mmol) and SOCi; (100 g) was refluxed for 2 hows. The volatiles were removed in :

vacuo and the crude product {acid chloride) was dissolved in THF (200 mL).
Triethylamine (27.64 mL., 198.4 mmol) was added and the mixmre was stirred for 30
minutes. The yellowish suspension was poured into HCI (IN, 1000 wi), extracted
with EtOAc aud the organic extracts were dried over MgSOs. Evaporation and
crysullization from acetone/ether/hexane (after cooling to -20°C) gave a white solid
(87.6 g, 94.4%, m p. 129-130°C).

15 NME (DMSO-dg, 400 MEz):5 3.82, (5, 38, -COzMe), 4.03 (s, 3H, -OMg), 7.42
(t ¥ = 7.26 Bz, 1H, Ar-H), 7.8 (t, T = 8.2 Hz, 1H, Ar-H), 79 (4, T = 8.3 Hz, 15,
Ar-HD, 8.1 (4, T=7.26 Hz, 1H, Ar-E)

4

IR (KBr, carl): 1740 (CO), 1685 (CO)
MS (m/e): 234 (15, M+), 206 (38.5, M+-CO), 203 (12, M+-OMe)
Anal Caled: C, 61.59; H. 4.30

Found: C, 61.82; H, 4.29. .

The following compounds were prepared in substentially the same manner ss
that of Example I,Stepb):

6-Fluom-3-methoxy-l—ow-lH-Z-benzopyran-4-carboxyhc Acid Methy!
Ester _

IH NMR (DMSO-dg, 400 MHz): § 3.81 (5, 38, -CC2CH3j, 4.06 (s, 3H, -OCH3-),
7.27 (dt, T =8.3 Hz, 1H, Ar-H), 7.8 (dd, J = 11.83 Hz, 2.49 Hz, 1H, Ar-H), 8.16
(64, I = 8.92 Fiz, 62 Hz, 1H, Ar-H)

IR (KBr, carl): 1750 (C0), 1685 (CO)
MS (m/e): 252 (24, M), 224 (54, M+-CO)
Ansl, Caled.: C, 57.15; H, 3.60

Found: C, 57.19; H. 3.57
m.p. 142-143°C,



yl1-6-fluoro-1,2, 3, 4-tetrahydro-4-
soqui nol i'-neaceti.c Acid 1;1- D net hyI 5. "
DVSO-d[err], 200 M—iz) [err] 1 10 (s

2-[ (4-Br ono- 4

(‘met hoxycar bg
et hyl - Est er :

- -Cve[err]), 3.

-CH[er.r,]CCIe! ] : (d, J =17.5 He, 1H _

-CHerr]COetr]CMelerr]), 5.15] (s, 2H, -NQj{err] ), 7. 15 (t J ='8.2 Hz,

1H, Ar-H),735(d JTET 8.2 Hz, 1H, Ar-H), 7.45-7.70 (m 3H ArH)

8.38 (dd, J = 8. ﬁ}_-Ghlizro-s-nmnbm-l-lﬁo-m}mvranwrbm 1k@r Acigh{Meity} -

1750 (CO, _17201§6@Q) 1675(CO) MS (nle): 538(I\/H-|)[err] 481(|v[err] +

H Cve[err]) - - Anal. Calcd.: C 5355; H 4.12; N, 2. :

Found: C, 53.495 5
Fount: & 53 %ol SBisiind gl 0 2 75 £ 49‘ O,
4-i soqui. nol | neac’b‘!‘%@dAEﬂ'GﬁﬁB& Do 24, Ar-ED [err] H NVR .
(DVMBO-d[err], 200 MHz): [err] 1.06 (s, 9H, CCIerr]CMe[err]) 3.3 (s, 3H,
-NCHerr]). 5§ IRESBx,carl): 1750 (CO), 1690 (CO)
: MS (m/c): 268 (34, M), 240 (36, M*+-CO)
Anal Caled.: C, 53.65; H, 338
Found: C, 53.59; H, 3.35
m.p. 194-195°C.

10  6-Bromo-3-methoxy-1-o0x0-1H-2-benzopyran-4-carboxylic Acid Methyl
Ester

521 Nm (PMS0O-dg, 400 MHz}): 5 3.81 (s, 3H, -CO2CH3), 4.05 (s, 3H, -CCH2),
7.6 (dd, J = 8.38 Hz, 1.77 Hz, 1H, Ar-ED, 8.0 (d, J = 8.39 Hz, IH, Ar-}D, 823 (4,
J=195He, \H, AcE)

15 IR (XBr, cm-I): 1740 (CO), 1680 (CO)
MS (mfe): 312 (17 M#), 284 (45, M*-C0)
Anal. Caled.: C, 46.03; H, 2.90

Found: C, 46.12; H, 2.62
ra.p. 200-201°C.

20 Step c} 2-[(4-Bromo-2-flaorophenyl)methyl]-1,2,3,4-tefrabhydro-1,3-
dioxo-4-isoquinclinecarboxylic Acid Methyl Ester

To a solution of 3-methoxy-1-oxo-1H-2-benzopyran-4-carboxylic acid methyl
ester (3.0 g, 21.37 mmol) in DMF (100 mL) were added 4-bromo-2-flucrobenzylamine
(436 g, 21.37 omol) and Et5N (5.96 mL, 42.74 munol). The mixture was stixred at
80°C for 30 minutes, poured into HzO (1500 ml), acidified with HCI (2N) and
extracted with EtOAc, The organic extracts were dried over MgSO4. Evaporation and
crystallization from acetone/hexane (afier cooling to -20°C) gave a white solid (7.6 g.

. 87.7 %, m.p. 149-150°C).

%



3.6(s, 3H - CORERTToEGED] 7.5 Hz, 2H,

(g. J =1 - o
-CH[err]CCIer ,J =9.0 © Hz, 16Hz 1H, Ar-H), _
7.77.(d, . J .21 (d, J=8.2 Hz, 1H, 20 Ar-'H) IR
(KBr'crr[err] ; cO, 1680 (CO . I\/S_(rrle):'381-(M+.) :
Anal . Cal cd. : N, 3.67 - Found' C,- 57.00; 57.00
H, 5._41; N, 3 6[err]C. '

hoxycar bo‘ﬁyl) 2-net hyI 1,-3- di oxo- .
4- |squ|noI|neacq Q
(DMsO-d[ err}, 200H|vi'ﬁz C(D
-NCH err]), @y J5pig4 -

-CHerr]CJerr]- )'amdmeﬁ‘ﬂ] (!m-8343:(m17ﬁﬂ&'_§!_, fantomeric) -

IR (KBr, col): 1670 (CO), 1605 (CO)
5 MS (+FAB): 406 (80, M++ D, 374 (40, M+ 0CH3)
Anal, Caled: C, 53.22; H, 3.23; N, 3.45
Found: C, 53.19; H, 2.98; N, 3.40.

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

10 2-[(4-Bro_mo-z-ﬂuorophenyl)methyl]-G-ﬂuoro-1,2,3,4-tetréhydro-lﬁ-
dioxo-4-isoquinolinecarboxylic Acid Methyl Ester

1H NMR (DMSO-dg, 400 MEz): § 3.98 (s, 3H, -CO2CHs), 3.27 (s, 2H, -NCHa-),
7.08 (t, 1 =7.95 Hz, 2H, Ar-H), 7.2 (m, 1H, Ar-H), 7.34 (m, 2H, Ar-H, -OH), 7.54
(m, 1H, Ar-H), 8.1-8.26 (m, 2H, Ar-E)

15 IR (XBr, carl): 1680 (CO), 1660 (CO), 1610 (CO)
MS (m/c): 423 (M), 391 (M+-CH30H)
Anal. Caled: C, 5097 H, 2.85; N, 3.50
Found: C, 50.86; H, 2.86; N, 3.33
m.p. 157-158°C, '

20 6-Chloro-1,2,3,4-tetrahydro-2-methyl-1,3-dioxo-4-isoquinoline-
carboxylic Acid Methyl Ester

IH NMR KDMSO-dg, 200 MHz): § [3.23 (3), 3.44 (s), tautomedic, 3H, -NCHs],
[3.71 (s}, 4.03 (5), tantomeric, 3H, ~-CO2CHa] , 7.3-8.4 (tantomsexic, Ar-H, -OH, 4H)

IR (EBr, carl): 3440 (OH), 1680 (CO), 1600 {CO)
25 MS (m/e): 267 (M), 235 (M* -OMe)
Anal Caled:: C,53.85; H,3.77; N, 523
; Found: C, 53.66; H, 3.63; N, 5.14
m.p. 166-167°C,

bOTRIERY: 398.8Y (s 5, 3H, COM a-anauwms.oa"
b séapa%iﬂﬂ;sﬁss i St



19  Hz,

Ar-H); 7.88 (|d,
| R (KBr. 'cn{err
(I\/[err]) 37(

LAGEMBNT SHEBT]1-). 7.81 (dd, J = 8.4 Hz, 1.85 e, 1H
T =T8T He, 1H, Ar-H), '8.08(d, J = 8.4 He,
1)6.2108P 19980 | 1710 (0O, 1670 (CO .. - M5 (me): 425

M -Cerr|Hejr]), 352 (Merr]- C[err]H[err]O) 5. Ahal..~-

.Calcd.: AC ?O
N, 3. 12

- [ (4- Bromp- 2- f

ot ophemytrymethyl |- 1, 2, 3, 417t et r ahydr o-

4- (et hox%/cgr 1[3?nﬂlﬁroh@-ld?].c,ﬁ)dotedmwwmﬁie::]lﬂ;flfs,ﬁtdzxméﬂm-&oqﬁﬁwclime- A
m xture o 4 met hy 1 4-tetraydro-4-
( met hoxycar bonyl éyfggﬂfgéo_g{e@ng nol i neacetic acid 1,1- di net hyl et hyl

ester (5.19

1H NMR (DMSO-ds, 400 MEz): 3 [3.2 (s), 3.42 (s), 3H., tamomeric, N-CHs], (3.7
(s), 401 (s), 3H, tautomexic, -CO2CHs, [5.33 (), H, automeric, Ar-CH-], (7.5
(dd), 7.8 (4d), mwomeric, 18, Ar-EL [8.0 (), 8.08 (), muromesic, 1H, Ar-H], [8.51
(d), 7.63 (d), tantomerc, 1H, ArE)

R (KBr, exxl): 1665 (CO), 605 (CO)
MS (m/e): 311 (MY) '

" Anal, Caled: G, 46.18: H, 3.23; N, 4.49

10

Found: C, 45.83; H, 2.77; N, 4.38
mp. 190-191°C.

Step d) 2.[(4-Bromo-2-fluorophenyt)methyi]-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)- 1,3-dzoxo-4-:soqumolmeacet;c Acid 1,1-Dimethyl-
ethyl Ester '

To a suspension of 2-[{4-bromo-2-flucrophenylmethyi]-1,2,3,4-tetrabydro-
1,3-dioxo-4-isoquinolinecarboxylic acid methyl ester (4.79 g, 11.58 mxmol), K3CO03
(3.19 g, 23.16 mmol) in DMF (100 ml.) was added tert-butyl bromoacetate (2.81 mL,
1737 mmol). After stizxing at 75°C for 1 hour, the mixmre was poured into H30,
extracted with EtOAc and dried over MgSO4. Evaporation and purification by flash
chromatography (hexane/EtOAC 4/1) gave a clear oil (3.69 g, 94.5%). -

1H NMR (DMSO-dg, 400 MEz): 3 1.04 [s, 9H, -C(CH3)5], 3.53 s, 3K, -CO2CH3),
3.60 [dd, T = 17.7 Hz, 28, -CEH»CO2(CH3)3], 5.14 (5, 2H, NCH»-), 717 (, T =
8.25 Hz, 1H, Ar-H), 7.36 (dd, T = 8.36 Hz, 1.75 Hz, 1H, AcH), 7.6 (m, 3H, Ar-H), -
7.77 (81, J = 72 Hz, 1.27 Hz, 1H, Ar-H, 8.19 (dd, J = 8.25 Hz, 1.54 Hz, 1H, Ar-
5 __ .

IR (CHCls, cnrl): 1720 (coj, 1675 (CO)
MS (w/e): 520 (M + H)*, 464 [M*+-C(CHa)s).

=78=N, [3.20 - Found: C 50.47; H, 4.68;
.0p. 152- 153[err C. ~Step e) ' - o



g, 9.81 mmol A W T(.lOO n.) and CFlerr]CJerr]H (20 nl) was
stirred at rjo tenperjatiure. for .5 hours. The volatiles were renoved - .
i n vacuo and the ?@Q ' purlfled by flash chronmat ography on aC|d..-=-..}_:
washed silida geg; ﬁiga ]P(yerr] in MCOH), to 15 give a white solid -~~~
(4.12 g, 90.{59 = %rr]C) " [err]H NVR (DVBO-d[ err] 400
NHz): [err] 354(s 3H CCIerr]CH[err]), 3.64 (q; J = 17.67 Hz, - 2H,
CHerr]COerr]H), 5 IZ-{q;-F= 15.34 Hz, 2H8-NCH err]-), 7.14 (t J = 8.22

'Zfik|)1!4 e (d, dret 7 f%&l‘ggffﬂﬁm‘&éﬁﬁéﬂf% %m?_ 7"6'%’Q ,

Ar-H), 12.35 (s, B@@rlrﬁad)‘zo IR (KBr, cnierr]):3280(CH), 3200 2700
(CO[err]H) 1750(CO), 1720(CO) 1675(CO) MS (me): 463(Merr]). 445
(Merr]-H -oH) 2-[(4-Bromu-2-frdroghenyl)n@thdps-Mocd- 53;3,4itcraggdro-d-

Found: C 51.26; ﬂeﬂﬁ:xﬁ'&.rlmn 9,%-dmxo-4-.soqmnouneimxcf q&éxavv' NP-pigiaRyRd was
obt ained in sgbsg&n Ilfstexy thé sanme manner as th of Exarrpl e 1, St ep
e

oS 7o A S o o A8 Bonc
’ 3.62 (4, T = 17.5 Hz, 1H, -QHzCOQ_CMc_,), 375 (d, I = 17.5 Hz, 1H,
-CH2C02CMe3), 5.15 (s, 28, -NCHz-), 7.15 (t, ] = 82 Hiz, 1H, Ar-H), 735 (d, T =
8.2 Hz, IH, Ar-H), 7.43-7.70 (m, 3H, Ar-H), 8.35 (dd, J = 8.16 Hz, 5.70 Hz, 1H,
10 AcE) ' |

TR (XBr, cor'l): 1750 (CO), 1720 (CO), 1675 (CO)
MS (m/e): 538 (M + Hy*, 481 (M+ + H-CMes3)
Anal Calcd.: C, 5355; H, 4.12; N, 2.60

Found: C, 53.49; IL, 4.00; N, 2.63.

15 6-Chloro-1,2,3,4-tetrahydro—4-(methoxycarbonyl)-z-methyl-1,3_-dioxo-
4-isoquinolineacetic Acid 1,1-Dimethyiethyl Ester

IH NMR (DMS0O-dg, 200 MHz): & 1.06 (s, 9H, -CO2CMe3), 3.3 (s, 35, -NCHa)."

3.6(s,3H, ~CO2CE3). 3.67 (g, ] = 17.5 Hz, 2H, -CH2CO2CMe3), 7.68 {dd, T =9.0

Hz, 1.6 Hz, 1H, Ar-H), 7.77 (4, T = 2.0 Hz, iH, Ar-H), 8.21 {d, T = 82 Hz, 1H,:
20 ArHD i

IR (XBr, cxrl): 1740 (CO), 1720 (CO), 1630 (CO)
MS (m/e): 381 (MY)
Anal Caled.: C, 56.82; H, 5.28 N, 3.67
_ Found: C, 57.00; H, 5.41; N, 3.66
25 mp. 135-136°C.

G-Bromo-l,z,s,&t-tetrahydrp-4-(methoxycarbony}}-z_-met}.yl-l&dioxo-
4-isoquinolineacetic Acid 1,1-Dimethylethyl Ester

1H NMR (DMSO-ds, 200 MHz): 5 L0STs, 9H, -C(CHs)s1, 3.28 (s, 3, -NCHa),
3.59 (s.3H, -CO2CH3), 3.58 (d, J = 17.03 Hz, 1H, -CH;CO2-), 3.67 (d, T = 17.03



~0ONTQ !

err]H NMR (DIVEW&E@M [err] 3:56 (s, . CCIerr]CH[err]) 3.6

d, J =17.9 Hd, JiIH.__ -CHjefr]COerr]H, 38(d J = 17.9 Hz,
CHerr]Cerr]iH)|, ©.#0CWA99¢) $ 15.5 Hz, 2H .30+ -NCHerr]), 7.12 (s J =

.23 Hz, 1H, Af-H), 7.31 (dd, J # 8._2,.Hz,_l 68" Hz 1H, Ar- . H, 7.45
dt, J = 8.56 Wz, 2.5 Fz,IH ‘r-H)-, .54 (dd, J = 9. 77 Hz, 1.89 Hz, 1H,

0 Ar-H), lz64 (dd, J = 2 4614%z, 1H, Ar- 8.23 (dd, J =

.79 Hz, 5.81 ; - 141R

KB , crr[err])HZ%ﬁqu’Z%i 1]\%‘16 ('gﬁf'fﬁsl g%‘%] 6(5‘bj(c%'oﬂ)1

NS (me): 481 (NEariAr-Dy 0§m'éﬁ§4éaéﬁr1\r-)m[err]m) | |

IR (RBr, cor'l): 1740 (CO), 1710 (CO), 1670 (CO)
MS (m/e): 425 (MH), 370 (a+ -CqH), 352 (M*: ~C4hso)
5 Anal Caled: AC,50.72;H, 473 N,329
Fomnd: C,5047; H, 4.68; N, 3.12
m.p. 152-153°C.

Step ¢) 2-[{(4-Bromo-2-fluorophenyl)methyi]-1,2,34-tetrahydro-
4-(methoxycarbonyi)-1,3-dioxo-4-isoquinolineacetic Acid

10 A mixture of 2-[(4-bromo-2-fluorophenyl)methyl]-1,2,3,4-tetrahydro-4-
(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid 1,1-dimethylethyl ester (5.19
g 9.81 mmol), CHCly (100 mL) and CF3COoH (20 mL) was stimed at room
temperatare for 5 hours. The volatiles were removed in vacuo and the residue was
purified by flash chromatography on acid washed silica gel (5% H3PO4 in MeOH), to
15 give a white solid (4.12 g, 50.5%, m.p. 139-140°C).

18 NMR (DMSO-dg, 400 MHz): 5 3.54 (s, 38, COzCHs), 3.64 (g, I = 17.67 Hz,
2H, CH,CO,H), 5.12 (g, J = 15.34 Hz, 2H, -NCHz-), 7.14 (t, T = 822 Hz, 1H, Ar-
H), 73 (d, § = 8.3 Bz, 1H, Ar-H), 7.5-76 (m, 3H, ArED, 7.76 (4, T = 74 Hz, 1H,
ArED, 8.16 (4, T =7.8 Bz, 1H, ArED, 1235 (s, 1H, -COD

20 IR(KBr, cm-l)- 3280 (OH), 3200-2700 (COzH), 1750 (CO). 1720 (CO), 1675 (CO)
MS (mfe): 463 (M), 445 M+-H, -CH)
Anal, Caled: G, 51.28; H, 3.30; N, 2.99
Found: C, 51.26; H, 3.4§; N, 2.95.

'Ihefdlowingcompoundwasoﬁaimdin subsmantizlly the same manner as that
25 ofExample 1, Step e):

2-[(4-Bromo-2-flaorgphenymethyi]-6-flucre-1,2,3,4-tetrakydro-4-
(methoxycarbonyl)-1,3-dioxc-4-isoquinolineacetic Acid

. 1H NMR (DMSO-dg, 400 MHz): § 3.56 (s, 3H, -CO2CH3), 3.6 (d, T = 17.9 Hz, IH,
-CH2CO2H), 3.8 (d, J = 17.9 Hz, 1H, -CH2CO2H), 5.1 (44, J = 155 Hz, 2H,

30 -NCH2-),7.12 (s, J = 823 Hz, 1B, Ar-H), 7.31 (dd, T = 828 Hz, 1.68 Hz, 1H, Ar-
H), 7.45 (dt, I = 8.56 Hz, 2.5 Hz, 1H, Ar-H), 754 (dd, = 9.77 Hz, 1.89 Hg, 1H,



Anal . Cal cd. : . N 290 . Found: C, 49.94;

03; N 2.84) ] _mp. 132-133f5[errjc. . |
d 1994 mpt oxycarbonyl) 2- met hyI 1, 3-di 0X0- -

5
_H -3
6- Chloro-1, 2, 3, 44t
4
3
1

-i soqui nol i neacqtijc Acid 10 e rlH NWVR (DVMSO-d[err], 200 Mz):[err]
.27 (s, 3H -CHjerr][), 3:59 (s, -CJerr]CHerr]), 3 64 - (g J =
7.5 Hz, 2H, -CH[prr]merrH—h 7 5(dd 29 = 8.6 Hz, 2.0 Hz, 1H, Ar-H),
7.78 (d, J 21D, 068744, T 9.60 Bi) 248 HEB 1M dar- 1), 8.2 QP = S179 HAS.$) Mz,

0%, e R B LT VI, T (o,
T95413(6)[ err]C. IR(KB!‘.FOUL %4&)"7756}) (C%"’H;_' 1725 \7(1%). HIO%C6§ 1670 (C(SQ P-
6- Bromo- 1, 2, 3, 4 M (or/e)nyalr (4),(408 QWG Qo KUty GHD) - 2-net hyl - 1, 3- di oxo-
4-i soqui nol | geagizht cARhY ¢, 49.81; H, 29% N, 290 | '
Found: C, 49.94; 1, 3.03; N, 2.84
m.p. 132-133.5°C.

6-Chloro-1,2,3,4-tetrahvdro-d-(methoxycarhonyl)-z-methyl-l 3-dioxo-
4-isoquinolineacetic Acd

10 B NMR (DMSO-dg, 200 ME=): § 3.27 (s, 3H, ~CHz), 3.59 (s, 3H, -CO2CHz), 3.64
(g, I = 17.5 Hz, 2H, -CH,CO5H), 7.65 (4d, T = 8.6 Hz, 2.0 Hz, 1H, AcHD), 7.78 (&,
J=2.0 8z, 14, ArH), 818 (4, J = 80 Hz, 1E, ArHD '

IR (KBr, corl); 3440 (QH), 3200-2700 (CO2H), 1750 (CQ), 1710 (CO), 1675 (CO)
MS (m/e): 325 (M*)
15  Anal Caled: G, 5163 H, 3.71; N, 430
Found: C, 51.73; H, 270; N, 4.28 - '
m.p. 195-196°C.

6-Bromo-1,2,3,4-tetrahydro-3-(methoxycarbonyl)-2-methyl-1,3-dioxo-
4-isoquinolineacefic Acid

20 1H NMR (DMSO-dg, 200 MEZ): § 3.26 (s, 3H, N-CH3), 3.53 (4, T =17.2 Hz, 11,
-CHH), 3.58 (s, 3H, -COzCH3), 3.74 (d, J = 17.2 Hz, 1H, -CH,CO:H), 7.77 (¢4,
3 =82 Hz,22 Hz, 1H, Ar-H), 7.87 @. ] = 2.2 Hz, 1H, Ar-H), 8.0 4, T = 8.2 Bz,
1H, AcH), 12.64 (s, 1H, -CO2H)

IR (KBr, corlx 3450-2600 (COzH), 1735 (CO), 1700 (CO}, 1660 (CO)
25 MS (m/e): 369 (M), 324 (M+-COzH)
Anal. Caled: C, 4543, H,327; N, 3.78
. Found: C, 45.04; H, 5.16; N, 3.62
m.p. 194-195°C.



R TRHENT SHEE R} o) : rerry 3. '26"(5 SH N-GHert]), 3.53

20 .[err]H NVR (

(d, J =17.2 Hz, -CH[err'- , 3.58 (s, CCIerr]CH[err]) 3.74
(d, 3 = 17.2 Hz, OCT-DEFH'[D%IEH]H) 7.77 (dd ) = 8.2 Hz, 2.2 He,
1H,ArH),787(d '3 =22 Hz, JH[ Ar-H), 8.0 (d, J=82Hm - . 18

Ar-H), 12.64 (s, {1H -COerrith IR (KBr, cnferr]): 3450-2600 -
(CJerr]H, 1735} 1700’(CO)' 660(CO 25 I\/B(r_ﬂe) 369(!\/[err]),
324 (Merr]-CJerr]H —Calcd.: C~ 45.43; H 3.27;. N 18

Found: C, 45.04:Step B 161'-m'mgo-(;g[(4-bromqﬁﬂuog:m}.epg@gtp}ld;spxro[xsoqumo-
hne-4{IH),3'-pyrrohdme] 1,2',3,5 (ZH)-telrone

—

"To a solution of 2-[(4-bmmo-2-ﬂuoronhenyl)methyl]- ,2,3,4tetrabydro-4-

- {(methoxycarbonyl)-1,3-dioxo-4-isoquinolineacetic acid (2.5 g, 5.39 mmol) in DMF
5 (60 mL) were added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(DCC', 1.34 g, 7.0 mumol) and 1-hydroxybenzordazole hydrate (HOBT, 1.09 g, 8.08
mumol).  After stimring for 2 hours, anhydrous hydrazine (022 mL, 7.0 mmof) was
added dropwise, followed by EtsN (1.5 mL, 10.77 mmol) addition. The mixture was
stirred for 30 minutes, poursd into HzO, neumralized with HCI (2N) and extracted with
10 EtOAc. The organic extracts were dried over MgSQy. Evaporation and purification by
flash chromatography (hexane/EtOAc 1:1) and subsequeat crystallization from

ether/hexane (after cooling to -20°C) gave a white solid (1.68 g, 70.0%, m.p. 95- -

97°C). -

1 NMR (DMSO-dg, 400 MELz): 5 3.33 (d, T = 182 Hz, 1H, -HCHCO-), 3.51 @,

15 I=182 Hs, 18, -HCHCO-), 5.07 (s, 2H, -NCHz?), 523 (s, 2, -NH2), 7.17 (&,
1= 8.3 Ez, 1H, Ar-H), 7.33 (dd, T = 3.3 Hz, 1.7 Hz, 15, Ar-HD, 7.54 (m, 2H, Ar-
H), 7.63 (t. T = 8.51 Hz, 1H, Ar-H), 7.79 (&, T = 8.7 Hz, 1.25 Hz, 15, Ar-ED 8.18
(dd, J = 7.7 Hz, 1.25 Bz, 1H, ArED

IR (KBr corl): 3340 (NH), 1720 (C=0), 1670 (C=0)
20 MS (mfe): 445(4, M*)
Anal. Caled: C, 5114 H,2.94; N, 9.42
Found: C, 51.04; H, 2.94; N, 9.30.

. ‘The following compound was prepared in substandially the same manner asthat
of Exarnple 1, Step £) |

25 1'-Amino-2.[(4-bromo-2-filuorophenylymethyl]-6-finorospirofiso-
quinoline-4{1H)},3'~-pyrrolidine]-1,2',3,5'(2H)-tetrone

IH NMR (DMSO-dg, 400 MHz): § 3.42 (g, J = 182 Hz, 2H, -CH,CO-), 5.05 (s,

2H, -NCHz-), 5.18 (s, 2H, -NHp), 7.15 (1, T = 8.3 Hz, 15, Ar-H), 7.33 (dd, T = 8.1

' Hz, 1.66 Hz, 1H, Ac-E0), 749 (dt, J = 3.5 Hz, 2.29 Hz, 1H, Ar-H), 7.55 (43, T =

30 9.96 Hz, 1.87 Hz, TH, Ar-¥D), 7.6 (4, T = 9.75 Hz, 2.49 Hz, 1H, ArH), 8.24 (d4,
I=89 Hz, 58 Az, 15, ArE)



2 step 1) REPLACEMENT SHEET

A R e

1'-Am"no-2._-[(4.trc -2 f 1 uoro h n I)rrethyl]splro[lsoqw no- S o _
li ne-4(1H), 3' - pylr rlol O OGF199&" |35 (2H) tetrone “To a sol ution

of 2-[(4-brono-3-fjl uorophenyl)
(met hoxycar bonylj) -
DV 5 (60 nlL)!.

hydr ochl ori de L an: hydr ax benzotr zol e
AR AL o B Jromy Ao (B IR T A

5o U|noI|neacet|c aC|d (2 5 g, 5.39 mmol) in

anhydr ous hydrazmuﬂ@.m@h,m-?} 0 rrrml) was - added dropW| se, followed
by Et[err]N (1.5 553 77(‘.‘, |6)H s The m xture was = - .stirred
for 30 m nutes, poure nt oﬁq néutrallzed with HO (2N and’
extracted with 10 . &ﬁﬁ-é S%0racts were dried over MgSJ err].
Evapor ati on afid mummqmn by fl ash chromat ogr aphy (hexane/ Et OAc
1:1) and subsequent crystallization from - et her/ hexane (after cooling

to -20[err] ) gagged Iktéiigaé&{.im H,h&alﬁ{mﬁm'.[?ﬁun S%r;pvxideﬁé)w NVR
gisi

o ot B e S o,

“NH err]), 7.17 (t, —83Hz 1H, Ar- 33 (dd. J 1.7
e, TH ATH), 754 (mmzm oL m&H(WWZ@OWHWIWWOW H) ,
7.79 (dt, J 8. 4(1HY, 3" -pyrrdiidina]-1 213 5@ -kdroBe {0 g, 4.48 mmol), 3-pentanone (20 mlL)
‘10 and 10-camphorsulfonic acid (5 mg) was stirred at 75°C for 20 oiinutes. Next, the
volatiles were removed in vacuo and the residue was purified by fash chromawography
on silica gel (hexane/EtOAc 2:1) to gzvc a white solid (1.69 g, 73.7%, m.p. 144-

146°C).

1H NMR (DMSO-ds, 400 MEz): 5 0.83 (t, Y = 7.47 Hz, 38, -CHoCHz), 1.08 (, T =

15 7.6 Hz, 3H, -CHCH3), 20 (g, J = 7.47 Hz, 2H, -CHoCH3), 2.5 (q, ] = 726 Hz, © .
ZH, -CH3CH3z), 3.59 (5, 2H, -CH2CO-), 5.06 (g, T = 15.15 Hz, 28, -NCHo-), 7.15 -
{t T =8.1 Hz, 1H, Ar-H), 7.3 (dd, J = 8.1 Hz, 1.66 Hz, IH, Ar-H), 7.53 (dd, J =
9.96 Hz, 1.87 Hz, 1H, Ar-E), 7.65 (dt, T = 8.3 Hz, 2.07 Hz, 15, Ar-H), 7.8 (m,
28, Ar-H), 82 (dd, § = 83 Hz, 125 Hz, 1H, AcH)

20 IR (KBreorl) 1700 (C=0), 1670 (C=0)
MS (m/e): 513 (11, M+), 387 {28, M+-CONN=C(CHpCH3)]
Anal. Calcd.: C, 56.04; H, 4.1Z; N, 8.17
Found: C 56.44; H, 4.10; N, 3.06.

Thefoﬂomgwmpomxdswmpmpﬂedmsubsmnaﬂythcsamemnnerasthator
25 Examplel, Stepg): '

2-[(4-Bromo-2 -ﬂ:.nropheny!}m thyl]-1'- [(I-erthylethyhdane).muns 1
spirofisoquinoline-4(1H),3'-pyrrolidine]-1,2',3,5'-(2H)-tetrone

. 1H NMR (DMSO-dg, 400 MHz): 8 1.72 (s, 3H, -CH3), 2.14 (s, 3H, ~CH3), 3.57 (s,
2H, -CHa2C0-), 5.07 (dd, J = 15.4 Hz, 2H, -NCH»), 7.14 (¢, T = 824 Hz, IH, Ar- -
30 M, 73 (dd, 7= 824 Hz, 1.5 Hz, 1H, Ar-H), 7.52 (44, T = 9.81 Hz, 1.9 Hz, 1H, Ar-
1)), 7.63 (m, 1€, Ar-H), 7.81 (m, 2H, Ar-H), 8.17 (d, } = 7.63 Bz, 1, ArH))



(dd, J = 7..7 HZ AL IH)
1679 A > e): 445(4, M) . Anal. -Calcd.: G-

1720 (C=0),

- 51.14; H,:; 2 94

" that _
1'-Am no-2-[(4-8

of.

IR(KBr cn{err]) 3340(NH)
Found C, 51.04; H 2.94; N 930

I)rret hyl ]- 6-f | uor ospi ro[| so-

qui nol i ne- 4(1H), 3 pyrroI|d| ne] 1 2',3,5( -tetrone . 1H NWR

(DI\/SOd[_err
(s,

Ar-H), 7'33 (dd:

Hz, 2.29 Hz, 1HAWQ61)C¢ 7CEHILE 3F2NR64 9. 96 Hz, 1.87 Hz, 1H, Ar-H),
(dd, J = 9.75 Hz, 2wqms,ﬁmw&y(dd J =89 H, 5.8
1A, Ar- H 5 mp 127-12°C. - L
- 2-[(4-Bromo-2-fluorophenyljmethyil-6-fluoro-1'-[{1-methylethylidene)-
aminolspiro{isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrone
1H NMR (DMSO-dg, 400 MHz): § 1.71 (s, 3H, -CH3), 2.15 (s, 3H, -CH3), 3.55
(dd, J = 18.0 Hz, 2H, -CH>CO-), 5.05 (dd, J = 154 Hz, 2H, -NCH>-), 7.14 {1, T =
10 - 83 Hz IH, ArHD, 735 (dd, T = $.3 Hz, 1.6 Hz, 15, Ar-H), 7.52 (m, 21, Ar-H),
788 (dd, ) = 996Hz,2.aHz. 1H, Ar-H), 827 (dd, I = 3.9 Hz, 6.1 Bz, 1H, Ar-I)
IR (KBr, enxl): 1710 (C=0), 1665 (C=0)
MS (m/e): 503 (10, M), 405 [14, M*-CONN=C(CH3)21
Anal. Caled.: C, 5240; H, 3.20; N, 833
15 Found: C, 52.25; H,3.08; N, 831
mLp. 152-154°C.
2-[(4-Bromo-2-flunorophenyl)methyi]-1'-(cyclopentylideneamino)spiro-
[isoguinoline-4{1H),3'-pyrralidine]-1,2*,3,5'(2H)-tetrone
IH NMR (DMSO-dg, 400 MHz): § 1.7-1.78 (m, 4H, -CHyCH>CH,CHy-), 1.99 (¢,
20 J= 7.68 Hz, 2H, -CHsCH3CH2CH3-), 25 (3, J = 7.26 Hz, 25,
-CHyCH2CHCH3z-), 3.56(s, 2H,-CH2CO-), 5.0 (d, J = 15.36 Hz, 1H, -NHCH-),
3.13 (d, I =15.36 Hz, 1K, -NHCH-), 7.16 . T = 8.3Hz, 1H, Ar-H), 7.35{(d4, I =
8.3 Hz, 1.87 Hz, 14, Ar-H), 7.53 (44, J = 9.75 Hz, 1.87 Hz, 1H, AcH), 7.65 (dt, _
J = 8.3 Hz, 2.07 Hz, 1H, Ar-H), 7.81 (m, 2H, Arﬂ),sz(dd,l 7.9 Hz, 0.85 Hz,
25 14, Ax-H)
IR (KBr, carl): 1705 (C=0), 1670 (C=0)
M/S (m/fe): 511 (8, M%)
, Apal, Caled: C, 56.26; H, 3.74; N, 8.20
Yomnd: C, 56.60; ¥, 3.74; N, 8.11
30 mp. 142-144°C.

]

4@2(Wi',knﬂafd10304®),(1570¢=9)18 2 Hz, 2H, -CHerr]CO),

C—-OO
Em

el 3 o sgTaob g ﬁ?’%ﬁﬁ*ﬂgiw 7 ao (at,



22 1R (ke REPEA NT SHEBT(\H) .- 3280 (NH) 1730, (C=0, 1710 (C=0),

1670 (C=0)

H 2.61; N, 9.05
232-234[err]C.  }-
2-[(4-Bromo-2-f1

am nol spi ro[i soqy _
A mixture of 1'- T Fre=2- f | uoraﬁhenyl') met hyl] spi ro[ i 'soqui nol i ne-

10

941 Merr]) Anal . Calcd.: C, 49, 16:
4 C49.19; H, 2.66; " N. 896 5'_-mp.

}' [(1 ethylpropylldene)
uyrrolldlne] 1,2',3,5 (2H) -tetrone

2-[(4- Bremo-:’.-ﬂucm henyl)metliyl]-1'-[(tetrahydro-4H-pyran-4-yi-
ldene)amxno]spxro[xsoqnmolme-4(1H) 3'.pyrrolidine]-1,2',3,5'(2H)-

' tetrone ,

1H NMR (DMSO-dg, 400 MHz): §2.16 (1, T = 5.6 Hz, 26, -CHhCH0, 2.57 (1T =
5.8 Hz, 2H, -CH,CH20-), 3.5-3.6 (m, 4H, -CH>CO-, ~-CH2CH10-), 3.76-3.83 (m,
2H, -CHaCHo0-), 5.06 (dd, T = 15.15 Hz, 2H, -NCHy-), 7.15 &, T = 8.1 Hz, 1H,

‘Ar-H), 736 (dd, T = 8.3 Hz, 1.87 Hz, 1H, Ar-H), 7.55 (dd, I = 9.96 Hz, 2.07 Hz,

1H, Ar-H), 7.65 (m, 1H, Ar-H), 7.82 (m, 2H, Ar-E, 82 (dd, T=7.68 Hz, 0.83 Hz,
1H, Ar-H)

IR (KBr, cm-1): 1705 (C=0), 1655 (C=0)

MS (m/e): 527 (62, M+)

Anal. Caled.: C, 54.56; H, 3.62; N, 795
Found: C, 54.40; H, 3.65; N, 7.91

m.p. 161-163°C.



-tetrone(2 0 g, 4. 48 mrmlﬁ _3- npn't'anone'

'o,|c acid (5 ng) was stlrred at 75 ]C for-

20 mi. nui es. (t lafiles were renmpved in vac 'g Mﬂﬂum;a
was purified b hphy - on silica gel

to give a whitg $ai= . 7% mp. 144- 146[err

[err]H NVR (D Od[err] Hz) : 808325t J = 7.47 Hz, 3H, -

-CH err] CH err [F—T=08 =15 7. ZWH CH[err]CH[err]) 2.0 (q,

| = 7.47 Hz, 2H, CH[err]CH[err]) 2.5 (q, J = 7.26 He, 2H,
-CI-l[err]CI—l[err])weamw (s, 2H, -CHerr]CO), 5.06 (q, J = 15.15 Hz,. 2H,
-NCH err]-), 7.15 (t, J =8.1 Hz, 1H, Ar-H), 7.3 (dd, J = 8.1 Hz, 1.66
Hz, 1H, Ar-H), % 53 .87 Hz, 1H, Ar-H), 7.65 (d, J
= 8.3 Hz, 2. 07 ;. 1ggg%°dﬁ$‘“ds?‘§“"f&’§ H Ar-H. 8.2 (dd. j = 8.3 H,
1.25 Hz, 1H, Ar-H) | R ( KBr cn{err]) 1700 $£=0, 1670 (C=0) - M5
(me): 513 (11, I\/[err]_), 387 [28, Merr]-CONN=C(LCH err]CH err])[err]]

Anal . Calcd.: C '56.04; H 4.12; N, 8.17 7S Found: C; 5644; H,
4.10; N, 8.06. The follow ng ¢ oundsNwer e prepared in

substantially the sane nmanner as that of Exanple 1, Step 9):

5 wherein:

R! and R2 are independently hydrogen, alkyl conmining 1 to 6 carbon asoms,
halogen, lower alkoxy containing 1 to 6 carbon atoms, triflucromethyl,
nitro, aryl or axyl Gower alkyDoxy wherein aryl contains § to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms;

16 R3 is lowes alkyl conzining 1 10 6 carbon atoms, aryl, aryl (lower alkyD) or
dihalogen substimted aryl (lower alkyl) wherein aryl contains 6 w 10 carbon
*aroms and lower alky! contains 1 %5 6 carbon atoms;

R4 and BT are independendy hydrogen, alkyl containing 1 to 12 carbon atoms,
aryl, aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms and

15 lower alkyl contains 1 to 6 caxbon atoms, or R4 and RS are joined to form
" alicycic of herteocyclic rings selected from the group consisting of
& herein. 1-16; X wherein X=0,8, 50, §
=1- w =g a, s 2
N viemaslG g ©:
— 7\ wherein RS = ¥, lower alkyl
X wherein X =0, S; and N-p¢é comtaining 1 to 6 caxbon atoms,
— \_/  aryloraryl (lower alkyDwherein
aryl contain 6 to 10 carbon atoms
and lower alkyl contafas 1t0 6
carboa atorns,

_

" i \‘iﬁ



2-[(4-Brorm-2-f|"'?}’ﬁ]ﬂm-;ﬂ?[_(_l_-mthyl et hyl i denelami-nol—
spi r o[ i soqui nol i hepEFFFHF~3~3yHol|i di ne] -1, 2' , 3, 5 -.(2H) t l “%‘ ‘
[errkH.NVR (DVBQ octopedtd) Jlerr] 1.72 (s, 3H mmm !lﬂﬂ! m
3H,. -CH err]), 3 P;ZO g/;'IZ- -CHerr]CO), 5.07 (dd <
-NCH err]), 7.1 (il 24-H4, [1H, Ar- 30 H, 73 (dd, J = 8.24 Hz,
Hz, 1H, Ar-H), : .1.Hz,19Hz 1H, Ar- H))763(m-
1H, Ar-H), 7.81 Emr=2H—Ar=Fr~——8=%7 (d, J 267.63 Hz, 1H, Ar-H))
23 IR (KBry, Cﬂﬁé%mﬂi@zﬁ&ﬁ&ﬂﬁ?%&%@ﬂfmﬂa@ |
wherein:
R1 and R2 dre hydrogen or halogen; R is dihalogen substitoted benzyl; R4 and
5 RS are lower alky! contining 1 to 3 carbon atoms or R4 and RS are joined to
fomahcycnnorhcmcydxcmgsseluctedfmmthagmupconssnngof
V' o 7 Y
f\_!

3. The compound according to claim 2 2-{(4-bromo-2-flnorophenyDmethyi]-1'-
[(1-methylethylidens)aminc]spirofisoquinoline-4(1H)},3-pyrrolidine}-1,2'3.5(2H)- .
10 tetrome.

4, The compound according to claim 2 2-[(4-bromo-2-fucropheaylimethyl]-6-
fluoro-1-[(1-methylethylidene)amino]spiro-[isoquinoline-4(1H), 3*-pyrrolidine]- '
1,2',3,5'(2H)-tetroue.

5. The compound according to claim 2 2—[(4-bromn-2—ﬂ.uompﬂenyi)methyl}-1‘-
15  [(1-ethylpropylidenc)amino]spirofisoquinoline-4({1H),3"-pyrrolidine]-1,2',3,5'(2H)-
tetrone.

6. The compound according to claim 2 2-[(4-bromo-2-flucrophenylimethyl}-1*-
(cyclopentylideneamino)spiro{isoquinoline-4(1H),3"-pyrmrolidine}-1,2' 3,5'2H)-
_ tetrone.
20 7. The compound according to claim 2 2-[(4-bromo-2-flucrophenyDmethyl]-1-

~ [(tetrahydro4H-pyran-4-yEdenelamino}spirofisoquinoline-4(1H),3-pymolidine]-
1e2'33:5‘ (ZH)’tmne-

-
eet Has Been Reﬁaced

Tl \|||\\ L



M5 (me): 485 (7{EBBIACRNMENDSHEE]
Anal . Calcd.: C, }Bg=8drms

3.62;.. Ny 8.34 5
2-[ (4-Brono- 2-f|

R
- -Es] fCI.uo'r.o 1 -[(1-nethyl et hyl i dene) -

-pyrrolidine]-1, 2 3 (2H) -tetrone

[err]H NVR (DIVB.d[err]""400'|\/Hz) [err] 1. 71 (s, CH[err]) -2.15 (s,
3H, CH[err]) 3te6 180Hz2 2H, CH[err]CO) 5.05 (dd, J =
15. 4 Hz, “NCBf er r ]kmmn@ s:om’pomﬁm congriing b gontpidpnds-cljred7in 88y ¢rbchf
J=8.3 Hz, 16Hz fbomnnititn bFssodiionAWit d phammacensiody oo cdier. 0. 96
Hz,.2.5|—|z 1HAr-,827(de 8.9 Hz, 6.1 Hz, 1H, "Ar-
(KBr, cnferr]): 0 ) 0 NI )
405 [14, Merr]- éO\l %% er%ﬁﬁéfi% | Ofa:cm%\‘%]zg @%’%%@Aég ; % 20:
N, 833 15 3.08; N 831 - mp. 152- 154[err]C.
2- [(4 Br onp- 2- f | uorophenyl ) met hyl ] - 1 6cyc| opent yl i deneam no) spi r o-
N,m,_ |
e T
A R?
R 0
S o ' _
wherein R), R? and R3 are as defined in Claim 1 is reacted with a carbonyl compound
havmvtimfonnnlaR‘COR5wheteR4andR5areasdcﬁnedmCImm1orareacnve
dexivative thereof.
10. A method of making a pharmaceusical composition clafmed in Claim 8 wherein
10  a compound as claimed in any one of Claims 1 to 7 is brought into combination or
association with a phanmaceutically acceptable carrier.
1l. A compomnd having the formula Ia as illustrated in Claim 9 where R1, R2 and
R3 are as defined in Claim 1.
12, Ame:hodofmahngacom*omdascmmdmmllwhemnadxcarboxym
15  acid having the formula
.' whereia R1, R2 and R3 are as defined in Claim 1 or a reactive derivative thereof is
converted nto an imide by reaction with hydrazine.,
N
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[i soqui nol i ne- 4(1H) , [BR -' 23,5 (2H) -tetr
REP

[ soa o -1 235 mﬁmuuuhmmm h

. -CHerr} CH err] CH erjr]{CH "?’9 t, 20
m%gﬁm%g:”m%g”%cn—biébf)’@@ E J=1. 26 Hz

3. L5l

-CH err]CH err] CH erjr ]| Jerrl 3. 36(4s, 2H, - CH[err]CO), 5.0 (d, J = 15.36
Hz, 1H, -NHCH ), . ,_J—l 36 Hz, 1H, -NHCH), 7.16 (t, J = 8.3
Hz, 1H, Ar-H), 7. 35 Ledd. ] 8.3 Hz, 1.838Hz, 1H, Ar-H), 7.53 (dd, J
= 9:75 Hz, 1.87 Hz, 1H Ar-H), 7.65 (dt, J 8.3 Hz, 2.07 Hz, 1H,
Ar-H), 7.81 (M 2HzxPrroNEN SaArées or 1 =an@sERo sééuifbbm.r@@-4 3 Ar-H)

| R (KBr, cnferr]):3'1P0RoLEEMNE]- 162793(53—@H) 1 iﬂnés%x IV[err])

Anal . Calcd.: C, Sep@6rasH mdaBdtoRd 8. 20 : Found C, 56.60, H,
3.74;, N, 8. 11 30 m p. 142- 144_[ err]C :
: . Abstract

This invenrion relatas to alxylidene analogs of 1'- ammostm[lsoqumohnc-
4(1H),3" pyrmhd.me}-l,.‘.’.‘,S,S‘(ZH)-teuones, to processes for their preparation, to
methods for using the compounds, and to pharmacentical preparations thezeof. The

5 compounds have phaxraceutical propextics which render them beneficial for the
preveation or treatment of diabetes mellitus associated complications.
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24..~ 2- [(4 Br ono- 2- quorophenyI)rrethyI] [(tetrahydro 4H- pyr
|dene) am no] spi ro[ i soqui nol i ne-4(1H), 3' pyrrol I di nej - , 3,5 (2H) -
tetrone . [err]H NVMR (DVMSO-d[err], 400 MHz): [err] 2 16 (t, J =5.6

Hz, 2H, -CHerr]CHerr]O), 2.57 (t, J = 5 5.8 Hz, 2H,

-CHerr]CHerr]O), 3.5-3.6 (m 4H, -CHerr]CO, -CHerr]CHerr]0O),
3.76-3.83 (m 2H, -CHerr]CHerr]O), 5.06 (dd, J = 15.15 Hz, 2H,
i_Ngl;[ a;r] 1L,ALZ(Y1.EIdEINE ‘}\NiLg)GL" Eﬁ:- l]'Hg‘\MINOSPe\IkE?)ISOéU§§O£g§E z\;( ):é $265
(m 1H Ar-| - %%??Ltm%ﬁ(l qu‘z 3 %8 Z%JT%E ONESGUSEFULQAB3ALPOSE 14
Ar-H) 10 RUCRASE d éPFF?R51705 (C=0, 1655 (C=0 MS (me): 527

62, err AnalL Calcd.: C, 54.56; H 3.6; N, 7.95
( M ) This invention relates to alkylldcnc analogs of I'-aminospiro[isoquinoline-

4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tetrones, to processes for-their preparation, to

5 methods for using the compounds, and to pharmaccutical preparations thereof. The
compounds have pharmaceutical properties which render them beneficial for the
prevention or treatment of comphcatxons assoc1ated with diabetes mellitus,

The use of insulin and/or oral hypoglyccmic agents in the treatment of diabetes

mellitus has prolohged the life of many of these patients. However, their use has not

10  had a demonstrable impact on the development of diabetic complications such as

neuropathy, nephropathy, retinopathy, cataracts and vascular disease which accompany

the underlying metabolic disorder. There is little question that chronic hyperglycemia

plays a major role in the genesis of these complications, and that complete

normalization of blood glucose would likely prevent most if not all complications. For

15 a number of reasons, though, chronic normalization of blood glucose has not been
achieved with the currently available therapies.

The long-term complications of diabetes develop in tissues where glucose
uptake is independent of insulin. In these tissues, which include the lens, retina,
kidney and peripheral nerves, the systemic hyperglycemia of diabetes is rapidly

20  transposed into high tissular concentrations of glpcdse. In all of these tissues this

- excess glucose is rapidiy 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

25  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 ctiology

of diabetic cataracts. More recent studies have provided compelling evidence that

30 aldose reductase 2lso plays a signiﬁcanl role in the initiation of diabetic nephropathy,

retinopathy and neuropathy (cf McCaleb et al, J. Diab. Comp., 2, 16, 1989; Robinson

- et al, Invest. Ophthalmol. Vis. Sci.,-30,, 2285, 1989; Notvest and Inserra Dlabctcs
36, 500, 1987. | REPLACEMENT SHEETS  SG : NI
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Found: C, 54.40; H, 3.65; N, 7.91 mp. 161-163[err]C
i 25]- CLAI M5 1. The conpounds of structural formula (1)
err : '

_ . __2_

U. S. Patent 4,927,831, published May 22, 1990, discloses that the
spiro-isoquinoline-pyrrolidine tetrones of formula

“where R is hydrogen or fluorine and R2 is hydrogen are useful as aldose reductase
inhibitors for treating complications of diabetes and galactosemia. The compounds are
‘shown to lower dulcitol accumulationin vivo. The compounds of the formula given

10  above where Rl is as defined above and R2 is ethyl are disclosed by EP 0458 549 Al
which was published 27 November 1991, that is after the filing date of the present
application. The pharmacological data in EP 0 458 549 Al show that the aforesaid

compounds where R2 is ethyl lowered dulcitol accumulation jn vivo.
However, the pharmacological data shows that they do not in themselves act as

aldose reductase inhibitors in a test carried out in vitro.
15 The alkylidene analogs of 1'-aminospiro[isoquinoline-4(1H),3"-

pyrrolidine]-1,2',3,5'(2H)-tetrones of the present invention are represented by formula

@:




5 :fwherei n: Rlerr] and Rerr] are i ndependent.l y hydrogen,

al kyl containing 1 to 6 carbon atons, hal ogen, | ower al koxy
containing 1 to 6 carbon atomns, trifluoronethyl, nitro,

aryl or aryl (lower alkyl)oxy wherein aryl. contains 6 to 10 carbon

atons and | ower alkyl contains 1 to 6-garbon atoms; 10 Rierr] is

| ower al kyl containing 1 to 6 carbon atons, aryl, aryl (lower alkyl) -or
di hal ogerwkugist i tuted aryl (I ower al kyl) wher ei n aryl contains 6 to 10
car bon atons and | ower al kyl contains 1 to 6 carbon atoms

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

halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluvoromethyl,

_ nitro, aryl or aryl (lowcr alkyl)oxy wherein aryl contains 6 to 10 carbon
5 _ atoms and lower alkyl contams 1 to 6 carbon atoms;

R3 is lower alkyl containing 1 to 6 carbon atoms, aryl; arg'l (lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains 6 to 10 carbon
atoms and Jower alkyl contains 1 to 6 carbon atoms; -

R4 and R3 are independently hydrogen, alkyl containing 1 to 12 carbon atoms,
10 aryl, aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms and
Jower alkyl contains 1 to 6 carbon atoms, or R% and R3 are joined to form

alicyclic or heterocyclicrings selected from the group consisting of

/(cHy),

wherein n = 1-10;. \ ,x wherein X =0, S, SO, SO,;

— | L wherein Ré = H, lower alkyl
. : .

X wherein X =0, S: and N-ré containing 1 to 6 carbon atoms,
\ —/ __/ aryl or aryl (lower alkyl)wherein
: . aryl contain 6 to 10 carbon atoms
and lower alkyl contains 110 6
carbon atoms. '




Rlerr] and R err] are independently hydrogen, alkyl containing 1 to 12
tar bon atons, aryl, aryl (lower alkyl) wherein aryl
contains 6 to 10 carbon atons and 15 _ | ower al kyl contains 1.to 6
carbon atons, or Rerr] and Rlerr] are joined to form

alicyclic or heterocycl I c rings selected4f+romthe group consi sti ng of
[err] wherein n.= 1-10; [err] wherein X = O S, SO SJerr];

[err] wherein R[err] = H, lower alkyl - [err] wherein X =
OS; and [err] containing 1 to 6 carbon atons

aryl or aryI (1 OV\Armaichctf}:mbpbgmun of compounds of thc present invention is rcprcscntcd
aryl contain 5 ufidx§ar bon at oms :

and | ower l'g contains 1 to 6
car bon at_oms

(x)

wherein: _ |
5 R! and R2 arc hydrogen or halogen; R3 is a dihalogen substituted benzyl; R4
and RS are lower alkyl containing 1 to 3 carbon atoms or R and RS arc joined

to form alicyclic or heterocyclic rings sclected from the group consisting of

Oand, [o)

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

10 2-{(4-bromo-2-fluorophenyl)methyl}-1*-{(I-methylethylidenc)amino)spiro-
(isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tctrone;

2-[(4-bromo-2-flucropheayl)methyl}-6-fluoro-1*-{(1-methylethylidenc)amino]-
spiro-{isoquinoline-4(1H),3*-pyrrolidinc]-1,2',3,5'(2H)-tctrone;

2—[(4-bmmo-z-ﬂuomi)hcnyl)mclhjl]-1"-[(l-cdtylpmpylidcnc)amino]spiro[iso-
15 quinoline-4(1H),3'-pyrrolidine]-1,2',3,5'(2H)-tctrone;

2-[(4—bromo—2—ﬂuomphcnyl)mcthyl]-l'-(cyclopc:itylidcncanﬁnc)spim[iso-
quinolinc-4(1H),3'-pyrrolidinc])-1,2',3,5'(2H)-tctrone; and '
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2. The conpounds according to claim1 of structural -fornula

[err]

5.

2-[(4-bromo-2-fluorophenyl)methyl]- l "-[(tetrahydro-4H-pyran-4 leidehe)anﬁno]-
spiro{isoquinoline-4( l'H),3'—pyrrolidinc]-'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 sterecisomeric forms.
This invention encompasses the compounds of formula (1) in racemic form or in any
optically active form. .

The alkyn‘denc analogs of 1'-aminospiro[isoquinoline-4(1H),3"-pyrrolidine]-
1,2',3,5'(2ZH)-tetrones can be prepared by the processes described hereinafter.

The compounds having formula (I) may be used in a method for preventing or
relieving diabetes mellitus associated complications in a diabetic mammal by
administering to said mammal a prophylactic or alleviating amount of the said
compounds. Such complications' include neuropathy, nephropathy, retinopathy,
keratopathy, diabetic uveitis, cataracts and limited joint mobility.

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

The alkylidene analogs of _l'-aminospiro[isoquinoline-4'(lH),3'-pyrrolidine]-
1,2',3,5'(2H)-tetrones of this invention may be administered to 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. 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 so

forth. They may also be administered orally in the form of

solutions or they may be injected parenterally. For parenteral

administration, they may be used in the form of a sterile
solution, preferably of pH 7.2-7.6, containing a

pharmaceutically acceptable buffer.

i
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Wnerel n:
di hal ogen substituted benzyl; Rlerr] and 5 ~ Rerr] are | ower alkyl
containing 1 to 3 carbon atons or Rlerr] and R err] are joined to

formalicyclic or heterocyclic rings selgcted fromthe group consisting of

[err]

Rlerr] and Rlerr] are hydrogen or halogen; R3 is

and [err] 3. The conmpound according to claim2

2-[ (4-brono- 2-fl uorophenyl) net hyl ]
[(1-methyl ethyl 'W@aﬁm BPﬂhépélkS?ixaéQCHHalB}!s'dﬁ %ms §o[x@ﬁ%fr@ﬂn@l4"(ﬁ-l%§"-2' 3,

5' (2H) -

tetron

10 F nd ccor(d(Emtocalm
2-1 (4- bronﬂlythlldﬂfwadp%énm%?m’l“]s \311 varyw thc orm of administration and the

fluoro-1'

nej -

10
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[;{aiuém Wd cHeNRA) Firthehapie], -willsegyivigl the padichtr hd'st Byderol i di
crlcatmcnt %c cr'g}lyt g'gatmcnt is initiated with small dosages substantially less than

' the optimal dose of the compound. Thereafter, the dosage is increased by small

increments until efficacy is obtained. In general, the compounds of this invention are
most desirably administered at a concentration level that will generally afford effective
results without, causing any harmful or deleterious side -effects. For topical
administration, a 0.05-1.0% solution may be administered dropwisc in the eye. The
frequency of instillation varies with the subject under treatment from a drop every two
or three days to once daily. For oral or parenteral administration a preferred level of

~ dosage ranges from . ‘0.1 mg to 1.0 mg per kilo of body weight per day,

although aforementicned variations will occur. However, a dosage level that is in the
range of from 0.1 mg to '1.0 mg per kilo of body wcight per day is most
satisfactory. o

Unit dosage forms such as capsules, tablets or pills my contain from
5.0 mg to 25.0 mg of the active ingredients of this invention with a
pharmaceutical carrier, Thus, for oral administration, capsules can contain from
between 5.0 mg to 25.0 mg of the active ingredients of this invention with
or without a2 pharmaceutical diluent. Tablets, either effervescent or noneffervescent,
can contain between 5.0 to 25.0 mg of the active ingredients of this invention
together with conventional pharmaceutical carriers. Thus tablets, which may be coated

~ and cither 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.

The alkylidene analogs of 1°-aminospiro[isoquinoline-4(1H),3"-pyrrolidine]-
1,2',3,5'(2H)-tetrones 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, excroplified by acetohexamide, chlorpropamide, tolazamide, tolbutamide and
phenformin, are suitable. The compounds hereof can be administered sequentally 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. ‘REP{ M:EMEW SHEET
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&~  The conpound according to cl ai m 2

-[ (4-brono- 2-fl uorophenyl ) methyl ]-1'- 15
(1-et hyl propyl i dene)am no] spiro[i squ| nol i ne- 4( 1H), 3. pyrrolidine]-1,2', 3,
"(2H) - tetrone. 6. The conpound according to claim 2

-[ (4-brono- 2-f1 uorophenyl ) met hyl ] - - _ :
cycl opentyl i deneam no) spi ro[ i soqui noI I ne- 4}(1H) 3" -pyrrolidine]-1,2",3,5 (2

tetrone. 20 7. The corrpound according to claim?2
[ (4-brono-2-fluorophenyl)methyl] -
t et rahydro- 4H- pyran-4-yl i dene) am no] spi ro[isoquinoli ne 4(1H), 3' -pyrrolidi
]

1,2',3,5 (2H)-tetrone.
'mc utilization of the compounds in prtvcnung. dxmmxshmg and allcvxaung diabedc

3TN

complications ' is demonstrable in experiments using galactosemic rats, see
Dvornik er al., Science, 182, 1146 (1973); Such experiments arc cxemplified
S  hercinbelow after the listing of the following general comments pertaining to these

cxperiments:

(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

10  untreated galactosemic group was fed a similar dict in which galactose was substituted
for glucose. “The third group was fed a dict prepared by mixing a given amount of the
test compound with the galactose containing dict. The concentration of galactose in the
dict of the treated groups was the same as that for the untreated galactosemic group.

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

15  and sciatic nerve were removed, wcighcd and stored frozen for polyol determination.

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

20 mg of dulcitol in 100 mL of an aquecous trichloroacetic acid soludon. [N.B.: For cach
cxperiment the average value found in the tissue from rats fed the glucose diet was
subtracted from the individual values found in the corresponding tissuc in galactosc-fed
rats to obtain the amount of polyol accumulated.] The aldose reductase inhibiting
cffects of the compounds of formula (I) were also tested by employing an in vitro

25  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 pn_:pamtibn of the
cnzyme from bovine lens.

The following tabulated results show that the alkylidene analogs of 1°-

" 30 aminospiro(isoquinoline-4(1H),3"-pyrrolidine]-1,2',3,5'(2H)-tetrones of this invendon
show the property that they are active in vivo and diminish the accumulation of dulcitol

in the lenses, sciatic nerves and diaphragm of rats fed galactose. The figurcs under L.,

N, and D represent the percentage decrease of dulcitol accumulation in the tissues.of

the lens, sciatic nerve, and diaphragm, respectively, for treated rats as compared 10

35  unueated rats. REPLACEMENT SHEET
20 JAN 1999




-.277°- 8. A pharmaceutical conposition conprising a conpound as clai nmed
in any one of Clainms 1 to 7 in conbination or association with a
pharmaceutically acceptable carrier. 9. A nmet hod of "preparation of a
conmpound as clainmed in CGaim 1, wherein a conpound having the fornmula la
[err] . .

-8-

% Inhibition

of Aldose % Lowering Ga-la‘:dwl
Reductase . Accumulation
: InVitro Dosc . In Vivo
R! R 10°M__ | me/ke/day | %) | % () | % (D)
H Pk 8 56 s3] 8 | o5
=4 108 | 30 82 | 86
CH, 09 | NS | 60 66
CHJ
] /
F I N=C 5 27 58 84 | 97
CH, . 1.1 NS 47 .85
SFHsCH,
CH,CH,
H (8] 0 a8 |76 | 82 | o5
Ho[w o | 36 56 | 44 | s1: 89
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whereln R err] err] and Rerr] are. as defined in Claiml is reacted with
a carbmwm%ﬂ]ﬁn‘cgithe formul a- Rlerr]:COR[err] where Rlerr] and

Rl err] ‘ ﬁl Claim1l or a reactive derivative thereof. 10. A
met hod 0 ﬂmm‘E “ﬂ eutical conmposition clainmed in Caim8 wherein a
conmpound as ¢l atme¥ ih dny one of Clainms 1 to 7 is brought into combination
or association with a pharnmaceuticalgly acceptable carrier.

CLAIMS

1. The compounds of structural formula ()

5  wherein:
Rl and R2 are independently: hydrogcn, 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 Jower alkyl contains 1 to 6 carbon atoms; '

10 - .R3 is Jower alkyl containing 1106 carbon atoms, aryl, aryl (lower alkyl) or
dihalogen substituted aryl (lower alkyl) wherein aryl contains 6 to 10 carbon
atoms and lower alkyl contains 1 to 6 carbon atoms;

R4 and RS are indci)cndcmly hydrogen, alkyl containing 1 to 12 carbon atorns,
aryl, aryl (lower alkyl) wherein aryl contains 6 1o 10 carbon atoms and
15 " Jower alkyl contains 1 to 6 carbon atoms, or R4 and RS arc joined to form

alicyclic or.heterocyclm r:Lngs selected from the group consisting of .

/TEE, o
wherein n=1-10; /- wherein X =0, S, SO, SO,;

- wherein R = H, lower alkyl

% wherein X =0, S; and N.R¢ containing 1 to 6 carbon atoms,
\—/ ' \__/ aryl or aryl (lower alkyl)wherein
aryl contain 6 to 10 carbon atoms
and lower alkyl contains 110 6

- carbon atorms. e wasearemn E—
 {REPLACEMBNT SH
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2, “The compounds according to cléim 1 of squctural formula (1)

R(

A
.

(D

wherein:
R! and R2 are hydrogen or halogen; R3 is dihalogen substiruted bcnzyl R4 and
_RS are lower alkyl.containing 1 to 3 carbon atoms or R4 and RS are joined to
form alicyclic or heterocyclic rings selected from the group consisting of

and 0

N/
3.  The compound according to claim 2  2-[(4-bromo-2-fluorophenyl)methyl)-1"-
[(1-methylethylidene)amino)spiro[isoquinoline-4(1H),3'-pyrrolidine]- 1,2°,3,5'(2H)-
terone.

4. The compound according to claim 2 2-[(4-bromo-2-fluorophenyl)methyl]-6-
fluoro-1'- [(l-mcﬂlylcmyhdcnc)anuno]spuo-[xsoqumohnc—4(lH) 3*-pyrrolidine]}-
1,2',3,5'(2H)-tetrone.

5. Thc compound according to claim 2 2-[(4—bmr11io-27ﬂuorqphcnyl)mcthyl]-l'-
. {(1-cthylpropylidenc)amino]spiro[isoquinoline-4(1H),3'-pyrrolidine}-1,2',3,5'(2H)-
tetrone.

‘6. - The compound according to claxm 2 2-((4- bromo-z-ﬂuorophcnyl)mcthyl] -1'-

(C)’Clopcntyhdcncammo)spxro[xsoqumohnc-4(IH) 3-pyrrolidine]-1,2',3,5'2H}
tetrone.

7. The compound according 10 claim 2 2-[(4-bromo-2-fluorophenyl)methyl)- i -
. [Getrahydro-4H- yran-4—yhdcnc)ammo]prro[lsoqumobnc-4(1H) 3'-pyrrelidine}e—

yrolidinei =
1,235 (ZH) -tetrone. | REPLACEMENT SHEET
2 0 JAN 1999
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8. A pharmaceutical composition comprising a compound as claimed in any one of
Claims I to 7 in combination or association with a pharmaceutically acceptable carrier,

o. A method of preparation of a compound as claimed in Claim l, wherein a

compound having the formula Ia

"\
Rz[y\

wherein R!, R2 and R3 are as defined in Claim 1 is reacted with a carbonyl compound
having the formula RICORS where R4 and R are as defined in Claim 1 or a reactive
derivative thereof.

10. - A method of making a pharmaceutical composition claimed in Claim 8 wherein a
compound as claimed in any one of Claims 1 to 7 is brought into combination or
association with a pharmaceutically acceptable carrier. |

e
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