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ALKYL.IJJENE ANALOGS OF 1'·AMINOSPIRO(lSOQU1NOLINE-

4(1H},3'-PYRROLIDINE]-1,2 ',3,5'(2H)-TETRONES 
USEFUL AS ALDOSE REDUCTASE INHIBlfORS 

\ Back&rom\9fthe InyenJion 

s This mvmtion relaix:s ro alkylidene analogs of 1 '-aminospilo{isoqumollne-
4(1H),3'-p)1'.l'Olidinc]-1).',3,S'(2.B.)-tetrones, to processes for their preparation, 10 

. mctbcds for using the compounds, and to phannaceutical preparadons theaeof. The 
compounds have pharmaccatical properties which mider them beneficial for the 

preven1ion «trt4tment of. compli.ca1ioos associated with diabetes mdtitus. 

10 The use of insulln ~or ol'8l hypoglycemic agents in the trealmt:nt of diabetes 
mellitQs has prolonged the life of many of theso patients. However,. their use has aot · 
had a demonstrable impact on the development o.f diabetic complications such as 

nenropathy, nephropathy. redoopathy, ~and vasculaT disease which accornpmy 

the Qndmi.ying metabolic dismdcr. There is little question that chronic hyperglycemia 
15 plays a major role in the genesis of these complications,. and that complete 

normalization of blood g1.ucmc wO'Dld likely prevent most if not all complications. For 
a. llUDJ.bcr of reasons. though. chronic normaib:ation of blood glucose has not been 

achieved wiJh the cm:reorly avaiJable therapies. 

The lon.g-tenn complication& of diabet"es develop ia tissues where glucose 
20 uptake is independent of insulin. Jn these dssues, which include the lens~ re~ 

kidney and perlphera1 nerves.,· the systemic hyperglycemia of diabetes is. rapidly 

tmnsposed into high tissnltr concentrations of glncose. In all of these tissues this 

excess glucose is rapidly metaboliz.ed by the sorbitol pathway. The inrense diabetes­
induced flux of glueoliC thtough this pathway appears tc initiate a <;aScade of 

25 biochemical al~ns which slowly progress to cell dysfunction and stnJcmral 
damage. Aldose reductasc, the key enzyme in the sorbitol pathway., redaces glncose to 

sorl>itoi at the expense of the cofactor N.AnPH. In animal models of diabetes, 

compounds which inhibit aldosc rednctase have been .shown m prevent the 

: biochemical,. functional and morphological changes induced by hyperglyoemia.. Eady 
30 smdies by 1. H. Kinoshita and collabmaton implicated aldose rcdncrase in the etiology 

of diabetic catancts. More recent studies have p:ovided compelling evidmcc. that . 

aldose mluctase- also plays a sipliicantml& in the initiation of diabetic uephropathy, 
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rednopathy and .nenropathy (cf l\.1cCaleb et al. J. lliab. Comp •• 2, 16. 1989; Robison et 

al, Invest OphthalmoL VlS. Sci., 30,, 2285. 1989; Notvest and Inserra, Diabetes, 36, 
500, 1987. 

PrlotAit 

5 The elosest prior art is Malamas U.S. Patent 4.927,831, May 22. 1990. which 

10 

discloses tbo sptto.isoquiDolino-pyrrolidine tmones of fommla 

0 

(R 1 is hydrogen or fluorlne) 
'I 

useful as a1dose reductase inhibitOJS for treating complications of diabetes and 

ga1aCf0.9m'!ia. 

! 

Smmnatr pflnycntion 

The alkylidene analogs of 1 '-aminospiro(isoquinollne-4(1H),3' -

pyrrolidincJ-1,2',3.Sr(ZH)-tetrones of the present invention are represented by formula 
(I): 

11ii1m1r111~1r 
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wherein: 

Rl and R2 am independently ~ydrogen, alkyl containing 1 to 6 carbon a.toms, 

halogen, lower- alkoxy containing l 10 6 carboa atoms. trifluorometllyl, 

Ditto, aryl or aiyl (lower alkyl)oxy wherein aryl contains 6 to 10 carbon 

s a10mS and lower alkyl eontafns t to 6 carbon atoms; 

10 

R3 is knwr alkyl containing 1 to 6 carbo4 atOJnS. aryl, aryl (Jower alkyl) or 

dihatogen substituted aryl (lower alkyl) wherein aryl conaaiDs 6 to 10 carbon. 

atoms and lower alkyl contains 1 to 6 C8l'boll moms; 

R4 and RS are· independendy hydrogen, alkyl <:oofaining 1 to 12 ca:cboa ak1ma, 

myl, aryl (lower alkyl) 'Wherein. aryl contains 6 to 10 oarbon atoms and 

lower alkyl oontains 1 to G carbO;u atoms. or R4 and RS arc joined to fonn . 

aDcyclic arherteocyclic riup se1ected from die group consisting of ., 

- wherem .R.6 s:::H. lowe:r alkyl 
j=\.x wherein x = o, s; and ~N.:a' coniaming 1 to 6 carbon atoms, j 
'=I \_/ axyl or aiyl (lower a1kyl)wherein · 

m:yl coruain 6 to 10 carbon. atoms 
and lower alkylcnnhrins 1to6 
carbon aroma. 
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A mare p.refen-ed group of compounds of the present invention is represented 

by formula (ll): 

wherein: ~ 
5 R l and R2 are hydrogen or fJa1ogcn; R3 is a dibalogen. substituted benzyl; R4 

and RS m:: lower alkyl contahling l 10 3 carbon atoms or R4 and RS are joined 

10 form aliqdic or hdemcyclic tings se1ecled £ram the group coosisting of 

The most prda:red compounds of die present invention are set fonh below: 

10 2{(4-bromo-2-fluomphBD.~l]-l '-[(1-methylethylidene)amino]spiro­

rJ.SO<I.uinoline-4(1H)S·pyrrolidiue]-1,2'.3,S'(2H)-tettone; 

2-l.(~bromo-2-fluoropbenyl)methylJ-6-fluoro-1'-[(1-meth,tethylidene)amino]­

spiro-[isoquinoline-4(1H),31-pynolidinc]-l.2',3,5'(2H)-terzone; 

2-[(4-bmmo-:Z..fluoropheayl)methyl]-1'-[(1-ethylpropylidene)audno]spiro[iso--
15 qmnoline-4(1H),3'-pyrrolidine]-1.,2',3.,S'(2H}-tcuone; 

2-[{4-broIDo-2-fluomphclyl)metbyl1-l '-(cyclopemylldeneamino)spiroflSO­
qllinolino4(1H),3"-pyirolidio.eJ-l,2'.3.S'(2H)-tetmae; and 
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2-((4-bromo-2-fiuoropheo.yl)methyl]-1 '-[(tdrahydro-4H-pyran-4-yJideae}­

amino]spiro{isoquinoline-4(1H),31-P}'m)lidine]-l,2',3,5'(2H)-tettooe. 

I 
i 

I 
I 

The rompoDDds of formula (1) an possess ai least one asymmetric carbon arom, I 
namely rhe spin> carbon aiom at position 3' of the pym>lidine ring. The compounds of 
formula CO therefore exist. and may be isolated, in two or more stcrcoisome:rlc form."L 

This invention encompasses lbe compounds of fonnnla (I) in racemic form '1r in any 1

1 optically active form. 
, I 
The alk:ylidene analogs of 1 t-aminospiro[isoquinollne-4(1H),3'•pyrrolidinc]- I 

1,2'.3,5'(211)-tetrones Can be prepared by the processes descrlbed hcreimfta'. J 

A mctho~ is pJOVided for preveming or relieving diabetes mcllitus associated I 
complications in a diabetic mammal by administering to aid mammal a prophylactic or I. 
alleviating amount of rhe compounds of formula (I). Such complications include "f 
neumpathy1 nephropathy, ~pathy. keratopathy. diabetic uveitis, catamots mi 
linritedjointmobility. . 

The compounds of formuJa (J). when admixed with a phatmaceutically I 
acceptable cmicr,. form a plumnacct1tical eomposi1:i.on w~h can be used acco.rd.iDg TO ! 

I 

the preeeding med1od. 

The alkylidene analogs of 1 '-aminospiro[isoquinolin.e-4(lH),3•-pyrmlidinel- . 

lt2.',3S(2H)-tetrones of this invention ma.y be admhristered. to mammals, for ! 
examp~ ~ oattle, or rabbits, either aloDe or in dosage forms, ie.t capsules or ! 
~combined with phannacologicaly acccptab1e excipienl& I 

l 
The compounds of this invention may be given orally. ~. the method of l 

administering me present active iDgidents of ams inventim is not to be construed as j 
limited to a~ mode of administration. For example, the compounds may be I 
admiD,i.smred topically dimctly to the eye in the £otm of drops of stedle,, buffered 

. I 
ophthalmic solmions, preferably of pH 7.2-7.6. Alao,. they may be admillisteted orally 

1
1 

m solid fonn containing such excipieo.ts as stmdi. milk sugar, certain typeS of clay and 
. so forth. They may ahu be: adminjstered ordlly in the form of soludons or they may be . 

mjecr.cd ~1tJrally. For parente.ral adminismdion. they may be used fn the form of a 
sterile solution, preferably of. pH 7 :J.-7.6~ CODtaiDiug a pharmaceutically accept8blc 
buffer. 
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· The dosage of the alkylidene analop of 1 '-aminnspiro[isoqninolino4(1.H).3'­

pyrrolidine]-1,2' ,3,5'(2H)-tctl0lles will vary with the form of administration and the 

particular compound chosen. Furthctmo~ it will wry with the panicalar host under 
treatment. Generally, tteatmmt is iniliated '\\'ith small dosages subslandally l~ than 

the optimal dose of the compound. Thereafter, the dosage is incrcascd by small 
ina:emems unril efficacy is obmincn In general, the compounds of this invention arc . 
most desitably administered at a CODCentxmion level ttw: will generally afford. effective 

resolts without causing any hmmt\J.l or deleterious side effects. For topical 

~ a O.OS-I.O'J, solution may be administm:d dmpw.ise in the eye. The 

frequency of instilla1ion varies with the S1lbject under treatment from a drop every two I 
or three days co once daily. For oral or pmeDteral administnuioa a preferred level of . 

dosage ~ges from about 0.1 .iig to about 1.0 mg per kilo of body weight per day, I 
although af.mmlcntioncd variaiions will oce11r. However, a dosage level that is in the 
iange of from abom 0.1 mg to 8bout 1.0 mg per .kilo of body weight per day is most 

sallsfacmry. 
f 

Unit dosage forms such as capsules, r.ablers, pills and the li1m may coatain from 

abom S.O mg 10 aboot 25.0 mg of the acd.ve ingredients of this invention with a I 
phannaceutical canie:r. '1.'hUSy for oral achnjnis11'1.tion, eapsules ean contain from 
between about 5.0 mg to about 25.0 mg of the aetive jngrediems of this invention with 

20 or without a phatmaceu.tieal dilucnt. Tablets, either effervescent or noneffervescent I 
can contain between about 5.0 to 25.0 mg of the acdve ingredients of this invendon 
together with conventional. pbannaceutiral caaiers. Thos tablers,. which may be coated 

and either effervescent ot xr.oneff~ IIJ1f be prepared according to rhc koowii 
art. lucrt diluerm or canien. for example, magnesium carbonate or Jactose. can be 

25 used together with conventional dishuegratlng agents for example,. magnesium steaiatc. 

The allcylidene analogs of 1 '-aminospira[isoquinolio.e-4(1H).3•-pyrrolidinej- 1 

l.2',3~'(2H)-te1XOues also can be used. in combination with. insulin. or oral I 
hypoglycemic agents to pmdnce a beneficial effect in the tteatment of diabetes mellitus. 
In this inst.ancc, commexcially 'available insulin pzeparatioos or oral hypoglycemic I 

I 

30 agmrs, exemplified by acetobexamide. ch~ tolazamide, toJburamJde and 
I 

phe:ofor.min, are suimble. The compounds l:aereof can be adminisren:d sequendally or 

. simultaneously with insulin or. the on1 hypoglycemic agent. Suitable methods of 

admioistxation. compositions and dales of du: inmlin prepaxatiao. or oral hypoglycemic 
agent are cbmibed ill medical ~xtboob; for~ Physidag.r• Dale kference, 42 

35 ~ Medical Economics Co., OmieU, N.I •• U.SA, 1988. 

• .. J ••••• : ... •• 
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The aldose reductase inbJ.Diting property of the compounds of this invention and 

the utilization of the compounds in preventing, diminishing and alleviadng diabetic 

complications are demonstrable in experiments using galactosemic rats, see 

Dvomik et al •• Science, 182~ 1146 (1973). Such experiments are exemplified 
5 heteinbelow a.frer the listing of the following general comments pcrblining 10 these 

cxperin ienrs: 

10 

lS 

25 

30 

(a) Four 0t more groups of six male I1113. 5().. 70 g, Spmgue .. Dawley sl:l'ain. . 
were used. The fiist: group. the comrol group, was fed a mixture of laboratory chaw I 
(rodent labotatory Chow~ Purina) and glncose at 20% (w/w 'I>) concentration. An 

untreated galactosemic group was fed a similar diet in which galactose was substituted 

1
1 

for glucose. The third group was fed a diet prepared by mixing a given amount of rhe 

test compound with the gaJactose comainiug diet. The conccnnrion of galactose in the i 
diet of the u:eated groups was the same u that forth,, nntrealed ~ic group. 

(b) After four days, the animals~ JWled by eutluuDzadon. Both the Jcm 
ml scialic nerve wexeremoved, weighed and s1Dred frozen b" polyol de1amination. ., I 

(c) The polyol determination was performed by a modification of the I 
procedure of M. Kram! and L. Cosyns, rnn. Biochem.,. .2, 373 (1969). Only two 

minor magent changes were made: (a) the dnsiog mixture was an aqueous 5% (w/v) 

1 
trichloroacetic acid solution and (b) tho stock: solnti.on was prepUT:ed by dissolving 25 
mg of dulcitol in 100 ml. of an aqueous trichloroac8tic acid solution. [N.B.: For ea.ch 

experiment the a.vaage \."aluc found in the tissue from rats fed the glncose diet was 
StJbmlcted from the individual values found in the C01TCSpOJ1ding tissue in galactose-fed 
rats to obtain the amount of polyol accumulated.] The aldose i:eductase inhibiting 

effeas of the compo1.D1ds of formula (I) were also tested by employing an in vitro 
teSting procedure similar ro that described by S. Hayman and I.IL Kinoshita, J. Biol. 

Chem • ., 240. 871 (1965). In the ~t case the procedure of Hayman and Kinoshita 

wasmodi&d in that the final chromatogiaphy step was~ in the prepamion of the 
cnzymtJ :from bovine leas. 

The following tabul.al.ed results show that the alkylidene analogs of 1 '­

aminospiro[isoquinolinc-4(1B),3'-pyr.rolidine]M 1,21,3,5'(2H)-tettoncs oftbis invemion 
show the propen;y that they aro active in vivo and dhni.n;sh the accumulation of dulcitol 

' in rhe ~sciatic nerves and diaphragm of mts fed plactOSC. The figures UDdcrL, I 
N, a.ad D represent the pe™t.age dea:me of duJcitol accumalation in the tissues of 
the lens,. sciatic nerve, and diaphtagm, iespectively, for treated rats as oompm:d 10 

1llltlated rat& 

1i1i1iii1ilii 
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ALDOSE REDUCfASE INHIBITORS 

• 

"Lowedng CJaladiml 
9& lnbibition Aecuamlation . ·~ 

InVatro In Vivo 
111 R 1 

R ICBs 8 S6 53 89 95 N=, 10..8 30 82 86 

CH:i 0.9 NS 60 60 

F 
ICBt 

5 Zl 58 84 97 N=i!!' Clla. 1.1 NS 47 85 

/CHA 
B N=C 

.~CB, 
0 Sl 71 98 

H N==O 0 48 76 82 

H N-0 36 56 89 
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The invention also includes a method of preparation of a compound having 

foanuJa I,. in which the compound having formula Ia 

(fa} 

where Rl. R2.. and R3 are as defined above is mu:t.ed with a carbonyl compound 

having the fommla R4COR5,. where R4 aad RS are as defined abov~ or a taetive I 
dcrlvaJ.ive thereof? for instance, an acetal derivative.. The methQd can be cmied in t 
conventional manner for the~ of Schiff bases.. · 

The invention also includes compounds having formula Ia as illustrated and 

defined above as new snbmnces useful as chemical :in1amediates. The invention also 

includes a method of prepararion of a compound having formula Ia, as il1ustrated and 
defined abo~ in which a dicarbox.ylic acid having the t'ormula. lb 

(lb) 

. . 
where Rl, R2 and R3 are as defined abov~ or a teaClive daivative thereof is converted j 
into an imide by teaetion with hydrazine. This lllethod is prefeiably carried out by 

reacting a mono (lower alkyl) ester Of the ~lie acid wilh a reagent that aci:ivams I 
the carhoxyl group of the monoester and reacting the activated compound with . 
hydrazine. 

The aforesaid me~s of preparation ~ illustrated by the following 
process. 
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The Process: 
. 'Ihc alkylidene analogs of l'-aminospirof1S0quiuolino4(lB).3•-pyirolidine]-l,2',3,5'­

(2H)-teenmes of die present invention were prepared by the fOl1owiDg 1'C3dion scheme: 

R1'(X[~al 
I step a> 

~ ~ 
(1Il) 

Rlw~OMe . st b) 1) SOC1.2 I step c) 
ep 2) EtsN. TBF" 

R1W
00

~0 ,, I step cl) 

'R,3 . 
0 

(VI) 

0 

(V) 

(VIl) 

R4 I 

NJ._.R11 
N;' 

o R" wherein R4 8nd Rs 
· O o=(R, are as defined above 

N .. R:
3 

step g) 10-campha:sulfonic add (cat.) 

{JX) 

whcwin: 
10 Rl is halogen or hydrogen, B.3 is disubs1itut.ed araJkyl and R4 .. R5 are alkyl, 

h:ydrogmi ar joined 10 form a1icyciic and. hctctocycli.c Iings. 

liii1UT 

I 
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Step a) Reacting either 2-brcmobenmic acid or 2-chlorobeozoic acid of formula 

(III) wherein Rl is as defined above with dim.ethyl malona.te and NaH in tho pre.sencc I 
of a catalytic amount of CuBr to produce the propanedioic acid dimethyl ester of 

fommJa (IV) wherein RI is as defined~ I 
The 2-btomobemoic acids .or 2-chlorobenzoic acids of formula (Ill) I 

n:quin:d for the ~t invention are commercially available componnds '?!" can be 

prepared by known methods. 

Srep b) The propanedioic acid dimethyl ester of formula (IV) can be reacted with 

tbionyl chloride under refluxing conditions to produce the com:sponding acid chlodde ! 
10 which upon. treatment with E~ in a. conventioaal solvent which does not adversely I 

influence the reaction+ for example, r.ctrah.ydmfuran, can produce the compoUDd of ; 

fommla (V}, where:iD Rl is as defined above. t 
Step c) The compound of formula (V), wherein Rl is as. defined above, is reacted 

with R3-NH2 in the presence cf EtaN in a conventioml sol"\-ent which does not 

15 adversely influence the reaction, for example. DMF. produces the compound of the 
formula (VI). wherein Rl and R3 am as defined above. 

s~ d) The compound of fomm1a (VI). wherein RI and R3 axe as defined above. is I 
reacted with an· inoxpnic base snch as potassium carbonate in a conventional solvent I 
which~ noc :dvemely influence the reaction, for example, N,N-dimethylfmmamide 

20 and subsequent adciirion of 1he ten-butyl b.romoacetate produces the compowd of I 
formula (VIl), wherein R 1 and R3 are as defined above. 

.Step e) The compound of formula (VII), wherein R.1 and R3 are as defined above, 

can be reacted with an organic acid auch as trltluoroa.cetic acid in a conventional 

solvent which does not adve.rsely influence the reacti~ for crample. methylene 

25 cldor.ide. to prodaCe the compouDd orf'omlula (VDI), wherein Rl and R3 are as defined 
above.. 

Step f) The compound of fmmu1a (Vll[). where:in R1 and R3 are as defined 
above. can be reacted with a coupling agent such as 1-(3-dimethylaminopropyl)-3-

·. ethylcarbodiimide (DCC')/1-hydroxybc:nzotria.zole (HOBT) in a conventional solvent 
30 which does not adversely inflnence the reaction~ for example. N, N­

dimethylformamide, and subsequent addition of hydrazine and Et~. produces the 
compolllldoffomnda (IX). w~Rl andR3 are as defined above. 
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I 

I 
' .I 

Step g) The compo~ of fonnula (JX)., wherein Rl and R3 are as defined above I 
can be reacted with R.4~ in the presence of a catalytic amount of any acid, for I 
example. 1()..camphOl'SUlfonic acid,. to produce the compound of formula (X) .. wherein 

Rl,. R37 R4 and RS are as defined above. 

'Ihe following emnp1es fia:therillustratc this mvcntioD: 

IXAMJ!LE 1 
I 
I 

2-[(4-Bromo-2 .. nuoropheuyl)methyl]·l '·I(l•ethylprop71idene)aminoJ- I 
spiro[isoquinoline-4(1H),3'·P:flTOlidine)·1,l',3,S'{2H)-tetrone I 

Step a) (2 .. CarboxyplleuyJ)propanedioic Acid DimcUlyl Ester !. 
"t 
I 

To a rapidly stirred cold suspension (OOC} of 2-bromobenzoic acid (30.0 g, I 
149.32 mmol), _cuprous bromide (2.14 g, 14.93 mmol) and dimethyl malonatc (300 I 
mL) was added Nall (80$ in mineral oil, 10.75 g, 358.37 mmol) over a 30 minute l 
pmiod, -while a stream of chy N2 was passed over the mixtule. After the addition at the i 
NaH bad been~ 1he mixtm:e was stined for 10 minutes at :room temper"'Ature I 
and 30 minutes at 700C (extemal oil bath temperature). At this point.. the suspension ! 
had turned ro a solid mass, which was dissolved in H20 (1000 mL}. The aqueous j 
layer was e:macted with diethyl ether (3 :x 500 .mL) and was acidified with HCl (2.N}~ I 
The mixture was ema~ with BtOAc and dried over MgS<l4. Evaporation gave an i 
off-white solid which was ~tallim:J from Bt20/hexane (after cooling to -20°C} to ! 
give a whire soHd (34.2 & 90.9$, m.p. 119-120°C). · I 

I 
. I 

ia NMR CDMSo-dt;~ 400 MHz>: a 3.67 rs. 6H, -ca:<co~hJ. s.12 cs. 1H .. I 
~C02CH3)2]. 1.3 (d, I= 7.76 Hz, lH. Ar-Ii). 7.45 (dt~ J = 7.~ Hz. 1.12 Hz, 1 

l~ Ar-H), 7.6 (dt. J = 7.66 Hz, 1.45 Hz, IK Ar-ID~ 7.94(~1=7.8 Hz. 1.33 Hz, I 
m, Ar-ID, 13.2 (s. lH, -COiB) I 

! 

IR. (KBr .. cm-1): 3300-2700 (CC>.28). 1750 (CO). 1730 (CO), 1680 (CO) 
MS (m/e): 252 (M+). 220 (M+-GllsOH), 188 (M+-2xCH~H) 

; AnaL Ca.led.: C, 57 .14; H. 4.80. 

Pound: C, 51.0S; H; 4. 78. 

I 
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The fbllowing compounds were pn:paml io su~tanfially the sam.e maDner a 
that of Example 1. Step a): 

(2-Carboxy-6-fluoropbenyl)propanedioic Add DimethJI Ester 

lH NMR (DMSO-c16, 400 MHz): 8 ~-68 ['1 6H, (-C~. S.79 Is. ~ M-
5 .Cll(CC>JMc)21. 7.12 (~ 1 = 10.06 Hz. 2.61 Hz, 11!. Ar-H), 7.33 (dt, J = 8..48 ~ 

2..64 Hz. m, Ar-m., 8.03 (dd, 8.77 Hz. 6.17 Hz, ~Ar-ID 

IR. (KBr, cm·I): 3400-2700 (~ .. 1730 (COh 1680 (CO) 
MS {m/e): 270 (M+), 238 (M:+~30H), 210 (M+-CH30lt -CO), 151 (M+-CH3<)H. 
-co,. -COJQl3). 

10 AnaI:. CaJccl.: c, 53.34; a 4.10 

Found: c, 53.36; II. 3.93 
m.p. 121..S..123.0°C. 

(2-Carboxy-Ci-c:hlorophenyl)propaneclioic Acid Dimethyl Ester 
·~ 

lH NMR. (DMSO-d6. 200 MHz): li 3.69 [~ 68~ (-CD2Me)2],. 5.78 Is, lH, Ar· 

lS CH{C~)if, 7.38 (d, I= 1.8 Hz, lB, Ar-!i), 7.58 (dd, I= 7.8 Hz, 1.8 Hz, lB, 
Ar-lD, 7.96 (d, J = 8.2 Hz. IH, Ar-I!), 13.S (br s, lH. -COiH) 

m. (103.r, cm-1): :3.200-2700 (COlH), 1760 (CO), 1740 (CO) .. 1690 (CO) 
MS (m/e): 286 (20 A1+), 254 (64, M+-CH30H), 222 (60, M+M2 x CH:i<)H) 
Ana1. Oded: c.. so.is; a ,3_37 

20 Found: c, 50.40; H, 3.87 

m.p. 125-127°C. 

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

lH NMR (.DMSO-d(). 400 MHz): 5 3.68 [~ 6H,-(C~iJ, S.14 (S7 1H. Ar-CH·), 

1.S (d, J = 2.02"lh~ lit Ar-JD .. 7.70 (d~ J = 8.4 Hz, 1.98 Hz. 1~ Ar-ID, 7.87 (d, 

25 J = 8.41 Hz. ~ At-li) 

IR. (ICBl', em-1): 3400-2300 (co,.H). 1745 (CO). 1720 (CO)io 1695 (Ql) 

\ MS (mle): 3.30 (M-fh 298 (Ml"-CHsOB) 
Anal. Calcd.: C, 43.53; B, 3.3S 

Found: C 43.56; H. 3.23 
30 m.p. 127-128°C. 

11i1iiUf 
I . 
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Step b) 3-Metlloxy·l .. oxo-lH-Z-benzopyran-4-carboxylic Acid Methyl 
Ester 

A mixmre of (2-carbox)'Phenyl)propam:dioic acid dhnetb.yl ester (10.0 g, 39.68 
mmol) and so~ (100 g) was mfluxed for 2 hours. 'Ihc volatiles were temoved in 

5 vacuo and the crude prodnct (acid cbloridc) was dissolved in THF (200 m.L). 

Triedtylamiae (Tl .64 mL. 198.4 mmol) was added aud the mixtme was ~for 30 I 
minulES. Tho yellowish susptmion 1'U poured into HCl (IN,. 1000 1l1L), extracu:d 
wkh EtOAc and the organic extracts were dried over MgS(4. BvaporatiOll and 

crym.llizarioo. from aCetone/etberJhexane (afte.r cooling to -20°C) gave a white solid 
10 (87.6 g, 94.4'ib,. m.p. 129-1300C). 

lH NMR (DMSO-d& 400 .MHz):8 3.82, (s, 3H. -~. 4.03 (s. 3H, -Oldsz). 7.42 

(t, J = 1.26 HJ; ia Ar-:W. 7.8 Ct. I= s.2 &. lH. Ar-ID, 7.9 (~ J = 8.3 lb;. IR,.. 

Ar-ID. s.1 Cd, 1 = 7.2.6 Hz 1.H..Ar-ID 

IR (KBrt cm-1): 1740 (CO), 168S (CO) 
15 MS (m/e): 234 (15,. M+). 206 (38.S. M+-CO),. 203 (14 M+-OMe) 

.Anal. Calcd..: C, 61.59; R 4.30 

Found: c 61.s2; a 4.29. 

r 

'l'he following compounds were pmpared in sobstantially the same :maone.r as 
that or~ 1, Step b): 

20 6-Fluoro-3-metboxy-t .. oxo-IH-2-benzopyran-4-ca.rhoxylic Acid, Methyl 
Ester 

IH NMR (DMSQ-<16, 400 MHz}: 8 3.81(s,38, -~. 4.06 (s. 3H,.-0.CH3-), 

7.27 (dt. l' = 8.3 Hz..~ Ar-B). 7.8(dd.J=11.33 Hz, 2.49 Hz, 1~ Ar-ID, 8.16 
Cdct.1 = s.92 &. 6.2 Hz. m.. Ar-m 

. 
2S IR. (KBr,cm.-1): 1750(CO)~1685 (CO) 

MS (m/e): 252 (24. M+). 224 (54, Mt"-CO) 
Anal Calcd.: c. 57.15; Ii, 3.60 

Found: c, S7 .19; H. 3.57 
m.p. 142-143°C. 
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6-Chloro-3-methoxy .. 1-oxo-lH-2-benzopyran-4-carboxylic Acid l\fet•yl 

&ter 

lH NMR (DMSO-Dc;, 400 l\.IHz): 8 3.81 (s, 3H, -CQ2CH3), 4.05 (s, 3H, -0.Q!b), 

7.44 (dd.1 • 8.56 :&, 1.99 Hz, lH, Ar-H>. 8.06 (m, 2H. Ar-W 

S IR (KBr, cm-1): 1750 (CO), 1690 (CO) 
MS (m/c): 268 (34, M+~ 2AO (86, M+-CO) 
Anal. Calcd.: C, 53.65; II, 3.38 

FoDDd: ~ 5359; B. 3.35 
m.p.. 194-19S°C. 

10 G-Bromo-3-methoxy-l-oxo .. m .. 2-benzopyran-4-carboxylic Acid Methyl 
Ester 

lH mm. (DMSO-d(;, 400 Ml-lz}: 6 3.81 (s, 3H, -CO,.Clb). 4.05 (&, 3H, -~, 

7.6 (dd, 1 = 8.38 Hz. 1.77 Hz. .m Ar-ID, s.o <~ 1=8.39 Hz. m. Ar-.ID. 8.23 (d, 

J = 1.95 Hz, lH. At-ID 

lS IR (KBr, cm-I): 1740 (CO), 1680 (CO) 

MS (m/e): 312 (17 M+), 284 (45, M'"-CO) 

Anal Calcd.: c. 46.03; H. 2.90 
Found: c. 46.12; a 2.62 

m.p. 200-201-C. 

20 Step c) 2-((4-Bromo-2.-0uorophe11yl)methyl)·~·tetrab1dro-l,3- , 
dioxo-4-isoquinoliueea:rboxylic Add Methyl Esta-

To a solution of 3-medioxy-1-oxo-1H-2-benzopynm-4-catboxytic acid methyl 
ester (S.O g, 2137 mmo1) in D~ (100 mL) wem added 4-bmmo-2--tluarobem.ylamine I 
(4.36 g. 21.31 ttmi0l) and EtsN: (5.96 mL. 42.74 :rnmol). The :mixtm:e was stb::red at I 

2S 8QDC for 30 tninutesi poured ~io H20 (1500 mL). acidified with HCI (2N) and 
extracted. with BtOAe. The organic extmcts ~dried over MgS~ Bvapomtion and 

ciysfallization from aceionel.hexane (after cooling In -2D°C) gave a white solid 0.6 g • 
. 87.7 %, m.p. 149--lSO°C}. 
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lH NMR (DMSO-d6, 400 MHz): a [3.67 (s), 4.0 (s), 3H, ..C~ tauttlEllerlc], [S.06 

(q), I = 15.4 Hz, S.30 (s), 2H. -N.Ch-, taUtomeric], 5.4 (s), lH, gi..C02Me, 

tmtnmeric], 7.07-8.43 (m, ~ Ar-B. ~c) 

IR (KBr, =rl): 1670 (CO), 1605 (CO) 

S MS(+ FAB): 4060ID.M++11). 374 (40..,M+ ..ocH3) 

Anal. calcd.: C. 53.22; B, 3.23; N. 3.4S 

Found: ~ S3.19; H, 2.98; N. 3.40. 

The following OOIDp01mds were prepared in substantially the same manner as that of 

Example 1, Step c): 

10 2•{(4•Dromo-2 .. nuorophenyl)methyl] .. 6·ftuoro·1,2,3,4•tetrahydro•l,3 .. 

dioxo+isoquinoliaecarb~lic Adel Methyl Ester 

lH NMR. (DMSO-das, 400 MHz): 8 3.98 (s, 3B, -~ 5.27 (s, 2H, -Nmz-)o 

7.08 (t, 1 =7.9S Hz. 2H, Ar-ID. 7.2 (m, HI, Ar-I:D, 7.34 (m, 2H, Ar-B. -.QID, 7.54 

Cm. lH, Ar-H), 8.1-8.26 Cm. 2H, Ar-li) 

15 1R. (KBr,. earl): 1680 (COh 1660 (CO). 1610 (CO) 

MS (m/e): m (M+), 391 (M+-cHaOfl) 

Anal. Calcd.: ~ So.91; H. 2...85; N,, 3..30 
Found: C, 50.86; H. 2.86; N, 3.33 

m.p. 1S7-158°C. 

20 6·Chloro-l,1,3,4-tetrahydro-2-methyl .. t,3-dloxo-4~isoquinoline­

carboxylie Add Methyl Ester 

lH NMR ](DMSO-da, 200 MHz): S !3.23 ($), 3.44 (~), ta"Dtomcti~ 3H, -N.CibJ, 

[3.71 (s)~ 4.03 {s). mutomeric. 3H. -~ , 7.3-8.4 (tautomeric. Ar-H. -OH. 4H) 
. 

IR acBr:i cnr1): 3440 (OH), 1680 (CO). 1600 (CO) 

25 MS (l:n/e"y; '1Gl (M+), 235 (M+-OMe) 

Anal Ca.led.: C, S3.8S; H, 3.71; Ni S.23 
FoUDd: C, 53.66; B, 3.63; N,, 5.14 

m.p. 166-167°C. 
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6-Bromo-1,2,3,4-tetrahydro·2 .. methyl-1,3-dioxo-4-isoquinoline­
carboxylic Acid Methyl Ester 

' 

I 
IS: NMR. {DMSC>-ci6. 400 MHz): 8 [3.2 (s), 3.42 (s). 3H. tautomeric, N-.CB!], [3.7 I 
(s), 4.01 (s), 3H, taotomeric, -C0:l.CB3), [S.33 (s), lH, tauto~ Ar-.CR-J,. [7.5 

(dd). 7.8 (dd), tautmm:ric, 1H, .Ar-JI, cs.a (d), s.os Cd),. tautQmeric.. m, Ar-ID. cs.st 
(d), 7.63 (d), ~ lH, Ar-H) 

m. (KBl", cm-1): 166S (CO),. ms (CO) 

MS (m/e): 311 (M+) 

ADal. Calcd.: C, 46.18; H,. 3.23; N, 4.49 

10 Foond: C 45.83; H. 2.77; N. 4.38 
m.p. 190-l91°C. 

Step d) 2·I(4-Bromo-2-f1110rophen,l)111ethyl] .. 1,2,3,4.tetrabydro4 .. ·l . 
(methoxycarbonyl)-1,l-dioxo-4..isoquinolineace-tic Acid 1,1-Dimethyl! 
ethyl Ester 

1 

15 To a suspension of 2-[(4-IJromo-2-fluorophenyl)methyl]-1,2,3,4-retrahydto-

1~-dioxo-4-isoquinolinecarboxylic acid methyl ester (4.79 g, 11.58 mmol), K:iC03 I 
(3.19 g, 23.16 mmol) in DMF (100 DJL) was added tert-bu1'1 bromoacetate (2.81 mL, 

1737 mmol). After sUn:ing at 75°C for 1 honr, the mixture was poured into H20. I 
extracted with EtOAc and dried over MgS04. Evaporation and pmification by flash I 

20 chromatography (hexandBLOAc 411) gave a clear oil (S.69 g, 94.5%). 

1H NMR (DA-tso-d6, 400 M&): a t.04 Is, 9H, -~)3J .. 3.53 ~ m, -c02CH3). I 
3.60 [dd, I= 17.7 Hz. 2B, -.Cl:l2C02(CH3)3], 5.14 (s, 2H, NCH2-), 7.17 (t J = 

8.25 ~ 1H. Ar-H» 7.36 (dd, I= 8.36 H.z, 1.15 Hz, IB, Ar-ID. 7.6 (m, 3H, Ar-ID, 
7.77(dt,I=1:2 Hz. 1.27 Hz, lH, Ar-B), 8.19 (dd. J = 8.2S lh. 1.54 ~ lH. Ar-

25 m 
IR (CHCl3, cm-1): 1720 (CO), 1675 (CO) 

MS (11J/e): 520 (M: + H)+, 464 fW"..C(CHmJ. 
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The following compounds ~prepared in sub~1a11tially the same manner as 

tbat of Example 1, Step d): 

2-[(4 .. Bromo .. 2-tluorophenyl)metbyl]-6-nuoro-1,2,3,4-tetrallydro-4 .. 

(methoxycarbonyl)-1,3-dioxo .. 4 .. JsoquinoJineacetic Acid 1,1-Dimethyl-

5 ethyl Ester 

lH NMR (DMSQ..d6. 200 MHz): 3 1.10 (s, 9a ~). 3.SS (s, 3H. ~CH3). 

3.62 (d,. l = 17.5 ~ ~ -c.fbC02CMe3), 3.75 (d, l = 11.5 Hz. 1H. 

~()zCMe3)1 5.15 (s, ~-Nab,-). 7.15 (t. J = 8.2 Hz, lH, Ari-H). 7.35 (d, J = 
8.2 Hz, 1H. Ar-H.), 7.45-7.70 (m. 3H. AT-H), 8.38 (dd, J = 8.16 Hz. S.70 lb:, lB. 

10 Ar-B) 

IB.(KBr .. cm-1): 1750 (C0),.1720(C0),1675 (CO) 

MS {m/e): 538 (M + H)+,. 481 (M+ + H-CM.e;) 

Anal. Calcd.:: C, 53.55; a 4.12; N. 2.60 

Found: C. 53.49; II. 4.00; N. 2.63. 

15 6-Chloro-l,2,3,4-tetrahydro-4 .. (methoxycarbonyl)-2-methyl .. 1,3 .. dioxo-

4-isoquinollneacetic Acid 1,1-Dim.ethylethyl Ester 

.. 

lH NMR (DMSO-d& 200 MHz): o 1.06 (s. 9H. -CO:iCMC3), 3.3 (~ 3H. -Neh). 

3.6(~~ -CQ2.W3). 3.0I (q. I= 17.5 Hz, 2H~ -CH2C02CMe3). 7.68 (dd, J = 9.0 

Hz.. 1.6 Hz. lH, Ar-ID, 7.77 (d, 1 = 2.0 Hz. lH. Ar-ID, 8.21 {d, J - 8.2 ~ 1H.. 
20 Ar-ID 

IR(Dr .. cm-1): 1740 CCOJ .. rno CC0).16socco) 
MS Qn!e): 381 (M+) 

A1lal. cal.cd.: C, S6.82; H. 5.28; N. 3.67 

Found: C.. 51.00; a 5.41; N ... 3.66 
2.i m.p. 1'3S-136°C! 

.6-Brom(a-1,2,3,4-tetrahydro .. 4 .. (metboxycarbonyl)-2-methyl-l,3-diox:o-
1 • 

4-isoquiaollneacetie Acid lrl-Dimethylethyl Ester 
! 

lH NMR (DMSO-d6, 200 Milz): a 1.0S[s, 9H. -ccc:Jili], 3..28 (Sa 3B,. -N~), 
' 

3.59 (s,3H, ~) .. 3.58 (~ J = 17.03 ~ 1H, -.cH:zC()z-). 3.67 (d, J = 17.03 
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I 

Hz, lH, -,ChC02-). 7.81 (~I= 8.~ Hz, 1.85 Hz. lH, Ar-ID. 7.88 {d, J = 1.81 I 
Hz, lH,. Ar-W. s.os Cd. J = 8.4 .Hz, t~ Ar-!:D I 

I IR (KBr~ cm-1): 1740 (CO). 1710 (CO), 1670 (CO) 

MS (m/e): 42S GA+h 370 (M+ -<481), 352 (Mt"-QligO) 

Anal Calcd..: A~ 50.72; H, 4.73; N, 3.29 

Fomid: Cs S0.41; H, 4.68; N, 3.12 
m.p. 152--153°C.. 

Sf"!' e) 2-l(4-Bromo-2-llnoropll.,.,71)methylJ·1,2,3,4-telrali I 
4-(metlloxycarbonyl)·l,3·dioxa-•-isoquino1ineacetic Acid 

10 A. mixture of 2-[(4-bromo-:Z..fluorophenyl)methyl]-1,2,3.,4-te&rahydro-4w , 

(methoxycarbonyl)-1,.3-diaxo-4-isoquinolineacetic acid 1,1-dimetb.ylethyl ester (S.19 l 
~ 9.81 llllll0l1 CH2Cl2 (100 mL) and CF3C02li (20 ml..) was sthred. at room '.r 
temperature for 5 homs. The volaciles were :removed in vacuo and the residue was 

purified by t1ash chromamgmphy on acid washed silica gei (5% H3P04 m MeOH), ~ I 
I 

15 give a white solid (4.12 g, 90.5% .. m.p. 139-140°C). 

l!i NMR (DMSO-d(;, 400 MHz): & 3.54 (s, 3H, C02Cfu), 3.64 (q, l = 17.67 Hz, j 
2a .clf2COzH), S.12 (q, J = 15.34 Hz, 2H, -NCB2-). 7.14 (~ J = 8.22 Hz. lH, Ar­

l:D. 7.3 (cl, J = 8.3 Hz. IH. Ar-H>~ 1..S-1.6 (m,, 3H. .Ar-ID,. 7.76 (d, 1•·1.4 Hz., ~ 1
1

· 
Ar-B). 8.16 ( d, J = 7.8 Hz, lH. Ar-H). 12.35 (s. 1~ -~ 

. I 
20 IR (KBr, cm-1)= 3280 (QH13200-2700 (<D2H). 1750 (CO). 1720 (CO).. 1615 (CO) 

MS (rD/e): 463 (M-t-), 445 (M+-H, -OH) 

Anal Calcd.: C, 51.28; H, 330; N. 2.99 

Found: C, 51.26; a 3.48; N, 295. 

The following compound was obtained in snbswttially the same manner as that 

2S ofExample l, Step e): 

2·[(4·Bromo-:2-flnoropkenyl)methy1J..(i.fluoro-l,2,3,4-tetrahydro .. 4. 
(metboxycarbonyl)-1,3-dioxo .. 4-isoquinolineacetic Acid 

: 1H NMB. (DMSO-dd. 400 ?14Hz): 3 3.56 (s, 3H, ~. 3.6 (d. J:::: 17.9 Hz, IH. 

-~C02H), 3.8 (d, J ... 17.9 Hz, lH, -:CH.2C02H.). 5.1 (dd, 1 = 15.S Hz, 2~ 

30 -N.Qh-), 7.12 (s, J = 8.23 Hz. lB, Ar-ID. 7.31 (dd, I = 8.28 Hz, 1.68 ~ 1H. Ar­

m, 7.45 (dt, J = S.56 Hz, 2.S Hz. lH, Af..B), 7.54 (<kt. 'J = 9.11Hz,1.89 Hz, 1H, 

·, t. 
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. -W- I 
Ar-li). 7.64 (dd. J = 9.61 Hz.. 2-46 Hz. lH, Ar-& 8-23 (dd, J = 8.79 Hi:, S.81 l-h. 

1H, Ar-ID. U.67 Cbr ~ lB. -eo,m 

IR (KBr, cm-1): 34()()..2700 (COiH), 1745 (CO), 1710 (CO), 1670 (CO) 
MS (pik}: 481 (M+), 405 (M+-C~ -CR30H) 

5 Anal. Cticd.: C. 49.81; H, 2.93; N, 2.90 
Found: C. 49.94; H, 3.03; N .. 2.84 

m.p. 132-133.S°C. 

6 .. ~hloro--1,2,3,4-tetrahydro-4-(inethoxycarbonyJ) .. 2 .. methyl-l,3-dioxo-
4 .. jsoqmnolineacetic Acid 

10 lH NMR (DMSO-cfci. 200 MHz): 8 3.27 (~ 3H, -;Cb), 3.59 (1p 3H, ~. 3.64 I 

(q. l = 17.5 Hz. 2H,-CH2C02H). 7.65 (dd.. J = 8.6 Hz. 2.0 Hz. 1B, Ar-ID. 7.78 (d,. jl 
J = 2.0 Hz. lH. Ar-H). 8.18 (d, J s:: 8.0 Rzs lH,. Ar-Bl . 

IR (KBr,. corl); 3440 (OH),. 3200-2700 (C01ll}, 1750 (00), 1710 (CO), 1675 (CO) ., 

MS (mle): 325 (M+) 

15 Anal. Calcd.: ~ 51.63; II. 3.71; Nt 4.30 
Ptnmd: C, 51.73i H, 2. 70; N., 4.23 

m..p. 19S-196°C. 

I
I 

6-JJ.-omo-l,2,3,4-tetrahydro-4-(meth.oxycarbonyl)·2·methyl·1,3·dioxo· i 

4-isoquioolineacetic Acid I 
I 

20 lH NMR. (DMSO-do, 200 ~}: 5 3.26 (s, 3H, N-~h 3.S3 (d, J = 17.2 Hz, ~· I 
-!d;bH), 3.58 (s, 3H, -CO?CH;3), 3.74(~J=17.2Hz.1H.-CH2CO,.H),. 7.77 (~ 
J = 8.2 Hz. 2.2 ~ 1a. A1--H1 1.f:J (d, J = 22 ~ lH, Ar-W" s.o Cd, 1 = 8.2 Hz, 
lll. Ar-ID. 12.64 (~ lH, -C02B) 

IR (KBr,cm-1): 3450-2600 (COzH),.1735 (CO), 1700 (CO),. 1660 (CO) 
25 MS (m/e): 3$ (M+), 324 (M+...COiH) 

Anal. Cilcd.: ~ 45.43; H, 3.27; N, 3.78 
Found: ~ 4S.04; ff,. 3.16; N. 3.62 

m.p. 194-19S°C. 

i11iiJf1UT 
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Step f) 11·Amino·2-[(4-bromo-1 .. nuoropl1euyl)metbyl]spiro[isoquino- ; 
I 

line-4(1H),3'-pyrrolidineJ-1,2',3,S'(iB)-tetrone_ 

To a solution of 2-I(4-bromo-2-fluorophenyl)methyl]-1,2,3.4-tclrah~dro-4- I 
(methox.ycarbonyl)-l~isoquinolineacetfc acid (2.5 g,. 5.39 mmol) in DMF 

S (00 mt.) were added 1-(3-dhnetbylarainopr:Opyl)-3-ethylcarbodJimide hydrochloride I 
QlCC, 1.34 g. 7..0 mmol) and 1-hydroxybemoaiazole hydrate (HOBT, 1.09 g, 8.08 
mmol). Aftc:r stining for 2 homs,. anhydrous hydra2ine (0.22 mL, 7.0 mmol) was 
added dropwi.~ full~ by Et3N (l.S mL. 10.77 mmol) addition. The mixtum was 
&tirml for 30 minuB:s. poumi into Hz(), ncmralized wiJh HCl (2N) and exiracu:d with 

10 BlOAc. The organic =ncm were dded aver MgSC>.i. Evaporation and purification by 
flash cbtomatogra.phy (hcxanelEtOAc 1:1) and subsequent crystallization from 

ether/hexane (after cooling ro -20°C) gave a white Solid (1.68 g. 70.0%. m.p. 9S-
97°C). 

. .. 
lH NMR (D.MSO-cJo. 400 MHz): ~ 3.33 (d, J = 18.2 Hz. 1H, -HCHCO-), 3.51 (~ 

is I= 1s.211z, ~ -Hmco-), s.cn cs, 2H, -N~-). s.23 c~ ~ -NH2>. 1.11 (t, 

1 = s.3 Hz. m Ar-m, 1.33 Cdd, 1 = s.3 ~ 1.1 lh, IH. Ar-l:D. 1.s4 c~ 2.H, k­
m, 1.r13 ct. r = s.s1 Hz, m. Ar-m. 1.19 Cch. r = s.1 Hz. 1.25 11z, ra, Ar-ID s.1s 
(dd, J = 7.7 Hz. 1.25 Hz 1H. Ar-ID 

IR. (.KBr cm.-1):°3340 (NH) .. 1720 (C=0).1670 (C=O) 

.20 MS (Olle): 445(4,. M+) 

Anal Calcd.: C, 51.14; H.. 2..94; N, 9.42 

Found: C, 51.04; H., 2...94; N, 9.30. 

The following compound was prepated in subsmmially the .same tnanner as that 
of Example 1, Seep f) 

25 l '-Amioo .. 2 .. rc 4-bromo-Z-ftuoroplleuyl)met11Ill·6·ftllorospirq[iso­
quinoline .. 4{lH)~'-pyrrolidine]· l,2'~,51(2B)·tetrooe 

! 

lH NMR (DMSO-cf6. 400 MHz): a 3.42 (q.1 = 18.2 Hz, 2H, -QhCO-), 5.05 (s. 

2H. ~N.Cliz-), S.18 (s, 2H, ·Nlb>. 7.15 (t, J = 8.3 Hz. lH.. Ar-B). 7.33(dd,1=8.1 
; Hz, 1.66 Hz. lHa Ar-B)., 7.49 (d~ J = 8.S Hz, 2.29 Hz, lH, Ar-ID, 1.5S (dd. 1 = 

30 9.96 Hz. 1.87 Hz. l'ff. Ar-ID. 7 .6 (dd. I = 9.75 &,. 2.49 Hz. 1e:, Ar-ID, 8.24 (dd, 
J 111: 8.9 H'.Zp S.8 Hz, lB. ·Ar-B) 

il1iii1fir 
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lR (KBr, cm-1): 3350 {!-t1i), 3280 (NHh 1730 (C=O). 1710 (C=Oh 1670 (C=O} 
MS (mle): ~ (94, M+) 

Anal Calcd.: C. 49.16; ~ 2.61; N, 9.05 

Found: C. 49.19; B, 2.66; N. 8.96 
s m.p. 232-234°C. 

Step g) 2-[(4-Bromo-J..Ruoropheuyl)metllyl]-l '·[(l·etlaylpropyJidene)- . 
amino]spiroiisoquinoline-4(1B},3' .. pyrrolidine] .. l,Z' ,3,5'(2H)·tetrone I 

A mixmre af l'-amino.-2-[(4-btomo-2-fluoropheoyl)J:netbyl]sphofuoquinoliae- I 
4(1H).3'-pym>lidlne]-l,2'..3,5'(2H)-tettone (2.0 g. 4.48 mmol)1 3-pentanone (20 ml.) 

IO and 1()..camphorsulfonic ac:id (S mg) w.as stixred at 7S°C for 20 minutes. Next. the 
volab1es WCRJ removed. iA yncuo and the residue was purified by tlash chromatography 

1 
on silica gel (hexane/EtOAc 2:1) to give a white solid (1.69 g. 73.79£, m.p. 144-: ~ 

146"°C). 

lH NMR. (DMSQ.do, 400 MHz): S 0.83 (~ 1=7.47 Bzt 3B, ~), 1.08 (r, J = 
15 7.26 Hz. 3H. -CH2CH3), 2.0 (q, J = 7.47 Hz,~ -~CH3), 2.5 (q, J = 7:JI, Hz, 

28, -!JbCH3). 3.59 (~ ~ -;QhCO-), 5.06 (q, J = 1.S.15 Hz, 2H. -N.cli2-), 7.15 ! 

(t, j = 8.1 Hz, rn. Ar-ID, 7.3 (dd, J = 8.1 ~ 1.66 Hz. 1~ Ar-li), 7.53 (~I= I 
9..96 Hz, 1.87 Bz, llt Ar-ID; 7.65 (dr. J = S.3 Hz, 2.07 Hz.. lH. Ar-ID. 7.3 (~ I 
2H. ~l:I). S.2 (~ 1 = 83 Hz. 1.25 Hz, lH, Ar-ID 

20 IR (KBrcnrl): 1700(C=O_h t670(C=O) 

MS (m/c): 513 (11, M:+), 381 [28, M+-CONN==C(CH2013h] 
Anal Calcd.: C, 56.04; H,. 4.12; N,, 8.17 

Foum: C. 56.44; H, 4.10; N, 8&06. 

The following compQlll1ds we= Piq>ami in substantially the same mannet" as that of 
25 Example 1,. Step g}: 

2-[(4-Bromo·l .. ftuorophenyl)methylJ-1 '-[(l-methylethylidene)am.ino] .. 

spiro(isoquiuolioe-4(1H),3' -pyrrolidineJ-1,2 • ,3,51-(2H)-tetrone 

~ lH NMR (DMS()-dc;. 400 MHz): 8 1.72 (s, 3H7 ~). 2.14 ('7 3H. ...Qb), 3.57 (s, 

m, -:Cf:hCO.),. s.'11Cdd.1=1s.4 az. 2H, -N.CH2>. 1.14 <r.. 1=8.2411z, ra Ar--
30 .IDt 7.3 Cdd. J = 8.24 Hz, 1..S lizs 1H. Ar-ID, 7.52 (&4 J = 9.81 ~ 1.9 Hz. ta Ar- · 1 

H)). 7.63 (~ lH, Ar-ID~ 7.81 Cm. 2H, Ar-ID, 8.17 (d.1=7.63 Hz. 1H. Ar-ID) 
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IR (KBr,.cm-1): 1710 (C=O), 1670 (C=O) 

MS (m/e'y. 485 (78 M+). 387 (100, M+-CONNC(CH3CH3)2) 

Anal. caicd.: C. 54.34; a 3.52; N, 8.64 
Found: C, 54.JS; H, 3.62; N, 8.34 

'--. AHP-9694 

S m.p.127-129°C. 

. 

2-[( 4-Bromo-2-fluoropllenyl)methyJ]-6-t'Juoro-1 '-[{1 ~methylethylj dene)­
aminoJspiro[isoquiooline-4(1H),3'-pyrrolidine]-1,2' ,3,S'(2B)·tetrone 

lH NMR (DMS0-<16. 400 :MHz): 3 1.71 (s, 3~ ~). 2.15 (s., 3H, -CHs), 3.55 

(dd, J = 18..0 Hz, 2H., -CH2CO-), S.05 (dd, I= 15.4 & 2IL -N.Q&-), 7.14 (t, 1 = 

10 8.3 HZs lH,. AJ;~!i),. 735 (dd, J = S.3 Hz. 1.6 Ht. J.B, Ar-B), 7.52 (m. 211. Ar-H), 

7.88 (ckl.. J = 9.96 Hz, 2.5 Hz. 1H, Af..li), 8.27 (ddt J = 8.9 Hz, 6.1 H2:, 1H, Ar-ID I 
IR {KBr.cm-1): 1710(C=O),,1665 (0=0) 

MS (m/e): 503 (10, M+). 40S [l~ M+-a>NN==C(CHa)2] 

Anal OUcd.: Cs 52..40; H. 3.20; N7 8.33 

15 Found: C. S2.2S; B,. :3.08; N. 8.31 
m.p. 152-154°C. 

2-[(4"Bromo·2-ftnorophenyl)methyl]-t' .. (cyclope;ntylideneamino)spiro­

(isoqoinoline-4(1B),31•pyrrolidinel-1,2' ,3,5'{2H) .. tetrone 

lH NMR (DMSO-d& 400 MHz): 8 1.7-1.78 (m, 4H, -CH1CH?CH2CH2-), 1.99 (t1 

20 1 = 7.68 Hz, 2B, -~CH4CH2CH2-). 2.S (t, 1 = 1.26 Hz, :m, 
-CH2.CH2CHQz-), 3.56(s. 2H,~}. 5.0 (d, J = 15.36 Hz, 1H, -NHCH-). 
5.13 ~d. J = 15.36 ~ lH, -NH.cH.-), 7.16(t,1=8.3 Hz.'111. Ar-ID, 7.35 (Cid, J = 

8.3 lh. 1.87 Hz, lH, Ar-ll), 1.53(dd,1=9 .. 75 Hz, 1.87 Hz. lH, Ar-H). 7.65 {dt, 

J = 8.3 ~ l.07 lh, lH, Ar-ID, 7.81 (m, ZH, Ar-ID, 8.2(dds1=7.9 Hz. 0.85 Hz. 
25 l:H. Ar-ID . 

JR (KBr, cm-1): 1705 (C=O), 1670 (C=O) 

MIS (mle): 511 (8, M+) 

~ Anal. Calc4.: C, 56.26; H. 3.74; N, 8.20 

Fonnd: ~ 56.60; H,. 3.74; N. 8.11 
30 ·m.p. 142-144QC. 

.. 

1iiiii1liraced 
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2-[(4-Bromo-:z .. fluoroplumyl)metflyl]-1'-[(tetrabydro-4B-pyran-4·yl .. 
idene)amino]spiro[isoquinoUne-4(1H),31-pyrrolidine]-1,2' ,3,5'(2H)­
tetrone 

lH NMR {DMSCJ..do 400 MHz): & 2..16 (t, J = S.6 HZs 2H. -ahCB20-). 2S1 (t. J = 
S S.8 Hz, 2a -Ol2Cli2Q-), 3.S-3.6 (m. 4H. .QhCO-. -CH~O-h 3.76-3.83 (1nt • 

2H., -CH~O-). 5.06 (dd.1 = 15.15 Hz. 2B. -NC&-), 7.15 (t, J = 8.1.Bz, lH, 
Ar-B). 736 (dd, J = 8.3 Hz, 1.87~lH,Ar-ID.1.SS (Od, J = 9.96 Hz, 2.07 Hz.. 
1H. Ar-I!)- 7.6S (m, 1~ Ar-ID, 7.82 Cm.~ Ar-ID,. 8.2 Cdd. J = 7.68 Hz,. 0.83 Hz. 
lH.Ar-H) 

10 IR (KBr, cnrl): 1705 (C=O), 1655 (C=O) 

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

Anal. calcxL: C, 54.56; H .. 3.62; N, 7.95 
. Found: ~ 54.40; ~ 3.65; N, 7.91 

m.p. 16I-163°C. 

ttiifiaif 
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CLAIMa 

Wedaim: 

1. The compounds of structural formula. (I) 

s wherein: ., 
RI and R2 are independeJltly hydrogen, alkyl containhlg 1 to 6 carlx>n atoms, 

halogen, lower alkoxy containing 1 to 6 carbon atoms, trifluoromethyl, I 
nitto. aryl or aryi (lower alkyl)oxy wherein aryl contains 6 to 10 carbon 

alOmS and lOl\'CI" alkyl contains 1 ID 6 carbon afOmi; 

10 R3 is lower alkyl containing 1to6 carbon atorDs., azyl. aryl (lower alkyl} or I 
<lihalogen subsmntcd uyl (lower alkyl) whetcin aryl Contains 6 to 10 ear:bon ! 

· atO.tD& and lower alkyl conlains l 1D 6 carbon atomJ; 

R4 and &5 are independently hydrogen, alkyl con.raining 1 to 12 carbon at.oms, ! 
aryl, aryl (lower alkyl) wherein aryl contains 6 to 10 carbon atoms and l 

15 lower alkyl contains _1 ro 6 caibon atoms, or R4 and RS aze joined to fonn I 
alicyclic 0th~ rings selected from the group consisting of j 

~(~ ~ V wherein n;::; 1-10; '-.Ix wherein X = 0, S, SO, SCJ:i; 

1' ~ wherein Rs =H. lowa:alkyl 
X wherein X = 0, S; and N-R6 containing 1to6 carbon atoms, 

'=I \._/ aryl or azyl (Jower alkyl)wherein 
myl contain 6 m 10 carbon atoms 
and lower alkyl contains 1 to 6 
carboJ1 atoms. 



--··· 

111111111111111111111111111111 -
AHP-9694 

* C L M S * 
-26-

2. The compounds accoxding to claim 1 of sttU.Cmml fcrmula (ll) 

R4 

N..,... 
N).._.R5 

(II) 

0 

wherein: 
Rl and R2 are hydrogen or halogen; R3 is dihaJ.Ogen substituted bemyl; R4 and 

S R5 are lower alkyl containing 1 to 3 carbon atoms or R4 and RS are joined to 

foml alicyclic or heterocydic rings selected from the group consisting of ., 

3. The compound according to claim 2 2-[(4-bromo-2-Bnorophcayl)methyl]-1 ,_ 

[(l-methylcthyU.dem;)amino]~uinoline-4(1H},3'-pyrrolidine]-l.2'.3,5'(2H)- I 
10 tettone.. 

4. The compound according to claim 2 2-[(4-bromo-2-fluorophenyl)methyl)-6~ 

fluoro-ls-[(1-methylethylidene)amino]spiro-[isoqninoline-4(1.H),3'-pyrrolidine]­

l,2'73,5'(2H)-tetrone. 

5. The compound aOC01ding to claim 2 2-[(4-bromo-2-.fluorophenyl)methylJ-1 '- . 
15 [(l-ethylpropylidcne)amino]spiro[lSOqUinoline-4(1H)~'-pynolidine]-1~',3.5'(2H)- I 

1drooe. 

6. The eompoond a.ccording to claim 2 2-[(4-bromo-2-floorophenyl)methyl]-l '- . 

(cyclopentylideneamino)spiro[isoquiuoline-4(1H)s3'-pym>lidinel-la2'.3.5'(2H)- I 
tetrone. 

20 7. The compoand accordillg to claim 2 2-[(4-brol!lo-2-fluorophenyl)methyl]-1'-

[(tcttahydro-4H-pyran-4-ylidcae)amino)spiro[:asoquinoliue-4(1H),.3'-pyn:olidine]­
l,2',3,51(2H)-tetron~ 
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8. A phannaceu1ical. composition comprising a compound as claTJTM>d in any one of I 
Caims 1 to 7 in combination or assodatioa with a phmnacemically acceptable cmicr. ! 

i 
9. A method of preparation or a: compound as claimed in Claim 1, wherein a. I 
compound having the fommia Ia 

0 

~ wherein Rl. R.2 and R3 ate as defined in Claim 1 or a micti.ve derivative thereof is 

converted :into an imide by reaction with hychazine.. 

li1iiii01r 


