SUBSTITUTED SPI RO PYRI DI.NE DERIVATIVES PHARVACEUTI CAL CCNPCSITICNS = ¢
COMTAI NI NG THEM AND PROCESSES FOR THE PREPARATI ON OF SUCH CCNPCUNDS AND
COVPCSI TIONS The invention relates to conpounds of " the dgeneral fornula | i
[err] R wherein two of the ring atons a,b,c and d nmay be CH or N and the ¢
O\t wo atoms represent CH, Y and Z independently represent o *
psents [err] each R independently represents hydrogen, [err]

4

arr] represents hydrogen or [err]) or -2 Q% Xy, with the
provi ¥ dt only one hydroxy group cgﬂ be attach’aJ rbon atom and
nei t he ¢an be a hydroxy group attached to the Carbon alpha to the ring

nitrogemat the 1-position; each R independently is as defined for R above
except that when V represents 0, [err], may not be hydroxy; [err] may be
the sanme or different and are hydrogen, alkyl having from1 to 6 carbon
atons, hal ogen, nitro, alkoxy having from1l to 6 carbon atons,
trifluoronmethyl, alkylthio having 1 to 6 carbon atons or cyano; [err] is
hydr ogen, al kyl having from1l to 6 .

¥

SUBSTITUTED SPIRO PYRIDINE DERIVATIVES, PHARMACEUTICAL
COMPOSITIONS CONTAINING THEM AND PROCESSES FOR THE
PREPARATION OF SUCH COMPOUNDS AND COMPOSITIONS

The invention relates to compounds of the
general formula I ' '

F\’

g wherein two of the ring atoms a,b,c and d
may be CH or N and the remaining two atoms
_ represent CH;
Y and z"independently to@resent O or S;

(

R

| I
v represents O, S(0),, N-R8 or C:-

R

each R ihdebendently represents hydrogen,
Cy.to Cg alkyl, CH,OH, COR, (wherein R’
represents hydrogen or C; to Cg alkyl) or



car bon atons, carboxylic acyl having from2 to 7 carbon atons, -
al kyl sul fonyl having from1 to 6 carbon atons, carboal koxy having from 2 t
% Carbon atoms, CONH2, phenyl -or pyridyl of which the last two may be -
substituted with up to three substituents, 0, whereby each Q i ndependent
I's hydroxy, alkyl having from1l to 6 carbon atons, halogen, nitro, alkoxy\: -
having from1l to 6 carbon atons, trifluoronethyl, cyano, cycloal kyl havin

from3 to 7 carbon at al kenyl havi.ng from3 to 6 carbon atons, -
al kynyl oxy having fr o%@r?’é"%wy\é{l}} %é% %ﬁ%’ﬁ%‘? T’??rﬁ“:if’v\mer 8?%’%% ErNey PR e
herein and Ra is al kylatitaohery tPrene tarhpnGatanr bod retitines] R §a7 bp & Wiydrexn Ra

is defined herein], j | N | &
dofimed hereiny] . O B D Tupore sBgHe chhon Srr o e IR R4 & bon

defined herein)], O (wherein B is al kyl ene having

atons and Rb is definedehirResifionsr [err] (wherein RCis hydrogen, alkyl
having from katlo B cAddpeAdeitlySis alsk@eBinbaVidrgRf 4wk lexcep 6 thakbeenat ons,
CORd (wherein Rd_!s hxprox or ah*oxy having from1l to 6 carbon atoms) or
NHRe (wherein Re is hydrrSB)eerfeSFsg '’kyl having 1 to 6 carbon atons)]; nis O,
1or 2, r is 0 1 or B(0) or3N-R , sapmadtnbedgdrafy;from 1 to 5; and Ais
phenyl, napht hyl, indenyl,_in@anyl, pyridyl, pyrimdyl, pyrazinyl, furyl,
T ot k2, ek RO ZRN o0 e il e, A RLAME' Sha TR LSt Tt
hydrogen, alkyl having from 1 to 6 carbon atoms,
halbgen, nitro, alkoxy having from 1 to 6 carbon atoms,
trifluoromethyl, alkylthio having l to 6 carboﬁ atoms
N\ or c¢yano; rR? is hydrogen, alkyl having from 1 to 6
’ carbon atoms, carboxylic acyl having from 2 to 7 carbon
atoms._alkylsulfonyl having from 1 to 6 carbon atomé'
.carboalkoxy having from 2 to 7 carbon atoms, CONH,, |
Phenyl or pyridyl of which the last two may be
substituted with up to three substituents, Q, whereby
each Q independently is hydroxy, alkyl haéing from 1 to
6 carbon atoms, halogen, nitro, alkoxy having from 1 to
6 carbon atoms, trifluoromethyl, cyano, cycloalkyl
having from 3 to 7 carbon atoms, alkenyloxy having from
3 to 6 carbon atoms, alkynyloxy having from 3 to 6
carbon atoms, S(O)n-Ra [wherein n is defined herein and
R? is alkyl having from 1 to 6 carbon atoms], NHSO#R# '
U . [wherein R® is defined herein], NHSO,CF;, SO,NH,, CORD
(wherein RD is oH, NH, or OR® (wherein R?® is defined
herein)l, O-B=-CORP (wherein B is alkylene having from 1
to 4 carbon atoms and RP is defined herein], or NHCORS
[wherein RS is hydrogen, alkyl having from 1 to 6
carbon atoms, alkoxy having from 1 to 6 carbon atoms,
cord (wherein RY is hydroxy or alkoxy having from 1 to
6 carbon atoms) or NHR® (wherein R® is hydrogen or
alkyl having 1 to 6 carbon atoms)]: '
' - n is 0, 1 or 2;

r is 0, 1 or 2;



above, and salts and sol vates of such conmpounds. A preferred subgenus of
nis'is that wherein Y and Z are both oxygen. One particul arly

pr ef/er} group of conpounds is that in which a, b and ¢ represent CH and ﬁ) v
' it CH-or N. Another preferred group is that in which a and d are “¥
N'ahd b and c are both CH A further preferred feature is that r is :
e. the group Ais directly attached to the ring-nitrogen atom q is
preferably 2, 3 or 4, V nost preferably is CH2 or 0 and R5 and R6 both

hydr ogen. ~Parti cufal$ Prpiefegerent aqrémc{v)rﬁ?oaho%“dof‘ tnehepyhctural fornul a

:j | ]lc : [Srna%humr euadfhyls Glrbiany LI\, pyfpiiagl 2, py&imtdﬂ'?pwaﬁmmarﬁrmdar e a; .
~aerine ov m, 1 ar. C pen Ql 1 l.ones are aescri pe in
Chem  PHER e’sm‘f“idaT}ﬁ {J’&Lég’é’g) a%’?k%%yg Y eTRY BF | 364
(1968) . subhbi tutfedr eitgespdte meémsmb@%rﬁeﬁﬁe@?fmd beesirf or these
CO”pou“%%ov«\!\h%d“&éiész%ﬂd@&%@eé%} ket hempoRRaded claims the bel ow |isted

terms, unles$ specified otherwise, are defined as follows: halogen -
fluorine, chloriné PERIGRTRR %‘H&e‘i“b"d|°ﬁe°°“‘p°u“ﬂs ‘él khat aﬁar%wxy - conpri sed

of straiggatz are both oxygen.

One particularly preferred group of compounds is that

in which a, b and ¢ represent CH aﬁd d is either CH or N. Another
preferred group is that in whlch a and d are both N and b and c
are both CH.
A further preferred feature is that:r is zero, i.e. C;}
- the group A is directly attached to the ring-nitrogen atom. q is
preferably 2, 3 or 4, V most preferably is CHpo or O and RS and R®
both hydrogen
Particularly preferred are compounds of the structural

formula I;I:

ITI

wherein d is CH or N, qis 2, 3 or 4 and A, R ané R'
are as defined above. _ ' _ (;)
Similar spiro[cyclopentane]-qu1nolxnedzones '
are described in Chem. Pharm._Bull.,_l7,11290 (1969)
and in Bull. Soc. Chem. Fr., 364 (1968). The
references do not. describe pharmaceutlcal uses for _
_these compounds.
When utilized herein and in the appended
claims the below listed terms, unless specified .
otherwise, are defined-as follows: |
halogen =~ fluorine, chlorlne, bromine and
iodine;



‘and branched carbon chains containing from1l to 6 carbon atons; al kenyl oxy
- .conpri sed, of Stralght and branched carbon at om chai ns cont ai ni ng from
t046 carbon atons and conprising a carbon to carbon doubl e bond; and
aldeynyl oxy - conprlsed of straight and branched carbon chai ns contai ni
from3 to 6 carbon atons and conprising a carbon to carbon triple bond}{
conpounds of the invention include a [err] and a [err] substituent wher
the R and-R groups may vary i ndependently. Thus, for exanple, when r
equals 2 the followi ng patterns of substitution (mherein hydr ogen and CH3
are used to represent any substituents R) atg-contenplated: [err], [err],
[err], [err], [err] and the like. In addition when r equals 2, substituents
such as [err], [err], [err] are alkplcamdecajiated: drmpirdsedd ofospoangbtare
thoselln_mhlch Rland Le{r} '”depﬁﬁéfﬂiéﬂcﬁ@dféB%ﬁdHﬂ%?aﬂHﬁ'&ﬁhtaQE@M?
propyl, isopropyl, n-butyl or isgbuty refera phenyl or phenyl
substituted by one or two substi ﬁ%ﬂti (o4 Xk J%? Q§§n conpounds of the

i nvention may exist in isoneric forns. The invention contenplates all such

alkenyloxy - comprised of straight and

branched carbon atom éhains_éontaining
from 3 to 6 carbon atoms and compiising a
carbon to carbon double bond; and

alkynyloxy - comprised of straight and

branched carbon chains contalnzng from 3

to 6 carbon atoms and comprlszng a carbon

to carbon triple bond. '

The compounds of the invention include a
-9%)r'and a ~yR)q.- substituent wherein the R and R
RR R R .
groups may vary independently. Thus, for example, when
r equals 2 the following patterns of substitution
(wherein hydrogen and CH; are used to represent any
substituents R) are contemplated: =C(CH3),CHy-,
=CH,C(CH3) -, =-CH,CH(CH3)=~, -CH(CH3)CHy-, =(C(CH3)H),-
and the like. In addition when r equals 2,
substituents such as =-C(CH;5),CH(C,Hg)~,
N =CH(CH4)CH(C,Hg) -, -CH{E:C3H7)CH(C2H5)- are also
contemplated.

' Preferred éompounds are those in which R and Rl
independently are hydrogen, methyl, ethyl, propyl, isopropyl,
n-butyl or isobutyl. A is §referably phenyl or phenyl'substituted
by one or two substituents Q.



i somers both in pure formand in adhixture,

I ncl udi ng racen1c mxtures. In

structural formulas | and Ill herein, when V represents t he, hetero

.atomin_the spiro ring,

xcarbon atomidentified as nunber 3 in structural fornula

V is attached dlrectly to the spiro. carbon atom -+ |

|. The et

conmpogndg Yf the invention of fornmula I can exist in unsolvated as well as

characterized.in that a conpountdof the general

b,

C,

arns, including hydrated fornms. In general, the sol vated forns,

’“fceutiCaIIy acceptabl e solvents such as water, ethanol and the

dnds of forrmula | may be prepared by a process which is

d, Ro R5, R6, A and r are_as defined above and D represents

formula IV [err] wherein a,

ei t her of

the groups [err]Certain compounds of | ghe| invenpiophBa¥i AXLSts a good -
| eaV| NG Wsviker{ier fIrms. O, Therihvent Bohecohtemplakessallér shcand R, R and q

b e e T A

y|eId|

. i f crexiemiy mixtexRsici nkn ofkreetural formulas

herein, when V represents the hetero atom in the spiro
ring, V is attached directly to the spiro carbon atom,
i.e. the carbon atom identified as number 3 in
structural formula I.

The compounds of the invention of formula I
can exist in unsolvated as well as solvated forms,
ineiuding hydfated forms. In general, the solvated
forms, with pharmaceutically acceptable solvents such
as water, ethanol and the like are equivalent to the
unsolvated forms for purposes of the invention. _

The compounds of formula I may be prepared by
a process which is characterized in that a compound of
the general formula IV

Y v
. o]
QA

R

wherein a, b, ¢, 4, R, R5, RS, a and r are as defined
above and D represents either of the groups

| L
AN

R
I 3 |

Cmmi(C) g— C—vln VI
R

or

— 2L, _ VII

K

x



both of the oxygen atons represented by Y and Z with sul fur. Treatnent of
conmpound |V.w th an organi c base such as triethylamne or 1, 8-diazabieys| o
[:5. 4. 0] undec-7-ene, DBU [ Angew. Chem, Internat. Ed., 6 76 (1967)]/i
nonreacti ve sol vent such as chloroformwill produce the conmpounds g _
i nvention having structural fornula |, wherein Y and Z are both oxygen} J
purposes of the invention a "leaving group” is defined as a substiftuent’;
‘which may be displaced and when displaced carries a negative chargg.”."
Exanpl es of such substituents are brom de, iodide, trifluoro- acetoXxy
p-tol uenesul f onyl oxy, nethanesul fonyt®éxy and the like. The preferred .
| eaving group is bromne. The starting conpounds of formula IV nmay be
prepared by nethods known in the art. Thus, for exanple conpounds having
structural fornmula IV wherein D represents the group VIl and L is Br nay be

[T catmont SR RSEREEAR A st 19 £R6 . GEBRRY) ¥ MNP L Vg or oup

substituents, L, may b& prepared by simlar nethods. -7- Exenplary of
starting materials for |preparing conpounds having structural formula IV are

2- anilino,nigotinic¢ acgds which,my be prepared, far exanple, as described
in United 3 gt ésk'%ei]?sffe %’[ %6,%‘%‘3;_%6622?&&%%%- 3-pyrazine

carboxyl ate esters

R .
above, is subjected to an intramolecular condensation
\/) yielding a compound of formula I wherein both Y and 2

are oxygen, followed , if desired, by replacing one or
both of the oxygen atoms represented by Y and Z with
sulfur. '

Treatment of compound IV with én_organic base
such as triethylamine or 1,8-diazabicyclo [5.4.0]
undec~7-ene, DBU [Angew. Chem., Internat. Ed., 6 76
(1967)] in a nonreactive solvent such as chloroform
will produce the compounds of the invention having
structural formula I, wherein Y and Z are both oxygen.

. For purposes of the invention a "“leaving
group” is defined as a substituent which may be
displaced and when displaced carries a negative charge. Examples of
such substituents are bromide, iodide, trifluoro-
acetoxy, p-toluenesulfonyloxy, methanesulfonyloxy and
the like. The preferred leaving group is bromine.

' The starting compounds of formula IV may be
prepared by methods known in the art. Thus, for
example compounds having structural formula IV wherein
D represents the group VII and L is Br may be prepared
by known methods from the corresponding hydroxy
compound by treatment with concentrated HBr (e.g. 48%
HBr). Other desired leaving group substituents, L, may
be prepared by similar methods. '



whi ch may be prepared substantlally as exenplified hereln startlng mnth a
2-am no- 3- pyrazi ne carboxyl ate ester. 2-Anilino-3-pyrazine carboxylic acid
‘i s a known conpound, C. A, 75,6 20154e (1971), which nay be esterified by ’
st anda#@\pr ocedur es. Cbnpounds,of formula IV may be obtained from such .
A by follow ng the processes described in European Patent
pn No. 0092786. Conpounds having structural fornula IV wherein D
represents the group VI, L is bromne and [err] is oxygen may be prepared
Aent of the correspondi ng non-brom nated conpounds with a sol ution
of bromne in chloroform O her compounds having structural formula IV
wherein | eaving group substituteht L is bromne or iodine and V1 is a
hetero- atomor group may beé prepared by methods known to those of skill in
the art. The cofxempdam¥adfng str Fhartding gakaziads viathout the | eavi ng

gr Oup o3yl chﬁ@o dmwsb%%%ars&q—&tmwmmdsw r4y@ known starting
naterlals Such nethads .ar.e, descri bed, for 3#33 t he preparative

exanplP@dling MsafdRic acifs§ %d‘ﬁ:‘(r e By ein Y and/or Z are
oXygerxamples @ \dudod Hed tihe Ltmm%;ﬁdmheug Rﬂmmc&am ein Y and/or Z

are s f EE’EP ;,:m:etr{iﬁ r@aa(? hhdjasson' s Reagent
[24gss(l?met en %?"gfdalt |a2 4-d 0S hetane24d|sulf|del I n
hot. t sthiche may |beef9frétaarm SURSTRASY Y as 'exedplified = "

herein starting with a 2-am1no-3-pyra210e carboxylate

ester. 2-Anilino-3-pyrazine carboxylic acid is a known.
compound, C.A., 75, 20154e (1971), which may be
esterified by standard procedures. Compounds of
formula IV may be obtained from such compounds by
following the processes described in_European Patent
Application No. 0092786.

' _ Compounds having structural formula Iv
wherein D represents the group VI, L is bromine and vi
is oxygen may be prepared by treatment Of the
corresponding non-brominated compounds with a solutlon
of bromine in chloroform. Other compounds having

a

structural formula IV wherein leaving group
substitutent L is bromine or iodine and vl is a hetero-
atom or'grbup ﬁay be prepared by methods known to those
of skill in the art.

The compounds having structural formula IV
without the leaving group substituent L may be prepared
by known methods from known starting materials. Such
methods are described, for example, in the preparative
examples. .

The compounds having structural formula I
wherein Y and/or 2 are oxygen may be convetted.td_thengwf
corresponding compounds wherein Y and/or Z are sulfur
by known methods. - For example treatment with_
Lawesson's Reagent (2,4-bis (4-methoxyphenyl)-1,3- _
dithia-z,4-diphosphetane-2,4-di§u1fide] in hot toluene
will effect this conversion.



-8 The conpounds of this invention can be used to treat allergy-caused

di seases and their preferred use is for treating allergic chronic 3
Qbs?ructlve lung di.seases. Chronic obstructive |lung disease as used herein,
medris di sease conditions in which the passage of air through the | ungs—§s
obstructed or dimnished such as is the case in asthma, bronchitis
like. The anti-allergy nethod of this invention is identified by t¢
whi ch neasure a conpound' s inhibition of anaphylactic bronchospasm
sensitized gui nea pigs having antigen-induced broncho- constriction
exanpl e, the conpound 1-phenyl- 3',4', 5g.6"-tetrahydro-sp[err]

[1, 8] -naphthyridine 3,2'- (2H) pyran-2,4-dione was found to inhibit .
“anaphyl actic bronchospagme icBmpoahds st ﬂimeﬂw&at\aﬁwncﬁhvea akedn oral

dose of 5 ng/kgb RS %ﬁqgggggcgggsﬁdéo fQ% (al %%ég'%rg gggﬁn |nduc§d

hi stam ne rel ease Tromgu
conpounds ar e 45¢ da& ifpx rt@sa&elnqnelgengzmmhmuq:msmmpgme lung

anti anaphyl actafsﬂs@ys c%ealedabatﬁﬁseﬁ% OI@H ¥iilsad¥eah8 asbave at doses
from about O. to tered garen eral ly,

e g intrave eﬁﬁsaﬁascal?égsmsve"at AieensBe BassRah ah oLt 0”01
to 5 ng/ kg txxgﬂnmaupugghwhea ddngsi is cobskhictiethairadioiniabedsstuchr

ut 1, and one 1 Fpuretease AT Rptlnd] MAGRIARLY MR the T alkE? B nde of
v
PEIS |nvent|0n are ;Iso e ant -aflergy method of th%ssznventgogppu S

identified by tests which measure a compound'

\/; inhibition of anaphylactlc bronchospasm in sensitized
guinea pigs having antigen-induced broncho-
constriction. For example, the compound l-phenyl-
3*,4',5',6'~tetrahydro-spifio [1,8] -naphthyridine 3,2'-
(2H)pyran-2;4-dione was found to inhibit anaphylactic
bronchospasms in such test procedure when given at an
oral dose of S mg/kg. Said compound was also found to
inhibit allérgen-induced histamine release from guinea
pig and human sensitized tissue. The compounds are
effective nou-adrenergxc. non-anticholinergxc
antianaphylactic agents. When administered orally they
are active at doses from about 0.1 to 50 mg/kg of body
weight; when administered parenterally, e.g..,
intravenously, the compounds are active at dosages of
from about 0.0l to 5 mg/kg body weight; when
administered by inhalation (aerosol or nebulizer) the
compounds are active at dosages of about 0.1 to 5 mg
per puff, and one to four puffs may be taken every 4
hours.

‘The compounds of this invention are also
useful for the treatment of inflammation; thus, they
are useful for the treatment of: arthritis, bursitis,
tendonitis, gout and other inflammatory conditions.
The anti-inflammétory use of the compounds of the
present invention may be demonstrated by the Reversed



useful for the treatnent of i nfl ammat i on; thus, they are useful for the
“treatment of: arthritis, bursitis, tendonitis, gout and other
icondltjons The antl-lnflannatory use of the conpounds of t.he

i nvent¥ on may be denonstrated by the Reversed
technloue\as set forth below using male Lewis inbred albino rats (Charles

gener al

JudgenenusbhgamaxeuEuuiduiﬂb&hdcaubzpoacats|Oumarlékuem&ﬂd Passi ve Arthus

rats wei

|nflannatory

pr esent

Passi ve Arthus Response

t he age and

health of the patient and the severity- of the |nflannatory

condi t | oR¥ssive Arthys Responge; tRENBEGUR RS d3RE LFRFFIMPRIe | eft to the

ot s i hiR g GRG0 %SLL?E?RZHQF B e R g

Laboratoi$e§°§?€ﬂ¥ﬂﬂ§iq "9hé§é°@ﬁ§é#¢h§n§% thﬂ?ﬁ##&ﬁ%?dmwaQWoused 3
ani mal s/ epgebagils foP kI test eesalesal how@la@d fa:b;d WB STh@kani mals are

pur poses.

Dr ug and®ReApens 5 deie 4f SHOARRATBoHRR Enar ot s BB, B Lt

intervals is recommended,

' The dosage to be administered and the route
of administration depends upon the particular compound
used, the age'and"general health of the petient_and'the
sever1ty of the 1nf1ammatory condltlons.ﬂlrhus, the
dose ultzmately decided upon must be left to the
judgement of a trained health-care practitloner.

Reversed Passive Arthus Resgonse (APAR) |

Anxmals. Materials and Methods
Male Lewis inbred albznp rats weighing 180-
200 grams obtained from Charles River Breeding
Laboratories are used in these exper1ments. The rate'
are. housed 3 animals/cage and food and water are '
allowed ad libitum. The animals are numbered 1-3 in

each cage and color marked for 1dentification purposes.
' Drug and Reagent Preparation

All reagents and drugs are prepared just
prior to the study. Crystallized'end lyophilized
bovine serum albumin (BSA), obtained from Sigma
Chemical Company, is solubilized without shaking in
cold sterile pyrbgen-free'saline (10 mg/ml). _
Lyophilized anti-bovine serum albumin (IGG fraction),
obtained from Cappel Laboratorzes. is suSpended in

sterile distilled water and diluted with cold pyrogenfgf

- '

free saline (PFS) just prior to use. The final
concentration of antz-bov1ne serum albumin is 0.5 mg/ml
of PFS. Both BSA and anti~BSA solutions are iced .
during use. Drugs are suspended or solubilized in an

\J

i

_ als is recormended.. The dosage to be adm nistered and the route
of administration depends upon th&@=-particular conpound used,



prlor to the study. C}ystalllzed and Iyophlllzed bovi ne serum al bum n
(BSA), obtai.ned from Si gnma Chenical Conpany, is solubilized without shaking .
hnfdold sterile pyrogen-free saline (10 ng/m ). Lyophilized anti-bovine oy

b

serdm al bunin (1 GG fraction), obtained from Cappel Laboratories, is o
suspended in sterile distilled water and diluted with cold pyrogen free. .
saline (PFS) just prior to use. The final concentration of anti-bovinex«
serumalbumn is 0.5 ng/m of PFS. Both BSA and anti-BSA sol utions arg
i ced during use. Drugs are suspended or solubilized in an -10- aqueo
_solution of nmethyl cellulose (MC) with 3 honogeni zer just prior to
admi ni stration. Drug Adm nistration and% nducti on of Inflannatlon G oup
animals (6/gro n av aily for 3
days. The | ast oesd’éusesgggﬁqr?ws:ogr gégg%e our"p%orsl%or sén3| ?I zation with
BSA. Control s keroganigenviustopsiandte admipistzatdand i s usual |y incl uded
in each assay for verification purposes. Drugs are prepared so as to
provi de a dose fqr .E torthe ng/ kg dose
for the experi nmert= ; me of
approximately 2.0 cc. Oﬁschosroﬁfaexmahe (GﬁgrqnpgeamhedasedBW§thre lightly

anesthet|zed whidy efaic 3 ga98BST bhaeda ity | UL idysl.Nt nbhgageni | e vein
with 0.2 m of, PFS contalnln% 8 ng BS One hour | ater.
istered one ho

dose is admin ur prior to sensitization
with BSA. Controls are given MC alone and a drug-

standard is usually included in each assay for

W verification purposes. Drugs are prepared so as to
provide a dose for a 200 gram animal which is
equivalent to the mg/kg dose for the éxperiment. Thus
each rat receives an oral dose in a volume of
approximately 2.0 cc. One hour after the last dose the
animals are lightly anesthetized with ether and '
"sensitized” by injection into the penile vein with 0.2
ml of PFS containing 1.0 mg of BSA. One hour later,
the animals are "challenged” in the right rear paw with
‘'subplantar injections of 0.2 ml of PFS containing 0.1
mg pf anti-BSA. Immediately after the subplantar
injection, the right paw is dipped (up to the lateral
maleolus) into the mercury well of a plethysmograph.

W The volume of mercury disblaced is converted to weight
and recorded. This value is considered to be the
control reading for the animal. Paw volumes are also
recorded with a plethysmograph during the development
of the inflammation at 2 and 4 hours post-challenge.

Results
" p Results are expressed by the changé in paw
volume (A paw volume) from the control reading for each
animal to that recorded 2 and 4 hours post-challenge.
All drug-treated groups are compared to the MC control .
for significant differences with an analysis of



the aninmals are "challenged" in the right rear paw w th subpl antar
injections of 0.2 m of PFS containing-0.1 ng of anti-BSA. |mediately
aftgr the subplantar injection, the right paw is dipped (up.to the Iateral*
naleolus) into the nmercury well of a plethysnmograph. The -vol une of nercury™&
“ displaced is converted to weight and recorded. This value is considered to
be thv,‘pntrol reading for the animl. Paw vol unes are also recorded with a
Npgr aph during the devel opnent of the inflammation at 2 and 4 hours
aN\l enge. Results Results are expressed by the change in paw vol une
gl une) fromthe control ~gading for each animal to that recorded 2
Ars post-challenge. Al drug-treated groups are conpared to the MC
frariangei.f | Dafifecleddes efivms auintirodn iandkygi-ereéted -11- vari ance.
O 1 er engadypEORLE OBk Pheddlt idGrd i LrdnBUPErBhcERESESCU a5 percent

change from contr ol e coqaﬁgn s of this rnvention are also useful in the
treatment of pepti ChBI CIPROUNG RO thfisainvRBkdPRcREBEAL®R activity which
enabl es 1ulse|fulloinetheveualanammﬁ)rpepttficpapteesuI CEheyli dbsprayand stress

ul cer 3t | QRonoBU-B50TRLE JEEIIA G 85 L1200t RLRIUOI0R o cor s, The

antiul cer activi RS TRVENTTOR i & 1 I fied by
tests whit®e ﬁi&?ﬁP@stﬂ% ES@%&ﬂcﬁkﬁﬂﬂ ﬁéSGFFECFnﬂnSFHGQS The conpounds are

al so usellkezatton). uasalyﬁoﬁ&re Hellliing of gastric and/or
ducdenal ulcers. The antiulcer activ1tylof”the

compounds of this invention is identified by tests
which measure the cytoprotective effect in rats. The _ ;_)
compounds are ‘also useful as conjunctive therapeutic
agents for coadministration with such anti-
inflammatory/analgesxc agents as aspirin..indomethacin.
phenylbutazone. ibuprofen, naproxen, tolmetin and other
agents. The compounds of this invention prevent the
untoward side effects of irritation and damage to the
gastrointestinal tract caused by such agents.
The compounds of this invention are evaluated
for their antiulcer activity characteristics by -
standard biological testing procedures.
In cytoprotective tests in rats in which
ethanol is employed to induce gastrointestinal damage,
the compounds of this-inéEntion are found to be W,
effective at doses of about 0.5-50 mg/kg of body weight
per day. Preferably the total dosages are administered
in divided doses per day. '
When administered parenterally, e.ge.
intravenously. the compounds are administered at a
dosage range of about 0.05-5 mg/kg of body weight in. .

PR

single or multiple daily doses. . _ ey
To treat peptic ulcer disease, and prevent‘”“..

and treat drug-induced gastric ulceration. the active

compounds of this invention can be administered in_ unit

dosage forms such as tablets, capsules, pill, powders,



»

] > N

agents for coadmi.nistration with such anti- inflammatory/anal gesic agents
as aspirin, indonethacin, phenylbutazone, ibuprofen, naproxen, tolnetin and
ot her agents. The conpounds of this invention prevent the untoward side k
ef fects of irritation and damage to the gastrointestinal tract caused by °
suchtagents. The conpounds of this invention are evaluated for their
antiul cer activity characteristics by standard biol ogical testing
procedures. In cytoprotective tests in rats in which ethanol is enplg
i nduce gastrointestinal damage, the conpounds of this invention are
to be effective at doses of about 0.5-52 ng/ kg of body wei ght per day
Preferably the total dosages are adnini: £ared in divided doses per day

When admi ni st er, r,ent L | venousl t he_conpounds_are '
adni ni st er ed at&%"&gggées?g%%geoﬁag%%%%%f@?ﬁg‘%ﬁﬁfﬁg%f SPBRY T Ght i n
single or nul t SHRPORAPF 1885 cBeChRN i¢ahtdeldery devdcedi seage, and prevent
and treat drug-tiratisdedmgast ahd theecliké on, the active conpounds of this

: . e : : . bl ets.
capoul ee. pi11 - powders. FOF Brefatiid, HRRdGe BT HSA08 600t i i ons or
suspensi ons, sdeBsither componedndescriheg ibyethidetnvestieng. inemnsder mal
and the |ike. [pharmaeRaktibgdlPPass@eitinilcaz21Res! khANfe either

solid or liquid. Solid form preparations include

powders, tablets, dispersible granules, capsules,
“ cachets and suppositories. A solid carrier can be one

\¢) or more substances which may also act as diluents,
flavoring agents, solubilizers, lubricants, suspending
agents, binders or tablet disintegrating agents; it can
also be an encapsulating material. In powders, the
carrier is a finely divided solid which is in admixture
with the finely divided active compound. In the tablet
the active compound is mixed with carriér-having the
necessary binding'properties in suitable proportions
and compacted in the shape and size desired. The
powders and tablets preferably contain from 5 or 10 to
about 70 percent of the active ingredient. Suitable
solid carriers are magnesium carbonate, magnesium
stearate, talc, sugar, lactose, pectin, dextrin,

\U/ starch, gelatin, tragacanth, methylcellulose, sodium
carboxymethyl-cellulose, a low melting wax, cocoa
butter and the like. The term "preparation” is
intended to include the formulation of the active
compound with encapsulating material as carrier
providing a capsule in which the active component (with =
or without other carriers) is surrounded by carrier,
which is thus in association with it. Similarly,
cachets are included. Tablets, powders, cachets and
capsules can be used as solid dosage forms suitable for
oral administration.



fromthe conpounds described by this invention, inert, pharmageutically

_acceptable carriers can be either solid or liquid. Solid form preparations

i ncl ude powders, tablets, dispersible granules, capsules, cachets and e

suppositories. A solid carrier can be one or nore ‘substances which may al ¥

. act jas diluents, flavoring agents, solubilizers, lubricants, suspending
s\ binders or tablet disintegrating agents; it can also be an

Q“ating naterial. In powders, the carrier is a finely divided solid

S in adm xture with the finely divided active conmpound. In the

the active conpound is mxgiwth carrier having the necessary

Hg properties in suitable proportions and conpacted in the shape and

stetdsgired.'TPe Pq?ﬁgﬁ@p?gdngahhgﬁsgpf@fﬂgaplyb%ﬁunmﬁyﬁfhgonl5 or 10 to
abou ercent, o e.active Lngredient. 0| .e, sol | rriers are
magnesi unt &&r B3 anﬁ'd’r’f%é‘irﬁm"gt gggg’f e?cf%lii,"} c:eurgladre,s- I-oar-thc%gg? pectin,
dextrin, butteh, igydfixsitn meltadacandhthercadyice| ingresdd endodisum

car boxymeg {iypeFsdd Hontendou8yNehbkain VaX, byf (R 1iWig.er Taed the |ike. The
tern1"pre$§$€géérﬂ i s.intended to |mclgde t he fQ%nulatlon of the active

conpound NEOHR PARLUFP LS a5 RS -\ %i ng a capsul e in

whi ch t hecamtenientorgizednmoldsi hadlowed hoatcanhand erhereby) is surrounded

by carrieg ¥§QE¢ is thus in association with it. Simlarly, cachets are
a

i ncl uded. et’s’ powders, cachets and capsul es. can be .used as solid
dosage forns suitafti@utdr L9rm PRERARRAEIPRS | HFlude solutions,

suspensions and emulsions. As an example may be

mentioned water or water-propylene glycol solutions for ' L_)
parenteral injection. 'Liquid preparations can also be

formulated in solution in agqueocus polyethylene glycol

solution. Aqueous solutions suitable for oral use can

be prepared by adding the active component in water and -

adding suitable colorants, flavors,. stabilizing,

sweetening, solubilizing and_thiékening'agents as

desired. Aqueous suspensions suitable for oral use can
be made by dispersing the finely divided active
component in water with viscous material, i.e., natural
or synthetic gums, resins, methylcellulose, sodium
carboxymethylcellulose and other well-known suspending
agents. _

Also included are solid form preparations K;)
which are intended to be converted, shortly before use,
to'liquid form preparations for either oral or
parenteral administration. Such liquid forms include
solutions, suspensions ahd emulsions. These particular
solid form preparations are most conveniently provided
in unit dose form and as such are used to provide a
single liquid dosage unit. Alternately, sufficient =
solid may be provided so that after conversion to
liquid form, multiple individual liquid doses may be
obtained by measuring predetermined volumes of the
liquid form preparation as with syringe, teaspoon or



-13- For preparipg suppositories, a low nelting wax such as a m xture of
fatty acid gl ycerides or cocoa butter is first nelted, and the active
ingredient is dispersed honobgeneously therein as by stirring. The nolten,
honogeneous m xture is then poured into convenient sized nolds, allowed?®
cool rand thereby solidify. Liquid form preparations include solutions,
suspensi ons and enul sions. As an exanple nmay be nentioned water or

wat er - propyl ene glycol solutions for parenteral injection. Liquid
preparations can also be fornulated in solution in agueous pol yet hyl ene
gl ycol solution. Aqueous solutions suitable for oral use can be prepared
by addi ng the active conponent in water and addi ng suitable col orants,

flavors, stabi il thic S as
desi red. A%e%t?ﬁ%}ﬂiﬁqgg %&Pﬁggr‘up orﬁ%ﬁj ﬁ'ﬂ%e ‘h ‘i‘ég\ﬁg agggg

di spersi ng t he®¥$ ni#d é&tF§e958556ﬁ%%tt9rﬂﬂﬁﬂﬂﬁlﬁmtﬁﬁ VP§§QQS
materi al, i.e.pormian af caislyitihetdcdgsas, ateBdeteMpaﬁatthlkulgse sodi um

car oy ety hdal onge ARLARIER, VAL kagn.5 e T8 ATl A0

included are so reparations are 1n onverted,
shortly befor ed%&%“m%mqm d Ther APpidpEeemi mamzmshentenqedoto
par ent er al adnbéncaﬁvﬁnﬁum tBUQH qui g UE Szth O ddﬁﬂaﬂﬁi 5@l dhaeRsonSEHEPENSI ONS

and enulsions %?%} r%h%gk 80§2E#% %grn1 atl ns are nost

conveniently prOVI In umnt ¢ used to provide a
stab1lxzers, buffers, artlficzal and natural :

sweeteners, dispersants. thickeners, solubilizing
W, agents and the like. The solvent utilized for
preparing the liquid form preparation may be water,

isotonic water, ethanol, glycerine, propylene glycol
and the like as well as mixtures thereof. Naturally,
the solvent utilized will be chosen with regard to the
route of administration, for example, liquid'
preparations containing large amounts of ethanol are
not suitable for parenteral use. '
Preferably, the pharmaceutical preparation is

in unit dosage form. In such form, the preparation is
subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package

W containing discrete quantities of preparation, for
example, packeted tablets, capsules and powders in
vials or ampoules. The unit dosage form can also be a
capsule, cachet or tablet itself or it can be the
appropriate number of any of these in packaged form.

The quantity of active compound in a unit
dose of preparation may be varied or adjusted from 1 mg
to 100 mg according to the particular application and
the potency of the active ingredient. The compositions
can, if desired, also contain other therapeutic agents.
- The dosages may be varied depending upon the

requirements of the patient, the severity of the



- single liquid dosage unit. Alternafely, sufficient solid may be provided so
- er conversion to liquid form nultiple individual |iquid doses may
t aned by neasuring predeterm ned vol unmes of the liqui-d form S

par?t on as with syringe, teaspoon or -14- other volunetric “‘_

When nmultiple liquid doses are so prepared, it is preferred to
/t he unused portion of said liquid doses at |ow tenperature (i.e.,
r-rgfrigeration) in order to retard possible deconposition. The solid
eparations intended to be converted to liquid formmay contain, in’
addition to the active material, flavorants, colorants, stabilizers,

buffers, artificial and natural sweeteners, dispgrsants, t hi ckeners,

sl ubi 11 21016 AJGIH Ay ¢dSalkbiC andEng Ob el iidd I ditbduila Preparing the
liquid formpreparatio n%é be water, 1sotonic water, "ethanol, glycerine,
propyl eneP@ivE cImRARYeche PekeTRINAELPN A3F nthe REAPHARSHEe ¥tural Iy, the
sol vent Ui ipdeibulidd dieuakasanisi whthegatke tskille sfouwhe of administration,
for exanple, |iQuid nreparati ot aj nj , t et hanol are
not . sui ta?ﬁ'ie' foér]"bearr’@'rﬁgr eﬁ%ﬁg@éngr E%e#ﬁgpga,éﬁgﬁp ar rraclz't?%if cal preparation
i s in unidoshgrgyeifighmaren legsh thannthe heppirymrdaseorrfi $heubdi vi ded into
uni t doseéoﬁ§5uﬁaJﬂ'the&aQEQa&uatﬁeqaaaaQél§§ HcidisedC iy @maquponent . The
uni ¢ dosage. ] crdnea i1 RA“KGEEHR" SPELAL Qllert NpPACKACE

circumstances is reached. For convenience, the total

daily dosage may be divided and administered in _
portions during the day if desired. o/

PREPARATIVE EXAMPLE 1- _
4-Hydroxy=-3-(4~-hydroxybutyl)=-l-phenyl-1l,9-
naphthyridin-2(1H)-one '

A mixture of methyl 2-phenylamino-nicotinate
(100 g.), e-caprolactone (1000 g.) and'potassium't-
butoxide (200 g.) was stirred at room temperature, in a
nitrogen atmoéphere. for 1/2 hr. It was heated at 45°C
for 1 hr. then at 85°C for 2 hrs. and finally at 105°C
for 3 hrs.

The hot mixture was poured carefully into 8L
of 5% KOH solution and was stirred overnight.

The mixture was extracted with 2L of ether (U
and the aqueous phase was retained. It was extracted
again with a fresh 2L of ether. The clear aqueous
phase was adjusted to pH 4.5 with conc. HCl to yield a
white solid which was filtered off, washed with water
and dried to yield 4-hydroxy-3-(4-hydroxybutyl)-l-.
phenyl-l,8-naphthyridin-2(1H)=-one, m.p. 205.5-206.5°C
(from isopropanol). ' -

By substituting the relevant ester and

lactone in this preparative-éxample intermediates to
many other compounds of the invention may be prepared.



contai ning discrete quantities of preparation, for exanple, packeted

tabl ets, capsules and ppwders in vials or anpoules. The unit dosag

can al so be a capsul e, cachet or tablet itself or it can be the a
&ﬁer of any of these in packaged form The quantity of active

according to the particular application and t he potency of the
ingredient. The conpositions can, if desired, also contain oth
t herapeutic agents. The dosages nmay be varied dependi ng upon the

requirements of the patient, the severity of the -15- condition being
treated and the particul ar conpound bei'ng enpl oyed. Determ nation of the

proper dosage for a partlcuIarpggbgwyﬁ993|£¥¥ﬁﬁiﬁrbthe skill of the art.
Generally, treatnment is. jnitia ges which are |l ess than
the opti mum dose of t ad={ 1 |ncreased by

smal | increnents until the opti8sm BEﬁ eidiﬁutwlaiaaeplrcunstances i's
L st ered i b port ondeSiL, 2pRenEentnE AN Rk iR g Ve e £ 1
4- Hydr oxy- 3- (4dﬁ¥ﬂR dPyFTVPgBHEhyFtPQQ (3brg Hy WidhnseitEingnén A i xture
of methyl 2-phenydwmdsphericati RateoddRD I3, tHeHelnQdNhg! 861688oA 1000 g.)
and pOtaSS'L”n$as added potassium t-butoxide (50 g.) and the mixture

was stirred at room temperature for 1/2 hr. It was

 then heated to 100°C for 3 hrs. after which time it was
W, -~ poured into 1L of 5% NaOH solution and stirred
overnight. '

' The mixture was extracted (2x) with 1L of
ether then the aqueous layer was adjusted to pH 4.5
with conc. HCl. The solid which separated was filtered
off, washed with water and dried to yield 4-hydroxy-3-
(3-hydroxypropyl)—l-phenyl-l,B-naphthyridin-Z(Lg)-one;
m.p. 218=-220°C.

By utilizing the correspondinly substituted
starting materials in the procedures of preparative
examples 1 or 2, the following compounds were obtained:

U/ 1-(4-chlgrophehyl)-4—hydroxy-3—(3-hydroxypropyl)-[1.8]-
naphthyridin-2(1H)-one, m.p. 249.5-251°C;

4-hydroxy-3-(3-hydroxypropy1)-1—(4-methylpheny1) -{1,8]-
naphthyridin-2(1H)-one, m.p. 227-228°C;

4-hydroxy—3-(3-hydroxypropy1)-l—(4-methy1phenyl) (1,81~
naphthyrzdzn-Z(H)-one. M.D. 229-231°C-

1-(3,4-dichlorophenyl)-4~hydroxy-3-(3-hydroxypropyl)-
(1,8]-naphthyridin-2(1lH)-one, m.p. 230-232°C;



. 9.
t enper at Ma@hthyridinng (1) -gRe, Melr
which tinme it was poured into 1L of 5% NaOH sol ution and stirred

. butoxide (200 g.) was stirred at roomtenperature, in a ni trogen
- atnosphere, for 1/2 hr. It was heated at 45[err]C for 1 hr. then at

‘Cfor 2 hrs. and finally at 105[err]C for 3 hrs. The hot m xture was; -
carefully into 8L of 5% KOH sol ution and was stirred overnight. The "
was extracted wth 2L of ether and the aqueous phase was retained.
extracted again with a fresh 2L of ether. The clear aqueous phase
sted to pH 4.5 with conc. HO to yield a white solid which was

ered of f, washed with water and dried to yield
4- hydr oxy- 3- (4- hydr oxybutyl)-1- phenyl -1, 8-napht hyri di n-2(1H)-one, m p.
205.5-206.5[err] C (fromisopropanol). By substituting the rel evant ester
and Iactqnq4L@hggk§pné§pg;a4inyugaquj¢x44ﬁya&6&95at9§)Loln&ny ot her

conpounds of the.inve mey be pr nor. - 16- PREPARATI VE EXAMPLE 2
4- rr]riypdr oxyﬁﬁ!'c‘-.g!!m&r“aigH@B&?‘}%--‘b’r@h%’%%@- §dpht hyri di n-2( 1H) one Met hyl

. 2-phenyl am no-ni cotinate (25 g.) was dissolved in wval erol actone (240 g.)

Wi th stirrl i ; Y Y .t eghfesul ting sol ution was
added poféggﬁdnﬁyﬁga?%g?ggbﬁég-p.fﬂgﬁg ?g@ %F?t&?eaaas stirred at room :
X 8’[Sx'loo[err]Cfor 3 hrs. after

4-hydroxy=-3-(4-hydroxybutyl)-1-(4-methoxyphenyl)-(1,8]-
naphthyridin-2(1H)-one, m.p. 237-239°C;

1-(3,4-dichlorophenyl)-4-hydroxy=-3-(4-hydroxybutyl)- ' w,
{1,8]-naphthyridin-2(1H)-one, m.p. 188-190°C;

1-(3-chlorophenyl)-4~hydroxy=-3=(4-hydroxybutyl)-[(1,8]~
naphthyridin-2(1H)-one, m.p. 176-178°C;

4-hydroxy=-3-(4-hydroxybutyl)-1-(3-methoxyphenyl)-{(1,8]-
naphthyridin-2(18)-one, m.p. 217-219°C; :

- 4=hydroxy=-3=-(4=-hydroxybutyl)-l-phenyl-quinolin=-2(1H)~-
one, m.p. 165.5=158°C;

PREPARATIVE EXAMPLE 3
ETHYL 5-(4-HYDROXY-2-0XO-1l-PHENYL-1H- ' W/
[1,8] NAPHTHYRIDIN=-3-YL ) PENTANOATE
‘Methyl 2-phenylaminonicotinate (8.5 g.) was
dissolved with stirring in diethyl pimelate (80 ml.) in_
an atmosphere of nitrogen. To the mixture was added
potassium t-butoxide (13 g.) and the mixture was
stirred at room temperature for 1 hr. It was then
heated to 135-140°C for 6 hours after which time it was.
poured into water. The aqueous layer was extracted
with methylene chloride and then adjusted to pH 4.5
~ with conc. HCl. Solid sodium chloride was added after N
which the solid was filtered off, washed with water and
-dried, m.p 168-169°C.




overnight. The mixture was extracted (2x) with 1L of ether then the aqueous
| ayer was adjusted to pH 4.5 with conc. HCL. The solid which separated
fiTtered off, washed with water and dried to yield 4-hydroxy-3- '
(3Lhydroxypropyl)-l-phenyl 1, 8-napht hyridin-2(1H)-one, mp. 218-220[er ]
By utilizing the correspondlnly substituted starting materials in thel %\
procedures of preparative exanples 1 or 2, the followi ng conpounds weng :*¥
obt ai ned: 1-(4-chl orophenyl)-4-hydroxy-3-(3-hydroxypropyl)-[1,8]-
napht hyri di n- 2(1H) -one, mp. 249.5-251[err] G
4- hydr oxy- 3- ( 3- hydr oxypropyl ) - | - (4- nethpdphenyl )-[ 1, 81-
napht hyri din-2(1H)-one, mp. 227-228C,
4- hydr oxy- 3- ( 3- hydr oxypreypysybskiftatieghyipheny| subpdrdie for
napht hyri di n- 2 [ -
1- (3, 4- di chl orgg%eﬁ F? ﬁat@é@(\ EQ'L ?’B}gg grocedur ethyl 6=(4
[1,8]-napht hyr [t ?ﬁ°§¥l et 'Hﬂﬁ?ylz §- éP??Qﬁthld¥P‘?'Yl)'
1- (4-chl or ophen;kandahg’drw)g'. Aq7-1lsBdcowaBUbYtaindd 81-
napht hyri di n-2(1 H) -one, mp. 238-240[err]C, 4-3-(
4- hydr oxybut yl ) - 1- (4- et hyl phenyl )-[ 1, 8] - napht hyridin-2(1H)-one, m p.
186-188[ err] C, 4-hydroxy-3-(4-hydroxybutyl)-1-(4-nmethoxyphenyl)-(1,8]-
napht hyri di n-2(I H)-one, mp. 237-239[err]C
1- (3, 4-di chl or ophenyl ) - 4- hydr oxy- 3- (4- hydr oxybut yl ) -
(1 8] - napht hyridin-2(1H) -one, mp. '188-190[err]C '

1-(3- chlorophenyl) 4- hydr oxy- 3- (4-hydroxybutyl)-[1, 81-

U PREPARATIVE EXAMPLE 4

4-HYDROXY-3-( 5~-HYDROXYPENTYL )-1~-PHENYL~
1,8-NAPHTHYRIDIN=-2(1H)-ONE _
To a suspension of ethyl S5-(4-hydroxy-2-oxo-
l-phenyl-1H=-(1,8]-naphthyridin-3-yl]lpentanocate (1 g.)
(prepared as in preparative example 3) in dry dioxane

(50 ml.) in an atmosphere of nitrogen is added lithium
borohydride (0.34 g.). The mixture is stirred at room
temperature for 20 min. then it is heated to 60°C for
16 hrs. | _

The'product is poured into. water, adjusted to
pH 4.5 thh acetic acid and the resultlng solid is
filtered off. The solid is washed with water and drxed
to yield 4-hydroxy-3 (S-hydroxypentyl)-1-pheny1-1 8-
naphthyridin-2-(1H)-one.

PREPARATIVE EXAMPLE S
3= ( 4~BROMOBUTYL ) =4 ~HYDROXY~1=PHENYL-1, 8=
NAPHTHYRIDIN-2(1H)-ONE |
'In 47% HBr (100 ml.) was dissolved 4-hydroxy-
3-(4~-hydroxybutyl)~-l-phenyl-1,8-naphthyridin-2(1H)-one
(5 g) in an atmosphere of nitrogen at room
temperature. After 1 hr. the solution was heated to
90°C and it was.kept there for 6 hrs.




naphthyrldln 2(1H) -one, mp. 176 178C ,

4- hydr oxy- 3- (4- hydr oxybut yl ) - 1- ( 3- net hoxypheny! )-[ 1, 81-

napht byri di n- 2(1H) -one, mp. 217-219C ,
ir-g%y- 3- (4- hydroxybutyl ) -| - phenyl - qui nol i n-2(1H) - one, m p.

8[ err] C; PREPARATI VE EXAVMPLE 3 ETHYL

1Y

2- pheg .n1non|cot|nate (8. 5 g.) was di ssol ved mnth stirring in diethyl
pinelate (80 m.) in an atnosphere of nitrogen. To the m xture was added
potassiumt-butoxide (13 g.) and the m xture was stirred at room
tenperature for 1 hr. It was then*f€ated to 135- 140[err]C for 6 hours after

whi-ch tine it was d q r tracted with
nmet hyl ene chlorldeag%agtﬁgﬁig %ﬁs?@% ?JEHH§%‘Q§ %ng%% lwgacﬁﬁ Solid sodium
chl ori de afiadifddad &hﬁePHMPéhaﬂmést%ﬂl%P v ith potagsdsm  washed with

wat er anccydaad., MArrse8stéP€ing £o#8s ﬁ%hd%&gﬁlﬂﬂéﬂsagldlehby| suberate for

di et hyl pi el ate he_ abov edu Y.

hydr oxy- dpr?ét | ¥REF F% ﬁf‘g p'ﬁ? Alst]ﬁd; i°h¥>%5r*8at3e m p.

167- 168[e(r¢-]utom¢>u¢m1aru4edydmmin E@d\a?maphthyrxdm-

4- HYDROXYy C;;%DRQ)%PEM}(L)% EHENYL 1, 8-NAPHTHYRI DI N-2(1H)-ONE To a
suspen5|on oT et yI 4- hydr ox

bst tut1Xg the appropr1ate starting
materials and using the procedure as above, the
following additional compounds were ob;ained:

3-(4-bromobutyl)-4-hydroxy-1- (3, 4-d1chlorophenyl)-l 8-
naphthyrldxn-Z(IH)-one. m.p. 169—171°C°

3-(4—bromobutyl)-4-hydroxy-l-(4-¢hlorqpheﬁy1)-},8-"
naphthyridin-2(lH)-one, m.p. 228-230°C; -

3-(4-bromobuty11-1-(3-hydroxyphenyl)-4-hydroxy-1.8-"
naphthyridin-2(1H)-one, m.p. 214-216°C;

3—(4—bromobuty1)-1-(3-methoxypheny1)-4-hydroxy—1 8-
naphthyridzn-!(lﬂ)-one. m.p. 179.5=-181°C;

3-(4-bromobutyl)-l-(3—chloropheny1)-4-hydroxy-1.8- (o
naphthyridin-2(1H)-one, m.p. 195.5-197°C;

3-(4-bromobuty1)-4-hydroxy—1-phény1-quiqolin-z(Lg)-one'
mop .. 206. 5-208°c;

PREPARATIVB EXAMPLE 6
METHYL-Z-PHENYLAMINO-3 PYRAZINB CARBOXYLATE

(A) Methyl 2-bromo=-3-pytrazine carboxylate:
To a stirred mixture of 12.7 g. of methyl 2-

amino pyrazine carboxylate and 47 ml. of 48%



1- phenyl -1 H[1, 8] -napht hyri di n-3-yl | pentancate (1 g.) (prepared as in
preparative .exanple 3) in dry dioxane (50 ml.) in an atnosphere of nitrogen
i.s.-added I|th|un1borohydr|de (0.34 g.). The mxture is stirred at room
tehperature for 20 min. then it is heated to 60[err]C for 16 hrs. The ¥
_product is poured into water, adjusted to pH 4.5 with acetic acid and {he/
resulting solid is filtered off. The solid is washed wth water and dr|&d"
to yield 4-hydroxy-3-(5-hydroxypentyl)-I-phenyl -1, 8-
napht hyri di n- 2- (1H) - one. . PREPARATI VE EXAMPLE 5 -
3- (4- BROVOBUTYL) - 4- HYDROXY—l PHENYL- 1, 859 NAPHTHYRI DI N- 2( 1H) - ONE I n 47% HBr
(100 m .) was dissol ved 4-hydroxy-

3- (4- hydr oxybuhylrobeHREaYac d Sty IaéueaZ(&kBpW@e,(&ﬂ)s i} ,2%¢

at nosphere of Bltro en, at roonlte erature. 6 he sol'ution was
S*

heated to 90[ ePFPRIERARPEPIRG '%Il?pt empsratpge Bth A S‘!L eign & cool i ng,
t he product wasfpsadiéemi mitriie din [68r ml afdwaher pkasvasherdjadidesd to 5 With

potassi um acet gkgpy; 8L G40 rJHg‘theorregg%BHtﬁ§xtﬁ£@ S dfbd"FS, lst er ed

of f, washed with water and dr

(4- br onobut yI ) PABRydr BRY - FeafHERN @xg%aprféﬁypﬁmﬁle@(q%%&e wighy

194-196[ err] C. 1Bydsgbsdf tsvd ngn thizcaaonanei ahé ekxerdcted el iedhyland usi ng
the procedure géeégggeanérghain with chloroform. The organic layers

were dried over magnesium sulfate, filtered and

concentrated to a yellow oil. Recrystallization from
W, ether-hexane yielded the product, m.p. 43-45°C,

{B) Methy;'2-pheny1§mino-3-pyrazine carboxylate:

A mixture of 9.5 g. of methyl 2-bromo-3-
pyrazine carboxylate, 8.2 g. of aniline, 0.5 g. of p-
toluene sulfonic acid and 100 ml. of water was stirred
and refluxed for two hours. The reaction mixture was
poured on ice, extracted with ethyl acetate, the
organic extracts were dried and concentrated to yield
: an oil. The crude residue was eluted on a silica gel
column with ethyl acetate-hexane (l:2) yielding the
product of this example as yellow solid, m.p 72-75°C.

" PREPARATIVE EXAMPLE 7
3-(2~-HYDROXYETHYL)-4-HYDROXY-1-PHENYL-
. 1,8=-NAPHTHYRIDIN=-2(1H)-ONE

To a solution of 6.8 g. of methyl 2-phenyl-
amino-3-pyridine carboxylate in 60 ml. of gamma-butyro-
lactone there was added, under nitrogen, 13.4 g. of
potassium tertiary butoxide. The reaction mixture was
heated and stirred for one hour at 95°C, poured on ice
and stirred-overnight. The mixture was extracted with

ether, the aqueous layer acidified with acetic acid to
PH 4.5 and the product was collected by filtration.
Recrystallization from chloroform, acetone, isopropanol



foll owi ng additional conmpounds were obtai ned:

3- (4-bromobutyl)-4-hydroxy-I-(3, 4-di chl orophenyl)-1, 8- | : '

naph i din-2(1H-one, mp. 169-171C; =

3- (‘-brd“-butyl) 4- hydr oxy-1| - (4-chl orophenyl ) -1, 8- naphthyrldln 2(1FD one"“
223 30[err]C 3-(4- bronDbutyI) 1 (3- hydroxyphenyl) - hydr oxy- 1, 8-

3- (- bfo -butyl) 1-(3- nethoxyphenyl) 4- hydr oxy- 1 8- naphthyridin 2(1 H) - one,
m p. -181C;, 3-(4-bronobutyl)-1-(3-chl orophenyl)-4-hydroxy-1, 8-
naphthyrldln 2(I H-one, mp. 195.5-197C, -

'3-(4-bronobutyl)-4-hydr oxy- 1- phapd - qui nol i n-2(1H) - one, mp.

206. 5-208[ err] C; PREPARATI VE EXAMPLE 6 METHYL- 2- PHENYLAM NO- 3- PYRAZI NE
CAR&J&ﬂdWEbdA&hé@phgduetboﬁnbhssp;xampme aar borpllearéesso a stirred mxture
of 12.44 1 of nBt hy§s22388k 00 pyrazine carboxylate and 47 m . of 48%

-20- hydro ron1 acid there was added, dropwi se, 12.6 m. of ‘brom ne
keepi ng the tenperature at 0. A sol ution of of sodiumnitrite in 60 m of
water was then added dr pREPARARIVECERAMPLBesgreaction mxture stirred for 15

mns. The rea;t | o%ﬁ;m%_\/ﬁ%lq sgdagfich_gg-i vg th 14.4 g. of sodium

bi car bonat e an n with chloroform The

organic |ayers were dr NAPHRAYRIBINT4(IRH~ONB ate, filtered and concentrated
to a yellowoil.a Becayséal bEZathParbk9iB-(2-hydroxyethyl)=~1-~

phenyl-l.8-naphthyridin-2(lg)-one in Eatpn's:Reagent _
(10% P,0g in methane sulfonic acid; 40 ml.) was stirred
in an atmosphere of ‘nitrogen and was heated to 70°C for

2 hr. After cooling, the product was poured into
water, adjusted to pH 4 with NaHCO;, filtered, washed
with water, air dried and recrystallized from
isopropanol with decolorization to yield the product.
m.p. 245-247°C,

EXAMPLE 1
l'-PHENYLSPIRO[CYCLOPENTANE -1, 3'—(1 8)—
NAPHTHYRIDINE]-Z',4'-(1'H)-DIONE

A suspension of 3-(4-bromobutyl)—4-hydroxy-l-_
phenyl-l,8«-naphthyridin-2(1H)=-one (5 g.) in methylene
chloride (350 ml.), in an atmosphere of nitrogen, was

stirred at room temperature and to it was added
triethylamine (4.1 ml.). The mixture was stirred at
room temperature for 16 hrs. Water (300 ml.) was added
and the aqueous layer was back—-extracted with methylene
chloride. The combined organic layers were washed with.
water, dried (Na,SO,), filtered and evaporated to yield
a solid which was_recrystaliized from isopropanol to-
yield a solid which was recrystallized from isopropanol
to yield l'-phenylspiro(cyclopentane~-l,3'~
(1,8)naphthyridine]-2',4'~(1H)dione, m.p. 178-179°C,

The following compounds may be prepared similarly using
appropriately substituted starting materials:



et her-hexane yielded the product, mp. 43-45[err]C (B) Methyl

2- phenyl am no- 3- pyrazi ne carboxylate: A m xture of 9.5 g. of nethyl .
Z-Qrono 3- pyrazine carboxylate, 8.2 g. of aniline, 0.5 g. of p- toluene
sul'fonic acid and 100 ml. of water was stirred and refluxed for two héursS. N
The reaction m xture was poured on ice, extracted with ethyl acetate, ﬁg;
or.ganic extracts were dried and concentrated to yield an oil. The crude-2
“residue was eluted on a silica gel colum with ethyl acetate-hexane (1)
yi el ding the product of this exanple as yellow solid, mp 72-75C
PREPARATI VE EXAMPLE 7. 3- ( 2- HYDROXYETHYL,), - 4- HYDROXY- 1- PHENYL-

1, 8- NAPHTHYRI DI N-2(| H) - ONE To a sol utidif of 6.8 g. of nmet hyl 2- phenyl -
anm no- 3- pyri di pe. cal, ggpﬁy butyr | act one there was
added, under n { @ fﬁH%n&Q)gB1 éﬁ%&gﬁn ary ut oxi de. The reaction
m xture was he Qﬂﬂf@ﬂ?rﬂﬁé&eﬂﬁ? oﬁe F&nﬂ)?QIQHRZ m®ur 8d7on i ce and
stirred overniM.5°Me m xture was extracted with ether, the aqueous | ayer
acidified with acetic acid to pH 4.5 and the product was coll ected by
filtration. Recrystallization fromchloroform acetone, isopropanol -21-
yi el ded the prbutid-cilorepseaydsbirafcye npantares-1sd'd, m p.

235- 236[err]CZ(f%iﬁﬂgBﬁEmyElaxAy?LEv848,91£ﬂfﬂ@ﬁ§h9 RHENYkangKIZ 3-B][1,8]-
183°C;

1'-(3,4-dichlorophenyl)spiro(cyclopentane~-1l,3'-
U/ (1,8)naphthyridine]-2',4'-(1'H)~dione; m.p. 143~
145.5°C;

1'=(3-chlorophenyl)spiro{cyclopentane=-1,3"'-
(1,8)naphthyridinel-2',4'-(1'H)~dione; m.p. 165-165°C;

1'-(3-méthoxyphenyl)spiro[cyclopentane-l,S'—
{1,8)naphthyridine]-2',4'~(1'H)~-dione; m.p. 159~
160.5°C;

1'=(3-hydroxyphenyl)spiro[cyclopentane-1,3"'~ _
(1,8)naphthyridine]l-2',4'~(1'H)~dione; m.p. 218-220°C;

\_J 1'-phenylspiro[cyclopentane-1,3'-quinoline]=2',4'-
(1'H)-dione; m.p. 166-168°C.

. In general, by following the procedures
described in Preparative Examples l, 4, 5 or'6, of an
art-recognized modification thereof, using.lactones
with desired substxtuents. other intermediates may be
prepared which are useful for preparing products of the
invention by the method of Example 1.



NAPHTHYRI DI N- 4( 2H) - ONE A sol ution of - 4- hydr oxy- 3- ( 2- hydr oxyet hyl ) -1 -

phenyl - 1, 8- napht hyri di n-2(1H)-one in Eaton's Reagent (10% [err] in-methane

sulfonic acid; 40 nml.) was stirred in an atnosphere of nitrogen and was Vi
gd-“tQ 70[err]C for 2 hr. After cooling, the product was poured into s

0y usted to pH 4 with NaHCO3, filtered, washed with water, air dried

stallized fromisopropanol with decolorization to yield the

: p. 245-247[err]€C. EXAWVPLE 1 ' :

1' - PNE SPI R CYCLOPENTANE- 1, 3' - (1, 8)- NAPHTHYRI DINE]-2',4'-(1"'H)-Dl ONE A

suspensi on of 3-(4-bronobutyl)-4-hydroxy-I - '

phenyl - 1, 8- napht hyri di n- 2( 1H) - onée g.) in nmethylene chloride (350 m.),

in an atnosphere of nitrogen, was stirred at roomtenperature and to it was

added triethylamne (4.1 m.). The mxture was stirred at roomtenperature

for 16 hrs. Water (300 m.) was added and the aqueous | ayer was

"back-extracted with nethylene chloride. The conbi ned organic | ayers were

washed with water, dried [err], filtered and evaporated to yield a solid
whi ch was recrystallized fromisopropanol to yield a solid which was
recrystallized fromisopropanol to yield 1'-phenyl spiro[cycl opentane-1, 3'-
(1, 8)naphthyridinel-2",4"-(1H) dione, mp. 178-179C. The foll ow ng conpounds
may be prepared simlarly using appropriately substituted starting

materi al s: '

EXAMPLE 2 :
iéPHENYLfB',4'.5‘bS'QTETRAHYDRObSPIRO-"
[1,8-NAPHTHYRIDINE=3,2'~-(2H)PYRAN]~-
' 2,4-DIONE
A suspension df'4—Hydroxy—3-(4éhydroxybutY1)- \/
l-phenyl=(1,8)-naphthyridin-2(1H)=one (2g.) in
chloroform was stirred in an ice-bath. A solution of
bromine (lg.) in chloroform was added dropwise and the
mixture was stirred overnight at room temperature. To
this mixture was added a solution of 1,8- )
diazabicyclo(S,4,0]undec-7-ene (2g) in chloroform at
room temperaﬁufe; After about 3/4 hr. water was added
and the pH was adjusted to be slightly acidic._\The
chloroform layer was separated and washed with
. saturated NaCl solution. The solution was dried and
evaporated to a solid which was washed with




-52- I'-(4-nethylpheny|)spiro[cyclopentane-l,S'-

(1,.8) napht hyri di ne] - -(I"H-dione; mp. 177--179.50C,
L g(4- chlorophenyl)splro[cyclopentane 1,3 -
(1‘8)naphthyr|d|ne] -(I"H)-dione; mp. 181.5- 183C 1
-(3, 4- dlchlorophenyl)splro cycl opent ane-1, 3' -
(1 8) napht hyri di ne] - -(1'H-dione; mp. 143- 145.5C,
-(3- chlorophenyl)splro[cyclopentane 1,3 -
(1 8) napht hyri di ne] - -(1'H)-di one; mp. 165-165C, - .

-(3-nethoxypheny|)spiro[cyclopentaneea 3' -
(1, 8) naphthyridine]-2",4"-(1"H)-dione; mp. 159- 160.5C;
'-(3-hydroxy¢¢n&n¢)ﬁw§t@¢cgmﬂcnmiédﬂubSbibld l-phenyl 3',4',5' 6'-
(1,8)naphthyr 1 8-
| ' - phenyl spi ro?é%%pe ﬂit_g éj ul no".fr{pnl%]"‘ii‘%‘]e 292?20 2\57)93

166- 168C. | n &one |m-my %ﬁﬁ * t he procedures descrlbed |n Preparatlve
Exanples 1, 4, 5 or 6, or an art-recogni zed nodification thereof, using

| actones with desired substituents, | nt er medi ates may be prepared
whi ch are useful for preparing prodé%ggﬁgéLéhe i nvention by the nmethod of

Exanpl e 1. 1233 -MEANPKE PHENYRHERYL 43, 54, 6 S-TBTRAEYPROSPIRD Opt RO
NAPHTHYRIDINE-3,2'-(2H)PYRAN]~2,4~DIONE.

To a suspension of 4-Hydroxy-3-(4-
“hydroxybutyl)-l-(3-methoxyphenyl)=-(1,8)=-naphthyridin-.
U 2(1H)-one (lg.) in methylene chloride (10 ml), in an

ice—-acetone bath was added a solution of bromine (0.5
g.) in methylene chloride (5 ml.) over a period of 15
min. The resulting yellow-orange suspension was
stirred overnight at room temperature. To the
resulting clear yellow solution was added a solution of
1 8-d1azab1cyclo[5 4,0Jundec~7-ene (lg.), in methylene
chloride (5Sml.) during 5 mins. The mixture was stirred
at room temperature for 3 hrs. after which time water
(Sml) was added. The organic layer was separated,
dried and evaporated. To the residue was added 50%
aqueous ethanol (lOml.) and after some time the solid
was filtered off and recrystallized from isopropanol to

U . yield 1l-(3-methoxyphenyl)-3',4',5',6'-
tetrahydrospiro(l,8-naphthyridine-3, 2'-(28)pyran]-2 4-
dione, mp. 181-183°C.

By utilizing the appropriately substituted
starting materials in the above-described precedure,
the following products were obtained:

4, S-dxhydro-l'-phenyl-sp1ro[furan-2(3H),
3'2(H) (l 8)-naphthyr1d1ne] -2',4'-(1H)~dione, m.p.
241.5~ 243°C.;

_ l-phenyl-spiro(1l,8-naphthyridine-3,2'-
oxetane)=-2,. 4- dione, m.p. 233-235.5°C; and



[1- 8- NAPHTHYRI DI NE- 3, 2' - (2H) PYRAN] - 2, 4- DI ONE A suspensi on of,

4- Hydroxy- 3- (4- hydroxybutyl )- |-phenyl - (1, 8)-naphthyridin-2(1H)-one (2g.)

in chtoroformwas stirred in an ice-bath. A solution of bromne (1g.)
chl orgf orm was added dropwi se and the m xture was stirred overni ght at

tenpéraryre. To this m xture-was added a solution-of 1, 8-

16I-

in
r

: L

!

00

di a | o[ 5, 4, 0] undec-7-ene (2g) in chloroformat roomtenperature.

Af t t 3/4 hr. water was added and the pH was adjusted to be slightly
acid The chlorof orm | ayer was separated and washed with saturated NaC
sol ut\on./ The solution was driegbsand evaporated to a sol i d whi ch was washed
wi.th 24- ethanol/water and dried to yield | -phenyl-3,4",5

t et r ahydr o- spir of1(8=paRBLEA hb§¥Q9-§ 2'g %H)@yran] 2, 4- dlone

213-215C. EXANMPLE

mp.

6'- TETRAHYDRCSPIFKIl 8-

NAPHTHYFePBFRIEl’é’-‘?sPéERﬁYgENfPQtHYBFGNEe'?@ ‘%p@ﬁ(ﬁ@d %+ 4 Hydr oxy- 3- (4-

hydr oxgbohgl,) mlp( 3168t Betgphenyl ) - (1, 8) - naphthyrldln-
net hyl ene chloride (10 m),

2(1H)-one (1g.)
in an ice-acetone bath was added a sol uti on of

I n

bromne (0.5 g.) in . nethylene chloride (5 m.) over a period of 15 mn.

resul ting yell oworange susp

t enper at uge~gtlokkearbonyl- l-phenylsglrotl 8-naphthyr1d1ne

3. 2'-glperid1ne] -2,4-dione

(A) N, 2-Bxs(ethoxycarbony1) 2-(3=[2=-chloro-
nicotinoyll])-piperidine

A slight excess of lM-llthLum-bis(tfimethyl—
silyl)amide in tetrahydrofuran (THF) is cooled in a
nitrogen atmosphere to below -60°C. To this is added a
solution of ethyl N-—-ethoxycarbonyl plpecollnate (0.11M)
in dry THF, dropw1se. :

Allow to stand for 2 hrs. Then'add a
solution of ethyl 2-chloronicotinate (0.1M) in dry THF,
dropwise. - :

Allow to stand at -70°C for at least 4 hrs.
Then warm gradually to room temperature. When no

starting material remains,. add acetic acid and watefe

and evaporate off the THF.
Isolate the product by extraction and purify
by column chromatography. '

(B) N-Ethoxycarbonyl-z-(3—[2-chloro-nicot1noyll)—
pipecolinoyl anilide - o
Carefully hydrolyze the product from part A
using excess dilute NaOH in H,O/EtOH. Follow by thin
layer chromatography (TLC). When no startihg material
remains, adjust the pH to ca 9 with dil HCl1l and
evaporate to low volume under reduéed-pressuré: "~ To the
residue suspended in benzene, add an excess of oxélyl
chloride, and warm the mixture until a reaction occurs.

stirred overnight at room

The

v



Fesulting clearlyeIiOM/sqution was added a sol ution of
1, 8-dj azabi cycl o[ 5, 4, O] undec-7-ene (1g.), in nmethylene chloride (5m.) .
d‘qﬁ.-.ng 5 mins. The.m xture was stirred at roomtenperature for 3 hrs. after
whirh tinme water (5m) was added. The organic | ayer was separated, drieé i-.
and evaporated. To the residue was added 50% aqueous et hanol (1O .) ang
after sone tinme the solid was filtered off and recrystallized from
‘i sopropanol to yield 1-(3-nmethoxyphenyl)-3",4",5 ,6"-
tetrahydrospiro[ 1, 8-napht hyri di ne-3,2'-( 2H) pyran]-2,4- dione, np.
181-183[err]C. By utilizing the appropglLately substituted starting
materials in the above-descri bed precedure, the foll ow ng products were
ohLzfed, 45911y owbenpng) esauict] wieshetite sraporase oft

' - 1 -n di -2', 4 - -di e. mp. W -
1-pheny|-spl?oﬁg,g-%%ghfﬁgrfépanf,f‘1rof§F§ﬁef§2qu§%ﬂ <a:%ﬂ7f
233-235. 5[ efffCanghdne (233. eguigscH| dinosranyiHF-.3' WG th'complete
-tetrahydrogpar pbhc8iBaRht Mhehdiiae13te 3E) PRvdtl ByvAadl e wdb
158.5-160[err%C. EFANPLE.é . ov'a T ,é%
1' - Et hoxyca?BBn§FeFLEnaRyPeptraPP 8 ARgn Offr ithendHE and extracting
- pi peri di ne}rRo4CHLChg . ( AThh, prBiducet Hsx puarilfded by2-codumzr chl or o-
ni cotinoyl ] ¢npbRgEbgtaBhy . '

(C) 1'-Ethoxycarbonyl—l-phenyl-spiro(1}8-naphthyridine-
U 3,2'-piperidine)—2.4-dione

To a slight excess of 1IM-lithium
bis(trimethylsilyl)amide in THF, under nitrogen, at
=70°C, is added the product from bart B, in dry THF,
dropwise. After standing for 2 hrs. at =-70°C the

‘mixture is allowed to warm gradually in_ggL 20°C steps
to room-temperature. The reaction is followed by TLC
at each step. When the reaction is complete, the
product is isolated by addition of acetic acid and
water. Removal of the THF, and extraction into CH,C1,
is performed, and the product is purified by column

chromatography.
_ Removal of_the carbamate protecting group and
va - subsequent modification of the resulting.secondary

amine are implemented by standard means well known to
one skilled in the art.



A slight excess of IMlithiumbis(trinethyl- silyl)anide in t et rahydrof uran
(THF) is cooled in a nitrogen atnosphere to below -60[err]C. To this is
.addg sol ution of ethyl N-ethoxycarbonyl pipecolinate (0.-11M in dry THF, £
dr inbe\ Allow to stand for 2 hrs. Then add a solution of ethyl
: nj cotinate (0.1M in dry THF, dropw se. Allow to stand at -700C for
at \edst /4 hrs. Then warmgradually to roomtenperature. Wen no starting
mat ex renmains, . add acetic acid and water, and evaporate off the THF.
| sol ate the product by extraction and purify by columm chronmat ography. (B)
N- Et hoxycar bonyl - 2- (3-[ 2-chl or o- r]/l cotinoyl])- pi pecol i noyl anilide
Carefully hydrolyze the product rom part A using excess dilute NaOH:in
H2O EtOH.  Fol | e ot n no starting
materi al renai ng%i)yj us{'éI hﬁg &%QLS{I@%Q ?Eﬂél(&h% v%vapor ate to | ow
vol uné‘%’rfdlar"—’i*%d%@@@?%%E%rﬁ arpipgemagerdad 99§pé‘ﬁé§&1|°@ benzene, add an
excesscoid Dedd €hé OFdUPowbng VBRPOLAGs A UBE pPRleblaradieaction occurs.
-26- Wen the reaction is conpkete evaporate off -as much sol vent and excess
reagent as possible. Then d _Ani L4 ‘he\(z 2 equivs.) in dry THF. Warmto
conpl ete the reaction. Th§n YJSol e, )bé product by addi ng water

o q

a%

" Camp.  V d ot (_)2 Y d - m.p. O/
No . . ' . : oC
1 o) 3 c1 c1 o) N
2 o 3 H cl o N 229~  hemihydrate
© 231.5
3 cH, 2 H H s N - 188-
| - 189.5
4 CH, 2 -NH'CHO = H o N @ 222-
| 224
5 CH, 2 ~NH'CO'CO*OC,Hg H o) N 158~
| 160 .
6 CH, 2  -OCHj ~ H o N 159- - o/
' | | 160.5
7 CH, 2 - H o N 2s-
| | 220
8 CH, 2 -NH, H o) N 200~
- - 202
9 CH, 2 —OCH,C0°0°C,Hg H o) N 103~
| | 105
10 CcH 2 H - H 0 cH
11 o) 3 H <CcH; O N hemihydro-

bromide



and acetic acid,.evaporating off the THF and extracting into CH2C12. The
product 'S purlfled by col unmm chromat ography. (C
l Ethoxycarbonyl-l-phenyl spi ro(1, 8-napht hyri di ne- -
3 5’ pi peridine)-2,4-dione To a slight excess of 1IMIithium & 7
bls(trlnethyI5|IyI)an1de In THF, under nitrogen, at -70C, is added the .~
product frompart B, in dry THF, dropwi se. After standing for 2 hrs. at .
-70[err]C the mxture is allowed to waram gradually in ca. 20[err]C step.J§§1
roomtenperature. The reaction is followed by TLC at each step. Wen the '
reaction is conRkgse, the product is isolated by addition of acetic aci¥ by
and water. Removal of the THF, "and extraction into [err] is performed, ahd
the product is purified by colum chronat ography. Renoval of the carbanate
protecting grbup asfipsSuR88quENthevdehie¢alli Edr@fullahe resul ting secondary
am ne are inplenented by standard neans well known to one skilled in the
art. -27- Follow ng the prgcedures exenpl.ified above using the
appropriate starting materi &~ and rgactlom'condltloqg the foll ow ng
conpounds may be prepared: [e\r I

N \\\R
cys
/f&’ z R

R® ——n
_ _qur o
_ R R
N\ |
wherein two of the ring atoms a,b,c and d
may be CH or N and the remaining two atoms
represent CH; '
Y and Z independently represent O or S;
. : R
I
v represents‘O.,S(O)n, N-RS or C:;
I
_ R
each R independently represents hydrogen,
C; to Cg alkyl, CH,OH, COR; (wherein R’
K,/ represents hydrogen or Cl'to Ce alkyl) or

hydroxy, with the proviso that only one
hydroxy group can be attached to one carbon
atom and neither R can be a hydroxy group atfached
- . to the carbon alpha to the ring nitrogen at the 1-pos:|.t10n-
each R' 1ndependently is as defined
for R above, except that when V represents o,
S(O) or N-RB, R' may not be hydroxy:
R and RS may be the same or different and are
hydrogen, alkyl having from 1 to 6 carbon atoms,
halogen, nitro, alkoxy having from 1 to 6 carbon atoms,

trifluoromethyl, alkylthio having 1 to 6 carbon atoms

i

‘R O



-28-- CLAIMs: 1. Conpounds of the general fornmula | [err] wherein two of

the ing atons ab,c and d may be CH or N and the renmining two atons R

gnt CH, Y -and Z independently represent 0 or S; V represents O s
\err] or [err]; each R independently represents hydrogen, [err]. ~

NAJ\ [err] represents hydrogen or Cl to C6 al kyl) or hydroxy, with the

phovi 9 tt hat only one hydroxy group can be attached to one carbon atom and.

neNt her /R can be a hydroxy group attached to the carbon al pha to the ring

nitregen at the |-position; each By independently is.as defined for R

above, except th%t when V represents 0, [err], R may not_ be hydroxy; R5

and Ibn’raqybeowh@ sdfe hydrngeny ealkyld haeingdfsgenl &ky having from 1 to

6 carhopngho '%?fbowiie aewomm NEré&hom kot 7 &HEsdON at ons,
trifluoronet alky thio having 1 to 6 carbgn at -29- or cyano;

[erﬂaﬁ@mﬁydﬁi&&ﬁsqﬂﬁQHYhaQ?ﬁg“Er5%9?t%)%Pc rSBHgSPoﬁ§°W§Wboxyllc acyl
havi rwaéseanﬁo&g 'haf?v?if NEAGANE, tal ly |t bomyatbagi,nCANyp 1 to 6 carbon

atonsphé:%r! or p])/rldaflll. ngffvrvt?g]cg tt:91e7 lcaasré)ogwatons bLe”]
substituted with up to three substituents, Q, whereby
each Q independently is hydroxy. alkyl having from 1 to
6 carbon atoms, halogen, nitro, alkoxy having from 1 to
6 carbon atoms, trifluoromethyi, cyano, cycloalkyl
having from 3 to 7 carbon atoms, alkenyloxy having from
3 to 6 carbon atoms, alkynyloxy having from 3 to 6 carbon
atoms, S(0),-R? [wherezn n is defined herein and R? is
‘alkyl hav1ng from 1 to 6 carbon atomsl, NHSOZRa
[wherein R? is defined herein], NHSO,CF3, SO,NH,, corP
(wherein RP is OH, NH, or OR2 (wherein R® is defined
herein)], O-B-CORP [wherein B is alkylene having from 1
to 4 carbon atoms and RP is defined herein], or NHCOR®

(wherein RC is hydrogen, alkyl having from 1 to 6

carbon atoms, alkoky having from 1 to 6 carbon atoms, .

cord (wherein rRd is hydroxy or alkoxy having from 1l to

6 carbon atoms) or NHR® (whereih R® is hydrogen or

alkyl having 1 to 6 carbon atoms)]: _ :
nis 0, 1 or 2; - | _\af
r is 0, 1 or 2; '
q is an ihteger of from 1 to 5; and
A is phenyl,'naphthyl, indenyi, indanyl.

pyr1dyl. pyrimidyl, pyrazznyl. furyl, thienyl,

imidazolyl, thlazolyl or oxazolyl, any of which may be

substituted with up to three substituents Q as defined

herein above, and salts and solvates of such compounds.

2. Compounds of claim 1 wherein ¥ and Z are both .o
oxygen.
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phenyl or pyridyl of which the last two may be substituted with up to three
substituents, Q whereby each Q independently is hydroxy, alkyl havin
1 to®6 car bon atoms, hal ogen, nitro, alkoxy having from1 to 6 carb
at%ﬁs trlfluoronethyl cyano, cycloal kyl having from3 to 7 carbo
alkenyloxy havi ng fron13 to 6 carbon atons, al kynyl oxy having fro
carbon atons, [err] [wherein n is defined herein and Ra is alkyl
from1l to 6 carbon atons], [err] (wherein Ra is defined herein],
[err], [err] (wherein Rb is OH NH2 or3fRa (wherein Ra is deflned hereln)l
O B- CORb [wherein B is al kylene having from1 to 4 carbon atons and Rb is
defined hePein], or G¢XERANAGHhOLeial M sl hgdr gwheralily|r hiwi agrébrom 1 to
6 carbon atons, al koxy having from1l to 6 carbon atoms, CORd (wherein Rd is
hydr oxy or alkoxy hgy? from1 to 6 carbon atons% or NHR (mherekn Re is
hydr ogen of *al kyl Wékﬂ“ 88 & cﬁﬂ&iﬂ%ﬂbnﬁ?]3 W ﬁgq}nJB ramd R% s 0, 1
or 2; q isage batdtgeHydfodéam 1 to 5; and A is phenyl, naphthyl, indenyl,

i ndanyl, pyridyl, pyrimdyl, pyrazinyl, furyl, thienyl, inidazolyl,

thi azol yl or oxazolyl, any of which may be substituted with up to three
substituenss Q as defdmpouhdsecoff aedtns andesalkt ¥hard ivolamat ese of, such
conpounds.b?.c' and quyggnég.of claim1l wherein Y and Z are both oxygen.

6. Compounds of claims 1 to 4 wherein a and d are
both N and b and ¢ are both CH.
o/ '
7. ‘Compounds of claims 1 to 4 wherein d is N and
a, b and ¢ are CH.
8. Compounds of claims 1 to 7 wherein q is 2, 3
or 4.
9. Compounds of claims l to 8 wherein R and R!
independently are hydrogen, methyl, ethyl, propyl, iso-
propyl, n-=butyl or iso=-butyl.
10. Compounds of claims 1 to 9 wherein A is phenyl
O/ or phenyl substituted. with one or two substituents Q as

defined in claim 1.

11. Compounds of claims 1 to 10 whefein vV is O,
s(0), or N-RS,

12.  Compounds of claim 11 wherein V is O.
13, The compounds:

l'-phenyl-spiro[cyclopentane-l.3'—(1{8)naphthyridine]-
2',4'-(1'H)~-dione;
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- 30 - 3. Conpounds of clainms 1 or 2 wherein r is zero. 4.
Compounds of claims 1 to 3 wherein R5 and R6 are both hydrogen. 5.-
Conpounds of clainms 1 to 4 wherein all of a, b, ¢, and d are CH 6.
Zonpouhds of clains 1 to 4 wherein a and d are both Nand b and c are both\f
Compounds of clains 1 to 4 wherein d is Nand a, b and c are
! Compounds of clainms 1 to 7 wherein q is 2, 3 or 4. 9.
KfQunds of clains 1 to 8 wherein R and R independently are hydrogen,
I, ethyl, propyl, iso- propyk, n-butyl or iso-butyl. 10.
pounds of clains 1 to 9 mhereln A is phenyl -or phenyl substituted with
B 0% .t st f nghl 1cLal ¢+ 41Conpounds of
claln% 1B?ga$}\ﬁéﬁfﬁﬁé%2}§§8 %Nr o? [g?%FbllﬁEH -2 Cbnpounds of claim
11 whétéfn ~dione: 13 “The conpounds
phenyl spiro[cyclopentane 1 3 -(1, 8)naphthyr|d|ne] 2',4'-(1"H)-dione;

-31(4 'Rﬂin%l- 5|é§%?¥g éF %}] g |ggu nely2",4'- (1'H)-dione;

(1,8)naphthyridine] 2'.4‘-(1'5)-d10ne.

1'-(4-chlorophenyl)spiro(cyclopentane~1l,3'-
(1,8)naphthyridine]-2',4"'-(1'H)-dione;

1'=(3,4-dichlorophenyl)spiro(cyclopentane-1,3'- .
(1,8)naphthyridinel-2',4'-(1'H)-dione;

1'=-(3-chlorophenyl)spirolcyclopentane-1l,3"'~
(1,8)naphthyridine]=-2',4'~(1'H)~dione;

1'-(3-ﬁethoxypheny1)spiro[cyclopentane-l,3'—
(1,8)naphthyridine]-2',4'-(1'H)~dione;

1'-(3-hydroxtheny1)épiro[cyclopentane-1.3'—
(1,8)naphthyridinel-2',4'~(1'H)~dione:;

1'—phenylspiro[cyclopentanebl,B'-quinoline]-Z',4'-
(1'H)-dione;

14. The compounds:

l-phenyl-3',4',5',6'-tetrahydrospiro(1,8-
naphthyridine-3,2'~-(2H)pyran]=2,4~dione;

l-(3-methoxypheﬁyl)-3',4',5',6'-tetrahydro-
spiro[l,8~naphthyridine-3,2'-(2H)pyran]-2,4~-
dione: o
4,5-dihydro-1‘-phenyl-spiro [furan=-2(3H),
3'(2'H) (1,8)naphthyridine]-2';4'(1'H)-dione;
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(1, 8) napht hyridine]-2',4'-(l"'H)-dione;
1' - (4-chl orophenyl ) spiro[ cycl opent ane-1, 3' -
(-1,8) mapht hyri di nel.-2' , 4" - (1" H) - di one;
1'&(3,4-dichlorophenyl)spiro(cyclopentane-l,B'-
(1, 8) napht hyridine]-2',4"'-(l"'H)-dione;
1' - (3-chl orophenyl )spiro[ cycl opent ane-1, 3' -
(1, 8) napht hyridine]-2',4"-(l"H)-dione;
1' - (3- met hoxyphenyl.) spi ro[ cycl opent ang-gb 3, -
(1, 8) naphthyridine]-2',4"-(l"H)-dione;
1' - (3- hydroxyphenyl) §pph@lnicliPess e0¢8lndphthyridine=3,2' -
(1, 8) naphthyridinel-2',4"- I'h%-glone;
1' - phenyl spi r o[ cycl ofEREARE % 1501ABRF | ABR- 2' , 4' - (1' H)-dione; 14.
The conmpounds: 1-phenyl-3',4",5" ,6 -tetrahydrospiro(1, 8-
napht hyri di ne-3, 2' - (2H),pyran] - 2, 4- di ope; _
1-(3-nethoxypheny|)-i’f%’égEquq ??%ﬂ$6?614"5"6 ~tetrahydro-
spiro[1, 8-napht hyri dspd«3 (2 ,§Xdplythpridifhe-B @%e:(2H)pyran] -2, 4~
4,5-dihydro-l'-phenyésaggro[furan-2(3FD, 3'(2'H) (1, 8)ynaphthyridine]-2
4' (1' H) - di one; A T- phenyl - spiro[ 1, 8- napht hyri di ne-3, 2' -
oxet ane] - 2, 4-di one; and 1-(3-chlorophenyl)-3',4",5 ,6'-tetrahydro-
Sp'ro[!’8'ﬁ§ﬂhthyr!dPHS%ﬁa%éJé%@QYr@§$§8s§%i®ﬁ¥“%o£5%ising gga%gpceutlcm
conposi tions conprising as an

active ingredient a compound as defined in any one of

\,) claims 1 to 14 in admixture with a suitable- -
pharmaceutical carrier.

l6. Process for preparing pharmaceutical
compositions as defined in claim 15, which comprises
mixing a compound as defined in any one of claims 1 to
14 with a suitable pharmaceutical carrier.

17 . Process for the preparation of compounds of
the general formula I as defined in claim 1,
characterized in that a compound of the general formula IV

R ' |
Ny ) e
6 (C)FA
R K&t

wherein a, b, ¢, 4, R, Rs, RG, A and r are as defined
above and D represents either of the groups

-_
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:active ingredient a conpound as defined in any one of clains 1 to 14 in

adm xture with a suitable- pharmaceutical carrier. 16. , Process for o
-prepattQg pharmaceutical conpositions as defined in claim15, which A
conpri- m xi ng a.conpound as defined in any one of clains 1 to 14 with anv’

suift a Nhar maceutical carrier. 17 . Process for the preparation of
co ‘lof the general formula | as defined in claim1, characterized in
t hat\a pound of the general fornmula IV [err] wherein a, b, ¢, d, R
[err] ,~t€rr], A and r are as defizaed above and D represents either of the
groups -33- [err] wherein L is a good |leaving group, [err] is O, [err]

or [err], [err] is [err], and R R and gq are as defined above, is
subjected to an pntrgnol ecul ar condensation yielding a conpound of fornula
-1 wherein both YilandfZ are oxygen, followed, if desired, by replacing one
.or both of the g x\gA at ons repFesented by Y and Z with sulfur.

C—(Q)g— ¢ —vlin VI

‘ R R R'

or
o
C R' ‘
/ \c-(c)'__é: —v2L | ' VII \
‘ /AT ' ' v/
RR R

wherein L is a good leaving group, vi is 0, s§(0), or
R
I o . |
N-R8, v2 is C, and R, R' and q are as defined
! .
R . -
above, is subjected to an int:amolecular condensation
yielding a compound of formula I wherein both Y and 2
are oxygen, followed, if desired, by replacing one or
both of the oxygen atoms represented by Y and 2 with _ .
sulfur. - - . _ _ S

;;_f_;~____—__-_~;
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