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SUBSTITUTED IMIDAZO/2,1-b7QUINA/OLIN-5( 31)=ONES

AND RELATED TRICYCLIC COMPQUNDS

The prement invention is directed to a group of
cogpounds which are substituted imidazo/2,1-b/quinazolin-
5(3H)-ones and related tricyclic compounds, These com-

pounds have the following general formula:

5
R
1
wherein R1 is H, halogen, or CH};

NRZR3 is a di(lower alkyl) amino, l-pyrrolidinyl,
l-piperidinyl, 1l-homopiperidinyl, bemethyl-
l-piperizinyl, or b-morpholinyl; and

10 X is «CH= or =N=,
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The halogen referred to above is Fl, Cl, or Br. The

lower alkyl groups referred to above contain 1 to 4 car-
bon atoms and can be exemplified by groups such as methyl,
ethyl, propyl, isopropyl, butyl, and isobutyl.

The acid addition salts of the above compounds with
pharmaceutically acceptable acids are considered equivalent
to the above amines for purposes of this invention. Illue-
trations of the above are the salts with (a) inorganic acids
such as, for example, hydrochloric, hydrobromic, sulfuric,
phosphoric, and like acids; (b) with organic carboxylic acids
such as, for example, acetic, propionic, glycolic, lactic,
pyruvic, malonic, succinic, fumaric, malic, tartariec, citric,
ascorbic, maleic, hydroxymaleic and dihydroxymaleic, benzoic,
phenylacetic, 4-aminobenzoic, hehydroxybenzoic, anthranilic,
cinnamic, salicylic, 4-aminosalicylic, 2-phenoxybenzoic, 2~
acetoxyvenzoic, mandelic, and like acids; and (c) with organic
sulfonic acids such as, for axampie, methanesulfonic acid and
p-toluenesulfonic akid.

The 1midazo[§.1-97quinazolin-5(}H)-ones, related tricyclic
compounds, and pharmaceutically aogeptable salts described
herdin, are bronchodilators. Thus, they are useful in the
treatment of bronchial disorders such as bronchial astham. The
present invention is further directed to a method of effecting

bronchodilation,
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In practicing the method of this invention, a phar-
maceutically effective amount of one or more imidazo(2.1-§7-
quinazolin=5(3H)=~ones, related tricyclic compounds, or
pharmaceutically acceptable ealts, is administered internally
to a mammal in need thereof by a route effective to bring the
compound into contact with the bronchial and tracheal tissues
of the mammal. Administration can be carried out, for
example, by (a) a parenteral route, such as by intravenous,
intraperitoneal, or intramuscular injection; by (b)
introduction into the gastrointestinal tract, for example,
via oral or rectal ﬁdminietration in order to bring about
such contact via the blood streamj or by (c) intratracheal
administration, for example, by inhalation of a solution in
the form of a spray, an aerosol, or as a dry powdere.

The pharmaceutically effective amount of the compound,
i.e., the amount gufficient to inhibit or allevinte bronchial
spasm, depends on various factors. These factors include, for
example, the size, type, and age of the mammal to be treated,
the partiocular compound or pharmacologically acceptable salt
employed, the route and frequency of administration, the
severity of any spasm and the causative agent involved, and
the time of administration. 1In particular cases, the dosage
to be administered can be ascertained by conventional range
finding techniques, for sexample, by observing the broncho-
dilating activity produced at different dosage rates. lore

specifically, theae compounds can be administered at dosages.
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ranging from about 0.1 to 250 mg. per kg. of mammal

body weight of 1midazo(§.1-§7quinazolin-5(3")~onea, re-
lated tricyclic compounds, or pharmnceutically acceptable
salts thereof. It is generally desirable to administer
individual dosages at the lowest amount providing the
desired protection from bronchial spasm consonant with a
convenient doasing schedule. Dosage units adaptable to
oral adminiatration. such as tablets, capsules, lozenges,
elixirs, syrups, and the like, are generally preferred,
The active compound can also be formulated in conventional
time release capsule or tablet formulations. Injectable
compouﬁda. Or sprays and aerosolas for inhalation, are pre-
ferred when rapid bronchodilating action is desired.

In practicing the method of the invention, the active
ingredient is preferably incorporated in a composition
comprising ; pharmaceutical carrier from about 5 to 90 per-
cent by weight of the imidazo{§.l-§7quinazolin-543ﬂ)~onoa.
related tricyclic compounds, or pharmaceutically acceptable
salts thereof. The ternm "pharmaceutical carrier" refers to

known pharmaceutical excipients useful in formulating

pharmaceutically active compounds for internal administration

to mammals, and substantially non-toxic and non-senaitizing
under conditions of use. The compositions can be prepared by

known techniques for the preparation of tablets, capsules,

lozenges, troches, suppositories, elixirs, syrups, emulsions,

dispersions, wettable and efferveascent powders, sterile
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injectable compositions, solutions for sprays, suspen-
sions for aerosols, and dry powders for inhalation, and

can contain suitable excipients known to be useful in

the preparation of the particular type of 6ompositions
desired. Suitable pharmaceutical carriers and formulation
techniques are found in standard texts, subh as Remington's

Pharmaceutical Sciences, Nach Publishing Company, Faaton,

Pennsylvania,

In evaluating bronchodilator activity, test compounds
were administered to male Hartley-Duncan guinea pigs by
intraperitoneal injection. The guinea pigs were then
challenged by exposure to a histamine asrosol at periods
ranging from 15 minutes to 4 hours after injection of the‘
test compound. Untreated animals collapsed when exposed
to the histamine aerosol., The animals were observed and

collapse times were racorded. The actual dose of test

compound administered was generally 30% of the LD50 adminig-

tered intraperitoneally. when tested by the above procedure,

the compounds of the present invention were found to produce

a bronchodilating effect,
Some specific doses of compounds used in the testing
were as follows:
(a) 2.10-d1hydro-10-(dimethylamino)1midazo(§.1-97-
quina~olin-5(3H)-one: 48.2 mg/kg,
(b) 2,10-dihydro-10-(l-piperidinyl)imidazo/2,1-b/-

quinazolin-5(3H)-one: 19,8 mg/kg,
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2.1o-d1hydro-lo-h-morpholinyl)1m1dazo(§.1-97-
quinazolin=-5(3ji)=one: 49,8 mg/kg,
7échloro-2,lo-dihydro-lo-(l-piperidinyl)imidagd«

[§.l-g7quinazolin-5(‘H)-one: 20,4t mpg/ke,

A?-chlorc-?,lo—dihydrﬁ-Jo-(h-morpholinyl)imidnzo-

{2+1-b7quinazolin-5( 3)=one: 18.7 me/kg,
2.10-dihydro-7-methvanO-(l-piporidinyl)imidazo-
{5.1-y7quiuzaolin-5(*M)-ouez 703 mi/ke,
2,10-dihvdrn-7nmwthyl-lﬂ-(Hcmorpholinleimidazo-
(3,1-P7quinazolinrﬁ(%ﬂ)~nne: 27.% ng/kg.
2.10~dihydrc-10-(ﬂimothylnmlno)imidazo(§.1-27~
inRzolin-S( H)a e 52,4 M iR,
2.10-dihyﬂro-!0~(ﬁ-mmvphnlinyl)imidazo{i,R-g?pyrido-
[243-07pyriRiaine( 1 )mono: h2,2 m/kg, Aand
2.1o-d1hydro-10-(1-piperid1ny1)1midnzogi.2-97pyrido-.
{5,}-g7pyrimidin-5(BH)oone: 24,2 mg/kg.

compounds of the present invention are conveniently

by the following reaction: a benzoyl chloride of the

genernl formula

- 7 - .
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where'n R *s a hnlopen, H, or CHy;

1
¥ ta n haleren or K05, end when Yts a

haleran, *t con be ¥, C1, Br, or I; and

X 15 «CH= or -N=,

13 added to a mixture of Z-Cl_halkvlth‘o«2—‘m‘dazol*ne

hvdro! od*d4e *n methvlene chlortde, The remct*on *s

»

~carrted ont under hent'ng. The resnltine compound, an

tmidaznltne of the peneral formuln

wherein le }, and Y nre'def'ned above, and Rh 13

Cl-h alkvl, *s reacted w'th a hvdrazine of tpe»general
formuln ﬂéﬂN”ZWB to r've the pompounds campr*s*ng.the
present *nvent'on. The reactton *s carrted out etther
neat or ‘n an *nert solvent such as d'pglvme, and the
mtxture *s heated, preferably at a temperature of 160°C
or greater,

The follow'ng examples sare presented to *1lustrate

the present *‘nventton. Ther should not be construed as

T'mtttnp *5 fn any wAv,

-0 -



EXAMPLE 1

1-(2-i'luoroberzovl)=2-methvith! 0=l=tm! dazolt ne

A quantity of 79.1 g (1.00 mnle) of pvrtdine

was added to a slurry of 122 g (0,500 male) of 2w

5 fmtdazol*ne hvdrntod*de tn a 1*ter of methvlene

chlortde., A 79.3 (0,500 mole) quantttv of o=fluo-

robenzovl chlortde was then added dropw!se over a

15 mtnute per!od (exothswmic). The ='xture was

heated at reflux for 1% hours, cooled, and the wh'te

10 prec!p*tate was slurried wtth 1 1tter of 1IN sodtum

hrdroxtde. Insoluble white s0l*d was collected,

washed w*'th water, and atvr-dried to rive 63.3 g of

1-(2-f1unvobenzOV1)-2-methv]th‘o-2-‘m'dnzol'ne.

“eltine potnt 99-101°C,

The nrtprinnl prectpttate was

15 washed w'th water (2 x 200 m1), d~*ed (scd*um sulfate),

and concentrated to leave mRn o'l whteh cervstalltzed

on standtng to r*ve 2.6 g of add*ttonnl 1l-(2«f1uoro=

benzoyl)=-2-rethvltht o-2«tmtdazoline. 'elting po'nt

98-100°C. Total vield 895, Tht's com~pound has the

20 follow*np formulat
0
i
(//\‘ P
~ ) F



pSat

10

15

SELN S

BAAMPLE 2

2.10-U'hvdro-lo-(u-morphol4nvl)’w'dazolg.l-h7qu*nq

azoltn=5(31)-one

A selntion of 10,0 g (h2.0 mmoles) of the pro-
duct of sxample 1 *n 50 ml of Kearminomorpholine was
heated tn reflux for 10 mtnntes, The clear anlutton
depos* ted ervstals on cooling. I'ht s =t xture was
A% Iuted w!th water (100 ml) rnd A white, crvstalline
a01'd was collected, washed w'th wnter, and At radrted
to erve BLW7 p of 2,10—d4hvdrn-IO-(h-wnvphol4nvl)-
*m*dnzoéﬁ,l—??qu*nazol*n-S(}H)-one. *elting point
250-25100. Totnl vteld 747. Thts compound exh'b*ts

the [ellowtng fnorruls

0
I
. R
L // ~ N
K. l I
~7 TN TN
l
N
L |

rXAYFLE 3

2.1053*hvdro-lo-(lop*per4d*nvl)*m‘dazoééll-b7qu4nazol4n-

S(3H)-one
A solutton of 10,0 g (42.0 mmoles) of the vroduct

of Example 1 and 25 =1 nf l=aminop*pertdine *n 50 m1 of

ORIGINAL @
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2-mathoxvethvl ether (4t ¢#1vme) was hented at reflux
for 15 hours. The aolut'on was A* Inted wh'1ls hot

w'th apont 5_"1 n} wntan and nllawed Lo cool. The
result'ng wh'te needles were cnllected, wnshed w' th
ethanol, d atr-drted to otve 8.10 g of 2,10-d*hvdro-
10-(}-p‘pﬂr'd'nvl)*m'dqzo[5,1-§7qu'nnzol*n-S(BH)-ono.

welting potnt 229-231°C. Total vteld 715,

EXAVELE Y

10-(Hexahvdro-lﬂ-ggep4n-l:xi)—aJlo-d*hvdvo*m‘dazo-

LZ,I-b?qu*nzpl*n-S(BH)-@QQ

A solutton of 10.0 7 (42.0 mmoles) of the nro-
duct of Fxemple 1 *n 50 m1 of N =nmt no=homop! pertdine
was heated at reflux fo- 10 minutes. lpon coolinr,

LY wh*te; orwatnlline soltd formed. The mt xture was

4+ Iuted w° th water (100 m1) and the anpl*d was cnllected;
washed w'th water, and atp-drted to pfve 9,03 g of 10-
(hexnhvdro-lﬂ-qzep4n-l-yl)-?,lo—djhvdro*m'dnzo[§,1-§7-
quanazol*n—5(3ﬂ)-nne. “altinpg po'nt 206-20800. .
Total vield 765,

EXAFLE 5

2.10-D4hvdro-lO-(d*wethvlam*no)‘w'dnzo[é.l-b7qu*naznl*n-

5(3H)=-one

A solut:on of 2.40 g (10.1 mmaleg) of the product

of Example 1 and 3 m1 of 1,1-d*wathvlhvdrazine in & ml
of dtplyme was heated at 165°C for 3 hours tn_n renled

glass tube. Tpon cnnling, the solutfon wWAS dt luted

- 11 -
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Wwith water and the rasnlting sol'd was collected
and atr-drted to mive 1,80 o of 2,10«d*hvdro-10=-
(d*methvlnm*no)‘m*dnzo{§,1-§7qu'nnznl’n-S(B”)-one.
0
Welttur po'nt 197-198 C. Total vreld 770,
LXATFLE 6

2.10-D*hvdgg-lo-(l-pvrrol’d’nvl)*M‘ﬂggﬁéé.l-h7qu‘uﬂzol*n-

g(3l)-one

when the procedure of Lxarplo 2 +a repented usinp

the nrodunet of Sxample 1 end Teamtnopvrroltdine, the

product ohknined *'s 2,10-d*h"drn-lﬂn(l-pvrrnl’d*nfl)-

‘4m‘dnzo£§,1-§7qu4nnzol*n-h(}“)-onn.

BAAE Lus

2.10-D‘hvGro-lo-(h-methxl-l-p’pe"az'gg;)*m*dazol[é.l-h7-

qu*nazolin=5(3MH)-one

whan the orocedura of iLxa-ple 2 °5 rapentaed using
the pwnduct of txawple 1 ~nd l-a~tpnn=lj~~athvlp’ nerazine,
the product obtarned ‘4 2,10-d* hvdro-10=(l-methrl-1=

p*peraz'nyl)*w*dnzo[ﬁ,1-§7qn‘nnzo]*n-S(}H)—one.

LAAVPLE 8

7-Chloro-2l10-d4hvdro-lO-(h-morphol*nvl)*m4dazo[é.l:h;-

qunazolin=5(3H)=-one

Whan the nrocedure of ixample 2 wns repeated nsing
1-(5-chlowo-2-n*trnhenznyl)—h,S-d4hvdro-2-(methylth*o)-

JH-1mt dazole and M -amtnomorpholine, the prodnct nbtained

- 12 -
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wns 7-ch1nwo-2,10-d'hvd“0w10-(h-mnrphol'HV1)*m*dazo-
[5,1-§7qn*nnzol‘n-S(Bﬂ)~one. Maltinpg notnt 2308-239°¢C,

Total y*eld F27. Th'a aompennd exhtbrts the follow'ng

formula?
0
1 I
. .~
5 SN I
T T N N ’

BXATTIE 9

Y-Chloro—ZlJO-d*thvo—lo-(l-p4per'gigvl)*w'dnzolé.l—QZ-

guinazolin=-5(31)=one

¥hen the nrncedura of Hxa~ple 2 was repeated us'ng
10 1-(5-Ch10rn-2-n'trnbenzov1)-M,S-d‘th”o-P-("ethylthfo)-
1=t =1 dazole and l~a='nep!per:dine, the product obtatned
wAas 7-chloro-2;10-d’h"dwn-lo-(l-p*per*d‘ﬁvl)4m'dazo-
{5;1-g7qn4nazol#n-?(}ﬁ)-onO. “elting point 192-]9300.
Total yteld 165,

15 BANTIL 10

2.10=D4 hvdro=7=methyl-10={L=mornhol nvl)tmt dazol/2,1-b7=~

,, b o W AR

qutnazoln=-5(3H)-one

- 13- BAD ORIGINAL Q,
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when the procedure of ilxample 2 wnas repeated
ustng h,Sfd4h"dro~}-(5~methyl-2-n*ﬁrnbenzn"l)-B—
(methvltht 0)=1H=tmtdazole nnd Hepwinomerpholine, the
product obtatned wns 2,10-4% hrdro=7=methvl=10=(l-
5 mnrnhnl'nvl)'m‘dazo{i,l-g7qu1nnzol’n-5(3ﬂ)-nnﬂ.
"elttng po'nt 227-229-0’). Total = old %, Thts com=

pound exh*b*ts the follow!ne formule?

cH “

10 2,10=D1 hvdro=7-reth1=10= (1-p* parr At nvl)am dnzq[h?.._,}:__bj-

qu* nazol*n-5(311)-one

When the nrocadunz of Lxn=ple 2 wng menented
nstne h;S-d‘hvdro-l-(ﬁ-wehhyl-an’trnpenznvl)-Z-(methvl-
tht o) =1Hotmi dnznle and 1l~a~'nop*per! d*nn, the nroduct
15 obtatned was 2,10—d'hvdrn-7~mehhv]-]0-(1-p*nev*d'nrl)—

4m1dnzo/§,1-b/qn*nnzn]‘u~5(3")-0ne. Yeltine potnt

197-199°C. Total vteld 16%.

-]_h-
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1-(2-Ch10ronvv'dlneqj-cqrhonvl)-2-wethvlth*0-2-

imidazoline

A wtxture of 00,0 ¢ (0317 mnla) Al 2-chloroe-
pvr‘d‘ne-3-cn"bOXVI‘c actd and 120 ml of thtonvl
chlortde was heatad at rallox far 3 henra, The re-
anlttne snlntton was concanbrated to drvness, The
rgsnlt'nﬁ 0tl wns d'Intad twice w'th methvrlene chlo-
rtde and concentrated ke dryness to mtve GG~ oof
2-chloraprr dine=3=-carbenl chlortda. Tatal vieald
99%, This ac*d chlortde uas addeﬂ to n ~txture of
7¢..9 g (0,315 mole) of 2-metneltht 0=2~*~"dazol'na
hrdrochlor’de, 1 1'ter of methvlene chlor'de, nand
3.7 ¢ (0.630 mole) nf triathviamtne., Th's m xtnre
wns heated at reflux for 16 hours. The resultinn
solvent was removed bv svaporstion and the res*due
was st-rmed w'th watar for 15 minntes. A whtte snltd
was collected b [*1ltrabtion and drtod to prve 69.2
of 1-(2-ch1nropvv'd'ne—}—cnvbonv])-2-methv1th*0-2—
1midazoltnejmelting pofnt 100-102°C., Total vreld PEF,

Thts componnd exh'b*ts the fellavine forrula

- 15 =
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SXATT Lo 13
2,10=D* hrdro=10={l=rorphel ‘nyl)tmid nzoll,2=a/pyrido=

(23247 =prrtm dtn=5(3M) one

A mtxture of £.00 ¢ (19,5 m=olesa) of the product
af Cxampla 12 and 6,40 # (62,6 mmnlag) nf Neaminomore
pholtne was heafed in an o'l hath at 16000 for 1 honr,
The mesulkine =!vrure uas corled and part! tfoned betwaen
mathvlene chlortde and unter, The eorgen'c laver wWas
Arted (andtn~ aulfate) and coneentrated. The crratal-
1the restdus was Epftnrabec e th hoxane., The resulting

snl*d was collechked teo g've 2.75 ol 2,10-d4hvdrn—]0-(u-

g

mm'phol’n_vl)'m'dnzo{i,Z-S}'/’pvv‘ (10_/.2,34_17-'[\3’7'*"1'(1'n--S(}”)-
o .

ono. “elking point 228-226 0, Tatal v*cld 52, This

compound exhibtts the followtng fare-ulat

- 16 -
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EXATT L 1l

2,1O-D4hvdro-lO-(l-p*Qgrfﬁinvl)’m4dazqﬁi.Z-a7nvr'do-

/2.3-d]=pyrtm! Atn-5(3H)~on2

A wtzture of 10,0 5 (29,1 mmoles) of the preoluet

of "xerple 12 and 13.Jp £ (0,111 wmnla) of leaminop!pert -
1'ne was heated ab 1607C far 1 hour. The m!' Xxture wWAS
econcentrated br Furelrohr drab Llatton ahd the res’na
was part®t*oned between —obthvlane cehlortde and water,
The orran'c laver was drted (snd*nm snlfate) and concen=
trated to a s—al) velurme. Tha resultine crvstals nere
cnllected to prve 5.7 & of 2,10-d*hvdvn—lo-(l-p‘rew'-
d*nvl)'m*dnzo[i,2-g7pvr‘40{2,3-Q7-pyr*m*d*n-5(3H)-one.

0 .
“o1ting potnt 206=207 C. Tatal =teld W%,

BAD ORIGINAL g))s
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0-(Hexahydro=1lsazep' n=1-v1)=2,10-d hydrolm: dazo=

e

-y
o el

(1.2=avvr:dofd,3=d/pnrr 7 din=b(31) cone

A miytnres of 10,0 7 (36,1 w=cles) of the prodnet
of Dxample 12 and 12.5 r (0,109 mole) of Naa=tnohemo=
ptpertdine was heated at 140°C for 1 honr, Bxeass I'=
amtnphn=aop! pert dtne was ramoved he Kupelrobr dtst!lla-
tton nnd the res’ dne wns partttr oned botwoan methrlene
chlortde nand water, 'The orpante lawver wns drted
{andtum sullnte) aun? coenaantratad leaving 7.“0 ~ nf
10-(hethvdrn-lW-nzop‘n-l-?])-2,]0-4'h"dro‘m*dnvo{i,?-
37pyr'dné§,3-97pvr'm*d'n-E(BH)-ono; ~elt'ng potnt

[¢]
217-219 C. Totnl =tnld £RD

- 18 -
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1. A compound of the formulna

0
i
S~ ‘,/' 1
" l \
. N
Ty g
|
1
f?)" ~
wheretn .’Tl (!s N_, heolecen, ov (,H};
S N'I?"L5 ta At (Jovoe "‘1,;("",1) aminn, lepyrros-

1*dtnyl), ptpertdinkl, l\-m?thyl-]-
ptpernztnvl, or lj-morpholinyl; and

== - 1o
A vy <0 or 1T,

.- L ]t vn having [IRET)
2. A compound acccordfnsg to el 1

10 forv-ulal

Sy < \ |\
an ‘
N
TNy
RZ (3
- 19 =
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wherein LP,0, 4= dat (Qower) rlkvl) a-tno, lepyrro=
. 1tdtavl, l=p'peridineld )j-~ethvl-l=-
. b ’ »
p'parazincl, ov li=mornhnl*nwl;

A tg «Cil7 v <l

3. A componud accordine ko cletm 1 havinpg the

fo»nla?l

wheretn HNR,7. 18 dt (1aver r1vwl) aminn, lepyrroltitnvl,

3

jep* pertdincl, h=wethvl-]-p! peraztnTl,

or lj-morphelinyi.

- 20= R
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4, A compound according to claim 1 having the

formulas

P
\e—
/ \
AV

/
=

\

) SEE

wherein NRZR% ir l-pyrrolidinyl, l-piperidinyl,

h-meathyl=l=piperazinyl, or l-morpholinyl.

S, i compound of claim 1 which ig 2,10=-dihydre=10=( i~

morpholinyl)imidazol§,1-27quinwzo]in-S(}H)-one.

6. A compound of claim ) which is 7, 10~dihydro-)0-(1=-

pyrrolidinyl)imidnzo{ﬁ,l-g?quinnnnlln-S(%H)—one.

Te A compound of claim 1 which is 2,10-dihydro-10<-(1~

pipetidinyl)imidazolﬁ.1-E7quinnzolin-S(}H)-one.

8. A compound of claim } which is 10-(hexahydro-1il-

azepin-l-yl)-z.1o-d1hydrc1m1daza{§.1-9?quinnzo11n-5(3n)-ona.
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