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2-Aminoalkyl-3,3a,4,5-tetrahydroimidazo[1,3-a]quinolin-1(2H)-ones have been prepared by treating 2-amino-

methyl-1,2,3,4-tetrahydroquinolines with N,N’-carbonyldiimidazole, followed by aminoalkylation.

These

compounds exhibit potent CNS depressant activity when tested in laboratory animals.

In the first paper of this series,? we reported that
1-aminoalkyl-3-aryl-2-imidazolidinones (I) were highly
active as CNS depressants when tested in laboratory
animals. We have now investigated a series of 2-
aminoalkyl-3,3a 4,3 - tetrahydroimidazo[1,5-a]quinolin-
1(2H)-ones (II), which may be considered as cyclic
analogs of 1.
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The 3,3a,4,5-tetrahydroimidazo[1,5-a]quinolin-1-
(2H)-ones (IV) and the aminoalkylated derivatives (IT)

7 and 9 positions (VII). Nearly quantitative yields of
the bromo derivatives were obtained, while the yields of
the chloro derivatives were somewhat lower. The
desired  2-aminoalkyl-3,3a,4,5-tetrahydroimidazo(1,5-
alquinolin-1(2H)-ones (II) were obtained by treating
IV with NaH and an aminoalkyl chloride in diglyme,
The vields in this last step varied widely, and some of
the lower reported vields can be explained by difficulty
in purification,

The ir spectrum of 3,3a,4,5-tetrahydroimidazo[l,5-
a]quinolin-1(2H)-one (IV, R = H) has a C=0 band
at 5.87 and an N-H band at 3.07 u. The spectra of the
aminoalkvlated derivatives have a C=0 band at about
5.87-5.90 u and, as expected, lack the N—H band.

The nmr characteristics of the aromatic protons of
the halogenated compounds are described in Table I

were prepared as described in Chart I. 2-Amino-  and were the basis of structure assignments. It is
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methyl-1,2,3 4-tetrahydroquinoline derivatives (IIT)
were prepared by Raney nickel catalyzed reduction of
Reissert compounds? followed by acid hydrolysis of the
benzoyl group. III was then converted to IV by re-
action with N,N’-carbonyldiimidazole (CDI) in tetra-
hydrofuran. When IV (R = H or 8-CH;) was treated
with N-chlorosuccinimide (or N-bromosueccinimide) in
DAMIF, halogenation occurred in the 7 position to give
VI (or V), and when 2 moles of N-chlorosuceinimide
were used (R = H) halogenation occurred in both the

(1) Previous paper in this serfes: W, B. Wright, Jr., H. J. Brabander, and
R. A. Hardy, Jr., J. Med. Chem., 9, 858 (1966).

(2) W. B. Wright, Jr., 1. J. Brabander, R. A, Hardy, Jr., and A. C.
Osterberg, tbid., 9, 852 (1966).

(3) (a) A. Reissert, Ber., 88, 1610 (1905); (b) H. Rupe, R. Paltzer, and
K. Engel, Hels, Chim. Acta, 20, 209 (1937); (c) A. Gassmann and H. Rupe,
ibid., 22, 1241 (1939); (d) H. v. Bidder and H. Rupe, ¢bid., 22, 1268 {1939);
(e) F. D. Popp, W. Blount, and P. Melvin, J. Org. Chem., 26, 4930 (1961).

also significant that samples of 7-chloro-3,3a,4,5-tetra-
hydroimidazo[1,5-a Jquinolin-1(2H)-one (VI, R = H)
prepared by halogenation of IV (R = H) or by cycli-
zation of 2-aminomethyl-6-c¢hloro-1,2,3 4-tetrahydro-
quinoline (III, R = 6-Cl) were identical by nmr and
infrared spectra.

Pharmacological Results.—The 2-aminoalkyl-3 -
3a,4,5 - tetrahydroimidazo[1,5 - a]Jquinolin - 1{2H) - ones
(IT) were screened for CNS depressant activity by
methods previously deseribed.? When judged by re-
duction of locomotor activity (MDD;,) these com-
pounds had the same order of activity as the imidazoli-
dinones (I).2 Among the more interesting compounds,
the 8-chloro derivatives (Table IV, 39, 40, 41), analo-
gous to the m-chlorophenylimidazolidinones, were ac-
tive at about 1-2 mg/kg, while 8-methyl derivatives
(36-38, 43, 44) were almost as active. The 7-halogen
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» Nmr spectra were deternmined in DMSO-ds on n Varian A-60)
spectrophotometer.  Chemical shifts (8) are reperted relative (o
tetramethylsilane (3 = 0.00) internal standard.  Nignals are
designated as follows: s, singlet; d, doublet; q, quartet; my, com-
plex multiplet. ¢ Chemical shifts overlap and partern is dilTused.
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lieated on s steun hath or 20049 T ol conbad. The nisoire
wis dilured with Colly and a litde 11,0, and NaO1L pollets were
careOilly added, wiith cooling, antil the mixrre was ~rongly
Dasic. The Culls Inyver was separpied and the acgpreoms Tnver wie
apain extracted with Cella. The orgnuice Iavers were combined.
witshed t=nprated NaCly, drted (MgROg, and coneentrated.
The residusad oi] was n=ed in the nexi =tep withour tirther rifi-
canon. In =ome eases, the componnds were further ehinrneierizd
by formanion of 11CT =alix.

2-Aminomethyl-1,2,3,4-tetrahydro-6-methoxyquinoline and 2-
Aminomethyl-1,2,3 4-tetrahydro-6-hydroxyquineline.—When N-
125 d-1etmby dro-ti-methoxy-2-quinolyDmethyl henzamide wias
treared with three parts of 374, HCL for 20 hr as deseribed
above, o viehl ol Z-aminomerhyl-1,2,3 4-(errahydro-6-
nethoxyauineline wis obtained.

In a second experiment, 100 g of the benzamide and 300 ml
of 377, 1ICL were heated on the steam bath for 32 hr, cooled,
and triturated with 1260, A precipitate separated and was
filtered ol el washed with ECOTL and then 1,0, 'The prodner,
71, was dissolved in 200 ml of TLO, and 140 mil ol 5.V Natll
was added. The sabition was extracted fonr times with Cilly
and the Cadls Inver wos concentraned.
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N Benzoyl 5-C:1 45 166--165 1tOTI Chiy I, CINGD Co1LCL N
] Benzoyl 7-C1 G0 13%-140 ItOAe C:CINLO ¢ 1L, CLN

10 Benzoyl 7-Cll; 13 132-134 I=tO11 Crgl TN O LN

11 Benzoyl 6-CI1,) (H% 133 130¢ EtOAe CigTTy Ny O, 1, N

» Baxe, hp 125-150° (L0 mm); It bp 168° (11 mun).  © Used in vest siep without analyzis.  » Crude hase. Hydroehloride.

~ Dihydrochloride. 7 Cl: ealed, 28.5; found, 27.7.
mp 138-139°. 4 Lit.%e mp 131-152°,

7 30-hr reflux.

compounds (29, 30) were active at about 6-9 me/kg,
while 7-methoxy dertvatives (32, 33) and aryl-unsub-
stituted compounds (23-27) were somewhat less active.
Mueh larger doses were generally required to cause
ataxia (RWDyj), and the spread between MDD;, and
RWD;, was similar to that of the imidazolidinones.
None of these compounds were considered to be toxic at
ten simes the motor depressant dose.

Experimental Section

The preparation of the compounds ig desceribed helow using
general procedires when possible.  Physical properties and -
portant varintions in these procedures are given in Tables I1-1V.
The irspectra were determined on a Perkin-1€lmer spectrophotom-
eter (Model 21). Melting points were measured on a Mel-
Tewmnp apparatus and are uncorrected. Where analyses nare
indicated only by symbols of the elements, analytical results
obtained for these elements were within #=0.4¢7 of the theoretienl
values.

The 1-benzoyl-2-evano-1,2-dihydroquinoline derivatives, Reis-
gert. compounds,® were prepared by the CH:Clo-H.0 method of
Popp*e and hydrogenated (Raney Ni) to the N-[(1,2,3,4-tetrn-
hydro-2-quinolylymethyl]benzamides (Table II) following the
procedure of Rupe.®s

2-Aminomethyl-1,2,3 4-tetrahydroquinolines (Table II). Pro-
cedure A.—A nmixture of 100 g of the N-[(1,2,3,4-tetrahydro-2-
quinolyDmethyl]benzamide and 300--300 nd of 37¢; HCL was

ALt mp 224-225°0 F By-product, yield not determined. 7 Lin.»

Tapre 111

Sy, h-TeErrauybrominazof Ld-a]euiNonin=-1021H oNms

Yield,

Nao. It L Myp, “C I"ornula Analyses
12 1 S 192-194" Cylha N0 COILN

1y s-Cll A6 16167 CplhyNeD ¢, 1N

14 7-Br ot 210-212 0 CpllBeNy G T By, N
1 7=l 7200 2006-207 O, (1, CINLO ¢ H, CLN
16 =-C1 630 193-195  Culln CINLO o, 10, CLN
17 70-Cl AT 208-20607 ColleCLNLO - ¢, 1L CL N
I8 7-CLI8-Cl1, 477w 210-212  CpHuCIN,O G HL, CL, N
19 7-Br-8-CIl, 074w 219-221 CpHuBrN.O G, 11, Br, N
20 7-CILO BRe 182-184  CpylHuNaO» ¢, 1, N

21 7-OH 4500 2292231 CrH1eN-O, C, 1IN

e Recrystullized [rom 17tOH. ? Procedure B. ¢ Lit.*lmp 107°,
7 Procedire (1. ¢ ¢, by procedure B. Purified hy partition
chromatography  (heptane~methanol). /7995, mp  250-258°
from R = H; 047, mp 270-258° from R = 7-ClL.  Analytieal stun-
ple by partition cliromatography. 7 From  8-methyl analog.
# Purified DLy partitton  chvomatography — (heptane-EtOAc
MceOH-H,0).
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TasLe IV
2-AMINOALKYL-3,34,4,5~TETRAHYDROIMIDAZO [1,5-¢] QUINOLIN-1(2H )-0NE HYDROCHLORIDES®

Yield,
No. n R B %
22 2 H CH;NHO 88
23 2 H (CH4):N H0
24 2 H C,H;(CHy)N 27
25 2 H (CoH; )N 78
26 2 H DN 39
SN
27 2 H CL«H;K\\_/I\ 41
23 2 H CeH:;CH,(CHs)N 48

20 2 7-Br N

_
0 2 1-Cl D\ 63
31 2 7.0 CoH,CHL(CH)N 46
32 2 7-CHO C,H;(CHy)N 45
3 2 71-CHO Du 59
34 2 7-CH;0 CeH,CH,(CH;)N 45
35 2 8CH, CH,NH 907
36 2 8CH, C,H;(CH,)N 41
37 2 8CH, DN 56
38 2 RCH, CH,CHy(CHON 43
39 2 8-Cl C;H;(CH;)N 43
0 2 8l (CoH3):N 63
41 2 8Cl Dt\f 60
4 2 7,0-CL D_\r 38
43 9 7-Br-8-CHi Dx 40
44 2 7-Cl8-CH, Dx 40

45 3 H (CH;):N 80

* Prepared by procedure 1) unless otherwise noted.
found, 34.6.

ml of AcOH and a gummy layer, which did not dissolve in CeHs,
separated. The gum was removed and, upon trituration with
H,O, crystallized. It was filtered off and recrystallized from
EtOH. Microanalysis indicated that this product was 2-amino-
methyl-1,2,3,4-tetrahydro-6-hydroxyquinoline.

3,3a,4,5-Tetrahydroimidazo(1,5-c¢] quinolin-1(2H)-ones (Table
III). Procedure B. From the 2-Aminomethyl-1,2,3,4-tetrahydro-
quinoline Derivative.—A solution of 0.1 mole of the 2-amino-
methyl-1,2,3,4-tetrahy droquinoline derivative in about 50 ml of
CeH¢ or THF was cooled and 18.7 g (0.11 mole) of 959, N,N’-
earbonyldiimidazole in 200 ml of THF was added. The solution
was allowed to stand at room temperature for 20 hr and then
heated on the steam bath for 2 hr. The reaction mixture was
concentrated to remove solvents and the residue was warmed with
200 ml of 1,0 and filtered. The product was washed with H,0
and a little cold EtOH and further purified by recrystallization
from EtOH.

Procedure C. By Halogenation of a 3,3a,4,5-Tetrahydroimid-
azo[1,5-c|quinelin-1(2H)-one Derivative.—Halogenation was
achieved by a modification of the method of Loev and Kormendy.*
A solution of 0.01 mole of the N-halosuccinimide in 10 ml of
DMF was added to a cooled suspension of 0.01 mole of the 3,3a,-
4,5-tetrahydroimidazo(1,5-a]quinolin-1(2H)-one derivative in
10 ml of DMF. The mixture was allowed to stand at room tem-
perature for 1-5 hr and was then dilnted with 100 ml of HO.
The precipitate was filtered off, washed with H,0, and recrystal-
lized fromt EtOH.

(4) B. Loev and M. F. Kormmendy, J. Org. Chem., 30, 3163 (1965).

b Procedure E.

N
Y
)—NC,IH._.,LB-HCI
d

Salt Mp, °C Forpinla Analyses
HCl 178-180 C1.HCIN;O C,HCLN
Fumarate 151-152 Cng;,NaO;, C, H, N
HCI 181-185 CisHyCINO C,H,CL,N
Fumarate 134-135 CaHoN:05 C HN
Fumarate 163-165 Cz1H27N305 C, H, N
IHCl 251-252 CyHyyCINLO C, H,CLN
HCI 198-200 CaHCIN,0 C,HCLN
HCI 249-251 Ci7HyBrCIN;O C H,CLN
HCI 237-239 Ci7Hz;CLN;O C,H CLN
HCl 218-220 CaH:CLNO C,H CLN
HCI 187-189 C17H6CIN;0, H, CL, N; Ce
HCI 232-234 CsHzCIN;0, C, HCL,N
HCl 202-204 CaHyCINO, C,H,CL,N
HCl 195-197 Ci:HCIN;0 C,HCLN
HCl4 175-177 C7HzCIN,,O C,HCLN
Fumarate 176—178 ngI{ngaO;‘, C, H, N
HCl 204-206 CyHyiCINO C,H,CL, N
HCl 165-167 CieHy:CLN;0 C,HCL,N
HCI 157-159 CiH,;CLNO C, H CLN
HCl 214-215 Ci:HyCLNGO C,H,CL, N
11Cl1 266-268 C17HCLNO C H,CLN
HCI 276278 CisH:BrCIN;0 C,HC,N
HCl 268-270 CisHy;ClaN:O C,H,CN
Fumarate 147-149 CooHzN305 C, H N

¢ Recrystallized from EtOH and Et,0. ¢ C: caled, 60.1;

2-Aminoalkyl-3,3a,4,5-tetrahydroimidazo(1,5-a]quinolin-1(2H)-
one Derivatives (Table IV). Procedure D. By Aminoalkylation.
—A solution of 0.024 mole of the aminoalkyl chloride in 30-50
ml of diglyme or dry Et,O was added to a mixture of 0.02 mole
of the 3,3a,4,3-tetrahydroimidazo[1,5-ajquinolin-1(2H)-one, 0.022
mole of 509, NaH (in mineral oil), and 30 ml of diglyme, which
had been stitred together for 10-30 min. The reaction mixture
was heated to about 160°, boiling off the Et,O if present, and
held at this temperature for about 5 hr. The mixture was
filtered hot to remove the salt and the mother liquor was con-
centrated to remove the diglyme. The residue was treated with
excess 0.3 ¥ HCl and Ce¢H, and the layers were separated. The
aqueous layer was again extracted with C¢He, made basic with
H N NaOH, and the crude product was extracted into CeHs.
The CsHg layer was washed with HyO, dried (MgSOy), and con-
centrated. The residue was dissolved in EtOH, and ethanolic
HCl or a solution of fumaric acid in EtOH was added. The
salt was filtered and recrystallized from EtOH.

Procedure E. By Debenzylation.—A mixture of 2.0 g of the
2-(2-benzylmethylaminoethyl)-3,3a,4,5-tetrahydroimidazo[1,5-a]-
quinolin-1(2H)-one hydrochloride, 100 ml of 959, EtOH, and
1.0 g of 109, Pd-C was reduced in a Parr hydrogenator under
about 3.16 kg/em? of hydrogen pressure. When hydrogen
absorption was complete, the catalyst was filtered off, the mother
liquor was concentrated, and the residue was recrystallized from
EtOH.

Acknowledgment.—We wish to thank Mr., L. Bran-



1164

cone and assoctates for the microanalyses, My ()
Pidacks aud staff for the partition chromatography.,
and Mr. W, Fulmor and assoeiates for the infrared and
mur speetra. In particular, we gratefully acknowledge
the assistance given by Mr. Go O, Mortonn in his in-

WiLnian B, WuieHr, Jir., axp Hurperr J. Brasaxnei

V(il. 11

terpretation of the nmr speetrn. We also thank Dr. P,
J. Rohlbrenner and eoworkers for preparation of =ome
of the mtermedintes and Dr. AL CL Osterberg, Dr. .
Gireenblatt, and assoctates for the pharmacologieal
testing results.

Central Nervous System Depressants.

1V. 2-Aminoalkyl-1,2-dihydro-3H-imidazo[l,5-alindol-3-ones'

Winniay B, Wrenr, Ju., axp Herserr J. BraBasxner

Lederle Luboratocies Division, mesican Cyancoarid Company, Peael Baer, New Yoek

10965

Recerived May 8, 1988

The =ypthesis of 2-aminoalkyl-1,2-dihydro-3l-inidazo[1,5-e)indol-3-onex i deseribed.

componnds have moderate ONS depressant netivity.

The present publication describes the preparation
and properties of a series of 2-aminoalkyl-1,2-dihvdro-
3H-imidazo[1,9-a)indol-3-ones (I). These compounds
may be considered evelie analogs of imidoline, 1-(m-
chlorophenyl)-3-(2-dimethy luninoethyl)- 2 -imidazolidi-
none hyvdrochloride (IT), previously deseribed as a
potent CNS depressant agent in laboratory animals.?

0 0
By CIZ ) A
Q\JC,IHMNRIRZ N~ “NC,H,N(CH,), -HCl
={__ L]
I il

The compounds were prepared az tllustrated in Chart
1. The 2-indolecarbonyl ehlovides (ITI) were prepared

A nmunber of 1hese

2-aminoalkyl-1,2-dihydro-3H-imidazo[1,5-a Jindol-3-
ones (I) were also prepared by alkvlation of VIII
The vields m the cyelization step (VI — I and VII —
VIII) showed considerable variation and products werce
often difficult to purify. The failure to give high yvields
may be attributed to the low nucleophilicity of the in-
dole nitrogen. Later studies indicated that better
vields (than those reported) ean probably be obtained
by heating the crude reaction products in cthanol or
dimnethyl sulfoxide for a short period of time before
work-up.

The ir speetra of the 1,2-dihydro-3H-imidazo[1,5-a )
indol-3-ones have a characteristic C=0 band at 5.75-
5.78 u, rrespective of substituents.  Those compounds
with n 2-H atom also have an N-H band at 3.1 u.

Cranr d

‘ amine R ‘ LiAlll, R ‘
R N A—COC] A —CONHC,H,.NRR, > ~—CH:NHC,H, NR.E,
H H H

just A

LNH,OH (—> 1V}
2 LiAlH,

vil
vil

by treating the appropriate actd with thionyl chlo-
ride in ether. They were converted to the amides
(IV and V), which were reduced with 12AIH, to
the 2-aminomethylindoles (VI and VII). In most
experinments, a nearly quantitative yvield of the crude
aminomethyl  derivative was obtained. A portion
wins removed for characterization (Table IIT), and
the remainder was treated with N, N’-carbonyldi-
nnidazole (CDI) in order to eyelize to the 1,2-dihy-
dro-3H-imidazo [ 1,9-a Jindol-3-ones (I and VIII). The

(1) Previons paper in this series:  W. B, Wright, Jr., J. Yed. Chewm.. 11,
1161 (1968).

12) (a) W. B. Wyizhe, Jr., 11, J. Brabander, 1. A, Mardy, Jr.oand AL CL
Oxcerbery, thid,, 9, 852 (1966): () W. B, Wright, Jr., and 1. I. Brabander,
UL S0 Pavenl 3,146,152 (Inly 20, 1963).

5 4 N !
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The important umr characteristies of selected con-
pounds are described in Table I As would be expected,
the protons () on the N(CHa), group are characterized
by a singlet (6 H) at 822.25. The protons (d) of the CH.
adjacent to the basic N atom are found as a triplet at
8 2.5, while those (¢) of the CH, adjacent to the less basic
N atom are further downfield at § 3.50. The protons
(b) of the remaining CH, group are at § 4.42 for B.
These are doublets (J = 2 c¢ps) indicating long-range
splitting by the single proton a. The CH, group (b) in
A appears as a broad singlet. The fact that this does
not appear as a doublet may be explained by use of a
different solvent or hy smearing caused by the N-H.
The position of the signal for the single proton a is at



