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metharolic WOH solinion prepared from 0.1 g of KOW and 50
wl of MeOIl. The reaction was heated to 60° for | hr, during
wliich an additional 36 g (0.50 mole) of butyraldehvde was added
since glpe indicated the butvraldehvde was nndergoing self-
condensation to 2-ethyl-2-hexenal.  The mixtnre stood at room
temperature for 2.5 davs.  Addition of 85¢7 ;PO mdil acidie,
stripping of the =olvent, and vacnnm distillarion afforded 17 g
135C¢) of liquid VI, bp 125-128° (0.05 munl.  Anel.  (Cully-
CLN) N Cl:ocaled, 20.6; fonnd, 28.5.
2-(2,4-Dichlorophenyl)-3-propylglycidamide 173). - A xlirred
mixture af 6.0 g (0.025 mole) of VI, 5 ml of 3060 HaOy, 10 ml of
Na;COj; =olution, annd 30 ml of AcMe was heated at 52° for 30
win. - Cooling, filtration of the resultant white crystals, nud re-
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erystallizarion from FrOH gave 3.5 g of 78, mp 1611627, T'lhic
original filtrate afforded an additional 2.5 g of 73, mip 160 161°,
from Cslly-CyHgso  The tatal yvield was 6.0 g (88771
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A nmmber of substituted 1,2,3,4-terrahyvdro-4-quinolinols and related campoands were prepared aud founnd

devoid of analgetic activity.

The sncecessful svithesix of a seriex of g-aminopropiophenoues, considered to be

ppen-cliain analogs of active 2, 3-dihyvdro-4-gquinolones, vielded componnds more poteut than their closed-ring

analogs.

The reported analgetic activity of several 2,3-
dihydro-4-quinolones® suggested the syvuthesis and
biological examination of a number of analogous com-
pounds. Those studied include a series of 1,2,34-
tetrahydro-4-quinolinols (I}, esters of two of thesc
aleohols (IT), a 2,3-dihydro-4-quinolone substituted at
(-3 by an w-N-pyrrolidinopropyl group (III), a series
of g-aminopropiophenones (IV), and three 1-alkyi-
octahyvdro-4-quinolones (V).

R OH
R,
|
R,
I, R =H,CH,.C.H:CH,. n-C.H.
R,=H.OCH,

R.=H, alkyl. alkenyl or acyl

H OCOoCH,

N
R CH
I R=H orOCH.

10 This investigation was sapported in whole Ly Publie lealth Sirvice
Grant AN 06432-03 from (he Natonal lustitnte of Arthritis aud Metabolie
Diseases.

i2) Pordons of this veport were abstracted from (he Ph.l?, dissertations
nf M. S Atwas and M. Megaby, and the M.8. dissertation nf C. Pokorny.

(3 AMLN0 Atwal, L. Baner, S0 N Dixin, )L EL Gearien, and R W. Morris,
S Med. Ched, 8, 566 (1960},

CH.OCH CHN

1

0
|

(' /
N¢ AN
/( H.
IV.R =H.OCH, or OH

R.andR.=H or CH,

R, =alkylamino or dialkylamino

O

N
R
V.R=CH.CH.. n-CH-

The 1,2,3.4-tetrahyvdro-t-quinolinols (Lable [) were
prepared from the corresponding ketone by NaBH, re-
duction (method A) or by the addition of a Grignard
reagent (method B). While we were unable to esterify
the tertiary alcohols, two of the secondary aleohols were
converted successfully by CH,CO to the corresponding
acetates. A 2,3-dihydro-4-quinolone having a pyr-
rolidinopropyl group in the 3 position was prepared by
aluminum isopropoxide oxidation of the previously
reported®  3-[3-(N-pyrrolidinopropyl) ]-1,2,3,4-tetrahy-
dro-4-quinolinol.
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Tapue |
Puaysican Proreryies o
R OH
R,
1
R,
Bp (mm) or Yield, ~——=Hydrobromides———
No. R R Ry Method mp.® °C % Formulg* Mp.® °C Formula®
1 H H H A 135-157 (0.5), 72 CyHuNO 85-86/ CsH;;BrNO
78-79°
2 H H CeH;CO A 118-119* 69 CisHiNO;
3 H H p—CH3CeH4SOQ A 197-198¢ 69 C16H17N03S
4 H 7-OCH;, CH; A 145-150 (0.2) 65 R3-84/ CiH;sNO:Br
h II S'OCH& CH;; A 67—68d 63 CquaNOg 111—112/ CquGNOzBI‘
6 H 7-OCH; H A o8 151-152/ C,Hi NO.Br
7 11 3-0OCH; H A 60 08-99/ CiwHNO:Br
hl 11 7—()CI{3 C}igCeI{ﬁ A 75 121-122/ CanoNOzBr
0 11 S-OCH& CHQCH:CH; A 65 -667 55 C13H17N02
1() }{ H CH;CH:CHJ A 100—1 12 (0 . 01 ) -)8 CmHl:,NO
11 H 7-OCH; CH,CH=CH: A 120-124 (0.01) H8 CisH;;NO;
12 H H CH; A 135-140 (0.05) 71 CiuHNO
13 CeH:CH, H CH; B 167-170 (0.2) 58 Ci:HisNO 206-208¢ CisHyBrNO
14 CeHj H CH; B 165-170 (0.13) 81 CzHiENO
15 CH, H CH; B 150-155 (0.2) 35 CiHaNO
16 CeHs 8-OCH; CH; B 165-167 (0.2), 67 CizHsNO,
83-84¢
17 C:H; H p-CH;CsH, SO, B 131-132¢ 76 CoHy NO;S

@ All compounds were analyzed for C, H, N.
from Et,O-ligroin. ¢ Recrystallized from ligroin.

B-Aminopropiophenones were prepared by treating
the properly substituted acetophenone with CH,O and
the desired amines (Table II). B-Phenyl-8-amino-
propiophenones were synthesized by the addition of the
requisite amine to the corresponding chalcone (Table
1I).

The 1-alkyloctahydro-4-quinolones were prepared by
the reaction of 1-acetyleyclohexene, formaldehyde, and
the desired amine by a procedure similar to that re-
ported by Grabe and Lutz.* Since these amines or
their salts in the absence of CH.,O failed to add to the
double bond of 1-acetyleyclohexene, it appears that the
expected Mannich reaction occurred first, followed by
cvelization to give l-alkyloctahydro-4-quinolones. 1-
Methyloctahydro-4-quinolone has been previously char-
acterized by Smissman, et al.,® who, because of the
presence of Bowman bands in its infrared spectrum, has
suggested a trans structure. Similar bands are found
in the infrared spectra of l-ethyl- and 1l-propylocta-
hydro-4-quinolone.

Biological Activity.—The compounds prepared in this
study were evaluated for analgetic activity by the
Haffner tail pinch method® on female Swiss white mice
and were administered by interperitoneal injection.

The 1,2,3,4-tetrahydro-4-quinolinols, the esters, and
the 3-(N-pyrrolidinopropyl)-2,3-dihvdroquinoline, de-
spite their structural resemblance to the previously re-
ported 2,3-dihydro-4-quinolones, failed to show anal-
getic activity. This lack of activity coupled with the
low potency of the 2,3-dihydro-4-quinolones (EDs,
values over 200 mg/kg) prompted us to examine the
open-chain analogs of the biologically active 2,3-di-

(4) C. A. Grabe and H. J. Lutz, Helv. Chim. Actu, 48, 791 (1963).

(3) E. E. Smissinan and M. Steinman, J. Med. Chem.. 9, 455 (1966).
(61 C. Bianchi and J. Franceschini, Brit. J. Phurmacol., 9, 280 (1954).

b Recrystallized from Cglle-ligroin.
7 Recrystallized from MeOH-Et,0.

¢ Recrystallized from EtOH. ¢ Recrystallized
¢ Recrystallized from CHCl;-Et,0.

hydro-4-quinolones. It was hoped that such compounds
might achieve a better fit on the receptor site than
would the previously examined compounds possessing a
rigid ring system. In order to test this hypothesis, it
was decided to prepare a series of substituted g-
aminopropiophenones (Table II). These compounds
contain the ketone function, the benzene ring, and the
amino group which were also present in the active 1-
methyl-2,3-dihydro-4-quinoloues, but because of free
rotation, the amino group can assume any number of
spatial relationships with respect to the earbonyl group
and the benzene ring. The importance of these groups
to analgetic activity was at least partially established
by evaluating the analgetic activity of a number of
compounds analogous to 1-methyvl-8-methoxy-2,3-di-
hydro-4-quinolone or its biologically active analogs but
lacking in each case one of the groups which were
assumed to be necessary for analgetic activity., For
example, 1-methyl-8-methoxy-1,2,3,4-tetrahydroquino-
line,” a compound lacking the carbonyl group, was
devoid of activity. The importance of the amino group
and the size of the substituent attached to it was
realized earlier when it was found that alterations of the
alkyl group on the nitrogen drastically affected the
activity of the substituted 2,3-dihydro-4-quinolones.?
I*urthermore, when the amino group was deleted from
otherwise similarly constituted ring systems, such as in
5- and 6-methoxv-1-tetralones, no analgetic properties
could be detected by our testing procedure. The lack
of analgetic activity in 1l-methvl-, l-ethyl-, and 1-
propyloctahydro-4-quinolones, as found by us, indicates
the importance of the aromatic ring.

The presence of analgetic activity (Table II) in 8-

(7) O. Fisher and C. A, Kobn, Ber., 19, 1040 (1886).
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i
. A@v((x‘,cmﬂ HCI
R.
Jualgesia

Crasin ‘. 15500 L 1s
N Iy 12, R R, ~alvem® Mp. #C aebl Focomla® mg ke fid
1S 4-0C1Hy 11 11 N(ClHy A 17N 1N 48 1511
14 4-OCH;, 11 11 N(Culls A |RAIESRISE G(! /
20 4-0C11;, 11 11 N(Cllak, 13 2002010 23 11
21 4-0OCH, 11 11 N1HCH C 155 - 157 16 BN i
et +-OCHy 11 11 NGyl 3 175170 45 CLlLLCINO, IS0 i
25 1-0CH, 11 11 NHCHLCil ¢ 170172 o il CIN O, [ 175
24 1-OCTH. 11 11 N CHL Lyl ] 164160 Gl s CIN O, / o)
o5 2.0H 11 11 NeCly ke 13 £3G- 157 36 CalHCINO. 300 G40
206 2011 11 11 NHCTH . XA a7 CullsCINO, 20 i
27 2011 11 11 N1 A NG 1SS 52 CullCINO, 100 3T
Ry 2-011 11 11 NHCTLCLl I [N 82 IS O CIN O, ( 1611
20 11 11 11, NiCllyn I 157 1408 3y 16 S5
20 11 Cll; Clls NiCullan A 218 HE CrllsCING 1 187
Il 11 1l 1l N1Cl: 1. 1334136 o L CINO 115 130
B 11 Clly Cll, NI A 11G-118 E! CuleCINO ; 155

Flil
R@v(()(,H;(}R,-H(I
R,

a9 11 11 Clls NiCllaj, A 127120 Gl Caol 10, CINO / N
24 11 11 p~-CHOCT, N(Clat, G 169172 51 CaHauCINO, 2N 45
Do +-0CH, 11 Cell., NICHs & I 159-161 37 Ca HasCINO, / 170
36 4-O)CH, 11 Cells NHCIL [ 130-141 G5 CrllgCIN O, ( 140
37 11 11 p-CHAOCel s NHCHCl, (B 145146 03 CullCINO). : S70
3N 4-0CTHy 3 Calls, NHCHLCel l' 165171 D9 CuHauCINO, ( 770

A = absolute B{O1=dry 5.0, B = absolute KIOH, C = MeOll-MeCO, 1} = MeOll, 15 = MeOll-Cglly, I = Me.CO-dry 1510,
G o= MeyCO-CHClL. 2 All compounds were analyzed for C, 11, N, Cl, and each elcurent analyzed within 0.4¢;. of the theoretical value.

19Dy and LDy values were determined by intraperitoneal injection of the compound 1o female white mice.
by rhe method of J. T, Licehfield and F. Wilcoxon, J. Pharmacol. Exptl. Thecap,, 96, 99 11049).
+ AN Kost awd VoV Ershov, Vestn, Mask. Caw., See. Fiz, Mal, © Estestven. Nauk, 10,
" A melting point of 211-213° liad previously been reported by 1. Okndo,
1o Satoda, Yekageka Zasshi, 80, 1 (1960); Chem. Abstr., 54, 12141

Beiry, 55, 3510 (1922), reported mp 181°.
115 (1935) 0 Chens. oAbstr, 30, 11320 (1956), found nip 119°.
J. Pharnt. Soc. Japan, 76, 4 (10585 Chene. Abste, 50, 13 (1956).

They were delermined
S CL Mamich aid DL Lammering,

(19607, reported mp 136-157°. 1. N. Nazarov, 1. Cherkasova, and C. Clhan, Zh, Obsheh, Khim., 28, 452 (1958): Chem. Abstr., 52.

155315 (1958), reported nip 138-140° 7 Inactive.

aminoacctophenones appears to give credence to the
hypothesis that the rigid ring systems of the 2.3-
dihydroquinolones did not permit an optunal fit on a
receptor site. A number of these open-chain B-amino
ketones (18, 20, 23, and 27) possessed analgetic activity
considerably greater than the previously examined
2, 3-dihy dro-4-quinolones,

While some of the g-aminopropiopheunones exhibited
greater analgetic activity than did the previously
prepared I-methyl-2,3-dihydro-4-quinolones, their ac-
tlon appedrs to be of <hort duration (less than 0.5 hr in
mice).  The structure of these compounds suggested
that this rather flecting action might be due to rapid
detoxification possibly by (1) oxidation of the side chain
or (2) elimination of the substituted amino group. In
the hope of hindering such detoxification and providing
compounds of Jonger duration of action, scveral a,a-
disubstituted g-aminopropioplicnoncs were prepuared
and examined for analgesic activity.,  These had o
duration of aetion of over 2 hr. and «.e-dimethyl-g-
(dimethylunino)propioplicnane (29)  was  the  nost
potent compound prepaved i chis study. It had an
FiDs af 16 mg kg which is appraximately twice that of

J Not toxie at doses up 1o 500 mg kg,

morphiie sulfate when determined under shmilar con-
ditions,

An attempt ta improve the aetivity of the compounds
by =ubstituting a phenyl group for a hydrogen atom on
the g-carbon of a number of g-aminopropiophenones
resulted in inactive compounds with the exeeption of
3 - (p-methoxyphenyl)-3-(1-piperidino) propiophenone
(34) which had an FD of 238 mg kg,

Experimental Section®

1,2,3,4-Tetrahydro-4-quinolinoils. Method A. Reduction of
2,3-Dihydro-4-quinolones.— NaBH, reduction of the appro-
priately substituted 2,3-dihvdro-4-gninolones?® yielded the carre-
sponding alcohols. Thix 1= illnstrated by the procedire employved
for the preparaltion of 1,2,3,5-tetrahvdro-4-quinolinel.

To a stirred solation of 2,5-dihyvdro-4-qainolone (14.7 g, 0.1
mole) in aulivdrons MeOT 1100 ) was gradnally added NaBH,
(0.8 g, 0.2 mole). The rewetionc mixinre was kept at 0° for 18 hir.
FLO (120 ) was added arel the misxtare was exirieted sever:d

(81 Maelting poinis vee ool cortyyred sod were oblutsed oo Thyinas-
[loover vielGng point apparacis.  Analyses arve swlicaled only by syinbols
ol 1he elements, the avpalviieal vesnlls obtaawd fron these ) leterminalions ave

wilan 0,104 pf the 1henvedeal valay.
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timex with Et.0. The combined Et,0O extracts were washed with
H,O and dried (MgSO,). After evaporation of the solvent, the
residue was distilled to yield 10.6 g (729,) of a white solid. After
recrystallization from CsHsligroin (bp 67-75°) it melted at
78-79°.

Method B. Grignard Reaction.—1,2,3,4-Tetrahydro-4-quino-
linols with an alkyl or aryl group in the 4 position were prepared
by the reaction of the appropriately substituted 2,3-dihydro-4-
quinolone®* with a Grignard reagent. The procedure employed
for the svnthesix of l-methyl-4-benzyl-1,2,3,4-tetrahydro-4-
quinolinol will serve as an example.

I a flask in which the air has been replaced with N; wax placed
anhvdrons Et,0 (20 ml) and Mg turnings (3.6 g, 0.15 g-atom).
This suspension was stirred and a solution of benzyl chloride
(19.0 g, 0.15 mole) in Et,0 (10 ml) was added dropwise. When
the reaction ceased, the mixture was added slowly under N, to
a solution of 1-methyl-2,3-dihydro-4-quinolone (8.0 g, 0.05 mole)
in anhyvdrous Et,O (40 ml). After the reaction ceased, the solu-
tion was heated under reflux for 4 hr and was then cooled to 0°
and decomposed by the addition of HyO. The organic layer
was separated, washed with H,O, and dried (MgS0,). The Et,0
was removed and the residue distilled to yield 7.3 g (58%) of 1-
methyl-4-benzyl-1,2,3,4-tetrahydro-4-quinolinol (see Table I).

1-Methyl-4-acetoxy-1,2,3,4-tetrahydroquinoline Hydrobro-
mide.—A solution of 1-methyl-1,2,3,4-tetrahydro-4-quinolinol
(1.5 g, 0.01 mole) in anhydrons Et,0 (150 ml) was cooled in an
ice bath and a stream of CH.CO was passed through the solution
for 6 hr. The solvent was removed in vacuo at 0° and the residne
was chromatographed from alumina (Alcoa F-20). After elution
with a 1:3 mixture of CsHe—2-PrOH, 0.9 g (429) of an oil was
obtained. Anal. (C,Hi:NO,).

The hydrobromide was prepared in the usual manner. After
recrystallization from CHCI-Et,0, it melted at 119-120°.
Anal. (CmHleBI‘NOg) C, H, N

1-Methyl-8-methoxy-4-acetoxy-1,2,3,4-tetrahydroquinoline
Hydrobromide.—A solution of l-methyl-8-methoxy-1,2,3,4-tet-
rahydro-4-quinolinel (2.0 g, 0.008 niwle) in Et;O (100 ml) was
treated with CH.CO at 0° as described in the last preparation.
After removal of most of the Et,O, the residue was treated with
anhyvdrons HBr to yield 2.0 g (839;) of the desired salt. After
two recrystallizations from MeOH-Et,0, the white solid melted
at 106-107°. Anal. (CuHsNOsBr) C, H, N.
3-{3-(N-Pyrrolidinopropyl)}-2,3-dihydro-4-quinolone. —To a
solntion of 3-[3-(N-pyrrolidinopropy1)}-1,2,3,4-tetrahydro-4-quin-
olinol® (4.5 g, 0.017 mole) iu Me,CO (200 ml) and dry C¢He
(300 ml) was added aluminnm isopropoxide (9.0 g, 0.044 mole).
The resulting mixture was heated under reflux for 40 hr. Solvents
were distilled off and the residuie was extracted several times with
Et,0. The Et,0O extracts were washed with 59 NaOH, then
with H,O, and dried (Na;S0,). After removal of the Et,0, the
rexidiie was recrystallized from Et,O-ligroin to give colorless
crystals (2.0 g, 4567), mp 102-103°. Anal. (CsHuN,0) C, H, N.
1-Methyloctahydro-4-quinolone.—A mixture of l-acetylcyclo-
hexene (12.4 g. 0.1 mole), MeNH;  HCI (6.7 g, 0.1 mole), and
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paraformaldehyde (5.0 g) in 50 ml of absolute EtOH was boiled
under reflux for 16 hr. Solvents were removed and the mixture
was treated with 109, HCI (100 mi). The resulting solution was
extracted with Et,O and the Et,O was discarded. The aqueons
layer was made alkaline with NaOH and was extracted with
Et:0. The Et,0 extract was dried (Na.SO,) and distilled. A
fraction boiling at 85-92° (0.5 mm) was collected. It weighed
9.2 g (539%) and possessed an ir spectrum identical with that
reported previonsly.?

1-Ethyloctahydro-4-quinolone.—4A similar reaction of 1-
acetyleyelohexene (12.4 g, 0.1 mole), EtNH.-HCl (8.2 g, 0.1
mwole), and paraformaldehyde (5.0 g) in 50 ml of absolute ethanol ax
described above for 1-methyloctahydro-4-quinolone vielded upon
distillation an oil (11.2 g, 629%), bp 93-99° (0.5 mm). A picrate
of the oil was prepared in the usual manner, mp 182-184°.
Anal. (C17H32N403) C, H, N.

1-Propyloctahydro-4-quinolone.—When l-acetvlcyclohexene
(412.4 g, 0.1 mole), PrNH; (6.0 g, 0.1 mole), paraformaldehvde
(5.0 g), and 10 ml of HCI were refluxed with 50 ml of absolute
EtOH following the procedure employed for the synthesis of
1-methyloctahvdro-4-gninolone, 10.5 g (54%;) of the prodiie(
was obtained. It boiled at 102-110° (0.5 mm).

A picrate was prepared by the usnal proceduve. 1t mel(ed at
157-139° after recrystallization from CsHs. Anal. (CisHyNOs)
C, H, N.

Synthesis of 3-Aminopropiophenones.—A mixture of the ap-
propriate acetophenone (0.1 mole) and the amine hydrochloride
(0.15 mole) was heated in EtOH (15 ml) at the reflux. Para-
formaldehvde (3.6 g) was added and the resulting mixture was
heated for 7 hr. Another portion of paraformaldehyde (1.5 g)
was added and the heating was continued for an additional 2 hr.
At this time 1 ml of HCl was added and the heating was continued
for an additional 2 hr, after which the solvent was evaporated
and the residue was dissolved i1 20 ml of H.0O. This aqueous
sollition was washed twice with an equal voliume of Et,0, cooled,
made alkaline with 509, NaOH solution, and extracted with
Et,0). The Et,O solution was washed with water and dried
(Na;.“(h)

On passing HCI through the filtered 11,0 solution, the hydro-
chloride =alt was precipitated and was purified by recrystalliza-
tionw.

a,a-Dimethyl-3-aminopropiophenones were prepared from
isobutyropheuones, Me;NH-HCIl, and paraformaldehyde by a
procedure identical with that employed for the preparation of
the g-aminopropiophenones.

Preparation of 3-Aryl-3-aminopropiophenones.—1'he appro-
priate benzalacetophenone (0.06 mole) and the amine (0.08
mole) were dissolved in 50 ml of anhydrous Et,0 and heated
under reflux for 10 hr. Toluene (20 ml) was added and the
solvents were evaporated ¢n vacuo. Additional portions of toluene
were added and removed by distillation in vacuo until the distil-
late gave a negative test for the amine. The residue was then
dissolved in dry Et;O and the hydrochloride precipitated in the
nsilal manner. The salt was purified by recrystallization.



