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1-Aryl-3-(2-dimethylaminoethyl - 4-imidazolin-2-ones have been preparved hy the evelization of [3-nryl-1-02-

dimethylaminoethylhreidojuacetaldehyde diethyl acetals.
diborane—propianic acid to L-myl-3-(2-dimethylimninoethyl)-2-imidazolidinones,

nactive as CNS depressants.

In the previous paper,'® we reported that l-antio-
alkyl-3-aryl-2-imidazolidinones exhibit potent ONS-
depressant activity when tested in laboratory animals.”
Extending this work, we have mnow mvestigated a
series of 1-aryl-3-(2-dimethylaminoethyl)-t-imidazolin-
2-ones, which are A*-unsaturated analogs of the pre-
vious contpounds.

The 4-imidazolin-2-ones were prepared by a modifica-
tion of the procedure of Luckenbaugh® (Chart 1),
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Compound I, [(2-dimethylaminoethyl)amino Jacetalde-
hyde diethyl acctal, was treated with an aryl isocyanate
or with N,N’-carbonyldiimidazole (CDI) and an
aniline derivative to form [3-aryl-1-(2-dimethylanmino-
ethyhureidoJacetaldehyde diethyl acetals (II  and
Table I) in nearly quantitative yicld. These com-
pounds were heated for 2 hr with dilute hydrochloric
acid, cyvelization oceurred, and good yields of 1-aryl-3-
(2-dimethylaminocthyl)-4-imidazolin-2-ones  (IIT and
Table IT) were obtained.

When IIT was catalytically hvdrogenated using 109
palttadium-on-carbon catalyst, 1-aryl-3-(2-dimethylaini-
noethyl)-2-imidazolidinones (IV and Table III} were
obtained. In this way the previously unreported -

(1) {(a) Previaus paper in this series: . B. Wright, Jr., H.J. Brabander,
R. A. Ilardy, Jr., and A. C. Osterberg, J. Med. Chem., 9, 852 (1966); (b)
lresented in part at the 152nd National Meeting of the Ainerican Chemical
Society, New York, N. Y., Sept 1966.

(2) Several m-halo ilerivatives have been of particnlar interest and (e
campnnnd, 1-(m-chlorophenyl)-3-(2-dimethyluminoethyl)-2-imidazalidinoe
Lydrochloridhs (imideline), has been chasen for evalnation in mian.

i3y 1a) R. W. Lnckenbanglh, 17, 8 Fatenc 3,133,070 INLiv 12, 10610
ihy 1R, W. Lackenbaagh, T, 8. Paven( 3, 148,211 (Nept 8, 1060+,

These compmnds were redneed entalytically or with
The 4-imidazolin-2-ones were

amno,  34-dinethoxy, 3,4,5-trithethoxy, and  3,4-
utethylenedioxy analogs were prepared.

Thix method of reduction was unsatisfactory for
the preparation of 1-(m-chlorophenyl)-3-(2-dimethyl-
amtinoethyl)-2-imidazolidinone  hydrochloride  (imido-
line) because partinl dehalogenation oecurred during
the hydrogenation.  However, 1-(um-chlorophenyt)-3-
(2-dimethylaminoethyl)-4-imidazolin-2-one  was sntis-
factorily reduced to imidoline in 859 yield when the
diborane—propionic acid method of Brown and Murray?
was used,

Nmrspeetra were deterntined for 1-(m-chlorophenyt)-
3-(2-dimethylaminoethyl)-2-intidazolidinone  and  for
1-{m-chlorophenyl)-3- (2- dimethylaminoethyl) -4 - imnid-
azolin-Z-one,  In each case, the spectrum showed the
expected pattern (see BExperimental Section).

Pharmacological Results.—The compounds described
i this paper were sercenred for CNS-depressant
activity by the previously deseribed methods.!  1-
(m-Auminoplienvh)-3-(2-dimethylaminoethyl)-2-imidazo-
hdinone hydrochioride was moderately active in re-
ducing locomotor activity and rod-walking ability,
whercas all of the other compounds were inactive.
The inactivity of 1-(m-chlorophenyl)-3-(2-dimethyl-
aminoethyl)-t-tmidazolin-2-one is in marked contrast
to the strong depressant aetivity of the analogous
1-(n-chlorophenyl)-3-(2-diunethyluninoethyl) -2 - imad-
azolidinone,?

Experimental Section

General procednres are given below for the preparation of the
compoinds desevibed o this paper. Aadyses, vields, and
physical properties are recorded 1 the rables, and eritieal varia-
tims in the prcedires are noted 1 the table footuotes. Tem-
peratives are mncorrected.  Infmwced spectra were recorded with
a Perkin-Flmer Madel 157 Infracord.  Nnir speetra were de-
termined in CHDCEoan a0 Vartan A-60 instrument. Chemiead
<hifts 787 are reparied rvelaiive ta Tehmniethylsibie (8 = 0.00,
internal standard .

i(2-Dimethylaminoethyljamino]acetaldehyde Diethyl Acetal.-
The liternture procedure of Jones, ef al,® was followed for 1his
ampound. The vield of produet, bp 115-125° (20 min), was
T

Anal. Caded P CpllaNoOw 0 088 1, 118 N, 137
Found: C,33.7; [, 11.1); N, 15.0.

[3-Aryl-1-(2-dimethylaminoethyl)ureido]acetaldehyde Diethyl
Acetal Derivatives (Table I). Procedure A.—A solution of 0.04
mole of [(2-dimethylaminaelliyl Jnminolacetaldehyde  diethy!
acetal in 25 ml of lexane was added dropwise with stirring to n
snlittinn of 0.05 male of the npprapriate aryl isocyanate dissolved
in 25 ml of hexane.  The reaction was exothermic.  The mixtre
wis stirred e abouc Ul and then liented at refhix temperntnre

1 L CL Brown o Ko Marray, 4o Am. Chen. Soe., 81, 4108 {14950,
v R GLlones. YO Kornfelbd, I CL Melanghling ant R CL Nslerseosy,
Gl T, 000 a0,
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Tasre 1
TUREIDOACETALDEHYDE ACETALS
R /CHQCHQN (CH,),
@‘NHCON
\CH2CH(OC2H5)2
Yield, Carbon, 9 Hyirogen, %4 Halagen, "% Nilrogen, ¢

R e Formida Caled Found Caled YFound Caled Found Calal Fonnd
1L U6 Cri N304 63.1 63.0 9.0 9.2 13.0 12.8
m-Cl 08 C17HasCIN ;30,4 7.1 56.8 7.9 7.9 9.9 10.7 11.7 11.6
p-Cl 0ge CHxCIN:O; 57.1 a7 .4 7.9 8.1 9.9 10.1 11.7 11.8
p-F 100 CiHasFN;O3 59.8 59.7 8.3 8.2 5.6 6.0 12.3 12.7
m~N02 100a® C17H23N~405 55.4 55.2 7.7 7.7 15.2 15.6
3,4,5-(CH,0), 92° CaoHgN 305 58.1  58.1 85 8.4 10.2 9.8
3,4-0CH:0O 84° Cr1sH2sIN 505 58.8 58.4 8.0 8. 11.4 11.8

¢ Procedure A. °® Benzeue was used as solvent. ¢ Procedure B. The compounds in this table were viscous oils.
Tasue 11
4-IM10AZ01IN-2-ONE HYDROCHLORIDES®
0
)\L R
(CH,).NC,H,—N N@ -HC1
e
Re-
crystn
Yield, sol- Carbon, % Hydrogen, % Chllorine, % Nitrogen, %

R A Mp, °C vent® Formula Caled Found Caled  Tound Caled Found Caled Found
H 37 173-174 A CisHysCINO 8.3 38.0 6.8 7.0 13.2 13.2 15.7 15.9
m-Cl 46 170-1714 B C,;H,:CLN,0 a51.7 51.6 5.7 5.7 23.5 23.3 13.9 13.7
p-Cl 48 203-205 A Ci3H,7ClN 0 51.7 51.5 5.7 5.8 23.5 23.2 13.9 13.7
p-F 36 203-204 A Ci:H,:CIFN ;0 54.6 54.7 6.0 6.3 12 4 12.5 14.7 15.1
m-NOs 86 213-215° A Ci1sH17CINOs 49.9 50.1 5.5 5.7 11.3 11.1 17.9 17.8
3,4-(CH,0 ) 28 169-170 B C1:HxCIN;O; 55.0 54.8 6.8 7.2 10.8 10.7 12.8 12.5
3,4,5-(CH,0); 517 141-1437 A CooHarN;O4° 54.9 54.9 6.2 6.3 9.6 9.6
3,4-0CH,0 45 218-220 A C14H,15CIN;05 53.9 53.9 5.8 6.0 11.4 11.3 13.5 13.6

« Procedure C.

b Purified hydrochlorides unless otherwise noted.

¢ A, ethanol; B, ethanol-ether. < The base melts at 61-62°.

¢ The base melts at 87-89°., / Base, mp 122-124°. ¢ Maleate.
Tasre III
2-IMIDAZOLIDINONE HYDROCHLORIDES?

0]

(cngchleN@ THCI
L1

R

Yiehl, Carbon, 7 Hydrogen, % Chlorine, % Nitrogen, %

R Al Mp, °C Formula Caled Found Caled Found Caled Found Caled Found

H 63 190-191¢ Ci3HxCIN,0 - 0.5H,0 56.0 56.1 7.6 7.8 12.7 13.0 15.1 15.3

m-Cl 85¢ 217-219/ CisHisCLN;O 51.3 51.2 6.3 6.3 23.3 23.1 13.8 13.4

m-NHz 547 197-199° CiHyCIN,O 54.8 54.7 7.4 7.3 12.5 12.5 19.7 19.3

3,4-(CH;0), 34 177-179* C1:HuCIN ;04 54.8 55.1 7.4 7.6 10.8 10.8 12.8 12.8

3,4,5-(CH50); 70 200-201° C1sH2eCIN;O, 53.4 53.6 7.3 7.4 9.9 10.1 11.7 11.8

3,4-0CH,0 38 235-237¢ CisH20CIN;0, 53.6 53.6 6.4 6.4 11.3 11.3 13.4 13.5
¢ Procedure D. °? Purified hydrochlorides, crnde yvields were generally much higher. ¢ Recrystallized from ethanol. ¢ Lit.! mp
191-193°. ¢ Base prepared by procedure E. / Lit.! mp 217-219°. ¢ Prepared by reduction of the m-nitro analog. * Recrystallized

from ethanol-ether.

for 30 min. The hexane was removed by distillation under re-
duced pressure and the residue, a viscous oil, was analyzed and
treated in the next step without further purification.

Procedure B.—A solution of 0.03 mole of the aniline derivative
in 75 ml of benzene was distilled until the distillate was clear,
in order to remove any moisture from the reagents. A solution
of 5.7 g (0.032 mole) of 909, N,N'-carbonyldiimidazole in 75 ml
of dry THF was added rapidly with stirring and cooling. The
mixture was stirred at room temperature for 2 hr and then treated
with a solution of 0.03 mole of [(2-dimethylaminoethyl)amino]-
acetaldebyde diethyl acetal in 45 ml of THF. The reaction
mjxture was stirred at rooni temperatiire for 1 hr, heated at re-
flux temperature for 1 hr, and then coucentrated to remove the
solvents. The residue was shaken with benzene, and the
benzeie solution was extracted three times with 25-ml portious
of saturated salt solution. The benzene extracts were coucen-

trated under reduced pressure, and the residue, a viscous oil,
was analyzed and allowed to react iu the next step without fur-
ther purification.

4-Imidazolin-2-one Hydrochlorides (Table II). General
Procedure C.—A mixture of 0.02 mole of the [3-aryl-1-(2-di-
methylaminoethyl)ureidojacetaldehyde diethyl acetal, 10 ml of
ethanol, and 20 ml of 2 ¥ HC! was heated at reflux temperature
for 2 hr and coucentrated to remove the solvent. The residue
was made alkaliiie by the addition of about 25 ml of 5 ¥ NaOH,
and the mixture was extracted with benzene. Some K,COjs
was added to the aqueous layer and it was again extracted with
benzene. The benzene extracts were combined, dried (MgSOy),
and concentrated. The residue, generally semicrystalline, was
dissolved in ether and treated with an excess of 2 N ethanolic
HCL.  The hydrochloride salt was separated by filtration or by
decantation of the liquid layer and was purified by recrystal-
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lizntion from ethanol or an ethanol-ether mixture; nnm spec-
trum of - {-(m-chlovoplienyl)-5-(2-dimethylaminoethyi - 4-imid-
azalin-Z-one: & T.8-7.1 Laromatic pritans, complex multipler,
11D, 6.62 and?6.42 (C-4 H and C-5 11, AB quariet, Jo. = o
eps, 21D, 5.0 LCHNC==0), tripler, JJ = 6 vps, 2 113, 2,601 CL -
Ney, triplet, ] = 6 cps, 2 ), 2,200 N(CLH e, singler, 6 114

Imidazolidinone Hydrochlorides (Table III), General Pro-
cedure D.—-A mixture of 0.01 male of the 1-arvi-3-2-dimethyi-
aminoethyl)-4-imidazolin-2-one hydrochlovide, 100 ml of 85,
etunal, and 1 g of 1090 Pd-C eatalyst was <lmken in o Parr
hydrogenator under abont 4.05 kg/cm? of hydimgen press<ure for
1.5 3 hr. The reaction mixtire was filtered and the mother
liquor was concentiated to remave the sulvents. The residne
wis tritnrated with acetone ar ethernntil ervsrallization necrred.
The cry=tals were filtered off and recrysiallized fram ethunal ar
an ethianol--ether mixture.

Procedure E. Reduction of 1-(»-Chloropheny!)-3.12-di-
methylaminoethylj-4-imidazolin-2-one Using Diborane.- -A su-
Intion of 1 W horane in THFE (5 ml, 0.003 nole) was added ta n
enoled mixture nf 400 mg (V.00 mole) of 1-Cm-chinmphenyd -
A-(2-dimethylaminoethyl)-4-imidazalin-2-ane and ~ ml of di-
glyme. The solution was left w1 roam temperatare for 20 hr
and then hented in an oil batrat 170-180° for 2 hee The nix e
wis cooled, 3l of propionic aeid was added, aud rhe renction mix-
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tre wits agnin hested i 1701809 for 1 hr. The mixtire was con-
centrtted ta remnve the salvenr, o ml of 38 NaOld wax added,
and the produer was extracted into ether. The ether Jayve
wits wislied with xadt salntim and concentrated. The residur
weighed 1.355 gomd vaper phiase eliranatography nidicated tie
s owas greater than 93 1-Cnechlamphenyh-d-c2-dimethyvi-
aminethyli-Z-inddazalidinome. The  product  wax canverai
ta the hydrochloride, mp 217 21092 after reervstadlizatiog fraan
etsarol, identicad hy mixture melting point and infrared spoci
with the compiind previonsly prepared by akylatiom of <.
cidamphenyl=2-midazalidinones o speetrom of - J=Ci-
chlaraphenyii-5-2adimethylaminaethyvl - 2- imidazolidimme: o
TS-UN romatics pratans, complex multiplet, 4 11, 3000004
PO and C-0 Colysadvipler, £ 11 4848 (CHLNCO, triplet,
Jo=oteps 2 24T cCHLN Mey, tiplet, o= Goeps, 2 1y 2024
PN CH o, singlor, 1] 5
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SH-Dibenznla,dleyvclohepten-i-ane and the 10,11 -dihydro deriviive were comverted to their alkylenedithioketuls

which were oxidized to the corresponding tetroxides.

Tnternction of the ethylene thioketal tetroxides witli amines

gave D-(HH-dibenzo [a,d]eyeloheptenyl) 2-aminoetliy] sulfones wliel may he causidered us mialogs of amitriptyline.

Related benzhydryl sulfones were prepared eniplaying hydrazine and 2-dimethylaminoethanol.

possessed only slight binlogical activities.

Certain aminoalkyl benzhyvdryl sulfones have been
reported to possess central nervous systemn activity.
Thus Archer and Suter? have claimed anticonvulsant
effect for a nuniber of 2-(disubstituted amino)ethyl
benzhvdryl sulfones.  The preparation of related com-
pounds containing a HH-dibenzo[a,d Jcycloheptene nu-
clens in place of the benzhydryl group was of mterest.
These could be considered as amalogs of the antide-
pressant  drug  amitriptyline  (10,11-dihvdro-N, N-di-
methyl-3H-dibenzo[a,d Jeyveloheptene-A* "-propylamitie)
in which the methinyl carbon atom of the alkylidenc
side chain has beett replaced by a sulfonyl group.

Several synthetic routes to the sulfones were con-
sidered. The beuzhydryl compounds have been pre-
pared?? from the mteraction of benzhydryl mercaptan
with an alkylene chlorobromide followed by oxida-
tion to the corresponding chloroalkyl sulfone and re-
placcutent of the chlorine atom by a secondary amino
gronp; attempted oxidations  of  2-piperidinoethyl
henzhydryl sulfide were unsuccessful. A projected
use ot 10,11-dihydro-SH-dibenzo[a,d Jey cloheptene-5-
thiol as 3 starting material for the tricyelic sulfores
was not pursited it view of the report? that this thiol
could not be obtained by the usual thiourea synthesis

i1) Pary VI: AL AL Davis, o A, Snnalaira, 1. Herr, and R. Gauodry, /.
Med. Chem., 6, 513 (1963).

o210 S0 Areber and OO DAL Ruter, 1708 Puoem 2,618,637 {10:52).

31 ML ML Klenk, COAL Suoier, wnd X Neler, Jooboe Chesw. oy, 70, 38010
(19481,

4 VoA veleglszyn anad M. Protiva, Collsctiosg Carcie Chemt. Cronooeson.. 24,
3035 (1959).

The compannds

with the correspouding d-chiloro compound.  An at-
tempt was made to prepare a situple sulfone from this
same  H-chloro compound thirough interaction with
ethanethiol under alkaline conditions with subsequent
oxidation of the resulting sulfide; none of the desired
S-ethylsulfonyl dervative was obtainted. It was ob-
vious that a gqnite different approach was required nnd
thix wux found in a novel application of o kunown re-
action, mamely, the cleavage of 1.2-disulfones by mn-
cleophilic reagents®  Thus Kulm and  Neugebauert
obtained 2-piperidinoethyl benzhydryl sulfone in 839
vield by heating 2.2-diphenyl-1,3-dithiolane 1,1,3,3-
tetroxide (IV) with piperidine.  The interaction of
related  spirodisulfones containing the dibenzocyclo-
heptenyl nucleus (IT) with =econdary amines gave the
desired basic sulfones (ITI) i generally good vields
(sece Tables T and IT and Scheme 1), The reactions
were carricd out by heating either with an exeess of
antine alone or in ab appropriate =olvent; the normie-
peridine  derivative (I1le) was prepared front once
equivalent of the anmine in boiling toluene containing
pyridie. - The produets, best handled as the free
bases, tended to retain solvent of crystallization and
gave only fair analytical values.

The comnpouiids could not be sublimed ¢n vacuo with-
out decomposition. The spectral data were, however,
in accord with the propased striretires.

VA fay R Oveo and 11, Dambkabler, J.o 9akd. Chem., 30, 171, 321 118815

it 1.1 Kohler winl ML Reimer, Am. Chen. J,, 831, 163 11004},
61 13 Kntar gl FUAL Neagebauer. Chesn. Ber., 94, 2620 (10G1).




