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during the first 10-15 min. The mixture was filtered, concen-
trated to dryness, taken up in ether, and the ether solution dried
with anhydrous magnesium sulfate. Introduction of dry hy-
drogen chloride precipitated the dihydrochloride (2.26 g.) which
melted at 205-206° dec. after one recrystallization from 40 ml. of
a 1:1 methanol-isopropyl alcohol mixture.

In similar fashion were prepared the dihydrochlorides of the
diethylaminoethyl XIIIb and of the diethylaminopropyl XIIlc
analogs.

5-(3-Dimethylaminopropyl)-5,10-dihydro-11H-dibenzo-
[b,e][1,4]diazepin-11-one (Illa, n = 3, R3 = R¢ CH;).—
A solution of 3.07 g. of methyl N-(3-dimethylaminopropyl)-
N-(o-aminophenyljanthranilate dihydrochloride (XIIIa) was
converted to the free base by treatment with aqueous KOH,
followed by extraction with ether. The sirup, obtained upon
removal of ether, was mixed with a small amount of powdered
soft glass and heated from 120 to 155° over a period of 90 min.
The mixture was partially dissolved in ether, filtered, and the
ether solution concentrated to a small volume. Upon the addi-
tion of Skellysolve B, crystallization occeurred; 360 mg., m.p.
144-145°. Trituration with ether raised the melting point to
147.5-149°.

A greatly increased yield (83¢() was obtained by heating the
base at 100° in methanol solution in an autoclave for 12 hr. to
effect the ring closure. Concentration of the methanol solution
followed by crystallization gave material melting at 149-150°.

Similarly the diethylaminoethyl ITIb and the diethylaminopro-
pyl ITIc analogs were prepared.

5-(3-Dimethylaminopropyl)-5,10-dihydro-11H-dibenzo-
|b,e][1,4]diazepin-11-one N-Oxide (XV).—To a solution, cooled
in ice, of 2.07 g. of 5-(3-dimethylaminopropyl)-5,10-dihydro-11H-
dibenzo[b,e] [1,4]diazepine-11-one (111a) in 13 ml. of 95¢7 ethanol
was added 1.5 ml. of 309; hydrogen peroxide. The solution was
kept at room temperature for 2.5 days and any excess hydrogen
peroxide decomposed at this time by stirring the solution with
135 mg. of 59, palladium-on-charcoal (washed with water) for
1 hr. at room temperature and 15 min. on the steam bath. The
mixture was filtered and water (ca. 20 ml.) was added. The
aleohol was removed under reduced pressure and the aqueous
layer was concentrated to a sirup which was crystallized from
acetone, 0.77 g., m.p. 174.5-17%8°.  Recrystallization was effected
by dissolving the crystals in methanol, removing the methanol
to yield a sirup which was then crystallized from acetone, m.p.
184.5-185.5°.

The N-oxide XVT of 5-(diethylaminoethyl)-5,10-dihydro-11H-
dibenzolb,e][1,4]diazepin-11-one was similarly prepared; m.p.
163° dec.

5-(3-Dimethylaminopropyl)-10,11-dihydro-5H-dibenzo-
1b,¢]{1,4]diazepine (Vla, n = 3, R3 = R¢ CH;).—A solution of
148 g of E&-(3-dimethylaminopropyl)-11H-dibenzo[b,e] [1,4]-
dinzepin-11-one (ITIa) and 290 mg. of lithium aluminum hydride
in 150 ml. of anhydrous ether and 25 ml. of tetrahydrofuran
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(freshly distilled from LiAlH,) was refluxed for 30 hr. To the
cooled solution was added 4 ml. of 109, sodium hydroxide and
the ether was decanted. The salts were washed twice with fresh
ether and the combined ether solutions concentrated to give a
sirup which crystallized. Crystallization from ether gave 800 mg.
(3 crops), m.p. 95-96.5°. Recrystallization from acetone gave
600 mg., m.p. 100.5-102°.

In similar fashion the 2-diethylaminoethyl VIb and the 3-di-
ethylaminopropyl VIe analogs were prepared. Compound VIb
did not crystallize and was converted to its dihydrochloride in
the usual way.

5-(2-Diethylaminoethyl)-5,10-dihydro-11H-dibenzo-
[be][1,4]diazepin-11-one 10-Methyl Methiodide (IVa).—To
3.09 g. (10 mmoles) of 5-(2-diethylaminoethyl)-11H-dibenzo-
[b,e] [1,4]diazepin-11-one (ITIb) in 45 ml. of dry toluene was added
490 mg. of 52% sodium hydride dispersion in mineral oil (10.5
mmoles of NaH). The mixture was refluxed for 4 hr., cooled, and
4.75 g. (34 mmoles) of methyl iodide in 15 ml. of dry toluene was
added. The mixture was refluxed for 14 hr., cooled, and 65 ml.
of water was added. The mixture was shaken and the layers
separated. The aqueous layer was re-extracted with toluene
and freeze-dried to yield 4.5 g. of product. Crystallization from
70 ml. of hot isopropyl alcohol gave 3.05 g., m.p. 221.5-224°,
Recrystallization from isopropyl aleohol gave an analytical
sample, m.p. 219.5-221°.
5-(2-Diethylaminoethyl)-10-(3-dimethylaminopropyl)=-
5,10-dihydro-11H-dibenzo[b,e][1,4]}diazepin-11-one Dihydro-
chloride [IVb, R! ~-CH,CH,N(C,H;),, R* = -CH.CH,CH;N-
(CHs).].—To 9.27 g. (30 mmoles) of 5-(2-diethylaminoethyl)-
5,10-dihydro-11H-dibenzo[b,e] |1,4]diazepin-11-one (IIIb) in K0
ml. of toluene, dried by distillation, was added 1.48 g. of
529, sodium hydride dispersion in mineral oil (32 mmoles of
NaH). The mixture was refluxed for 4 hr., cooled, and 4.02 g.
(33 mmoles) of dimethylaminopropy! chloride in 12 ml. of dry
toluene was added, followed by 10 ml. of distilled dimethylform-
amide. The mixture was refluxed for 6 hr., cooled to room
temperature, diluted with 150 ml. water, and extracted with
ether. The ether layer was washed with water, dried with
anhydrous sodium sulfate, filtered, and concentrated to yield
11.5 g. of sirup. The sirup was taken up in anhydrous ether,
dried thoroughly with magnesium sulfate, filtered in a dry room,
and dry hydrogen chloride was introduced to yield a white fluffy
powder, m.p. 109-111.5°. The material was very hygroscopic
and a satisfactory analysis could not be obtained. The infrared
spectrum, however, supports the proposed structure.

Acknowledgment.—The authors wish to express their
appreciation to Mr. Alfred Koning for technical as-
sistance and to Dr. Robert Rinehart and Dr. George
Slomp and their associates for physical and analytical
data.
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1-Aminoalkyl-1,3-dihydro-3,5,7-trimethyl-2H-azepin-2-ones'*
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The synthesis and pseudocholinesterase inhibitory activity of several l-aminoalkyldihydroazepinones and

certain related methiodides are described.

It has recently been discovered that the action of
ethereal chloramine on hot solutions of sodium 2,6-
dialkylphenoxides in excess 2,G-dialkylphenols results in
facile ring enlargement of the phenoxide moieties to give
1,3-dihydro-2H-azepine-2-ones (I, R lower alkyl;

(1) (a) Paper III: L. A. Paquette, J. Org. Chem., in press;

to whom correspondence should be sent:
Ohio ®tate University, Columbus 10, Ohio.

(b) author
Department of Chemistry, The

Rt = Horloweralkyl) in good yield.? The ready avail-
ability of the dihydroazepinones in one step from com-
mercially available phenols prompted examination of
some potential applications of this unusual ring system
to medicinal chemistry. During a program aimed at
the exploitation of the chemistry of these novel and

(2) (a) L. A. Paquette, .J. Am. Chem. Soc., 84, 1987 (1962); (b) ibid., 85,
3288 (1963).



~3
~1
[\

ONa

Rl
R R = R
+ CINH, ———— ]
R N (0]
H

1

]

interesting, unsaturated, seven-membered heterocycles,
we were led to prepare several aminoalkyl derivatives
of I in an effort to obtain useful physiological activity.

In an earlier paper in this series,? it was reported
that treatment of the dihydroazepinone system I with
sodium hydride in anhydrous dimethylformamide®
produced an anion which, when alkylated with methyl
iodide, afforded the corresponding N-methyl derivative.
Utilization of this procedure with chloroalkyl amines
has now been evaluated and found to produce 1-amino-
alkyldihydroazepinones (see Table I) in good yield.

Several of these bases were converted with methyl
iodide in absolute ethanol to their corresponding methio-
dides.

An alternate route to the title compounds was sought,
with the purpose of obtaining an intermediate suitable
for conversion in very few steps to a variety of 1-amino-
alkyldihydroazepinones. Reaction of the sodium salt
of I (R = R! = CHj) in dimethylformamide with 2-
chloroethylacetate gavetheexpected 1-(2-acetoxyethyl)-~
1,3-dihydro-3,5,7-trimethyl-2H-~azepin-2-one (IIa).*

CH,

CH, CH,
NH — NCH,CH,0R
ch, © o, °
[ia, R=COCH,
b, R=H
c R=SOz‘©CH3
CH,

CH{/=§
— CHCHN 0
/N0

CH,

The related alcohol IIb, conveniently obtained by basie
saponification of Ila, was converted to its noncrystal-
line tosylate IIc¢ in the usual manner. Solvolysis of
the crude tosylate in excess morpholine gave the same
N-morpholinoethyl derivative (as its hydrochloride)
that was produced by direct alkylation. The over-all
vield of this sequence was only 20.3%, thus discouraging
its further use as a method of choice for our intended
purpose.

Pharmacology.—With the exception of compound IV,
the l-aminoalkyl-1,3-dihydro-3,5,7-trimethyl-2H-aze-
pin-2-ones were found to be relatively potent inhibitors
of pseudocholinesterase activity (Table II).® The

(3) It is important to note that we have been unable to produce this
anion with such reagents as sodium ethoxide in ethanol or sodium amide in
liquid ammonia.

(4) A similar study was made on the use of 2-hromoethyl acetate as the
source of the acetoxyethy! group.  In all runs, a near quantitative yield of
sodium bromide was obtained, accompanied by excellent recovery quantities
of the dihydroazepinone. The reaction, which was rapid, probably pro-
ceeded by an E2 elimination of hydrogen bromide to afford vinyl acetate
(which we did not attempt to isolate).
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inhibitory action of these compounds on this enzyme
system is apparently of little specificity in this case, for
no differentiation can be seen between compounds
possessing gross stimulant effects and those showing
depressant activity at nonlethal doses. Further, at
nonlethal doses, mice did not exhibit signs of marked
parasympathetic stimulation (salivation, lacrimation,
urination, or defecation). It is worthy of note, how-
ever, that the majority of the substances described
herein are quite toxic, showing approximate LDso
values of 56 mg./kg. i.p. or less.

Experimental®

General Procedure for Alkylation.—To a stirred solution of
15.1 g. (0.10 mole) of 1,3-dihydro-3,5,7-trimethyl-2H-azepin-2-
one (I, R = R! = CH;)%® in 100 ml. of dry dimethylformamide
was added in several portions 4.65 g. (0.10 mole) of 51.5%; sodium
hydride-oil dispersion. The solution was heated at 60° for
45-60 min. when evolution of hydrogen had ceased and was then
cooled to 5-10° with an ice bath. N-(g-Chloroethyl)-morpholine
[36.0 g. (0.12 mole) of a 509, by weight toluene solution] was
added below 20°. When the addition was completed, the mix-
ture was stirred at room temperature for 2.5-16 hr. The di-
methylformamide was removed under reduced pressure, ether
was added, and the precipitated sodium chloride was separated
by filtration and washed well with additional ether. The com-
bined ethereal filtrates were evaporated and the residual oil wus
distilled.

In the case of the l-aminoalkyldihydroazepinones, the distilled
liquid was then generally converted directly to its hydrochloride
salt by treatment of an ethereal solution of the amine with eth-
ereal hydrogen chloride.

The yields in Table I are based on the quantity of distilled
base. The hydrochlorides were recrystallized from ethanol-
ether to obtain pure samples.

General Procedure for Quaternary Salt Formation.—To a
solution of 0.10 mole of the l-aminoalkyldihydroazepinone in 65
ml. of absolute ethanol was added a 3—4 molar excess of methyl io-
dide. The resulting solution was refluxed for 3.5-4.5 hr. After
cooling, the solvent was evaporated and the residue was recrystal-
lized from ethanol-ether. Yields in Table IT were based on the
weight of product at this stage. Further recrystallizations of the
methiodides from ethanol-ether gave the analytical samples.

1~(2-Acetoxyethyl)-1,3-dihydro-3,5,7-trimethyl-2H-
azepin-2-one (Ila).—To a solution of 30.2 g. (0.20 mole) of I
(R = R! = CHy) in 150 ml. of anhydrous dimethylformamide was
added in portions 9.4 g. (0.20 mole) of 51.5% sodium hydride-
oil dispersion. The solution was stirred at 60° for 0.5 hr., cooled
to —5°, and treated dropwise with 30.6 g. (0.25 mole) of chloro-
ethyl acetate below 0°. The reaction mixture was allowed to
warm to room temperature and kept there overnight. Ether
(200 ml.) was added, and the precipitated inorganicsolids were sep-
arated by filtration and washed well with ether. The combined
filtrates were evaporated under reduced pressure and the residue
was carefully distilled to give 11.2 g. of recovered I [erystalline
distillate, b.p. 105-112° (0.25 mm.), m.p. 132-133°] and 18.1 g.
(60.6%, based on recovered I) of the acetate ITa, b.p. 116-120°
(0.25 mm.), n¥*p 1.5018. Redistillation of this material for
analysis gave a colorless liquid, b.p. 133-134° (0.4 mm.), n*p
1.4998; pnest 1745 (ester carbonyl) and 1675 em. ™! (amide car-
bonyl): AECH 251 mu (4900).

Anal. Caled. for CizH,yNOy:  C, 65.80, H, 8.07;
Found: C, 65.89; H, 8.03; N, 5.99.

1-(2-Hydroxyethyl)-1,3-dihydro-3,5,7-trimethyl-2H-azepin-2-
one (IIb).—To a solution of 11.9 g. (0.05 mole) of the

N, 5.90.

(5) Pseudocholinesterase activity was determined manometrically utilizing
various inhibitor concentrations. The enzyme source was human serum
and acetylcholine (101 Af) was the substrate. [Ilxo values were estimated
graphically.  Compounds listed as inactive did not inhibit at least 309 at
103 M,

(6) Melting points and boiling points are corrected. The authors are in-
debted to the Physical and Analytical Chemistry Department of The Up-
john Co. under the direction of Dr. Donald R. Myers for the microanalyses
and spectral data.
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Toxicity was determined in groups of 4 albino mice per dose
atilizing doses decrensing in 0.5 log intervals from 1000 mg. kg
tintraperitoneal route). The LD, was extimated by the methaod
of Spearman and Karber and the 957 confidence intervals are
approximately =03 log units.  Ohservations of the effects of
these compounds on hehavior were carvied out simultaneously
with the determination ot toxieitv. ” All compounds caused
convulsions in lethal doses: the observations in this column apply
to effeets seen at nonlethal doses.

acetate Thoin 75 ml of ethanol was added a solution of 2.4 g
£0.06 mole) of sodinm hydroxide in 15 mb of water. The solution
was stirred under reflux for 2 hro and ot room temperature over-
night.  The solvent was removed under reduced pressure and the
residue was taken up in methylene chloride and o small amount of

Vol 6

water,  The water Lover wios separted and the organmie Tives
was dreied, filteved, and cvaporated. The residue wasdistilled o
give NN 2 0T ol i colorless viscous cilc bop o 152 18 e

O30 mi o A swonple of Bguid, b 1800085 noos s 20 105260
wis bt ted for anadvsiss oo 302000 0H stretehing s aned 1660
i Peamide morhonyl

eed o Caled for O NGOG O
Found: O, 67203 L, ssg0 N6

Alternate Preparation of 1-2-Morpholinocthyl -1,3-dihydro-
3,5,7-trimethyl-2H-azepin-2-one Hydrochloride v Ile.- An
fec-cold =olution of 1.9 ¢ 0 0.025 moles o TIhin 35 ml of pyridine
wis treated with 335 ¢ 00025 mole - oF p-toluenesulionyl ehlovide
The resulting =ohition was stored at 5

G766 ML ST~ N T

in several portions
for 2 davs. Tee water 1300 1]
at 57 Vor 2 hreo the aqueons solution was extracted with ether.
The conbined ether Tovers were washed with cald N bivdrochlorn
sebd, drieds filtered, and evaporated. The residuad oths awhieh:
did not ervstallize, was used without further purification.

The erude tosvlate fronc this was dissolved S 10l of morpia

wes cdded and, siter standing

line and the solution was allowed 1o staand overnight ot roon:
temperiture, Crastals bad separateds ether was added, and the
precipitated sobid was =eparated by Gltration. The filtrate waos
eviporated under reduced pressure and the restduat oil waseon-
verted o its hyvdrochlorides T2 @0 2087 0 over-alln iy 210
228 The mirared spectrum of this nuderial was identieal

L) (i(’(',
with that of the =snple prepured by the alternate ronre A
ninture melting point <howed no depression
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ctzyme inhibitory data

Synthesis of Unsymmetrical Diphenylalkenes'

Jeax-Fraxcors Miquen,® Haxs WanLsraor, Ko Onssox, ANy BERTIL SUNDBECK

{ustitute of Pharmacologu, Uppsada Unicersity, Uppsala, aud Research Laboraloc. A1 Forrosan . Malie, Siecden

Received Joanwary 10, 1065

Bis-( p-tiethoxyphenyb-alkenes have been prepared by setion ol the Grignard reagent frome p=bromoanisole on

the esters of carboxylie acids.

phenyhi-eveloalkyvidene methanes have adso heen prepared.
triethyleneglyeol was in several eases accompanied by the formation of the cthane derivatives,

absorption data are discussed.

The present tendency e steroid hormone rescarch ix
to look for substances with a more specific action on
different tissues or organs.®  Surprisinglv little has
been done in this respect with synthetic estrogens
helonging to the stilbestrol-hexestrol series.  This is
probably due to the fact that interest in these =ub-
stances was particularly high at o time when it was
neeessary to discover inexpensive and potent estrogenic
substances.

A dnvestigation of the specific action of hexestrol
and stilbestrol analogs on ditferent biological receptors
was therefore decided on in our Institutions,  Several
results have already been presented.*?  This report
concerns the svnthesis of diphenols, their ethers, and
esters helonging to the elass of wnsym-diphenylethylene,

i1y Foe the presious papee in this series <ee Jo 0 Miquel, Bello Noeo Ol
Fecsire 209 (1962,

12 Feole Nationale Supdvienre de Chiie, Université de Montpellier,
rance,

i R Dortman, s Methods in Hlormone Researen TL Neadenie Pross
New York, NV 1062,

G o Berdny, Po Morsing WL Maller, GoStiltberg, and B Stenhacen

et S, Modd. Upsalicn., 60, 68 1 10553)
Seob Julilin and J0 V0 Mignel, Aeia fopduesin . 36, 8T 010G

In the same manner using eveloalkaneearboxylic aeids some is-tp-methoxy -

Their demethyvlation by potassiunt hydroxide
Ultraviale

Some substances trom this series have alveady been
found to possess the ability to interfere with the vaginal
estrus reaction induced by estradiol benzoate™  Their
relations to diethylstilbestrol and trianisyvlethylene, i
terms of spatial structure, have also heen discussed.”

All eighteen compounds were synthesized by the same
method, by reaction of p-methoxyphenylhmagnesimn bro-
mide with ester<. The methy! or ethyl exters, which are
all known compounds, were prepaved from the corre-
sponding acids by way of the acid chlovides. The
following were not conunercially  available:r 205+
methylbutanoic acid.” 2-cthylpentanoic acid,” 2-methyl-
4-pentenoie acid. ™ 2-methythexanoic aeid. 2-butyl-
hexanoie acid.'t eveloheptanecarboxyvlie acid. ™ and
evelooetaneearboxyvlie aeid.’?  OF these, the two evelic

Vo T E Nl F T B s s e b e £ e
117, 262 0 058
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