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Summary

The syntheses of three a-(dialkylaminomethyl)-
8-amino-6-methoxy-4-quinolinemethanols  (I1a,

b, ¢) and three o-(dialkylaminomethyl)-8-hy-
droxy-4-quinolinemethanols (IIIa, b, c¢) are de-
scribed. These compounds have been tested for
avian antimalarial activity.
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Some «-f-Amino-s-dibenzoylethanes and 3-{~-Amino-2,5-diphenylfurans. The

Preparation and Reactions of Dibenzoyl-N-morpholinoethylene!

By ROBERT E. Lurz, PHILIP S. BAILEY®” AND NEwTON H. SHEARER, JR 2

In an earlier paper the unexpected results ob-
tained in the reaction between amines and diben-
zoylmethylethylene were described.® The present
communication deals with the straightforward ad-
dition of amines to ¢rans-dibenzoylethylene (I) to
give a-aminodibenzoylethanes (II) and with the
reactions of the products. A number of these
compounds were made in connection with the
search for new types of antimalarials.

In 1900 Paal and Schulze* added aniline to both
cis- and frans-dibenzoylethylene by warming a
mixture of the reactants. In the present work the
analogous additions of a number of aliphatic am-
ines were carried out at room temperature either
in ether.or in ethanol solution. The amines used
were dimethylamine, diethylamine, morpholine;
piperidine, piperazine, l-amylpiperazine and 1-
benzylpiperazine.
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The hypothetical monoaddition compound, di-
benzoyl-N-piperazinoethane, could not be iso-
lated, even when a three molal excess of piperazine

H—-C—C—NR;

CsH;COCH=CHCOGC;H; sec. amines CsHBCOCHz'CHCOCsHs AcO I
1 ———e
Tads _NR, H:S0, CHe—C\ o/ &
II (a) NR; = N(CH,), III (c) NR; = morpholino

(b) NRy = N(C:Hs)s (d) NR: = piperidino
(C) NR,; = morpholino (f) NR; = N<CH;>NCH:CsHjts
(d) NRy = piperidino
(e) NR; = H<CH;>NC;Hy*
(f) NR; = N <CH;> NCH,C.H;»

Only one of these products had béen made be-
fore, namely, dibenzoyldimethylaminoethane
(Ila) by rearrangement of diphenacyldimethyl-
ammonium bromide by means of alkali.®

In the case of the piperazine addition the bis-
compound (IV) was formed, as would be expected,
by the reaction of two molecules of dibenzoyleth-
ylene (I) with one of piperazine.

(1) Part of the work described in this paper was done under a con-
tract, recommended by the Committee on Medical Research, be-
tween the Office of Scientific Research and Development and the
University of Virginia. The Survey Number, designated SN,
identifies a drug in the records of the Survey of Antimalarial Drugs.
The antimalarial activities of these compounds to which Survey
Numbers have been assigned will be tabulated in a forthcoming
monograph.

(2) (a) Holder of Philip Francis du Pont Fellowship, 1942-1944;
present address: University of Texas, Austin, Texas. (b) Present
address: Tennessee Eastman Corporation, Kingsport, Tennessee,

(3) Lutz and Bailey, TRiS JoURNAL, 67, 2229 (1945),

(4) Paal and Schulze, Ber., 38, 3795 (1900).

(4a) [—N<CH:>N—1] is the piperazine nucleus.

(5) Thomson aud Stevens, J. Chem. Soc., 1932 (1932),

was used. A likely explanation for the failure to
obtain it is found in the general instability of these
addition compounds and in the comparatively
high insolubility of the piperazino-bis-dibenzoyl-
ethane (IV). Probably the mono additive is
formed in equilibrium with the comnponents, with
the bis compound the only product isolated be-
cause of its insolubility.

Along with the compounds described above
N,N-dibenzylamino and N-piperidino-di-(p-chlo-
robenzoyl)-ethane (VIa and b) were obtained by
the addition of the appropriate amines to di-
(p-chlorobenzoyl)-ethylenie. These compounds
were made for antimalarial testing with a view
toward the possible activating influence of the two
para chlorines.

CICsH,COCH,CHCOCHCI

VI N(CH:CsHs):
[NCsHiol

(a)
(b)



Nov., 1946

The structures of the addition compounds (IT)
were demonstrated by two reactions. The added
amines were eliminated and dibenzoylethylene
regenerated by treatment with hot acetic or hy-
drochloric acid or by allowing a water solution of
the hydrochloride to stand for several hours; this
same type of determination has been carried out
by Paal and Schulze® on anilinodibenzoylethane.
And the addition compounds were cyclized to the
corresponding furans (III) by means of acetic
anhydride and sulfuric acid; the piperazino-bs-
addition compound (IV) yielded a bis-furan (V)
in this reaction.

One addition compound, namely, dibenzoyldi-
methylaminoethane (IIa) was largely deaminated
to dibenzoylethylene under the standard furaniz-
ing conditions and no furan was obtained in this
case.

Diphenylmorpholinofuran (IIIc) was studied
further. Treatment with phosphorus pentachlo-
ride and oxychloride at 100° followed by hydroly-
sis, yielded 2,5-diphenyl-2-hydréxyfuranone-3
(VII); this reaction parallels that of 3-acetoxy-
2,5-diphenylfuran which is converted into 2-chlo-
ro-2,5-diphenylfuranone-3% under the same condi-
tions (the obtaining of the chloro rather than the
hydroxyfuranone was due to the care taken to
avoid hydrolysis during the isolation of the prod-
uct).
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Oxidation of the morpholinofuran (IIIc) by
means of nitric acid in acetic acid solution yielded
a compound which is formulated as cis-dibenzoyl-
morpholinoethylene (VIII) on the basis of analogy
to the oxidation of other typical 2,5-diphenyl-
furans.” The structure of this unsaturated dike-
tone was confirmed by the following facts: It was
also obtained by the treatment of dibenzoyldibro-
moethane (IX) with morpholine; it yielded di-
benzoylethane with loss of the morpholino group
upon reduction; and it gave 2,5-diphenyl-2-hy-
droxyfuranone-3 (VII) upon hydrolysis.

These reactions are in line with corresponding
reactions of other aminodibenzoylethylenes.® It
is interesting to note, however, that dibenzoylmor-
pholinoethylene (VIII) is much more resistant to

(6) Lutz, Stuart, Wilder and Connor, Tris JOoURNAL, B9, 2314
(1937).

(7) Lutz and Wilder, TH1S JOURNAL, §6, 978 (1934).

(8) (a) Conant and Lutz, THIS JOURNAL, 47, 881 (1925); (b)
Lutz and Amacker, results to be published shortly.
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hydrolysis than aminodibenzoylethylene itself
which is converted to the hydroxyfuranone (VII)
by the action of very dilute ethanolic hydrogen
chloride at room temperature.t

In the reaction between dibenzoyldibromo-
ethane and morpholine to produce dibenzoylmor-
pholinoethylene, a second and minor product was
also found which was extremely difficult to sepa-
rate by fractional crystallization and it was not
isolated in a pure condition. Analysis of the su-
perficially purified mixture indicated that the
second compound was not an isomer but was di-
benzoyldimorpholinoethane (XI), and was present
to the extent of about 329,. If this hypothesis is

CeH:COCHCHCOCHj5

OCH;sN NCH;0
XI

correct, the compound constitutes the only one of
its class in the 1,4-diketone field, in contrast to
the benzalacetophernone series where this type of
compound is readily obtained.® Further study of
this will be undertaken in the near future.

The unsaturated morpholino diketone (VIII),
obtained as the chief product of the reaction be-
tween the dibromide (IX) and morpholine, was ex-
pected to be the more stable of the two possible
geometric isomers of this structure in view of the

mode of formation of the double bond during the

reaction. The compound obtained presumably
has the c¢is configuration because it was also
obtained by the oxidation of the corresponding
furan, a reaction which usually gives the cis
form.” In an earlier paper® where it was
shown that, unexpectedly, the cis-dibenzoyl-
methylethylene is more stable than the frans
isomer, a cyclic resonance structure was pro-
posed in order to account for its greater sta-
bility. Perhaps the case of the dibenzoylmor-
pholincethylene is analogous and affords an-
other example of this phenomenon. It is un-
fortunate that both stereoisomers have not been
obtained so that the relationship between the
two could be studied.

One of the amine addition compounds of di-
benzoylethylene, the piperidino compound (VIb),
has been hydrogenated successfully without loss of
the piperidino group to give a mixture of stereo-
isomers of 1,4-diphenyl-2-piperidinobutanediol-
1,4 (XII). From this mixture one of the isomers

C:H;CHOHCH.CHCHOHC:H;

NC;Hio
XII

has been isolated apparently in a pure condition.
None of the compounds made in this investiga-
tion and tested to date has shown significant anti-
malarial activity.
(9) Cromwell, Chem. Rev., 38, 83 (1946). Some additional ana-

logs made for antimalarial screening tests, will be described in a
forthcoming publication from this Laboratory.
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Experimental

Dibenzoyl-N-morpholinoethane (Il¢) (SN-2594).—In
a typical procedure a solution of 75 g. of dibenzoylethylene
(1), 60 ml. of morpholine and 150 ml. of ether was allowed
to stand for two hours. Crystals separated, were filtered
and washed with cold di-isopropyl ether, 90 g. (87%),
m. p. 101-103°. Several recrystallizations from ethanol
raised the melting point to 105-106°.

“)4nal, Caled. for CyH;NO;: N, 4.33.
4.23.

The hydrochloride was made from acetone by means of
ethereal hydrogen chloride and recrystallized from meth-
anol; m, p. 169-171°,

Anal. Caled. for CpoHyNQO;-HCI:
Found: C,66.68; H,6.21.

Reaction of 0.5 g. of the base in 20 ml. of glacial acetic
acid with 1.5 g. of zinc dust (refluxing for two minutes)
and recrystallization of the product from ethanol yielded
0.2 g. of dibenzoylethane. In a similar experiment the
zinc was omitted and dibenzoylethylene (I) was obtained.

Dibenzoyl-N-piperidinoethane (IId) Hydrochloride (SN-
399).-—Crystallized from ethanol and dry ether; m. p.
162-163°.

Anal. Caled. for CyHuNO,HCL: C, 70.48; H, 6.76.
Found: C,70.22; H, 6.56.

The free base meclted at 92-93°,
standing.

Anul. CEIC(L for CngggNOQI C,
Found: C,78.29; H,7.34.

1,4-Diphenyl-2-piperidinobutanediol-1,4 (XII) Hydro-
chloride (SN-1962).—A solution of dibenzoyl-N-piperi-
dinoethane (IId) in methanol was hydrogenated using
platinum oxide. The reduction proceeded at a fairly
constant rate until nearly two moles of hydrogen was ah-
sorbed after which the rate slowly decreased; the reduction
was interrupted after 3.4 moles had been absorbed, The
product was isolated, dissolved in acetone and treated with
ethereal hydrogen chloride. Two batches of crystals were
obtained. The first crop of crystals after several recrystal-
lizations from a methanol-dry ether mixture melted at
230-231°.

Anal. Caled. for C;HyyNO,-HCI:
Found: C,69.9G; H,7.79.

The second crop of crystals was a mixture which melted
at 160-163 ° after several recrystallizations from methanol.

Anal. Caled. for CaHxNO-HCL: C, 69.69; H, 7.80.
Found: C,69.12; H, 8.17.

Dibenzoyl-N-dimethylaminoethane (Ila) (SN-13,408).-
Twenty-five grams of a 259, aqueous dimethylamine solu-
tion was added to a suspension of 16.5 g. of dibenzoylethyl-
ene in 100 ml. of methanol with cooling. After standing
for six hours at room temperature and overnight in the
refrigerator the crystallized product was filtered, 16 g.
(80%), m. p. 64-65°. Repeated recrystallization from
709% methanol did not change the melting point. The
compound turned yellow when exposed to light.

Agnal. Caled. for CHyNO,;: N, 4.98. Found: N,
5.03.

Dibenzoyl-N-diethylaminoethane (IIb) Hydrochloride—
(SN-2631).-—The free base, made as IIc above, did not
precipitate from the reaction mixture even after two days,
and was obtained as an oil upon washing the mixture with
water and evaporating the ether under reduced pressure.
Acidification of an acetone solution of the base with ethereal
hydrogen chloride, gave the hydrochloride (839, m. p.
127-130°) which after several recrystallizations from
ethanol and dry ether melted at 135-136°.

Anal. Caled. for CoHysNO HCI: C, 69.45; H, 6.99.
Found: C,69.70; H, 7.30.

Found: N,

C, 66.75; H, 6.16.

It decomposed on

7847, H, 7.21

C, 69.69; H, 7.80.

(10) All melting points reported in this paper are corrected. The
authors are mdebted to Misses Clara Vondra, Joyce Blume, Geraldine
Alley and Mr. C. S. Floyd for many of the micro analyses reported
bere.
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1-(4-Benzylpiperazino)-dibenzoylethane (IIf) was pre-
pared in 93% yield in a manner similar to IIc except that
no excess benzylpiperazine was used; recrystallized from a
3-7 mixture of dioxane and ethanol; m. p. 127-127.5°.

Anal. Caled. for CoyHuN20,: N, 6.79. Found: N,
6.59.

The dihydrochloride (SN-12,946) was prepared by add-
ing ethereal hydrogen chloride to a solution of the base in
a 1-9 mixture of dioxane and absolute ether. It crystal-
lized as fine white needles from absolute ethanol; m. p.
(sintering) 225-240°,

Anal. Caled. for C»yHasN2O,-2HCI: Cl—, 14.61. Found:
Cl-, 14.57.

The instability of the dihydrochloride was demonstrated
by dissolving a small portion of it in water and allowing the
solution to stand overnight. A yellow solid separated
which was identified by inixture melting point as dibenzoyl-
ethylene.

1-Amylpiperazine was made by a variation of the general
tnethod of Baltzly.!! To a solution of 431 g. (5 moles) of
piperazine in 1.2 liters of methanol was added 396 g. (2
moles) of amyl iodide over a period of ten minutes with
cooling as required to prevent boiling. After standing for
four days the precipitated piperazine hydroiodide was
filtered and the methanol was distilled under reduced
pressure. The residual oil was dissolved in ether and
washed twice with 3 ¥ sodium hydroxide solution. Evap-
oration under reduced pressure yielded 343 g. of red
hygroscopic oil which was fractionally distilled; yield 161
g. (519%); b.p. 105-110°at 9 mm.; n¥p 1,4650-1.4659.

The dihydrochloride was precipitated from absolute
ether; m. p, 261-265° (dec.); yield 869,. After recrystal-
lization from isopropanol and ethanol the melting point was
267-269 °,

Anal. Caled. for CoHaN,-2HCI:
Cl—, 30.90.

1-(4-Amylpiperazino)-dibenzoylethane (IIe) dihydro-
chloride (SN-12,708) was prepared like IIb and recrystal-
lized from a 2-8 mixture of ethanol and dioxane; m. p.
245-246° (vac.).

Anal. Caled. for .C25H32N202'2HC12
N, 5.96.

1,4-Piperazino-bis-dibenzoylethane (IV) (SN-4674)—
A suspension of 71 g. (0.3 mole) of dibenzoylethylene in 300
ml. of absolute ethanol at 50° was treated with 14 g.
(0.16 mole) of piperazine. The mixture was stirred for
four hours at room temperature during which time the
dibenzoylethylene dissolved and IV precipitated. After
cooling to 15° the product was filtered and washed with
cold methanol; yield 78 g. (93%); m. p., 182-184° (dec.).
After several recrystallizations from toluene the pale yellow
rods melted at 185-186 ° (dec.).

Anal. Caled. for CouHyN2O4: C, 77.40; H, 6.13; N,
5.02. Found: C,77.44; H, 629; N, 5.10.

In an attempt to prepare a mono rather than a bis com-
pound the reaction was carried out using the ratio of four

Cl—, 30.94. Found:

N, 6.02. Found:

moles of piperazine to one of dibenzoylethylene. How-
ever, only the bis compound was obtained.
N-Dibenzylamino-di-(p-chlorobenzoyl)-ethane (VIa)!?

was prepared like IIc but the product did not precipitate
from the reaction mixture and was isolated by evaporation
under a stream of air and crystallized from ethanol; m. p.
116-118°,

Anal. Caled. for CuHgCLNO.: C, 71.71: H, 5.01.
Found: C, 71.46; H, 5.43.
Di-(p-chlorobenzoyl)-N-piperidinoethane (VIb).12—

This compound could not be obtained by the usual pro-
cedure. Fifteen grams (0.049 mole) of di-p-chlorobenzoyl-
ethylene was added with stirring to 6.6 g. (0.078 mole) of
piperidine. The mixture was heated at 95° for three
minutes, allowed to stand at room temperature for one

(11) Baltzly, Buck, Lorz and Schén, THIS JourNaL, 66, 263
(1944).
(12) Submitted for screening test against avian malaria.
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hour, then shaken with 50 ml, of methanol and filtered.
The yield of tan solid melting at 113-115° was 17 g. (88%,).
It was recrystallized twice from a benzene-hexane mix-
ture; white rhombic prisms; m. p. 114-115°.

Anal. Caled. for CuHnClLNO:: N, 3.50.
N, 3.49.

2,5-Diphenyl-3-morpholinofuran (III¢).—A solution of
25 g. of dibenzoylmorpholinoethane (IIc) in 125 ml. of
acetic anhydride was treated with 8 ml. of coned. sulfuric
acid. The mixture was kept at 45° for seven hours, and
was then hydrolyzed in ice and sodium carbonate. The
resulting mixture was extracted with ether, leaving 8 g. of
insoluble material of 1. p. 202-204 ° (the sulfate, later con-
verted to free base). The ether solution was evaporated
and the residue crystallized from ethanol; yield 14 g.;
m. p. 112-114°, The total yield of base was 19.5 g. (839).
After several recrystallizations from ethanol the melting
point was 113-114°, It was soluble in 10% hydrochloric
acid.

Anal. Caled. for CyHyNO;:
Found: C,78.71; H, 6.16.

2,5-Diphenyl-3-N-piperidinofuran (IIId) was prepared
in 709, yield from IId in the same manner as IIIc except
that the reaction mixture was not heated but was kept at
room temperature for forty-eight hours. After several
recrystallizations from ethanol it melted at 102.5-103.5°.

Anal. Caled. for CotHuNO: C,83.13: H,5.98. Found:
C, 8297, H,7.19.

1-(4-Benzylpiperazino)-2,5-diphenylfuran  Hydrochlo-
ride (IIIf).—The base (m. p. 70-72°) was obtained in 46
yield in the.same way as IIIc. It was converted to the
monohydrochloride by dissolving it in a 1-1-2 mixture of
hexane, acetone and absolute ether and acidifying with
ethereal hydrogen chloride. The melting point after
recrystallization from a methanol-ether solution was 246—
247° (in vac.).

Anal. Caled. for CyHy;N,O-HCI:
Found: C, 75.06; H, 6.30.

3,3’-(1,4-Piperazino)-bss-2,5-diphenylfuran (V) was pre-
pared like ITIc; crystallized from 959, dioxane; m. p. 266—
267°.

Anal. Caled. for CieHgpoN:Op: C, 82.74; H, 5.79; N,
5.36. Found: C,83.01; H, 580; N, 5.55.

The attempts to furanize dibenzoyl-N-dimethylamino-
ethane (IIa) in a manner similar to (IIc) gave chiefly di-
benzoylethylene along with a small amount of a colorless
white nitrogen-free material of m. p. 191-192°,

Treatment of 2,5-Diphenyl-3-morpholinofuran (IIlc)
with Phosphorus Pentachloride.—A mixture of 1 g. of IIlc,
2 g. of phosphorus pentachloride and 0.2 ml. of phosphorus
oxychloride was heated at 100° for two minutes during
which time the mixture softened but did not melt com-
pletely. The oil obtained upon hydrolysis was washed
with water and dissolved in 10 ml. of ethanol. Cooling,
adding 90 ml. of water and allowing to stand for several
days gave a crystalline product which was recrystallized
from 809, ethanol; yield of VII, 0.3 g. of m, p. 82-83°
(identified by mixture melting point with authentic sample).

Dibenzoyl-N-morpholinoethylene (SN-1630} (VIII). (a)
From 2,5-Diphenyl-3-morpholinofuran (IIIc).—To a sus-
pension of 5 g. of IlIc in 25 ml. of acetic acid was added a
solution of 10 ml. of nitric acid in 15 ml. of acetic acid.
The solid dissolved and after ten minutes the solution was
poured into excess sodium bicarbonate solution and the
resulting suspension was extracted with ether. An in-
soluble residue remained, 1.3 g.; m. p., 169-171°. (Evap-
oration of the ether extract and recrystallization of the
residue from ethanol yielded 1.2 g. of starting material.)
Following several recrystallizations of the product from
ethanol the melting point was 176-177 °,

Anal. Caled. for CoHsNO;: C, 74.74; H, 596; N,
4.36. Found: C,71.65; H, 585; N, 4.20.

Fouud:

C, 7866, H, 6.27.

C, 75.24; H, 6.08.
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(b) From Dibenzoyldibromoethane (IX).-—A mixture
of 20 g. of morpholine, 20 g. of IX and 150 mnl. of absolntc
ethanol was refluxed with stirring for seventy mimites cir-
ing which time most of the solid dissolved. The insoluble
material was filtered (3.5 g., . p. 165-166°). The filtrate
was cooled and filtered, and the product was digested with
warm water to remove morpholine hydrobromide. The
residual material (11.4 g.), evidently a mixture, melted at
154-164°, and showed no depression in a misture melting
point with the first 3.5-g. batch. Attempts 1o separate
this mixture by fractional crystallization from cither vtha.
nol or ethyl acetate failed. Slow evaporation of an ethyl
acetate solution of the material yielded two types of crys-
tals, rods and cubes. The rods which were predominant
melted without decomposition at 169-175° and showed no
depression in a mixture melting point with material
(VIII) obtained by the nitric acid oxidation of 2,5-diphe-
nyl-3-morpholinofuran (IIlc). The cubes melted at 1%~
173° with decomposition and gave a mixture melting
point depression (158-165°) with the rods and also with
the unsaturated morpholino diketone (VIII) obtaincd by
the oxidation of the furan (IIIc).

The material (m. p. 156-160°) from which the-rods and
ciubes were obtained must therefore be a mixture of the
expected dibenzoylmorpholinoethylene and some foreign
material which, froin the analysis of the mixture, must have
a lower carbon, a higher hydrogen and a higher nitrogen
content than the unsaturated morpholinodiketone (V114
It is believed to be dibenzoyldimorpholinoethane (XI:.
If this is the case, the analysis indicates that the mixturc
was approximately 687, dibenzoylmorpholinocthylene

Anal. of the mixture. Caled. for CouHiNO:: C, 74.74;
H, 596; N, 4.36. Caled. for Co Has NGOy C, 70.57; H.
6.91; N, 6.86. Found: C,73.41; H,6.36; N, 512

Reduction of dibenzoylmorpholinoethylene (VIII) by
glacial acetic acid and zinc dust at 100° (for two minutes)
gave dibenzoylethane (X)) which was identified by mixture
melting point. Catalytic reduction in ethanol sclution
using palladium-barium sulfate gave a mixture of prod-
ucts which appeared to contain chiefly dibenzoylethane.

Hydrolysis of Dibenzoylmorpolinoethylene (VIII) by
concentrated ethanolic hydrogen chloride {at room tein-
perature for five days and refluxing for three hours)
gave an oil which was washed with water, dissolved 1n
ethanol and cooled. Upon dilution with twice the volume
of water and allowing to stand for one week, a stall
amount of white crystals formed on the side of the vessel
and an oil precipitated. The white crystals melted at 85
87° and showed no depression in a mixture melting point
with 2,5-diphenyl-2-hydroxyfuranone-3 {VIT)

Summary

Secondary amines have been added to diben-
zoylethylene and to di-(p-chlorobenzoyl;-ethylene
to give a series of o-f-amino saturated 1,4-dike-
tones. The addition compounds are easily
broken up by the action of dilute acids. Some
have been furanized.

2,5-Diphenyl-3-morpholinofuran has heen. con-
verted by phosphorus pentachloride into 2,3-
diphenyl-2-hydroxyfuranone-3 and by mitric acid
oxidation into cis-dibenzoylmorpholinoethvlene,
The latter is also obtained in the reaction betweeu
morpholine and dibenzoyldibromoethane. 1t is
reduced to dibenzoylethane and hydrolyzed to
2,5-diphenyl-2-hydroxyfuranone-3.

Dibenzoylpiperidinoethane has been hvdrogea-
ated to the piperidino-1,4-glycol.
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